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Recurrent miscarriage and variant alleles of mannose binding lectin, tumour
necrosis factor and lymphotoxin « genes
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SUMMARY

Variant alleles of the mannose binding lectin (MBL) gene are associated with increased susceptibility to
infection and polymorphisms of tumour necrosis factor and lymphotoxin alpha genes (TNF, LTA) are
associated with increased severity of infection. Studies have associated recurrent miscarriage with low
serum mannose binding lectin concentrations and premature membrane rupture and preterm delivery
with elevated maternal and fetal levels of TNF and the TNF (— 308) polymorphism. In this study the
frequencies of variant MBL, TNF and LTA alleles in 76 Caucasian couples with idiopathic recurrent
miscarriage were compared with those in 69 Caucasian control couples with no history of miscarriage
and at least one previous live birth. A new assay based on hybridization to immobilized sequence-
specific oligonucleotides (SSO) was used to rapidly detect nine MBL, two TNF and two LTA sequence
variants. The assay genotyped all the structural and promoter MBL variants known to influence serum
MBL concentrations. This assay was more reliable than restriction digestion or nested allele-specific
PCR for the structural variants at codon 54 or 52, respectively. Reliability for codon 57 alleles was not
assessed because of the low frequency in this population. The MBL haplotype frequencies in antenatal
controls were similar to those reported in other control populations. The frequencies of structural variant
MBL genes and of low, medium and high MBL level haplotypes were similar in the recurrent
miscarriage and control couples. The TNF and LTA haplotype frequencies were similar in the recurrent
miscarriage and control couples. In this carefully defined population no association has been found

between recurrent miscarriage and variant alleles of the MBL, TNF or LTA genes.
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INTRODUCTION

Recurrent miscarriage is defined as the loss of three or more
consecutive pregnancies and affects 1% of couples [1]. This
prevalence is higher than expected by chance and suggests that
some couples have an underlying systematic cause for repeated
pregnancy loss. Recurrent miscarriage is a heterogeneous condi-
tion but comprehensive investigation identifies a cause in only
20% of couples [1]. Several infectious agents have been proposed
as a cause for recurrent miscarriage [2] and preterm labour [3,4].
However, cohort studies have shown that individual organisms in
the maternal genital tract or placenta have a poor positive
predictive value in pregnancy [5,6]. This suggests that pregnancy
outcome is determined by the maternal or fetal host immune
response.The association of severe infantile infections with
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mannose binding lectin (MBL) deficiency raised the possibility
that deficiency of this component of the immune response may
lead to increased susceptibility to infection in utero and
miscarriage. Indeed, several studies have reported an association
between recurrent miscarriage and low serum mannose binding
lectin concentrations (MBL) [7-9]. MBL, a calcium-dependent
plasma lectin, is a component of the innate immune system [10].
MBL binds to sugars on microbial surfaces and activates two
mannose-binding-lectin-associated serine proteases to cause
complement activation [11]. This MBL pathway is the third
complement activation pathway.

Human plasma levels of MBL are largely genetically
determined. Three different alleles coding for structurally
abnormal proteins have been identified in codons 52, 54 and 57
of exon 1 of the MBL gene [12—14]. These structural variants are
common with frequencies ranging from 0-11 to 0-29 among
different populations. Individuals who are homozygous or
compound heterozygotes have plasma concentrations of less than
1% of the wild-type concentrations and heterozygotes have
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plasma concentrations of about 10% of the wild-type levels.
Variant structural alleles of MBL have been associated with
increased susceptibility to various infections in both children
[12,15-17] and adults [18]. Variants in the 5’ flanking sequences
of the MBL gene have also been identified. Some promoter
haplotypes appear to influence plasma MBL concentrations,
although this may reflect linkage between promoter polymorph-
isms and structural variants in exon 1 [19,20].Whereas MBL
polymorphisms are associated with susceptibility to infection,
TNF and LTA polymorphisms are associated with severity of
infection. Elevated maternal and fetal levels of TNF and the TNF
(— 308) polymorphism are associated with premature membrane
rupture and preterm delivery [21,22]. These results suggest a
possible association between TNF polymorphisms and recurrent
late miscarriage due to genital tract infection. Individuals with the
TNF (— 308) polymorphism are at increased risk of cerebral
malaria [23], mucocutaneous leishmaniasis [24] and severe
meningococcal disease [25]. Individuals heterozygous for the
TNF (— 238) polymorphism may be at increased risk of severe
malaria and tuberculosis [26]. Homozygotes for LTA codon 26
and LTA (+252) polymorphisms have been associated with
mucocutaneous leishmaniasis [24] and a poor prognosis in severe
sepsis [27]. However, TNF and LTA polymorphisms are in
linkage disequilibrium and exist as gene haplotypes rather than as
polymorphisms in isolation of each other.

