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CHAPTER 3

STOX1 is not imprinted and is not likely 
to be involved in preeclampsia 

Letter to the Editor

Iglesias-Platas I, Monk D, Jebbink JM, Buimer M, 
Boer K, van der Post JA, Hills F, Apostolidou S, 

Ris-Stalpers C, Stanier P and Moore GE
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van Dijk et al.1 recently suggested that maternally inherited mutations in the STOX1 gene within 
the 10q22 locus were responsible for matrilineal preeclampsia within the Dutch population. 
A 444-kb minimal critical region with maximal sharing of alleles between affected sisters 
located within a female-specific recombination hotspot between D10S767 and D10S599 was 
described1,2. Expression of genes within this region were analyzed in normal and androgenetic 
placentas, with the assumption that downregulation in the latter would be suggestive of 
genomic imprinting and maternal expression. Using this screen, the authors speculated that 
MAWBP and STOX1 were candidates for the maternal effect, and despite the fact that it lies 
adjacent but outside their reported critical region, suggest that nucleotide changes found 
within STOX1 were causative for the preeclampsia phenotype.
We were therefore very interested to investigate the expression and imprinting status of STOX1 
in fetal tissues and in both normal and preeclamptic placentas (Supplementary Table 1 online). 
We found that, compared with embryonic tissues of the same gestational age, STOX1 mRNA 
levels were extremely low in early placentas (8–17 weeks of gestation), term placentas (34–42 
weeks) and cytokeratin 7–positive enriched extravillous invading trophoblast cells isolated 
from both sets of placentas (Supplementary Methods and Supplementary Table 2 online). The 
earlier placental tissues were especially relevant to rule out relaxation of imprinting during this 
period of pregnancy3. We analyzed imprinting for all isoforms combined and specifically for 
isoforms A+D (AY842014 and AY842017) of STOX1 (Figure 1) and isoforms A (AK027673) and B 
(AK092826) of MAWBP using the direct approach of sequencing coding-region polymorphisms 
in mRNA. This method detected biallelic expression in all fetal tissues examined and in both 
normal and preeclamptic placentas from the Dutch population. As all human imprinted genes, 
with the exception of L3MBTL and DLXS4,5, show conserved imprinted expression of their mouse 
orthologs6, we assessed the allelic expression of Stox1, Mawbp and Ctnna3, a gene whose human 
ortholog maps within the female-specific recombination hotspot and has also been reported to 
be downregulated in androgenetic placenta7. All mouse genes were biallelic in the placenta and 
embryo (Figure 2).

We also looked for evidence of differential DNA methylation, a common feature of imprinting 
control regions. However, the putative promoters of both of these genes were unmethylated in 
all tissues analyzed, including placenta (Figure 1). Therefore, we find no evidence in mouse or 
human for an imprinted mechanism to explain the reported loss of expression in androgenetic 
placentas1.

Figure 1: (a) STOX1 isoforms A+D. (b) MAWBP. Shown are results from four representative first-trimester 
tissues analyzed by RT-PCR across intragenic polymorphisms. In both genes, exon 1 spanned CpG islands 
and was found to be unmethylated when analyzed by bisulfite sequencing.

Preeclampsia is a pregnancy-associated disease that commonly presents with maternal 
symptoms, although the disease is associated with abnormal placentation. We therefore 
screened DNA from mothers (n = 224) and placentas from pregnancies with no history of 
hypertensive complications (n = 80) as well as placentas from mothers with clinically relevant 
severe early-onset non familial preeclampsia (n = 31). In our cohort of unaffected mothers of 
European ancestry (with no history of familial preeclampsia), we found all of the missense and 
silent nucleotide changes reported by van Dijk et al.1, with the exception of N825I (Table 1). 
This included the T>C transition of the “highly mutagenic” Y153H variation, which van Dijk et 
al.1 found at a similar frequency in their controls. Although we did not specifically determine 
the parent of origin of alleles in all cases, the presence of 69 CC homozygotes confirms a high 
frequency of maternal inheritance in normal pregnancies. We also found 23 CC homozygotes 
in placentas from normotensive pregnancies. Allele frequencies were consistent in our cohorts 
of pathological and normal placentas (data not shown). In addition, we found two novel amino 
acid changes, S733I and S821I, in mothers with no history of pregnancy-induced hypertension 
or preeclampsia.
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Figure 2: Bi-allelic expression in mouse placenta and embryo of Stox1 (a), Mawbp (b) and Ctnna3 (c).

Taken together, our data do not support the hypothesis that STOX1 has a role in maternal 
transmission of the preeclampsia phenotype, either through an epigenetic mechanism or 
through matrilineal transmission of polymorphic variants. In our cohorts, the amino acid 
changes described behave as simple polymorphisms rather than mutations associated with 
a pathogenic condition. The high frequency of the CC (Y153H) genotype in uncomplicated 
pregnancies demonstrates that this allele cannot be considered a mutation predisposing to 
preeclampsia.

Table 1: Frequency of STOX1 nucleotide changes observed in DNA from mothers without any familial history 
of pregnancy-induced hypertension or preeclampsia. Nucleotide positions correspond to STOX1 isoform A 
(AY842014). Numbers in parentheses indicate number of individuals tested. Ethical approval for collection of 
tissue samples and clinical data was granted by the Research Ethics Committees of Hammersmith Hospital, 
Queen Charlotte’s and Chelsea Hospital and Acton Hospital and by the Institutional Review Board at the 
Academic Medical Center, University of Amsterdam.

