
Ⅰ．Introduction

Hydatidiform mole （HM） is a disease characterized 
by excessive proliferation of trophoblasts, which can 

be diagnosed by histopathological findings （Fig. 1）
［1,2］. Hydatidiform moles are classified into two 
categories: complete hydatidiform moles （CHM） 
and partial hydatidiform moles （PHM）. A unique 
cytogenetic constitution of CHM was reported in 1977 
by Kajii and Ohama［3］. The CHMs were androgenetic 
and lacked maternal chromosomes. The cytogenetic 
constitution of the PHMs was shown to be triploid （Fig. 
2）［4,5］. Complete hydatidiform moles and PHM are 
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Abstract

Hydatidiform moles are abnormal villous diseases characterized by excessive trophoblast 
proliferation. They are classified into two categories: complete hydatidiform moles （CHM） and 
partial hydatidiform moles （PHM）, whose cytogenetic constitution is exceptional. Gestational 
trophoblastic neoplasia （GTN） can develop from both types of hydatidiform moles. The 
incidence of GTN is different between CHM and PHM. However, it is occasionally difficult 
to diagnose hydatidiform moles. Thus, we have continued to diagnose them using molecular 
cytogenetic procedures, such as short tandem repeat （STR） polymorphisms, to determine their 
critical diagnosis. Based on STR analysis of CHM and PHM, the incidence of GTN was 15% 
and 2%, respectively. Furthermore, single nucleotide polymorphism array analysis has been 
introduced into the molecular karyotyping of whole genomes. Single nucleotide polymorphism 
array analysis clarified that heterozygous androgenetic CHM is of dispermic origin, but not 
a diploid sperm. Additionally, we showed that one-third of heterozygous androgenetic CHM 
had trisomic chromosomes. The origins of the additional chromosomes were not only paternal 
but also maternal, although they should be androgenetic. Molecular karyotyping revealed a 
spermatogonium-derived complete hydatidiform mole. A distinct diagnosis of hydatidiform 
moles is important for management of hydatidiform moles. Molecular biological procedures 
could elucidate the mechanisms underlying the development of hydatidiform moles.
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occasionally difficult to diagnose pathologically［6,7］. 
These characteristics have been utilized for auxiliary 
diagnostic techniques, such as karyotyping, enzyme 
polymorphism assays, flow cytometry, fluorescence in 
situ hybridization, immunohistochemistry of p57KIP2, 

and short tandem repeat （STR） polymorphism analysis
［8-12］.

The treatment and management of HMs are 
fundamental because they have a potential for malignant 
transformation to gestational trophoblastic neoplasia 

（GTN）［1,13］. We have continued to specialize in the 
treatment and research of trophoblastic disease［6,14-
19］. Molar pregnancies and trophoblastic tumors are 
rare with approximately 2,000 and 200 respective cases 
per year in Japan［20］. We conducted basic clinical 
research based on the genetic diagnosis of HM. More 
than 500 cases of HMs have been genetically examined

［14,15,21］. 
In this review, we introduce the results of our 

research using DNA polymorphism analysis of HMs, 
particularly new findings on the pathogenesis of HMs, 
as revealed by recent single nucleotide polymorphism 

（SNP） analysis.
 

Ⅱ． Short tandem repeat polymorphism analysis 
for the cytogenetic diagnosis of HMs

Recently, STR polymorphism analysis has become 
the gold standard auxiliary diagnostic method for 
HMs, which can be used for identification in forensic 
medicine［2,8］. Short tandem repeat polymorphism 
analysis can be used to distinguish between CHM, 
PHM, and non-molar pregnancies. Multiplex-STR kits 
are commercially available and they include 16 or more 

Fig. 1　Pathological features of hydatidiform moles. 
Complete hydatidiform moles （CHM）. （A） Hematoxylin-
eosin s ta ining （× 100 ,  scale  bar :  100  μm）;  （B） 
immunohistochemistry of p57KIP2. Extravillous trophoblasts 
were stained （red circles） （× 100, scale bar: 100 μm）. 
Cytotrophoblasts and stromal cells of CHM were not 
stained with anti-p57KIP2 antibody （black arrows）. Partial 
hydatidiform moles （PHM）. （C） Hematoxylin-eosin staining 

（× 100, scale bar: 100 μm）. （D） Immunohistochemistry of 
p57KIP2 （× 100, scale bar: 100 μm）. Cytotrophoblasts （red 
arrows） and stromal cells （red circles） of PHM were stained 
with anti-p57KIP2 antibody. 

