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Introduction

Complete hydatidiform moles (CHM) have no identifiable 
embryonic or fetal tissues and result from an abnormal growth 
of trophoblastic cells that would otherwise normally develop 
into the placenta. The name hydatidiform mole comes from 
the Greek words hydatisia which means drop of water and 
mola which means false conception. CHM often present 
with vaginal bleeding and ultrasound examination shows 
widespread and marked hyperplasia with swollen villi (1,2).  
They most often have the karyotype 46,XX with both 
haploid sets of chromosomes being paternally derived (3).

CHM fall under the categorisation of gestational 
trophoblastic disease,  which also includes partial 
hydatidiform moles and gestational trophoblastic tumours 
(invasive mole, gestational choriocarcinoma, placental 
site trophoblastic tumour and epithelioid trophoblastic 
tumour) (4). CHM can be distinguished from partial moles 
by genetics (partial moles are triploid), morphology, and 
immunostaining of maternally expressed genes (2).

Recent epidemiological data is scarce and previously 
reported data on the incidence of hydatidiform moles (CHM 

and PHM) is variable. In North America and Europe 
the incidence ranges from 0.6-1.1 per 1,000 pregnancies, 
in Southeast Asia and Japan the incidence is as high as  
2.0 per 1,000 pregnancies, and in Australia ranges from 
0.91-1.41 per 1,000 pregnancies (5) with CHM at 1 in 
2,000 pregnancies (6-8). The variability is primarily due to 
inconsistent case definitions, no centralised database, and 
the rarity of certain forms of molar pregnancies. Maternal 
age appears to be the main risk factor with women at 
either end of reproductive age having the highest risk. 
Women younger than 16 have a 6-fold increased risk and 
women older than 40 have a 5-10 fold increased risk of 
hydatidiform mole compared to women aged 16-40 years. 
Women aged over 50 years have a 1 in 3 risk of complete 
molar pregnancy (9,10). History of a previous CHM is also 
a risk factor and such women have a 10-20-fold higher risk 
than that of the general population (11).

The  genet ic  bas i s  o f  hydat id i form moles  was 
established in the 1970’s (3). All CHM have a diandric 
paternal only genome; there is no maternal contribution. 
The majority of CHM are therefore homozygous 
and arise from an anuclear empty ovum that has been 
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fertilised by a haploid 23,X sperm (monospermy), which 
then replicates its own chromosomes resulting in a 
46,XX karyotype (uniparental paternal isodisomy). A 
minority involve the fertilisation of an anuclear empty 
ovum with two sperm (dispermy) simultaneously, which 
can result in a 46,XX or 46,XY karyotype (uniparental 
paternal heterodisomy) (12). A very rare form of CHM 
involves tetraploidy (13). It has also been reported that 
diploidization may follow from a triploid conceptus; a 
CHM would result if the maternal haploid contribution 
was lost  (14).  The abnormality in fetal-placental 
development in CHM is essentially due to abnormal 
genomic imprinting effects.  Loss of the maternal 
epigenetic imprint and gain of paternally imprinted 
gene expression together result in global genome 
demethylation and abnormal gene expression that results 
in abnormal placental trophoblast development (15).

Most cases of CHM are sporadic, however a very small 
minority of moles are recurrent and often familial, usually 
being diploid and biparental (having both sets of parental 
chromosomes). Rare recurrent hydatidiform moles (RHM) 
involve at least two molar pregnancies. Maternal homozygous 
and compound heterozygous recessive gene mutations have 
been reported in some families. Two such genes are NLRP7 and 
KHDC3L (16). NLRP7 (NLR family, pyrin domain containing 
7) located at 19q13.4 is a member of the NLR family of 
proteins with a role in inflammation and apoptosis (17).  
It was the first identified recessive gene involved in RHMs 
and mutations have been reported in 48-80% of patients 
with more than 50 mutations identified to date (18-20).  
KHDC3L (KH domain containing 3-like) located at 
6q13 is a member of the KHDC1 protein family (21). It 
was the second recessive gene identified responsible for 
RHM, however only five mutations have been identified 
to date (22). The exact causal mechanisms involving 
these two genes in RHM families is not fully understood, 
however deregulation of imprinted genes contributes to 
pathogenesis, resulting in aberrant cell proliferation and 
differentiation (16).

