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Abstract
Background: Distinction of hydatidiform moles (HMs) from non-molar abortions and 
sub-classification of HMs are important for clinical practice; yet, diagnosis based solely 
on morphology is affected by interobserver variability. The objective of this study was 
to determine the role of DNA flow cytometry in distinguishing molar from non-molar 
pregnancies.   

Materials and Methods: This retrospective study was conducted at the Department 
of Pathology, Women’s Hospital, Tehran University of Medical Sciences, Tehran, Iran, 
between 2006 and 2010. DNA ploidy analysis and histopathologic re-evaluation were 
performed on paraffin-embedded tissue from 36 (17 complete and 19 partial) molar and 
24 hydropic abortus (HA) cases which were previously diagnosed based on histomor-
phologic study. 

Results: Of the 17 cases initially diagnosed as complete HM (CHM), 9 were dip-
loid, 2 were triploid, 5 were tetraploid and 1 was aneuploid. Of the 19 initial partial 
HMs (PHMs), 2, 8, 1 and 8 cases were diploid, triploid, tetraploid and aneuploid, 
respectively.  In the initial HA category (n=24), 14 diploid, 1 triploid, 5 tetraploid, 
and 4 aneuploid cases existed. Following flow cytometry and histopathologic re-
evaluation, 1 case with previous diagnosis of HA was reclassified as PHM, 2 initial 
PHMs were reclassified as CHM and 2 initial CHMs were categorized as PHM.  

Conclusion: The results show that correct diagnosis of PMH is the main challenge in 
histological diagnosis of gestational trophoblastic disease (GTD). DNA flow cytometric 
analysis could be an informative supplement to the histological interpretation of molar 
and hydropic placentas.
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Introduction 

Hydatidiform mole (HM) is a complication of 
gestation observed in approximately 0.5-1/1000 
pregnancies in the western world and most 
prevalent in South-East Asia with rates ranging 
from 1-2/1000 pregnancies in Japan and Chi-
na to 12/1000 pregnancies in Indonesia, India 
and Turkey (1-3).  HM is classified as either 
complete or partial based on morphological, 
histopathological, and cytogenetic studies (4). 
Genetically, complete HM (CHM) has diploid 
46XX karyotype. Although chromosomes are 
entirely of paternal origin, mitochondrial DNA 
is of maternal origin. By contrast, partial HM 
(PHM) has diandric monogynic triploid kar-
yotype (69 chromosomes), which is the "gold 
standard" for the ultimate diagnosis (4-6). Most 
reports on the pathological evaluation of early 
abortions have focused on differentiating be-
tween PHM and CHM and between PHM and 
non-molar hydropic abortus (HA). It is of im-
portance to distinguish these entities because 
PHMs and CHMs known as risk factors for de-
veloping an aggressive clinical and biological 
behavior, whereas HAs don’t. Persistent gesta-
tional trophoblastic disease (GTD) is predicted 
to occur in 10-30% of CHMs, but only in 1-7% 
of PHMs (7, 8) have been identified.

In many cases, distinction between HM and 
HA can be made based on only morphological 
examination. However, absence of sufficient 
published standard morphological criteria, pres-
ence of atypical cases and early evacuation of 
molar pregnancy cause major difficulties in the 
histopathological diagnosis of HM with signifi-
cant interobserver and intraobserver variability 
(9, 10). To help differentiate between partial 
and CHMs, some ancillary techniques such as 
genotyping, DNA ploidy analysis and p57 im-
munohistochemistry have been developed and 
used. However, their application and interpreta-
tion are not without drawbacks. For example, 
p57 is the gene product of the paternally im-
printed, maternally expressed gene, while im-
munostaining of p57 is helpful in confirming 
the diagnosis of CHM, but this useful marker 
cannot differentiate between PHM and other 

