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Abstract

Background: Mature cystic teratomas are usually found in the ovaries. They are bilateral in 10 to 15% of cases and
multiple cystic teratomas may be present in one ovary. The aim of this study is to clarify if development of mature
cystic teratomas of the ovaries in a single host is metachronous or due to autoimplant or recurrence.

Case presentation: We report a woman with bilateral mature cystic teratomas of the ovaries. DNA profiles of these
teratomas were investigated via short tandem repeat (STR) analysis and methylation statuses were determined via
methylation sensitive multiplex ligation-dependent probe amplification methods. The results showed that the cystic
teratomas originated from different stages of oogonia or primary oocyte before germinal vesicle stage failure of
meiosis I in female gametogenesis.
Potentially relevant literature was searched in PubMed database. Cases of bilateral or multiple mature cystic
teratomas of the ovaries were analyzed. To date, there has been no reported case of multiple mature cystic
teratomas in which clarification of the origin was achieved using molecular genetic methods.

Conclusions: The results of this case study provide evidence of metachronous development of mature cystic teratomas of
the ovaries and may serve as a reference in the management of patients following laparoscopic cystectomy.

Keywords: Mature cystic teratoma, Metachronous, Short tandem repeat analysis, Multiplex ligation-dependent probe
amplification analysis, Meiosis, Parthenogenesis

Background
Most germ cell tumors occur in a variety of sites, both
gonadal and extragonadal [1]. Teratoma is a benign
germ cell tumor of more than one cell type, originating
from more than one germ layer [2]. One of the most
common locations is the ovary [3]. Benign cystic
teratomas (dermoid cysts) of the ovary are composed of
mature histologic structures of ectodermal, mesodermal
and endodermal origin [4]. They make up 10 to 15% of
all ovarian tumors and tend to occur at relatively early
age [5]. They are bilateral in 10 to 15% of cases and mul-
tiple cystic teratomas may be present in one ovary [6, 7].

A recent study has reported that more than one fifth of
children with ovarian mature teratoma develop meta-
chronous benign tumor in the contralateral ovary [8].
There have been two additional reports of metachronous
mature cystic teratomas [9, 10]. This raises the question
of whether these tumors are the result of autoimplant,
or are recurrent synchronous or metachronous. There is
currently no suitable method of differentiation available.
In the 1980s, centromere marks were used to differenti-
ate the origins of bilateral teratomas in a single patient
[11]. Previous studies have suggested that multiple ovar-
ian dermoid cysts in a single host originate from differ-
ent germ cells via diverse mechanisms based on older
molecular methods such as slab gels and isotopic label-
ing [11, 12]. Further studies are needed to clarify the ori-
gin of benign mature cystic teratomas of the ovary using
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more “modern” methodology such as automated capil-
lary sequencing machines in which radioisotopic tags are
displaced by fluorescent labels.
Our previous study demonstrated that the origin of

mature cystic teratomas of the ovary is oogonia or
primary oocyte before germinal vesicle stage failure of
meiosis I [13]. The present case study, conducted in
Taiwan, is of a 34-year-old woman with bilateral mature
cystic teratomas of the ovaries. We investigated the
DNA profiles of the teratomas using short tandem re-
peat (STR) analysis and methylation statuses using
methylation sensitive multiplex ligation-dependent probe
amplification methods. The aim of this study is to clarify
if development of mature cystic teratomas of the ovaries
in a single host is metachronous or due to autoimplant
or recurrence.

Case presentation
A woman presenting with bilateral mature cystic terato-
mas of the ovaries came to our attention during our pre-
vious study [13]. Tumors were considered to be mature
without immature components after examination of
multiple sections. There was no evidence of malignancy.
The pathological diagnosis was benign mature cystic
teratoma. The Institutional Review Board of Jen-Ai
Hospital approved all procedures and informed consent
was obtained prior to collecting her genetic material for
the study. DNA was extracted from paraffin-embedded

sections of the left and right teratoma tissues with
QIAamp DNA FFPE Tissue Kit (Qiagen), according to
the manufacturer’s instructions. DNA from each tera-
toma was taken from solid nodule within inner site of
tumor.
We determined DNA profiles on STR analysis, using

AmpFLSTR® SGM Plus, Profiler PCR amplification kits
according to the methods described by Wang et al. [14].
As shown in Fig. 1a, the DNA profiles of right tumor
tissue revealed heterozygosity in 14 of the 15 analyzed
STRs. DNA profiles of left tumor tissue were similar, as
shown in Fig. 1b. The right tumor showed more signifi-
cant loss of heterozygosity in 13 of the 14 analyzed STRs
than the left tumor (Table 1). Moreover, the copy num-
ber ratios and methylation statuses of the HhaI sites in
the SNRPN, KvDMR and H19DMR probes of these
mature cystic teratomas of the ovaries are presented in
Fig. 2 and Additional file 1: Table S1. They were
obtained from methylation sensitive multiplex ligation-
dependent probe amplification analysis according to
previously described methods [13]. The average copy
number ratios and methylation statuses of the SNRPN,
KvDMR and H19DMR probes are presented in Table 2.
SNRPN and KCNQ1OT1 are maternally imprinted
genes, with the maternal allele methylated in somatic
cells. There were varying degrees of hypermethylation of
SNRPN and KvDMR in the presence of maternal unipa-
rental disomy in both mature cystic teratomas (Table 2).