Fig. 2　Cytogenetic characteristics of hydatidiform moles. （A） Complete hydatidiform mole （CHM） is an androgenetic 
diploid, classified into two types: homozygous CHM, which results from the duplication of a haploid sperm; and heterozygous 
CHM, which results from the fertilization of two mature sperms. （B） Partial hydatidiform mole （PHM） is diandric monogyny 
triploid. （C） Non-molar villous trophoblasts are biparental diploids. （Figure 2 was adapted from reference No. 8 by Usui, 2022.）
CHM, complete hydatidiform mole; PHM, partial hydatidiform mole
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polymorphic loci in a single reaction［22］. Additionally, 
single electrophoresis can yield multi-fragment charts in 
multi-fluorescence colors. 

Typical examples of STR polymorphism analysis 
are shown in Figure 3［14,23］. Non-molar pregnancies 
are diploid in origin from both parents, and the villous 
locus inherits one allele each from the mother and 
father. Complete hydatidiform moles are androgenetic, 
and the villous locus does not contain mother-derived 
alleles. Furthermore, it is possible to distinguish between 
homozygous and heterozygous CHMs. The villous 
loci of PHMs consist of two alleles of paternal origin 
and one allele of maternal origin. When the villous 
alleles were two, the peak ratio was 2:1, resulting in a 

consistent result for two paternal and one maternal allele. 
From fresh surgical specimens, it took 4 h for genome 
extraction, 2 h for STR polymerase chain reaction 

（PCR）, and 3 h for electrophoresis. The following day, 
the results were obtained.

Short tandem repeat analysis is a reliable technique; 
however, facilities cannot perform STR analysis 
routinely. Immunohistochemical detection of p57KIP2 
can be used to detect androgenetic CHM［11,24,25］. 
The cytotrophoblasts and stroma cells of androgenetic 
CHM were not stained using p57KIP2 antibody, while 
those of PHM and biparental abortion were stained 
using p57KIP2 antibody （Fig. 1）.

Ⅲ． Trophoblastic disease research based 
on STR analysis

As described above, CHM and PHM differ in 
clinical and biological characteristics. In clinical 
studies related to HMs, a lack of complete distinction 
between CHM and PHM leaves ambiguity in the 
results. Therefore, we conducted a clinical study of 
trophoblastic diseases based on the diagnosis using STR 
polymorphism analysis. 

Firs t ,  we conducted a prospect ive cohort 
observational analysis to investigate the incidence 
and risk factors of GTN in cytogenetically diagnosed 
HMs from 2007 to 2016. The incidence of GTN from 
androgenetic CHM, triploid PHM, and non-molar 
biparental pregnancy were 15.1% （35/232）, 1%, and 
0% （0/88）, respectively. One patient with cytogenetic 
PHM developed GTN, although the risk of developing 
GTN was lower for PHMs than for CHMs［14］. 