non-molar gestations (4, 11).  Several studies 
have recently applied this commercially avail-
able and cost-effective molecular genotyping 
method in cases of molar gestations to identify 
and compare the parental genetic contribution in 
the chorionic villi and in the maternal decidua. 
Flow cytometry is widely accepted as a rapid 
and easy test for ploidy evaluation with ability 
to analyze a large number (10,000-20,000) of 
random nuclei and with sufficient sensitivity to 
distinguish diploidy from triploidy, tetraploidy 
and non-tri/tetraploid aneuploidy (4, 5, 7, 8, 12, 
13).  However, ploidy analysis cannot differen-
tiate between non-molar digynic triploid gesta-
tions and PHM. Correlation between histology 
and ploidy improves diagnostic accuracy and 
concordance among pathologists.

In the present study, previously diagnosed sam-
ples from molar and non-molar aborted pregnan-
cies were histopathologically reviewed and ana-
lyzed by flow cytometry. The correlation between 
histological diagnosis and ploidy status was then 
evaluated.

Materials and Methods

We carried out a retrospective study of 60 se-
lected specimens from all aborted conceptions 
at the Department of Pathology, Women’s Hos-
pital, Tehran University of Medical Sciences, 
Tehran, Iran, between 2006 and 2010.  Present 
study was a retrospective research, so we were 
not able to obtain a written informed consent 
from the participant. The research protocol was 
approved by the Ethics Committee of Tehran 
University of Medical Sciences, Tehran, Iran.  
Specimens were obtained from spontaneous 
abortions or from curettages carried out after 
detection of intrauterine death or HM by ultra-
sound examination. A 4-µm section of all speci-
mens was stained using hematoxylin and eosin 
(H&E) stain. Number of slides ranged from 1 
to 10 (average of 3 slides per case). All of the 
slides were reviewed regarding the histological 
criteria described by Paradinas et al. (14).  Di-
agnosis of CHM was made by microscopic find-
ing of enlarged edematous villi, prominent cen-
tral cistern formation, and moderate to marked 
circumferential trophoblastic hyperplasia, often 
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with cytologic atypia. Diagnosis of PHM was 
made based on presence of dual population of 
villi (large, irregular, and hydropic villi as well 
as small and fibrotic villi), cistern formation 
in some enlarged villi, markedly irregular villi 
with scalloped borders, trophoblastic hyperpla-
sia and presence of inner cell mass (15).

Flow cytometric DNA analysis was performed 
on formalin-fixed, paraffin-embedded tissue 
blocks. The selection criterion was the presence 
of both placental and maternal (decidual) tissue 
in such amount that DNA histograms could be 
obtained. For each case, a tissue block contain-
ing at least 90% chorionic villi and no more than 
10% decidua and blood was selected. Maternal 
decidual tissue had to be present as the inter-
nal diploid control. Sixty blocks were analyzed. 
The technique of Hedley was used for DNA 
analysis. Briefly, 30 µm-sections were cut from 
each case and then deparaffinized with xylene 
and rehydrated. Sections were subsequently in-
cubated at 37˚C for 45 minutes with 0.05% pep-
sin in normal saline to disaggregate the tissue 
and yield the nuclei. The cell suspension was 
filtered through a 50-µm steel mesh and centri-
fuged at 1500 rpm for 5 minutes. The pellet was 
washed and resuspended in propidium iodide 
solution (Sigma, USA). After 30 minutes of 
incubation at room temperature, the processed 
tissue was analyzed by flow cytometry (Coulter 
Electronics, Hialeah, FL, UK). Fluorescence in-
tensity measured on a linear axis was regarded 
as proportional to the DNA content of individu-
al cells, 10,000 of which were analyzed to pro-
duce each histogram.