In this study we report the frequencies of MBL, TNF and LTA
haplotypes in recurrent miscarriage women and their partners and
women with normal obstetric histories and their partners. A new
assay based upon hybridization to immobilized sequence-specific
oligonucleotides (SSO) was used to rapidly detect nine MBL, two
TNF and two LTA sequence variants. The frequencies of the MBL
haplotypes known to influence serum MBL levels were similar in
the recurrent miscarriage and control groups. Furthermore, TNF
and LTA haplotypes were not associated with recurrent mis-
carriage.

MATERIALS AND METHODS

Recurrent miscarriage and control groups

Couples were recruited consecutively from the antenatal and
recurrent miscarriage clinics at St Mary’s Hospital, London and
the antenatal clinic of the Royal Sussex County Hospital,
Brighton, UK. Local ethics committees approved the study.
Written informed consent was obtained from all subjects. The
couples were interviewed about their gynaecological and obstetric
history in current and previous relationships. Three hundred and
fifty-one subjects were recruited, from whom age-matched
recurrent miscarriage and control groups were selected. All were
Caucasian subjects. A 5-ml venous blood sample was collected
from each subject in EDTA and stored at —80°C until analysis.
Couples attending the recurrent miscarriage clinic were investi-
gated according to a standard protocol [28]. Seventy-six couples
with a history of three consecutive miscarriages in that relation-
ship were suitable for inclusion (mean maternal age 34 years,
range 22-44). In brief, the exclusion criteria were the presence of
a chromosomal abnormality in either partner, the primary
antiphospholipid antibody syndrome in the female partner (two
positive test results at least 6 weeks apart) or the presence of a
uterine anatomical abnormality. The control group of 69
Caucasian couples with no history of miscarriage and at least

one previous live birth were recruited from the antenatal clinics in
London and Brighton (mean 32, range 22-45).

Mutation analysis

DNA was isolated from whole blood by standard methods
including proteinase k digestion and phenol—chloroform extrac-
tion. Genotyping was performed by two methods without
knowledge of the clinical data.

Standard assay

The details have been published elsewhere [17]. Briefly, a 330-bp
fragment of exon 1 of the MBL gene was amplified by the
polymerase chain reaction (PCR). Codon 54 mutations were
detected by restriction digestion of the PCR product with Ban 1.
Codon 52 mutations were detected by nested allele-specific PCR.

Immobilized SSO assay

A total of 13 biallelic sites were genotyped using a multiplex PCR
amplification followed by hybridization to immobilized oligonu-
cleotide probes with colourimetric detection. Nine of these sites
were within the MBL gene: three structural polymorphisms at
codons 52, 54 and 57, the promoter polymorphisms at — 550 (H/L),
—221 (X/Y), —349 and — 336, the deletion between — 324 to
—329; and the polymorphism at position +4 in the 5’
untranslated region of the gene [20] (Fig. 1). The assay does not
distinguish between the MBL haplotypes LX/HY and LY/HX;
however, HX is rare. The remaining four sites were within TNF
and LTA genes, the (—308) and (—238) polymorphisms in the
TNF [29,30] and the codon 26 and Ncol/252 polymorphisms in
the LTA gene [31].

The multiplex PCR pool consisted of six pairs of biotinylated
primers. Three primer pairs amplified fragments of between 130
and 305 bp from the promoter and exon 1 regions of the MBL
gene. One primer pair amplified a 220-bp fragment of the TNF
promoter region and two primers amplified 140- and 160-bp
fragments from the LTA gene. Primer concentrations were
adjusted for generally comparable yields of all targets and ranged
from 0-2 to 0-425 um.