Patients with low-risk GTN need to receive 
chemotherapy. Methotrexate （MTX） is a standard drug 
used for low-risk GTN. Low-risk GTN is sensitive 
to treatment with MTX. However, almost half of the 
patients did not achieve remission after MTX treatment. 
The primary target of MTX is folate metabolism. 
Methylenetetrahydrofolate reductase （MTHFR） is 
an essential rate-limiting enzyme involved in folate 
metabolism. Methylenetetrahydrofolate reductase 
polymorphism C677T is a functional SNP with amino 

Fig. 3　Short tandem repeat polymorphism analysis of 
hydatidiform moles. Loci of the patient and villous tissues 
of the androgenetic complete hydatidiform moles （CHMs） 
are shown. （A） Androgenetic homozygous CHM, （B） 
androgenetic heterozygous CHM. Dotty arrows indicate 
the two maternal alleles that were not entirely inherited in 
the villi. （C） Some loci of the partial hydatidiform mole 
had three allelic loci, indicating that they would have three 
chromosomes. （D） Non-molar villous tissue showing 
biparental diploidy. Asteristics indicate estimated alleles of 
paternal origin. CHM, complete hydatidiform mole; PHM, 
partial hydatidiform mole 
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number, enabling viewing chromosomal or region 
loss or gain. Allelic differences may indicate loss of 
heterozygosity. The B allele frequency （BAF） was 
normalized to reflect the allelic intensity ratio of the 
A and B alleles. A BAF of 0 or 1 indicates that one of 
the two alleles （AA or BB） is absent, whereas a BAF 
of 0.5 means that both alleles are equally distributed 

（AB）. BAF plots on ideograms can be utilized for 
molecular karyotyping, which is appropriate for 
diagnosing HMs. （Fig. 4）［23］. Androgenetic CHMs 
showed the homozygosity in all regions for homozygous 
CHM （Fig. 4A）, and in part （mixed homozygous 
and heterozygous） for heterozygous CHM （Fig. 4B）. 

acid changes and decreased enzyme activity. Thus, we 
performed an association study of two representative 
MTHFR polymorphisms, C677T and A1298C, in 
patients and CHM villous tissues. The MTHFR 677T 
allele in molar tissue was related to the need for drug 
change （odds ratio［OR］, 3.13; 95% confidence interval

［CI］, 1.31–7.49; P=0.006）, although the MTHFR 
677T alleles obtained from patient’s blood DNA were 
not related to the outcome of MTX treatment （OR, 1.31; 
95% CI, 0.61–2.91; P=0.49）. These data demonstrate 
that the MTHFR 677TT genotype in molar tissue is 
associated with failure of MTX treatment in low-risk 
patients with GTN［26］.

The conceptus is genetically different from its 
mother. Complete hydatidiform moles are allografts 
for patients with an androgenetic origin. Therefore, we 
hypothesized that ABO-compatible cases between molar 
tissues and patients could easily develop into GTN 
because CHM can escape immunological rejection. We 
evaluated the effect of ABO blood-group compatibility 
on the prognosis of androgenetic CHMs. We determined 
the molar ABO blood types by SNP genotyping using 
a high-resolution melting assay. According to ABO 
blood group incompatibility between patients and molar 
tissues, GTN occurred in 19.1% （18/94） of compatible 
cases and 11.4% （4/35） of incompatible cases; the 
incidence did not differ statistically （P=0.223）. The 
compatibility of ABO blood group between patients and 
molar tissues had no relationship with the appearance 
of GTN［27］. GTN occurred in 10.8% （4/37）, 14.8% 

（8/54）, 22.2% （6/27）, and 36.4% （4/11） of patients 
with types O, A, B, and AB blood groups, respectively. 
Patients with blood type AB are more likely to develop 
GTN［27］.

Ⅳ．Molecular karyotyping using SNP array

We introduced SNP array analysis to evaluate 
HMs［21,23,28,29］. The SNP array has a substantial 
advantage in that it  can cover whole genome 
information. A large number of loci can overcome the 
binary characteristics of SNPs and determine molecular 
karyotyping. The signal intensity reflects the copy 

Fig. 4　B allele frequency plots from SNP array data 
for hydatidiform moles. Chromosome constitutions and 
corresponding B allele frequencies are shown for: （A） an 
androgenetic homozygous complete hydatidiform mole; （B） 
an androgenetic heterozygous complete hydatidiform mole; 

（C） a diandric monogynic triploid partial hydatidiform mole; 
and （D） biparental diploid non-molar villi. （Figure 4 was 
adapted from reference No. 23 by Usui et al., 2019.）. CHM, 
complete hydatidiform mole; PHM, partial hydatidiform mole; 
BAF, B allele frequency
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CHM （dispermic） （9/31） had trisomic chromosomes. 
One of these has double trisomic chromosomes［21］. 