Cellular DNA content was determined with 
an Epics C flow cytometer (Coulter Electron-
ics, Hialeah, FL, UK).  Histograms of 10,000 
cells were recorded and analyzed. Placenta was 
classified as tetraploid if the peak in the G2/M 
region represented greater than 25% of the cells 
and the DNA index (DI) was between 1.90 and 
2.10.  Furthermore with DI between 1.40 and 
1.60, placenta was considered to be triploid. 
In this study, we use the simple qualifier "ane-
uploid" to define cases with non-tri/tetraploid 
aneuploidy (7, 16). The gathered data was ana-

lyzed by Statistical Package for Social Sciences 
version 18.0 (SPSS, SPSS Inc., Chicago, IL, 
USA) software.

Results

Patients’ age ranged from 15 to 50 years 
(mean: 29.6 ± 2.3), while gestational age ranged 
from 6 to 24 weeks (mean: 9.5 ± 2.1). Based 
on histopathological review of the sections, 
diagnoses were made as CHM in 17, PHM in 
19 and HA in 24 cases. DNA ploidy analysis in 
the 60 cases showed 25 diploid, 11 triploid, 11 
tetraploid and 13 aneuploid (non tri/tetraploid) 
cases. Of the 17 cases histologically diagnosed 
as CHM, 9 were diploid, 2 triploid, 5 tetraploid 
and 1 aneuploid according to the yielded histo-
grams. Two diploid, 8 triploid, 1 tetraploid and 
8 aneuploid histograms were produced by the 
19 histologically-diagnosed PHM cases. At last, 
of the 24 cases with histological diagnosis as 
HA, 14, 1, 5 and 4 cases yielded diploid, trip-
loid, tetraploid and aneuploid histograms, re-
spectively. After the release of flow cytometric 
results, all of the slides from cases in which the 
primary histological diagnosis did not match 
the flow cytometry analysis result in terms of 
expected ploidy were reviewed. Finally, ac-
cording to both flow cytometric analysis results 
and histological criteria, out of total 60 cases, 
17 cases were diagnosed as CHM (15 cases 
from the initial histopathology-based diagnos-
tic category of CHM and 2 cases from the ini-
tial diagnostic category of PHM). Twenty cases 
were finally diagnosed as PHM (17, 2, and 1 
cases from the initial diagnostic categories of 
PHM, CHM and HA, respectively). Twenty-
three out of the 24 cases with preliminary diag-
nosis of HA were confirmed after incorporation 
of flow cytometric data into the diagnostic cri-
teria. Comparing the initial histomorphology-
based diagnoses with the results obtained from 
flow cytometric analysis, five cases were found 
to have discordant results. In these cases, the 
original H&E stained sections and clinical data 
were reviewed along with the ploidy status. Fi-
nally, the histological diagnosis was revised in 
all of the 5 cases. A summary of the results is 
presented in table 1.
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Table 1: Summary of the results of study

Definite diagnosis considering flow cytometry result 
and histopathological re-evaluation

Flow cytomery resultInitial histo-morphological 
Diagnostic categories

No definite 
diagnosis

 HA
n=23

PMH 
n=20

CHM 
n=17

No. of casesPloidy

---99DiploidCHM, n=17

--2*-2Triploid

---55Tetraploid

---11Aneuploid

---2*2DiploidPHM, n=19

--8-8Triploid

1---1Tetraploid

8---8Aneuploid

-14--14DiploidHA, n=24

--1**-1Triploid

-5--5Tetraploid

-4--4Aneuploid

CHM; Complete hydatidiform mole, PHM; Partial hydatidiform mole, HA; Hydropic abortion, *; The number of cases with discordant initial 
and definite results are underlined and **; Case of tubal pregnancy. 