Approximately 25 ng of total genomic DNA was used for each
assay. In addition to the primer pool, each 50-ul reaction
contained 15 mm Tris-HCI (0.15 m stock, pH 8.0 at 2-5°C), 50
mM KCl, 3.0% DMSO (v/v), 0.1 mm dATP, 0.1 mm dCTP, 0.1 mm
dGTP, 0.2 mm dUTP, 1.7 mm MgCl,, and 6 units of AmpliTaq

H/L Y/X
550 JyK -221 codons 52 54 57
-336 225 239
FIG P/Q
-736-656 -592 -349|-245 4 230
‘ -427 ‘
|| ! |
' ' ' CGT/CGA| GGA/GAA
GRE GRE M/N /QRE ArgiCys | Giy/Glu
-329 to -324 GGCIGAC
HSE Gly/Asp

Fig. 1. Map of 5’ flanking sequence and exon 1 of the MBL gene. The
positions of the variable sites in the 5’ flanking sequences are shown as H/
L, M/N, F/G, J/K, deletion -324 to -329, Y/X and P/Q. The positions of the
structural variants in exon 1 at codons 52, 54 and 57 are shown. Consensus
sequences for glucocorticoid-responsive elements (GRE) and a heat-shock
promoter element (HSE) are present in the 5’ sequences.
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Gold™ DNA polymerase (Applied Biosystems, Foster City, CA,
USA). Samples were amplified in a GeneAmp® PCR System
9600 (Applied Biosystems) using a 1-6-h thermal cycling profile:
initial hold of 94°C for 12-5 min, then 33 cycles of 95°C for 10 s,
60°C for 30 s, 70°C for 20 s and a final extension step of 68°C for
5 min.

In general, two probes were designed for each biallelic site, to
detect and distinguish between the variant sequences. Specificity
and sensitivity were optimized using genomic DNA of known
genotype. For codon 52, non-specific signals from the 52cys probe
were observed for some samples carrying either the 54asp or
57¢glu sequence variation. Consequently, pooled pairs of probes
were used to detect each allele at codon 52. In addition, one probe
was designed specifically for the arg52—gly54 sequence. Con-
centrations of all probes were chosen to achieve signal balance
between alleles at each variable site and for generally comparable
intensities among all of the loci. A probe complementary to the
MBL exon 1 amplicon region upstream of codon 52 was used at a
very low concentration to serve as a signal intensity control.
Probes were conjugated at their 5’-ends to bovine serum albumin
(BSA) by methods similar to [32] and then applied in a linear
array to sheets of backed nylon membrane using a Linear Striper
and Multispense2000™ controller (IVEK, N. Springfield, VT,
USA). Each sheet was cut into probe strips approximately 7-5 cm
long and 4-5 mm in width. Amplified alleles were detected
essentially as described in [33], except at 45°C and with a
stringent wash buffer of 1x SSPE and 0-3% SDS. Briefly, PCR
product pools were denatured then hybridized to the immobilized
probe strips. Detection of bound PCR product was based upon
streptavidin—horseradish peroxidase conjugate and substrates
3,3',5,5'-tetramethylbenzidine and H,O,. Typical results are
shown in Fig. 2.

Ref. line
(-550)G
(-349)G
(-336)G
del
(-221)C
_ T

— exon control

MBL C(-550)
A(-349) —

Fig. 2. Immobilized sequence-specific oligonucleotide assay which rapidly
genotypes nine MBL, two TNF and two LTA sequence variants. Typical
results for six strips are shown. The strips are aligned to the Ref.line on a
reference grid and the genotypes of the DNA sample are read off.

Sequencing

For samples with discordant results between the ‘standard’ and
‘immobilized SSO’assays, the exon 1 region of MBL was
amplified and sequenced using Big Dye Terminator chemistry
on an ABI310 (Applied Biosystems, Foster City, CA, USA).

MBL serum assay

In 146 subjects serum MBL concentrations were measured. Serum
MBL levels were determined using an enzyme linked immuno-
sorbent assay (ELISA) with a mouse monoclonal antibody against
MBL (Statens Serum Institut, Denmark). The details have been
published elsewhere [13]. Purified recombinant human MBL [34]
was used as the standard. This standard was later calibrated
against a serum sample of known MBL concentration kindly
provided by Prof. M. Turner (London).