We developed a selected BAF plot, which could 
visualize the origin of chromosomes, as paternal or 
maternal. Surprisingly, the additional chromosomes, 
six of the nine heterozygous aneuploid CHMs, were 
of maternal origin, although the androgenetic CHMs 
were of paternal origin （Fig. 5）. We estimated that 
there might be three pronuclear zygotes including one 
oocyte and two sperms nucleus, as the intermediates 
of androgenetic heterozygous CHMs. Furthermore, the 
incidence of GTN in heterozygous androgenetic CHM, 
with or without maternal chromosomes, was 0% （0/6） 
and 28% （7/25）, respectively. The relationship between 
the development mechanism and malignant potential of 
CHMs should be studied in the future［21］.

Ⅴ． Spermatogonium-derived complete 
hydatidiform mole

Recently, we analyzed androgenetic CHM in a 
woman who underwent intrauterine implantation 
of a blastocyst obtained by in vitro injection of a 
presumed round spermatid into her oocyte. The origin 

Partial hydatidiform moles should have four regions 
（0, 0.33, 0.66, 1.0 for AAA, AAB, ABB, and BBB 

locus, respectively）. Otherwise, non-molar villi are all 
heterozygous, showing plots of BAF 0, 0.5, and 1.0, 
according to AA, AB, and BB allele over the whole 
chromosomes. 

Heterozygous CHM is sometimes referred to as a 
dispermic mole because its chromosome composition 
does not contradict its dispermic origin. However, both 
mechanisms fertilizing two sperms or a diploid sperm 
could be postulated, and there is no direct evidence for 
them. We analyzed androgenetic heterozygous CHMs 
using BAF plots of SNP arrays. In cases of diploid 
sperm fertilization, the centromere status would show 
all heterozygous （meiosis I error） or all homozygous 

（meiosis II error）, depending on their pathogenesis
［23］. However, the centromeric zygosities showed 
both homozygous and heterozygous statuses in all the 
analyzed cases, indicating two sperm fertilizations［23］.

The BAF plot can detect aneuploid chromosomes 
more easily than copy number abnormalities, such as 
gain or loss of genes. Triploid chromosomes would 
show the four regions at AAA, AAB, ABB, and BBB in 
the BAF plot. One-third of androgenetic heterozygous 

Fig. 5　Determination of parental origin of additional chromosomes of androgenetic heterozygous complete hydatidiform 
moles. （A） Upper chart: chromosomes 6 and 7 showing diploidy and trisomy, respectively. Lower chart: BB regions are present 
on chromosome 6, but not on chromosome 7, indicating that chromosome 6 is androgenetic diploid and chromosome 7 is diandric 
monogyny triploid. （B） Upper chart: chromosomes 2 and 3 showing diploidy and trisomy, respectively. Lower chart: BB 
regions are present on both chromosomes 2 and 3, which indicates that chromosome 2 was androgenetic diploid, and that three 
chromosomes of chromosome 3 were all of paternal origin. （Figure 5 was adapted from reference No. 21 by Usui et al., 2020.）



6 Hirokazu Usui

Acknowledgements

The author expresses gratitude to Prof. Makio Shozu 
for critically reading the manuscript.

References

1 ） Seckl MJ, Sebire NJ, Berkowitz RS. （2010） Gestational 
trophoblastic disease. Lancet 376, 717-29.

2 ） Hui P, Buza N, Murphy KM, Ronnett BM. （2017） 
Hydatidiform moles: genetic basis and precision 
diagnosis. Annu Rev Pathol 12, 449-85.

3 ） Kajii T, Ohama K. （1977） Androgenetic origin of 
hydatidiform mole. Nature 268, 633-4.