Discussion
It is well known that CHM, PHM and HA rep-

resent three independent conditions in terms of 
etiology, pathology, genetic characteristics, mor-
phology and clinical aspects. In most cases, the 
diagnosis is straightforward (17).  Biological vari-
ability and scarcity of available tissue, however, 
will sometimes cause difficulties in clinical and 
morphological differentiation between different 
pathologies, mainly between CHM versus PHM or 
PHM versus HA (18). No single criterion is enough 
to make this distinction. Therefore, methods that 
evaluate the ploidy (such as karyotyping as well 
as flow and image cytometry) have been used to 
distinguish HM from HA (19).  Flow cytometry 
permits evaluation of cellular DNA content and 
is employed to determine the ploidy status of dif-
ferent lesions. In this regard, a significant further 
advantage has been developed as a technique for 
extracting DNA from formalin fixed-tissue (20). 
When it comes to molar pregnancies, flow cytom-
etry has confirmed that the majority of CHMs are 

diploid and that most PHMs are triploid. Thus, 
flow cytometric analysis of hydropic abortions can 
be used as an adjunct to histopathologic criteria 
to differentiate among PHM, CHM and HA. The 
current study, using flow cytometry as an ancillary 
techniques to improve the accuracy of  histopatho-
logical diagnosis, further reveals the difficulty in 
making the correct diagnosis in hydropic abortions 
(especially in early gestation) based on histopa-
thology. This difficulty in distinction among PHM, 
CHM and HA was demonstrated by 5 (8.3%) of 
the cases in our study, in which the primary di-
agnoses changed following the acquisition of flow 
cytometric results.  In a study done by Fukunaga 
et al. (21), nuclear DNA content of 219 hydropic 
and 68 nonhydropic placentas (as a control) were 
analyzed by flow cytometry in paraffin-embedded 
tissue. Based on flow cytometry and review of the 
histology, 10 PHM diagnoses were reclassified as 
HA, 1 PHM diagnosis was revised as CHM, 4 HA 
diagnoses were changed to PHM and 1 CHM di-
agnosis was corrected as PHM. They had 16 dis-
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crepant diagnoses and their results showed that 
the main difficulty in histological diagnosis of hy-
dropic abortions is due to the diagnosis of PHM. 
There is a considerable overlap in the histologi-
cal features of PHM and HA as well as of PHM 
and CHM which result in discordant diagnoses. 
In another study of Fukunaga et al. (22), 76 cases 
of hydropic placentas were retrieved and analyzed 
by flow cytometry. Out of 23 specimens originally 
diagnosed as CHM, 21 diagnoses were confirmed 
and 2 were revised as PHM; out of 22 initially di-
agnosed PHMs, the primary diagnosis was con-
firmed in 20 cases and was changed to HA in two; 
and out of 31 firstly diagnosed HAs, 20 diagnoses 
were confirmed, while 9 and 1 diagnoses were re-
vised as PHM and CHM, respectively. Also most 
of the cases with discordant diagnoses were de-
finitively or initially diagnosed as PHM. They also 
concluded that PHM is a common condition that 
goes underdiagnosed because of the usual subtle 
histologic changes.

In our study, nine from the 17 cases initially di-
agnosed as CHM were diploid; therefore, the pri-
mary diagnosis was confirmed. Two cases out of 
17 were triploid which ended in having the revised 
diagnosis as PHM based on re-evaluation of histo-
logical features. Five and one cases out of 17 were 
tetraploid and aneuploid, respectively. In the latter 
cases, we did not change the initial diagnosis of 
CHM. It is very important to interpret the ploidy 
result in conjunction with histomorphologic study 
(20). Although the great majority of CHMs and 
PHMs have been reported to be diploid and trip-
loid, respectively, exceptional cases including non-
molar digynic triploid abortion, triploid androge-
netic CHMs, and tetraploid CHMs and PHMs have 
been seen as well. Ploidy analysis is not helpful in 
evaluation of these exceptional cases of molar and 
non-molar gestation, so a correct diagnosis can be 
made through karyotype analysis by cytogenetic 
study and/or p57 immunostaining (23).

