
Introduction

Pregnancy-associated microRNAs (miRs) circulating in

the maternal plasma have been identified [1], and miR-

517a, miR-517c, miR-518b, and miR-323-3p have been

identified in the plasma of pregnant women [2]. Pregnancy-

associated, placenta-specific miRs (miR-517a, miR-517c,

and miR-518b) are located on the chromosome 19 miR

cluster (C19MC) region, which is imprinted in the placenta

with expression from the paternally inherited chromosome

[3]. The pregnancy-associated, but not placenta-specific

miR-323-3p is located on the chromosome 14 miR cluster

(C14MC) region, which is imprinted in embryonic and pla-

cental tissues with expression from the maternally inher-

ited chromosome [4]. Because miRs having parental

allele-specific expression patterns should be essential for

human development, information regarding the overall as-

sessment of such miRs in human tissues will help clarify

mechanisms in human development. Therefore, character-

izing parental allele-specific expressed miRs is an impor-

tant step in developing a screening system for these key

genetic factors.

Complete hydatidiform moles, which have cystic villi but

no embryonic tissues, are of androgenic origin, because

both alleles in this type of molar pregnancy product are in-

herited paternally [5]. Conversely, ovarian mature cystic

teratomas are composed of fully differentiated mature tis-

sues derived from all three germ layers. They develop from

oocytes at each stage of oogenesis [6], and are partheno-

genetic in origin, because both alleles in this tumor type de-

rive from the female germ cells (maternal alleles).

Therefore, by comparing the expression levels of miRs in

tissues between complete hydatidiform moles and ovarian

mature cystic teratomas, it should be possible to identify

parental allele-specific expressed miRs systematically.

Here we used these types of tissue to investigate the ex-

pression levels of C19MC miRs (miR-517a, miR-517c, and

miR-518b) with a paternal allele-specific expression pat-

tern and a C14MC miR (miR-323-3p) with a maternal al-

lele-specific expression pattern.

Materials and Methods

Sixteen cases of complete hydatidiform mole and 11 cases of

ovarian mature cystic teratomas were studied. All women donat-

ing tissue gave written informed consent, and the study protocol

was approved by the Institutional Review Board for Ethical, Legal

and Social Issues of Nagasaki University.

Complete hydatidiform moles were diagnosed by pathology

and genetic tests, and ovarian mature cystic teratomas were diag-

nosed by pathology. Both the androgenetic origin of complete hy-
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Summary

Aim: To investigate whether comparative analysis of microRNA (miR) expression patterns in complete hydatidiform moles (andro-

genic origin) and ovarian mature cystic teratomas (parthenogenetic origin) could form the basis of a systematic screening system for

parental allele-specific miRs, we measured expression in these tissues of the chromosome 19 miR cluster (C19MC; miR-517a, miR-

517c, and miR-518b), which has a paternal allele-specific expression pattern, and of C14MC (miR-323-3p), which also has a maternal

allele-specific expression pattern. Materials and Methods: Sixteen cases of complete hydatidiform mole and 11 cases of ovarian teratoma

were studied. Expression of each miR was measured by real-time quantitative reverse transcription-polymerase chain reaction, and the

expression levels were compared in copies/mL. Statistical significance was defined as p < 0.05 by the Mann–Whitney non-parametric

U test. Results: The median and (range) expression levels of miR-517a, -517c, and -518b in the hydatidiform moles were 747,082.6

(5,075.7–4,701,041.6), 480,759.6 (3,436.5–2,053,419.8), and 192,930.1 (37,478.7–4,381,175.2) copies/mL, respectively. Conversely,

their expression levels in ovarian teratomas were below the limit of detection. The expression level of miR-323-3p was significantly

higher in the ovarian teratomas at 9,700.7 (1,663.8–144,248.0) copies/mL than in the hydatidiform moles at 1,665.1 (193.4–5,029.5)

copies/mL (p = 0.02). Conclusions: C19MC miRs were detected only in androgenic tissues. The C14MC miR-323-3p was detected in

both types but it was significantly higher in parthenogenetic than in androgenic tissues. Thus, comparative analysis of miR expression

patterns between these tissue types will help in developing a screening system for parental-specific miRs.
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datidiform moles, and the parthenogenetic origin of ovarian ma-

ture cystic teratomas were confirmed by DNA genotyping.