The clinical features of CHM in the first trimester are 
less obvious than in the second trimester with less vaginal 
bleeding, and excessive uterine size only in a minority of 
patients. Ultrasound shows less cavitation and smaller 
villi. Interestingly, the diagnosis of CHM has moved from 
second trimester to first trimester, often before classic 
signs and symptoms present. This is due to more accurate 
and sensitive detection of β-hCG and improved early 
ultrasonographic examination (3). If molar characteristics 

are not present at early ultrasound, then a missed abortion 
may be suspected rather than a molar pregnancy, although 
a strikingly elevated β-hCG can help recognize a CHM 
due to the hyperplastic trophoblastic cells of a molar  
pregnancy (23).

Conventional cytogenetics, once considered the gold 
standard of genetic investigation cannot distinguish a 
46,XX or 46,XY CHM from a 46,XX or 46,XY non-molar  
conceptus. Accurate diagnosis of CHM is of clinical 
importance because of the increased risk (18-29%) of 
developing gestational trophoblastic neoplasia. On the 
other-hand, wrong classification of a CHM can lead to 
unnecessary surveillance and delay in attempting another 
pregnancy. The move to early diagnosis means that clinical 
diagnosis alone can wrongly classify CHM as partial moles 
or non-molar abortions (3). Diagnosis can be improved by 
including molecular genotyping using either polymorphic 
STR analysis, or alternatively analysis by whole genome 
SNP microarray. Although this strategy can also detect 
triploid ‘partial moles’, this is not the focus of the discussion 
within this paper. We report the results from 3 years 
of products of conceptions (POC) testing with the aim 
to refine our molecular genetic testing strategy for the 
identification of CHM among POCs referred for a wide 
range of indications.

Materials and methods

POC specimens

Referrals for genetic testing of POC and stillbirths were 
received from both public hospitals and private clinics 
from around New South Wales, Australia. Tissues 
received were examined macroscopically and dissected 
using a bifocal dissection microscope. Identifiable fetal 
tissues were preferentially dissected and selected for 
testing, however when not available, other non-maternal 
tissues were selected including chorionic villus (CV) and 
fetal membranes that were cleaned of blood clots and 
maternal decidua. Between January 2012 and December 
2014, a total of 713 specimens were referred for genetic 
investigation, however following tissue dissection, only 
643 specimens proceeded to testing. Gestations ranged 
from 7-41 weeks. Any specimens with clinical suspicion 
of ‘complete’ or ‘partial’ hydatidiform mole and/or 
‘hydropic’ chorionic villus [placenta] identified at the 
time of dissection were noted. These specimens (n=32) 
subsequently underwent STR genotyping analysis.
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DNA extraction

Tissue was macerated by mincing with a scalpel, digested 
at 37 ℃ with Protease (Qiagen), and DNA extraction 
performed using a modified salting out protocol (24). 
Resulting DNA was then quantified using a Nanodrop 
spectrophotometer to determine concentration and quality 
values. DNA that was of insufficient quality as determined 
by 260/280 and 260/230 ratios underwent additional 
purification steps involving RNAse (Qiagen) and Protease 
(Qiagen) treatments followed by re-precipitation.

Microarray comparative genomic hybridisation (CGH)

All samples were analysed by genome-wide microarray 
CGH using Agilent’s SurePrint G3 ‘ISCA Targeted’ 
Microarray (8×60K), according to the manufacturer’s 
protocol and using a commercial male control DNA 
(Promega) but with slight modification. Following  
Rsa1/Alu1 digestion, fragmented DNA underwent labelling 
by random priming using Klenow and either dUTP-Cy5 
(sample) or dUTP-Cy3 (reference) in a 200 µL reaction 
incubated overnight at 37 ℃, according to our standard 
laboratory protocol. Microarray slides were scanned using 
Agilent’s Feature Extraction software v10.7.1.1 and quality 
metrics of microarray hybridisation data were assessed prior 
to further analysis. Agilent’s Genomic Workbench Standard 
Edition Version 5.0.14, or Cytogenomics v2.7.1.0 was then 
used to analyse the microarray data at an effective mean 
resolution of 1.0 Mb. Therefore our reporting threshold for 
chromosome copy number change was ≥1.0 Mb in size.