Position SNP identifier Nucleotide Amino acid Genotype

Exon1 53 G>C R18P G/G (222) G/C (1) C/C (0)

117 T>C A39A T/T (110) T/C (93) C/C (21)

128 C>T A43A C/C (223) C/T (0) T/T (0)

178 C>T L60L C/C (222) C/T (1) T/T (0)

Exon 2 Rs1341667 458 T>C Y153H T/T (25) T/C (78) C/C (69)

Exon 3 Rs10509305 1824 A>C E608D A/A (132) A/C (66) C/C (9)

Rs10509306 2116 C>T N715N C/C (161) C/T (46) T/T (3)

2198 G>T S733I G/G (204) G/T (1) T/T (0)

2462 G>A S821I G/G (204) G/A (1) A/A (0)

2474 A>T N825I A/A (205) A/T (0) T/T (0)

MATERIAL AND METHODS

Collection of tissue samples

A total of 240 term placental trio samples consisting of multiple site placental samples with 
corresponding maternal and paternal blood samples were collected from consecutive 
consenting pregnancies at Queen Charlotte’s and Chelsea Hospital (local ethical approval was 
granted by the Research Ethics Committee of Hammersmith, Queen Charlotte’s and Chelsea and 
Acton Hospitals Research Ethics Committee 2001/6029). All families were of white European 
origin. The maternal age ranged from 19-50 years with a mean age of 34. All were term deliveries 
between 37 and 42 weeks, which resulted in singletons. Mean birth weight was 3430g ± 453g, 
ranging between 2368g and 4704g. There was an approximately equal representation of 
males and females. No mother had a previous pregnancy complicated by pregnancy-induced 
hypertension. Pathological placental samples and clinical data from 28 pregnancies complicated 
by pre-eclampsia and 36 matched controls were collected from Academic Medical Center, 
University of Amsterdam with informed consent following approval from the Institutional 
Review Board. Of the pathological pregnancies, 15 were complicated by HELLP syndrome. One 
case has the maternal form of pre-eclampsia, all other cases suffer from the placental form of the 
disease (Supplementary Table 1).

For imprinting analysis, a set of 45 fetal tissue sets (8-18 weeks) with corresponding maternal 
blood samples were obtained from termination of pregnancies at Queen Charlotte’s and Chelsea 
Hospital, London (Local ethical approval 2001/6028). Mice derived from reciprocal C57BL/6 x Mus 
musculus castaneus crosses were a kind gift of Dr. G Kelsey, Babraham Institute, Cambridge, UK. 
All samples were washed in sterile PBS and snap frozen in liquid nitrogen and stored at –80oC.
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Enrichment for uncultured human villous trophoblasts

Previously published protocols were used for the isolation of villous trophoblasts (Monk et al., 
2006). Briefly, this involved placental tissue digestion and negative immunoselection. Dissected 
tissues from both first trimester and term placentas were thoroughly washed in PBS, and 
digested with a cocktail of trypsin and DNase to release free cells. Unwanted erythocytes were 
removed from the resulting cell suspension by centrifugation through a 40% Percoll solution. 
The resulting trophoblasts were subjected to negative immunoselection using monoclonal anti-
HLA class 1 (clone w6/32). All trophoblast cell preparations were then subjected to cytokeratin 7 
immunocytochemistry (> 98% cytokeratin 7 positive cells - data not shown), as well as HLA class 
1 and Vimentin immunostaining to assess cell contamination (< 1.3% - data not shown).

DNA/RNA isolation and cDNA synthesis

DNA was isolated either using standard proteinase K digestion followed by phenol:chloroform 
extraction or using the MagnaPureLC DNA isolation kit II (Roche). Total RNA was isolated from 
tissues either using Trizol Reagent (Invitrogen) or RNeasy MAXI kit (Qiagen). mRNA isolation was 
performed using the MagnaPureLC mRNA isolation kit II (Roche). After digestion with RNase-
free DNase 1 (Invitrogen), firststrand cDNA was generated with MMLV reverse transcriptase 
(Promega) using random primers. Duplicate sets of samples were processed with RT omitted to 
detect genomic DNA contamination of the RNA. The presence of cDNA was confirmed using a 
GAPDH primer set (Supplementary Table 2).

Analysis of allelic expression

All polymorphisms were identified by interrogating SNP databases or genomic sequencing and 
confirmed by sequencing control sample DNAs. HphI (New England Biolabs) RPLP analysis was 
used to genotype rs1341667. Gene specific RT-PCR primers amplify across at least one intron 
where possible, to eliminate the possibility of amplification from genomic DNA (Supplementary 
Table 2). All PCR products were sequenced in both the forward and reverse orientation using an 
ABI PRISM 3100 DNA sequencer (Applied Biosystems).

Methylation analysis

DNA was modified using the sodium bisulphite conversion kit EZ DNA methylation- Gold (Zymo 
Research, Orange, CA). PCR amplification (Supplementary Table 2), cloning and sequencing 
were performed using standard protocols. Combined bisulphite restriction analysis (COBRA) 
was used to assess the methylation pattern of the amplified region in the overall PCR product 
and to ensure that there was no cloning bias prior to sequencing.

Mutation detection

Primer designed specifically to STOX1 exons 1-3 were used to amplify genomic DNA 
(Supplementary Table 2). For each PCR, 200ng genomic DNA was amplified under standard 
cycling conditions for 32 cycles in a 25 μl reaction using Taq polymerase (Bioline). PCR products 
were purified using microCLEAN (Microzone Ltd). Sequencing was performed in both forward 
and reverse orientations using the BigDye terminator 3 ready reaction kit on an automated ABI 
PRISM 3100 DNA sequencer (Applied Biosystems).
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