4 ） Scholz NB, Bolund L, Nyegaard M, Faaborg L, 
Jorgensen MW, Lund H, Niemann I, Sunde L. （2015） 
Triploidy--observations in 154 diandric cases. PLoS One 
10, e0142545.

5 ） Makino S, Sasaki MS, Fukuschima T. （1964） Triploid 
chromosome constitution in human chorionic lesions. 
Lancet 2, 1273-5.

6 ） Usui H, Kiyokawa T, Qu J, Nishikimi K, Tate S, 
Mitsuhashi A, Nakatani Y, Shozu M. （2016） Comparison 
between pathological diagnosis and cytogenetic diagnosis 
by short tandem repeat polymorphism analysis of 
suspected molar pregnancies. J Reprod Med 61, 219-23.

7 ） Hoffner L, Parks WT, Swerdlow SH, Carson JC, 
Surti U. （2010） Simultaneous detection of imprinted 
gene expression p57KIP2 and molecular cytogenetics 

（FICTION） in the evaluation of molar pregnancies. J 
Reprod Med 55, 219-28.

8 ） Usui H. （2022） Auxiliary and experimental diagnostic 
techniques for hydatidiform moles. J Obstet Gynaecol 
Res 48, 3077-86.

9 ） Fisher RA, Nucci MR, Thaker HM, Weremowicz 
S, Genest DR, Castrillon DH. （2004） Complete 
hydatidiform mole retaining a chromosome 11 of 
maternal origin: molecular genetic analysis of a case. 
Mod Pathol 17, 1155-60.

10） DeScipio C, Haley L, Beierl K, Pandit AP, Murphy KM, 
Ronnett BM. （2011） Diandric triploid hydatidiform mole 
with loss of maternal chromosome 11. Am J Surg Pathol 
35, 1586-91.

11） Castrillon DH, Sun D, Weremowicz S, Fisher RA, 
Crum CP, Genest DR. （2001） Discrimination of 
complete hydatidiform mole from its mimics by 
immunohistochemistry of the paternally imprinted gene 
product p57KIP2. Am J Surg Pathol 25, 1225-30.

12） Xing D, Adams E, Huang J, Ronnett BM. （2021） 
Refined diagnosis of hydatidiform moles with p57 
immunohistochemistry and molecular genotyping: 
updated analysis of a prospective series of 2217 cases. 
Mod Pathol 34, 961-82.

13） Albright BB, Shorter JM, Mastroyannis SA, Ko 
EM, Schreiber CA, Sonalkar S. （2020） Gestational 

of androgenetic CHM was the spermatogonium rather 
than the round spermatid［29］. This CHM did not 
contain maternally derived nuclear DNA, but contained 
mitochondrial DNA. Furthermore, the CHM genome is 
genetically identical to that of paternal blood DNA. 

This study indicated that spermatogonium, which 
should have identical genomes with somatic cells, could 
potentially develop into androgenetic CHM.

Ⅵ．Conclusions

We reviewed the results of our study, mainly focused 
on androgenetic CHMs. We performed clinical and basic 
research on trophoblastic disease using STR-PCR and 
SNP array analysis on patients and villous genomes. The 
development mechanism of androgenetic heterozygous 
CHMs is of dispermic origin but not diploid sperm. 
Three pronuclear zygotes might be the first step 
in heterozygous androgenetic CHM. The selected 
BAF plotting procedure was successfully utilized for 
molecular karyotyping. Further studies are required to 
elucidate the mechanisms underlying the development 
of HMs.

Financial support

This work was partly supported by the Japan 
Society for the Promotion of Science KAKENHI （grant 
numbers JP 21K19551 and 22H03220）. 

Conflict of interest

The author declares no conflict of interest associated 
with this manuscript.

Ethical approval

Not applicable.

Data availability

Not applicable.



7Molecular study of hydatidiform moles

tandem repeat loci used in human identity testing. J 
Forensic Sci 51, 253-65.