Statistics

A Caucasian population has a 25% prevalence of heterozygotes
for MBL structural alleles. We assumed a similar prevalence in a
normal antenatal population. A prestudy calculation indicated that
to detect a significant difference in the recurrent miscarriage
group with an 80% level of confidence required a sample size of
150. Comparisons between the groups were made with the chi-
squared test except in the case of small numbers, where Fisher’s
exact test was used. The haplotypes represented by the TNF
(— 238) and (— 308) sites together with LTA codon 26 and
nucleotide 252 were estimated using Arlequin (version 2-0, http://
anthro.unige.ch/arlequin) [35]. Arlequin was also used to confirm
Hardy—Weinberg equilibrium. The distribution of the maximum-
likelihood haplotype frequencies between cases and controls
(males and females compared separately) and between the
controls and a UK population reported by Fanning et al. [36]
were compared using the log likelihood ratio or G statistic in a
row by column test for heterogeneity [37].

RESULTS AND DISCUSSION

Until this study the association between recurrent miscarriage and
MBL has been based on comparing serum MBL concentrations in
recurrent miscarriage couples and blood donor controls [7-9].
There are conflicting data on the role of paternal plasma MBL
concentrations in recurrent miscarriage [7,8]. MBL is an acute
phase protein [38] and there is a marked overlap of serum
concentrations in wild-type subjects and subjects heterozygous for
structural variant alleles. The overlap and the effects of promoter
haplotypes make it impossible to reliably predict genotype from
serum concentrations or vice versa. Furthermore, MBL structural
variants are inherited as autosomal co-dominant characteristics so
that genotyping the parents allows a statistical prediction of fetal
genotype. This study was restricted to Caucasians because the
frequency of variant MBL alleles differs in other ethnic
populations.

Comparison between genotyping assays

The 351 Caucasian individuals were initially genotyped by our
standard methods of restriction digestion and nested allele-specific
PCR. The samples were then reanalysed using the immobilized
SSO assay. The assays gave concordant results in 308 samples
(88%). Of the 43 samples (12%) that gave discordant results, 40
were available for sequencing that showed that the immobilized
SSO assay was correct in 34 (85%). In six samples (2%) where the
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immobilized SSO assay was wrong, review showed the misread-
ing to be due to faint bands. The three samples not available for
sequencing were excluded from subsequent analysis. The results
indicate that this non-radioactive immobilized SSO assay is more
reliable than the standard methods of restriction digestion and
nested allele-specific PCR. The linear array format also permits a
high throughput of samples.

MBL haplotype frequencies in Caucasian antenatal control group
The haplotype frequencies in 138 normal Caucasians recruited
from antenatal clinics are shown in Table 1. LX, LY and HY are
promoter haplotypes that are associated with low, medium and
high serum MBL levels, respectively. G, K and N are recently-
described promoter variants [20] that usually form a haplotype
with LYQ (Fig. 1). Variants at codon 52, 54 and 57 are structural
variants that have a profound lowering effect on serum MBL
levels. The haplotype frequencies in antenatal controls were
similar to those reported in a UK control population [39]. It is
noteworthy that these normal antenatal patients and their partners
had frequencies of variable MBL sites similar to blood donors
who are subject to the criticism that they are positively selected
for good health.

We then examined the effects of the variable MBL sites on
serum MBL levels. The data (not shown) confirmed previous
reports [13,20] that the structural variants had the most profound
lowering effects on serum MBL levels. LX, LY and HY
haplotypes were associated with low, medium and high serum
levels although this may reflect linkage between promoter
polymorphisms and structural variants in exon 1; the GKN
haplotype did not influence MBL levels.