In the present study, eight from the 19 cases 
with primary histological diagnosis as PHM were 
triploid; therefore, the primary diagnosis was con-
firmed. Two out of the 19 cases were diploid in 
which review of H&E slides and clinical data re-
sulted in change of diagnosis to CHM. One and 
eight out of the 19 cases with primary diagnosis of 
PHM were tetraploid and aneuploid, respectively. 
In histomorphological review, these cases failed to 

show all the characteristic features of PHM; how-
ever, all showed the combination of dual villous 
population, round or oval trophoblastic pseudoin-
clusions, and cistern formation. As known from 
previous studies, several conditions including ear-
ly CHM, trisomies, non-molar HAs, digynic trip-
loid abortions, and placental mesenchymal dyspla-
sia can mimic PHM at the morphologic level (6). 
In these cases, accurate diagnosis is not possible 
without genotyping. Therefore, we could not make 
any definitive diagnosis in the nine tetraploid and 
aneuploid cases which were primarily diagnosed 
as PHM. Fourteen out of the 24 cases with histo-
logical diagnosis as HA were diploid with the same 
diagnosis of HA on histological re-evaluation. One 
case out of the 24 was triploid which, after the his-
tological review, was reclassified as PHM.  In our 
study, similar to those mentioned above, the most 
discordant results were seen in the diagnosis of 
PHM. Moreover, our flow cytometry analysis in 9 
cases with initial diagnosis of HA showed abnor-
mal ploidy (5 tetraploid and 4 aneuploid) which 
could not be related to any form of molar gestation 
with the regard to the histopathologic criteria for 
HMs. This is supported by the fact that a great pro-
portion of early abortions with hydropic changes 
are due to chromosome abnormalities. Since kary-
otyping was not performed in these cases, we were 
unable to verify or refute this possibility.

In present study, one case with original diagnosis 
of HA with triploidy in flow cytometry and revised 
diagnosis as PHM was a tubal pregnancy. In ad-
dition, 4 other cases of tubal pregnancy existed in 
HA group, diagnosis of which was confirmed by 
flow cytometry. Regarding these findings, there 
might be some relationship between abnormality 
in DNA ploidy with occurrence of ectopic preg-
nancy and presence of hydropic changes in these 
abnormal pregnancies.

In equivocal cases, ploidy analysis in association 
with histomorphologic study may be useful. Tech-
niques including immunohistochemical analysis 
of p57 expression and molecular genotyping are 
also helpful in improving the diagnosis of hydatid-
iform moles, but have the limitation of not being 
able to establish maternal/paternal contributions 
of chromosome complements.  For example, a dil-
poid result by karyotyping or DNA flow cytometry 
analysis cannot distinguish a CHM (androgenetic 
diploidy) from a diploid NM (biparental diploidy), 



Int J Fertil Steril, Vol 9, No 3, Oct-Dec 2015               327

Flow Cytometric DNA Analysis of HMs

and a triploid result cannot distinguish a PHM 
(diandric triploidy) from a triploid NM (digynic 
triploidy).  Similarly, p57 immunostain cannot 
distinguish a PHM from a diploid (biparental) or 
triploid (digynic) non-molar (due to the presence 
of a maternal chromosome complement, all share 
the same pattern of p57 expression) (24).

In planning our study, we considered the high 
incidence of gestational trophoblastic disease in 
our country as well as the challenge encountered 
in their correct diagnosis, particularly in differ-
entiating between PHM and non-molar hydropic 
changes, even based on immunohistochemistry as 
a routine procedure. Furthermore, molecular tech-
niques could not be routinely implemented due to 
high cost. Thus, although flow cytometry is not a 
novel technique, we think that this study demon-
strates its potential role as a cost effective as well 
as an efficient adjunct diagnostic tool to differ-
entiate between the etiologies of molar/hydropic 
abortion, especially between PHM and non-molar 
hydropic abortion.

Conclusion
As a rapid and accurate means for determination 

of nuclear ploidy, DNA flow cytometric analysis 
can surely contribute to confirmation of histo-
pathological diagnosis in most cases of molar preg-
nancy. This would provide valuable information, 
regarding the characteristics related to the persis-
tent disease, which cannot always be obtained by 
macroscopic or microscopic inspection alone.
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