Fig. 1 Electropherogram of the DNA profiles of right (a) and left (b) mature cystic teratomas of the ovaries
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This suggests that methylation imprint of SNRPN and
KvDMR is well established and, as expected, is from ma-
ternal chromosomes at various stages of female gameto-
genesis. H19 is a paternally imprinted gene, with the
paternal allele methylated in somatic cells. H19DMR
showed significant hypomethylation in the right mature
cystic teratoma (Table 2).

Literature review
Published articles were systematically searched in the
PubMed database with human-source restriction using
the search terms: “ovary” and “bilateral or multiple or re-
current mature cystic teratoma”. The inclusion criteria
were papers written in English or Chinese concerning
the origin of mature cystic teratomas of the ovary. The
exclusion criteria were articles written in a language
other than English or Chinese and cases of mature cystic
teratomas of the ovary without extractable data.
Finally, 51 articles describing 3194 cases of mature

cystic teratomas of the ovary were included (Additional
file 2: Table S2). Based on case reports, most (32/39)
were synchronous bilateral and 4/39 were metachronous
bilateral [9, 15–17], including 2 cases of ovarian tera-
toma with extraovarian teratoma [9, 17]. Only 5/39 of
the reported cases were due to recurrence [15, 17–19],
including 1 case of ovarian teratoma with extraovarian
teratoma [17]. In terms of serial cases, in 16 articles were
described 3155 cases of mature cystic teratomas of the
ovary. Among them, 236 were synchronous bilateral
[20–31], 55 were metachronous bilateral [6, 32, 33], and

29 were due to recurrence [6, 32–34]. To date, there has
been no published case in which clarification of the
origin was achieved with molecular genetic methods.

Discussion
The most accepted theory regarding mature cystic tera-
tomas of the ovary is that they are of parthenogenetic
origin from oocyte after the completion of first division
[35]. In this study, the heterozygosity in our DNA profil-
ing data did not support a parthenogenetic origin of ma-
ture cystic teratomas of the ovary (Table 2 and Fig. 1),
which is consistent with the findings of our previous
study [13]. The heterozygosity in our DNA profiling data
was also consistent with that demonstrated by Nomura
et al. [12]. In their study, multiple ovarian dermoid cysts
in a single host originated from different germ cells via
diverse mechanisms [12]. However, our findings were
inconsistent with those of Carritt et al., which revealed
homozygosity among eight enzyme and centromere
markers in three teratomas using older molecular
methods [11]. Based on “modern” methodology, small
minor alleles in heterozygous loci with significant loss of
heterozygosity were found in D21S11, D7S820, CSF1PO,
D3S1358, D16S539, D2S1338, D18S51, D5S818, and
FGA in the right tumor (Table 1 and Fig. 1). With older
molecular methods, such as polyacrylamide slab gel elec-
trophoresis, it is possible to miss these small minor al-
leles and to misclassify them as homozygous using DNA
polymorphisms and enzyme markers [11, 36, 37].
During oogenesis, previous somatic epigenetic modifi-

cations are erased and new sex-specific epigenetic
markers are acquired [38]. In our previous study, we
suggested that the varying degrees of hypomethylation of
H19DMR and hypermethylation of SNRPN and KvDMR
are dependent on the stage of oogenesis from which each
tumor arises [13]. In this study, we postulated that the ori-
gins of left cystic teratoma are in early oogenesis in pater-
nal methylation, which has not begun or has just begun to
be erased with establishment of maternal methylation
(Fig. 3). The right cystic teratoma was more than midway
through the genomic imprinting progress.
There are four possible mechanisms for development

of bilateral mature cystic teratomas of the ovaries. The
first is metachronous development in which the original
tumor cells are arrested at different stages of oogenesis
and development is independently restarted due to
unknown stimulant. The second is synchronous devel-
opment in which the same original tumor cells are
arrested at same stage of oogenesis and development is
simultaneously restarted due to unknown stimulant. The
third is that one of the mature cystic teratomas is
primary tumor and one is the result of metastasis from
primary tumor. The fourth is recurrence due to residual
teratoma or spreading during operation. There is no

Table 1 Loss of heterozygosity in 15 STR loci of mature cystic
teratomas of the ovary