Genotyping

Genotyping of microsatellite short tandem repeat (STR) 
markers was performed by Quantitative Fluorescent 
Polymerase Chain Reaction (QF-PCR) amplification using 

two different commercially available approaches, either 
using QST*R v2plus (Elucigene) or PowerPlex 16 HS 
(Promega), according to the manufacturers protocols. PCR 
products were then separated using capillary electrophoresis 
(Applied BioSystems), allowing for allele sizing and 
dosage to be performed using GeneMarker (Softgenetics). 
Complete molar pregnancies were defined when single 
(homozygous) alleles were evident across all autosomal STR 
markers. Partial molar pregnancy or triploidy was defined 
when informative autosomal STR markers indicated 
triallelic patterns as either 1:2, 2:1 or 1:1:1 relative peak area 
ratios. Although both kits can be used interchangeably to 
detect molar pregnancies and maternal cell contamination, 
we preferentially used the QST*R kit when a molar 
pregnancy was suspected, either from clinical notes or when 
‘hydropic’ villi are identified, and the PowerPlex 16 HS kit 
to exclude maternal cell contamination for other placental 
tissue specimens.

Results

Overall, 643 POC were analysed by microarray CGH which 
included 272 first-trimester, 258 second-trimester and  
113 third-trimester referrals. A total of 32 samples suspected 
of being molar underwent supplementary genotyping 
by STR analysis, with 10/32 (31.2%) identified among 
suspected samples giving an incidence of 3.6% (10/272) 
amongst first trimester specimens. Interestingly, although 
other chromosomal abnormalities occurred more frequently, 
CHM were the ninth most frequent chromosomal anomaly 
and were detected in 10/643 (1.5%) specimens and were 
slightly more frequent than partial ‘triploid’ moles, which 
were found in 7/643 (1.1%) specimens.

Table 1 shows the sample numbers and abnormality 
rates broken down into first-, second- and third trimester 
referrals. In Figure 1, the distribution of the different 
chromosomal abnormalities among all POC specimens can 
be seen with trisomy 21 being the most frequent followed 
by other abnormalities in decreasing frequency.

Discussion

Chromosomal and genetic anomalies have a significant 
adverse effect on human reproduction, commonly resulting 
in miscarriage and stillbirths and genetic investigation can 
provide important information on reproductive health risks. 
A number of techniques have been used to characterise the 
genetic status of POCs. Chromosome analysis (karyotyping) 

Table 1 Summary of samples and overall abnormality rates per 
trimester

Specimens and abnormality rate per trimester

No. specimens % No. Abn %

1st trimester 272 42.3 112 41.2

2nd trimester 258 40.1 44 17.1

3rd trimester 113 17.6 11 9.7

Total 643 167
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examines all 46 chromosomes and has been considered the 
principal investigation for causes of pregnancy loss (25)  
for several decades [since the 1970s]. Fluorescent in situ 
hybridisation (FISH) uses fluorescently tagged probes 
to visualise specific DNA segments and has also been 
applied more recently, however only a limited number 
of chromosomes (five) are typically examined (26,27). 
Later molecular techniques that can identify chromosome 
aneuploidy have included multiplex ligation-dependent 
probe amplification (MLPA) (28), microarray CGH (29), 
or whole genome SNP microarray. DNA ploidy analysis 
can also be performed by flow cytometry (30). In contrast 
to MLPA and microarray CGH, triploidy (3n) and diploidy 
(2n) moles can be distinguished by karyotyping, FISH 
and flow cytometry, however none of these techniques 
can determine parental origin of the chromosomes and 
distinguish between a CHM and a non-molar abortus. 
Alternatively, genotyping using STR microsatellite 
polymorphisms, or whole genome SNP microarray, can 
determine chromosome parental origin.

STRs are repetitive polymorphic DNA sequences, 
prevalent in non-coding regions. They are genetically stable 
and the number of polymorphic repeats differs between 
individuals and therefore can be used to create a genetic 
profile or genotype. This is helpful to identify the parental 
origin of chromosomes in molar pregnancies. The majority of 
complete 46,XX moles have complete uniparental isodisomy 
for all chromosomes. They will have only one homozygous 
allele size at each loci (Figure 2); thereby allowing them 
to be distinguished from non-molar (heterozygous) 46,N 

conceptuses, which would be expected to show two alleles at 
a number of loci; although some loci may be non-informative 
where both alleles show the same repeat size. Complete 
moles resulting from dispermy will be biallelic with both sets 
of chromosomes paternal (heterodisomy). However, these 
will not be distinguished from non-molar [heterozygous] 
pregnancies without comparing to a maternal or paternal 
genotype profile (13,31).