For expression analysis, tissue samples were collected in

RNAlater. Each sample was stored at –80°C until use. Total RNA

containing small RNA molecules was extracted from each tissue

sample using mirVana miRNA Isolation Kits according to the

manufacturer’s instructions.

Pregnancy-associated miR-517a, -517c, -518b, and 323-3p, and

internal control RNA (U6 snRNA) were analyzed using quantita-

tive reverse transcription-polymerase chain reaction (RT-qPCR).

All specific primers and TaqMan probes were purchased.

For RT-qPCR of tissue samples, each RNA preparation was di-

luted to a concentration of 100 ng/μL (measured using a Nano-

Drop ND-1000 spectrophotometer. Five microliter aliquots of

total RNA were reverse-transcribed using a TaqMan microRNA

reverse-transcription kit according to the manufacturer’s instruc-

tions. The qPCR was performed using a TaqMan Universal PCR

Master Mix, as described [7]. For each miR assay, we prepared a

calibration curve by ten-fold serial dilution of single-stranded

cDNA oligonucleotides corresponding to each miR sequence from

1.0×10

2

to 1.0×10

8

copies/mL. Each sample and each calibration

dilution were analyzed in triplicate. Each assay had a detection

limit of 100 RNA copies/mL [7]. Each batch of amplifications in-

cluded three water blanks as negative controls for each of the RT

and qPCR steps. All data were collected and analyzed using a

LightCycler 480 real-time PCR system. Expression levels of U6

Table 1. — Expression levels of C19MC and C14MC miRs in complete hydatidiform moles and ovarian mature cystic teratomas.
Parent allele-specific Expression levels p*

expressed miRs Complete hydatidiform moles Ovarian mature cystic teratomas 

C19MC miR-517a 747,082.6 (5,075.7–4,701,041.6) Below limit of detection –   

miR-517c 480,759.6 (3,436.5–205,3419.8) Below limit of detection –   

miR-518b 192,930.1 (37,478.7–4,381,175.2) Below limit of detection –  

C14MC miR-323-3p 1,665.1 (193.4–5,029.5) 9,700.7 (1,663.8–144,248.0) 0.02  

Results are shown as the median and (range) of miR copies/mL. C19MC, chromosome 19 miR cluster; C14MC, chromosome 14 miR cluster. *By Mann–Whitney
non-parametric U tests.

Figure 1. — Expression levels of C14MC miRs in complete hydatidiform moles and ovarian mature cystic teratomas, as copies/mL.

The miR-323-3p expression level was significantly higher in ovarian mature cystic teratomas than in complete hydatidiform moles

(Mann–Whitney non-parametric U test, p = 0.02). 
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snRNA in each sample were determined as internal controls. In

each assay, the expression levels of target miRs were adjusted rel-

ative to the expression levels of U6 snRNA. Using a QIAgility, a

compact benchtop instrument that enables a rapid, high-precision

qPCR setup, we analyzed 27 samples in triplicate along with stan-

dard curves and negative controls on a single 384-well plate. The

intra-assay coefficients of variation—the ratios of the standard de-

viations of means—for the probes in the RT-qPCR runs, were

8.4% for miR-517a, 8.9% for 517c, 7.7% for miR-518b, and 2.5%

for U6 snRNA.

Differences in miR expression levels between the two tissue

types were evaluated using the Mann–Whitney non-parametric U
test. Statistical analyses were performed using SPSS statistics (v.

22). P < 0.05 was assumed to be statistically significant.