23） Usui H, Nakabayashi K, Maehara K, Hata K, Shozu M. 
（2019） Genome-wide single nucleotide polymorphism 

array analysis unveils the origin of heterozygous 
androgenetic complete moles. Scientific reports 9, 12542.

24） Kihara M, Matsui H, Seki K, Nagai Y, Wake N, Sekiya 
S. （2005） Genetic origin and imprinting in hydatidiform 
moles. Comparison between DNA polymorphism 
analysis and immunoreactivity of p57KIP2. J Reprod 
Med 50, 307-12.

25） McConnell TG, Murphy KM, Hafez M, Vang R, 
Ronnett BM. （2009） Diagnosis and subclassification of 
hydatidiform moles using p57 immunohistochemistry 
and molecular genotyping: validation and prospective 
analysis in routine and consultation practice settings with 
development of an algorithmic approach. Am J Surg 
Pathol 33, 805-17.

26） Qu J, Usui H, Kaku H, Shozu M. （2017） Presence of the 
methylenetetrahydrofolate reductase gene polymorphism 
MTHFR C677T in molar tissue but not maternal blood 
predicts failure of methotrexate treatment for low-risk 
gestational trophoblastic neoplasia. Eur J Pharmacol 794, 
85-91.

27） Sato A, Usui H, Shozu M. （2020） ABO blood type 
compatibility is not a risk factor for gestational 
trophoblastic neoplasia development from androgenetic 
complete hydatidiform moles. Am J Reprod Immunol 83, 
e13237.

28） Usui H, Sato A, Ota M, Ikeda JI, Shozu M. （2020） 
Androgenetic complete hydatidiform moles with 
p57KIP2-Positive immunostaining. Am J Clin Pathol 
154, 776-83.

29） Usui H, Shozu M. （2021） Spermatogonium-derived 
complete hydatidiform Mole. N Engl J Med 384, 936-43.

trophoblastic neoplasia after human chorionic 
gonadotropin normalization following molar pregnancy: 
a systematic review and meta-analysis. Obstet Gynecol 
135, 12-23.

14） Usui H, Qu J, Sato A, Pan Z, Mitsuhashi A, Matsui H, 
Shozu M. （2018） Gestational trophoblastic neoplasia 
from genetically confirmed hydatidiform moles: 
prospective observational cohort study. Int J Gynecol 
Cancer 28, 1772-80.

15） Baasanjav B, Usui H, Kihara M, Kaku H, Nakada E, Tate 
S, Mitsuhashi A, Matsui H, Shozu M. （2010） The risk of 
post-molar gestational trophoblastic neoplasia is higher in 
heterozygous than in homozygous complete hydatidiform 
moles. Hum Reprod 25, 1183-91.

16） Usui H, Kaku H, Kihara M, Shozu M. （2011） Molecular 
distinction of consecutive molar pregnancies. Obstet 
Gynecol 117, 492-5.

17） Pan Z, Usui H, Sato A, Shozu M. （2018） Complete 
hydatidiform moles are composed of paternal 
chromosomes and maternal mitochondria. Mitochondrial 
DNA A DNA Mapp Seq Anal 29, 943-50.

18） Sato A, Usui H, Shozu M. （2019） Comparison between 
vacuum aspiration and forceps plus blunt curettage for 
the evacuation of complete hydatidiform moles. Taiwan J 
Obstet Gynecol 58, 650-5.

19） Usui H. （2019） Second uterine curettage and the number 
of chemotherapy courses in postmolar gestational 
trophoblastic neoplasia: a randomized controlled trial. 
Obstet Gynecol 134, 649.

20） Yamamoto E, Nishino K, Niimi K, Ino K. （2022） 
Epidemiologic study on gestational trophoblastic diseases 
in Japan. J Gynecol Oncol 33, e72.

21） Usui H, Sato A, Shozu M. （2020） Parental contribution 
to trisomy in heterozygous androgenetic complete moles. 
Sci Rep 10, 17137.

22） Butler JM. （2006） Genetics and genomics of core short 