Our genomes contain single nucleotide polymorphisms 
(SNPs) and SNP arrays were developed to allow genotyping 
of thousands of SNPs across the genome simultaneously. 
They can also detect genomic copy number variation such 
as submicroscopic deletion and duplication, amplification, 
absence of heterozygosity (AOH), and uniparental disomy (32).  
SNP microarray analysis that detects AOH for all 
chromosomes identifies uniparental isodisomy consistent 
with a CHM. For cases of CHM resulting from dispermy, 
as noted above, comparison to maternal or paternal SNP 
genotype data is needed to exclude a maternal contribution.

We investigated the incidence of CHM from a cross-
sectional survey on 643 miscarriage and stillbirth specimens 
from all trimesters of pregnancy. A range of chromosomal 
abnormalities were detected and the frequency of 
abnormalities decreased from 41.2% in the first-trimester 
to 9.7% in the third-trimester. We note that during the 
study period we did not apply STR genotype analysis 
to all placental samples, only to those with suspicion of 
a molar pregnancy (n=32). Therefore, the number of 
molar pregnancies may be underestimated and we cannot 
confidently exclude maternal cell contamination among 
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other placental specimens, however we note that the 
overall normal male to female sex ratio in our data was  
0.9 (231 male:244 female).

Abnorma l i t i e s  invo lv ing  who le  o r  s egmenta l 
chromosome copy number change were easily detected by 
microarray CGH, however the ‘complete moles’ and partial 
triploidy moles gave normal microarray CGH results, since 
microarray CGH cannot detect changes of chromosome 
ploidy; e.g., diploidy, triploidy or tetraploidy. The molar 
pregnancies observed in our study were detected following 
STR genotype analysis, which was performed because 

of either clinical suspicion or the presence of ‘hydropic’ 
villus. Of the ten complete moles identified, nine were 
suspected clinically following ultrasound findings and 
were accompanied by clinical notes indicating ‘complete 
mole’ or ‘molar pregnancy’. One other had clinical notes 
indicating ‘absent yolk sac/fetal parts’ but showed ‘hydropic 
villi’ at tissue dissection. All of these 10 specimens were 
identified at an early gestation <10 weeks. Interestingly, 
of the 7 partial ‘triploid’ moles identified, 2 had clinical 
notes of early miscarriage <9 weeks, one was described as 
‘partial mole’, one was a termination following ‘abnormal 

Figure 2 STR genotype representing a diploid Complete Mole analysed using the QST*R kit (Elucigene). All autosomes (chromosomes 
13, 18 and 21) show homozygous alleles. A single allele for Amelogenin X/Y and two alleles for the TAF9 marker is consistent with two X 
chromosomes.

Dye: Blue - 6 peaks -CGQ-14-1418_D03.fsa

Dye: Green - 5 peaks -CGQ-14-1418_D03.fsa

Dye: Yellow - 7 peaks -CGQ-14-1418_D03.fsa

DXS6803
80     100   120    140    160    180   200    220     240    260    280    300   320    340    360    380   400    420    440    460   480     500   520    540

80     100   120    140    160    180   200    220     240    260    280    300   320    340    360    380   400    420    440    460   480     500   520    540

80     100   120    140    160    180   200    220     240    260    280    300   320    340    360    380   400    420    440    460   480     500   520    540

80     100   120    140    160    180   200    220     240    260    280    300   320    340    360    380   400    420    440    460   480     500   520    540

DXS1187

4,000

2,000

0

6,000

4,000

2,000

0

10,000

5,000

0

10,000

5,000

0

D21S1409

212110 116 120 371

413

352282215149

146 189 248 327 416 481

454

302232

306

351

446

D13S252 D21S1442 D18S819

D21S1435

D21S1446

D18S978AMELX TAF9 SRY

D21S11

XHPRT

D21S1437 D13S634

D13S305

D13S628

D18S535

D18S386

D18S390D13S800

Dye: Red - 4 peaks -CGQ-14-1418_D03.fsa



186 Carey et al. Molecular studies of complete moles

© Translational Pediatrics. All rights reserved. Transl Pediatr 2015;4(2):181-188www.thetp.org

Figure 3 Genetic testing strategy for POC specimens to identify complete hydatidiform molar pregnancies. POC, products of conception.

ultrasound’ findings within the second trimester, and the 
remainder were described as ‘miscarriage’. Although only 
one referral suggested a ‘partial mole’, the 7 specimens 
showed hydropic villus at tissue dissection and therefore 
subsequently underwent STR analysis.