Results

The expression levels of miR-517a, -517c, and -518b are

shown in Table 1. The median and (range) expression lev-

els of miR-517a, -517c, and -518b in the complete hyda-

tidiform moles were 747,082.6 (5,075.7–4,701,041.6),

480,759.6 (3,436.5–2,053,419.8) and 192,930.1 (37,478.7–

4,381,175.2) copies/mL, respectively. In contrast, the ex-

pressions of miR-517a, -517c, and -518b in the ovarian

mature cystic teratomas were under the limits of detection

(Table 1). Thus, the expressions of C19MC miRs were de-

tected in complete hydatidiform moles of androgenic ori-

gin, but not in ovarian mature cystic teratomas of

parthenogenetic origin. 

The expression levels of pregnancy-associated, but not

placenta-specific miR-323-3p in the complete hydatidiform

moles and the ovarian mature cystic teratomas are shown in

Table 1. The median and (range) expression level of miR-

323-3p in the ovarian mature cystic teratomas was 9,700.7

(1,663.8–144,248.0) copies/mL, while in the complete hy-

datidiform moles it was 1,665.1 (193.4-5,029.5) copies/mL.

Therefore, the expression of miR-323-3p was detected in

both types of tissues, but its expression level was signifi-

cantly higher in ovarian mature cystic teratomas than in

complete hydatidiform moles (Figure 1; p = 0.02).

Discussion

Here for the first time the authors compared the expres-

sion levels of C19MC miR-517a, -517c, and -518b and

C14MC miR-323-3p between complete hydatidiform

moles (androgenic origin) and ovarian mature cystic ter-

atoma tissues (parthenogenetic origin).

Complete hydatidiform moles have two paternal

genomes with no maternal contribution [5], whereas ovar-

ian mature cystic teratomas have two maternal genomes

from oocytes at each stage of oogenesis [6]. Recent studies

reported that C19MC miRNAs with a placenta-specific ex-

pression pattern were expressed only from paternal alleles

[3], and that C14MC miRNAs expressed in embryonic and

placental tissues showed a maternal allele-specific expres-

sion pattern [4]. Expression of C19MC miRs was detected

in androgenic but not in parthenogenetic tissue samples,

supporting the idea that C19MC miRs are imprinted and

expressed from the paternal allele in humans [3]. There-

fore, it is reasonable that expressions of the C19MC miR-

517a, -517c, and -518b were detected only in complete

hydatidiform moles, but not in the ovarian mature cystic

teratomas. In contrast, because such moles have two pater-

nal genomes with no maternal contribution, theoretically

the C14MC miR-323-3p expressed from only maternal al-

lele should not be detected in them. However, in the pres-

ent study, its expression was detected in both

parthenogenetic and androgenic tissue samples, but showed

significantly higher levels in the former, suggesting that

miR-323-3p might act as a partially imprinted sequence and

avoid maternal allele-specific expression pattern in com-

plete hydatidiform moles of androgenic origin. To date,

several genes showing predominantly paternal or maternal

allele expression patterns have been reported as being par-

tially imprinted [8]. Therefore, in tissues of complete hy-

datidiform moles, C14MC miRs might act as partially

imprinted sequences that are expressed more strongly from

maternal than from paternal alleles.

In conclusion, C19MC and C14MC are two major im-

printed miR regions. The expressions of C19MC miRs

were detected only in complete hydatidiform moles of an-

drogenic origin, and the C14MC miR-323-3p showed a sig-

nificantly higher expression level in ovarian mature cystic

teratomas of parthenogenetic origin. To date, multiple im-

printed noncoding RNAs showing parental allele-specific

expression have been identified in the cluster regions of

human imprinted genes, in which faults are known to cause

imprinting diseases [9]. Comparative analysis of miR ex-

pression patterns between complete hydatidiform moles

and ovarian mature cystic teratomas using next-generation

sequencing will contribute to develop a screening system

for parental allele-specific miRs.
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