Association of MBL and TNF-LTA haplotypes with recurrent
miscarriage

Comparison of recurrent miscarriage couples and control couples
showed no differences in the number of structural variant MBL
genes (data not shown) or the frequency of low, medium or high

Table 1. MBL gene haplotypes in 138 controls

MBL producer phenootype ~ Haplotype =~ Female Male Total %
High HYA/HYA 6 8 14 10
HYA/LYA 15 10 25 18
HYA/LXA 5 10 15 11
LYA/LYA 7 1 8 6
LYA/LXA 6 8 14 10
Medium LXA/LXA 3 1 4 3
HYA-54asp 10 8 18 13
LYA-54asp 2 9 11 8
HYA-57gluql 2 3 2
LYA-57glu 1 1 1
HYA-52cys 1 2 3 2
LYA-52cys 3 1 4 3
Low LXA-54asp 3 6 9 7
LXA-57glu 1 1 1
LXA-52cys 3 3 2
Homozygotes/ 2 3 5 4
compound
heterozygotes

A, wild-type. See Fig. 1 and text for details.

Table 2. MBL gene haplotypes in recurrent miscarriage and controls

Female Male UK controls
RM Controls RM Controls Ref. [39]
Haplotypes n% n % n % n % %
High MBL producing 36 47 39 56 47 62 37 54 53
Medium MBL producing 28 37 21 30 20 26 23 33 32
Low MBL producing 1216 9 13 912 9 13 11

RM, recurrent miscarriage (n = 76 couples); controls n = 69 couples.
Haplotypes: high MBL producing = wild-type (A) + any promoter
haplotype except LXA/LXA. Medium MBL producing =LYP-54asp or
HYP-52cys or LYQ=57glu + HYA or LYA and LXA/LXA. Low MBL
producing = homozygous or compound heterozygous for exon mutations
or heterozygous for exon mutation + LXA.

MBL level haplotypes in both partners (Table 2). The frequency
of very serum low MBL haplotypes (structural variant homo-
zygotes/compound heterozygotes and LX/structural heterozy-
gotes) was identical in the two groups (13%). There was no
significant difference between recurrent miscarriage couples and
control couples for any combination of mutations using Fisher’s
exact test. The frequencies of codon 52 and 54 mutations did not
differ significantly between males and females or for females
between the two groups. The proportions of patients homozygous
for structural variant alleles were similar in the recurrent
miscarriage (4-5%) and control groups (3:5%). The proportions
of couples with =2 structural variant alleles were similar in both
groups (21% wversus 23%). Thirty women in the recurrent
miscarriage group had a history of late miscarriage (between 13
and 24 weeks of gestation) or stillbirths. The proportion of MBL
variant alleles in this group was not significantly different from
the controls.Arlequin predicted the same four major TNF and
LTA haplotypes reported by Fanning et al. [36].

Arlequin also postulated the existence of three other
haplotypes, GAasnG, AGthrA and AAasnG; however, the
accuracy of predicting very low frequency haplotypes is not high
and these other haplotypes were estimated at less than 0-02. No
statistically significant differences were observed either between
the control couples and the previously described UK control

Table 3. TNF and LTA haplotype frequencies in recurrent miscarriage and

controls
Female Male UK controls
Haplotypes RM Controls RM Controls Ref. [36]
G Gthr A 0-60 0-62 0-57 0-60 0-59
G G asn G 0-20 0-18 0-17 0-16 0-17
G A asn G 0-18 0-16 0-20 0-19 0-18
A G thr Av 0-02 0-03 0-04 0-05 0-06

RM, recurrent miscarriage (n = 76 couples); controls n = 69 couples.
Four major haplotypes were predicted by Arlequin. The order was chosen
to match Fanning et al. [36]: TNF(— 238) — TNF(— 308) — LTA codon
26 — LTA (+252). See text for details.
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population [36] or between recurrent miscarriage couples and
control couples (Table 3). Although the sample size was small
there is no evidence indicating that specific TNF-LTA haplotypes
contribute to the risk of recurrent miscarriage.

We cannot explain the discrepancy between the earlier reports
based upon serum MBL data [7-9] and the genotyping reported
here. By assaying both structural and promoter MBL variants all
the genetic factors known to influence serum MBL concentrations
were determined in this study. Furthermore, since variant allele
frequencies were similar in the women and their partners in both
groups neither maternal nor fetal MBL deficiency can be invoked
as a risk factor for recurrent miscarriage. In conclusion, this study
has been unable to demonstrate associations between recurrent
miscarriage and genetic polymorphisms of MBL.
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