Since 2010, we replaced karyotyping with microarray 
CGH for investigation of miscarriage and stillbirths, which 
saw improvements in test success and detection rates and 
eliminated labour intensive tissue culture and chromosome 
analysis by microscopy (unpublished data). Our laboratory 
transitioned prenatal rapid aneuploidy screening from a FISH 
to QF-PCR STR based assay from January to June 2012, 
which also allowed analysis of POC specimens. Altogether, 
our data shows that STR genotyping has good diagnostic 
utility when a complete mole is suspected clinically and 
when hydropic villi are found at tissue dissection. However, 
any molar pregnancies without a clinical suspicion would 
still go undiagnosed with this approach. Therefore, we have 
implemented a revised testing strategy used on all POC and 
stillbirth samples, irrespective of the clinical indication. Our 
testing strategy is outlined in Figure 3.

POCs are received by the laboratory and cleaned and 
dissected free of blood clots and maternal decidua. No 
further testing proceeds if only maternal tissue is identified. 

A laboratory report is subsequently issued accordingly. 
When identifiable fetal parts (e.g., skin, cord or cartilage 
etc.) are identified, testing proceeds directly to microarray 
CGH genome wide analysis. When no fetal parts are 
identified and there is only placental chorionic villus 
material available, we reflex to STR genotyping prior to 
microarray analysis to identify maternal cell contamination, 
partial hydatidiform moles and AOH consistent with CHM 
(any aneuploidies detected by STR analysis will proceed 
to microarray CGH for confirmation). We note that if 
genotyping was performed using whole genome SNP array 
analysis then targeted STR analysis would not be required.

This testing strategy has the limitation that if a 46,XX or 
46,XY biallelic result was obtained and a molar pregnancy 
was still strongly suspected, genotype ‘trio’ analysis with 
both parental (maternal and paternal) profiles may be 
necessary for diagnosis; however we note parental samples 
are rarely forthcoming amongst miscarriage referrals. For 
the rare cases of biparental complete moles, diagnosis is 
usually made on a clinical basis, however other ancillary 
testings such as p57 immunochemistry (33) and specific 
molecular testing may be considered for recurrent moles; 
e.g., mutations of NLRP7 and KHDC3L. Unfortunately, we 
currently do not offer testing for these genes.
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Apart from identifying molar pregnancies, the benefits of 
molecular testing by microarray CGH supplemented with 
QF-PCR STR genotyping [or solely by SNP genotyping 
microarray] include the use of DNA extracted directly 
from uncultured samples, thereby avoiding culture bias and 
failure, which can further result in improved turnaround 
times and increased abnormality detection rates, as well as 
provide a means to exclude maternal cell contamination.

Conclusions

Conventional cytogenetics has been the principal 
investigation tool of pregnancy failure since the 1970s, which 
can detect a wide range of chromosomal abnormalities, 
including triploidy partial molar pregnancies, however 
it cannot distinguish between CHM and non-molar 
pregnancies. To detect molar pregnancies, molecular 
cytogenomic approaches should be used including 
genotyping by STR or SNP microarray analysis . 
Furthermore, the diagnostic utility of genotyping for 
accurate classification of hydatidiform mole has also 
been recently reported (34) and genotyping can aid in 
clinical management and genetic counselling. A CHM 
is a rare finding, however it can develop into gestational 
trophoblastic neoplasia, a malignant and life threatening 
disease. Therefore the use of molecular genotyping is 
important and if used for all POC referrals will allow for 
identification of the vast majority of CHM. We further 
suggest that for rare recurrent (2 or more) biparental 
complete moles that mutation testing of NLRP7 and 
KHDC3L should be considered.
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