STR Loci Location Alleles Right Ra Left Ra

TPOX 2p23-2per 9, 12 5.44c 1.29b

D2S1338 2q35-37.1 19, 24 2.02c 1.18

D3S1358 3p21.31 15, 17 0.27c 1.08

FGA 4q28 21, 23 1.25b 1.21

D5S818 5q21–31 12, 13 5.05c 1.18

CSF1PO 5q33.3–34 11, 12 4.55c 1.04

D7S820 7q11.21–22 10, 11 0.33c 1.16

D8S1179 8q24.1–24.2 14, 14 ND ND

TH01 11p15.5 7, 9 0.22c 1.06

vWA 12p12-pter 17, 18 0.36c 1.18

D13S317 13q22–31 10, 11 4.04c 1.10

D16S539 16q24-qter 10, 12 0.25c 1.18

D18S51 18q21.3 16, 22 0.30c 1.45b

D19S433 19q12–13.1 14, 16.2 0.26c 1.24

D21S11 21q11.2-q21 29, 31.2 5.45c 1.26b

aR = area T1/ area T2; bLoss of heterozygosity is positive when R ≥ 1.25 or ≤ 0.8
(ie., 20% change); cLoss of heterozygosity is more significant when R ≥ 2.0 or ≤
0.5 (ie., 50% change)

Wang and Lai Journal of Ovarian Research  (2017) 10:17 Page 3 of 6



molecular evidence to clearly support any one of these
mechanisms. If due to the first mechanism, bilateral ma-
ture cystic teratomas of the ovaries should present in
different stages in the imprinted gene process. If due to
any of the remaining mechanisms, bilateral mature
cystic teratomas should present in the same stage of
imprinted gene process. In this study, bilateral mature
cystic teratomas presented in different stages of
imprinted gene process, which supports the first explan-
ation. Maternal methylation of SNRPN and KvDMR
progressively increased and paternal methylation of
H19DMR progressively decreased, as the stage of germ
cells from which the tumors were presumed to have
arisen increased.
The management of ovarian mature cystic teratomas

has shifted from oophorectomy to laparoscopic cystec-
tomy [39]. However, there is high frequency of spillage
of content during laparoscopic cystectomy [40]. Chem-
ical peritonitis is the complication of concern and can
be prevented by copious lavage [41]. Late recurrent

Fig. 2 The copy numbers and methylation ratios of right (a, b, and c) and left (d, e, and f) mature cystic teratomas of the ovaries. Open column
represents the copy number ratio and solid red column represents the methylation ratio. Panels are as follows: (a, d) four 15q11 SNRPN probes;
(b, e) four 11p15 KvDMR probes; (c, f) four 11p15 H19DMR probes

Table 2 Average copy numbers and methylation ratios of the
15q11 SNRPN, 11p15 KvDMR and H19DMR probes in mature
cystic teratomas of the ovaries

Gene loci Right Left

SNRPN Region

Copy No. Ratio 0.925 ± 0.038 1.125 ± 0.125

Met. Ratio 0.796 ± 0.123 0.675 ± 0.130

% Met. 85.89 ± 10.46 59.71 ± 6.46

KvDMR Region

Copy No. Ratio 0.867 ± 0.055 0.956 ± 0.058

Met. Ratio 0.688 ± 0.024 0.529 ± 0.044

% Met. 79.51 ± 5.88 55.33 ± 3.72

H19DMR Region

Copy No. Ratio 0.884 ± 0.062 1.050 ± 0.023

Met. Ratio 0.188 ± 0.098 0.554 ± 0.065

% Met. 20.90 ± 9.44 52.80 ± 5.93

Data are presented as mean ± SD
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and parasitic teratomas have recently been reported
[19, 42]. However, the question remains whether such
tumors are really recurrent or the result of metachro-
nous development. Our methods can be applied in
attempting to answer that question. Further studies
should include analyses of recurrent teratomas using
the present molecular genetic methods. This would
allow for differentiation of recurrent tumor due to
residual teratoma from previous surgery, which has
spread from the surgical site, and newly developed
teratoma.

Conclusions
The present case study, conducted in Taiwan, is of a
woman with bilateral mature cystic teratomas of the
ovaries. DNA profiling and methylation sensitive multi-
plex ligation-dependent probe amplification methods re-
vealed that these mature cystic teratomas originated
from different stages of oogonia or primary oocyte be-
fore germinal vesicle stage failure of meiosis I in female
gametogenesis. The results of this case study provide
evidence of metachronous development of mature cystic
teratomas of the ovaries and may serve as a reference in
the management of patients following laparoscopic
cystectomy.

Additional file

Additional file 1: Table S1. Raw data on copy numbers and
methylation ratios of the 15q11 SNRPN, 11p15 KvDMR and H19DMR
probes in mature cystic teratomas of the ovaries. (DOCX 14 kb)

Additional file 2: Table S2. 51 articles describing 3194 cases of bilateral
or multiple mature cystic teratomas of the ovary were stratified into
recurrent, synchronous and metachronous development. (DOCX 67 kb)
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