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Abstract Metastin/kisspeptin is encoded by KISS1 and

functions as an endogenous ligand of GPR54. Interaction

of metastin with GPR54 suppresses metastasis and also

regulates release of gonadotropin-releasing hormone,

which promotes secretion of estradiol (E2) and progester-

one (P4). We have previously demonstrated epigenetic

regulation of GPR54 in endometrial cancer and the potent

role of metastin peptides in inhibiting metastasis in endo-

metrial cancer. However, little is known about how the

metastin–GPR54 axis is regulated in the endometrium, the

precursor tissue of endometrial cancer. Endometrial stro-

mal cells (ESCs) and endometrial glandular cells (EGCs)

within the endometrium show morphological changes

when exposed to E2 and P4. In this study, we show that

metastin expression is induced in ESCs through decidual-

ization, but is repressed in glandular components of atyp-

ical endometrial hyperplasia (AEH) and endometrial

cancer relative to EGCs. The promoter of GPR54 is un-

methylated in normal endometrium and in AEH. These

results indicate metastin may function in decidualized

endometrium to prepare for adequate placentation but this

autocrine secretion of metastin is deregulated during

oncogenesis to enable tumor cells to spread.

Keywords Metastin � GPR54 � Decidualization �
Endometrium � Endometrial cancer

Introduction

Uterine endometrial cancer is the leading cause of malig-

nant gynecological disease, and invasion from the endo-

metrium into the deep myometrium and lymphovascular

space is a critical life-threatening risk factor that is fre-

quently followed by metastasis. In clinical settings, the rate

of nodal metastases approaches 26 % in cases with deep

myometrial invasion, and the 5-year survival rate for these

cases is 30 % less than those without nodal metastasis. It is

crucial to establish novel therapeutic approaches to prevent

tumor invasion and metastasis in order to improve the

prognosis of patients with endometrial cancer. Various

molecules associated with tumor invasion have been

intensively investigated as potential therapeutic targets.

However, none of these efforts to establish metastasis-

suppressing therapies have been successfully translated to

clinical practice, even though novel metastasis-regulating

molecules or pathways have been identified.

KISS1 was originally described as a metastasis sup-

pressor in melanoma, and has since been identified as a

candidate metastasis suppressor in several cancers [1, 2].

The KISS1 gene encodes a number of metastin/kisspeptin

peptides via alternative splicing that function as
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endogenous ligands for the G protein-coupled receptor,

GPR54. One of the splice variants, metastin-10, can be

chemically synthesized and has been proved safe for

administration in vivo. We have previously described that

decreased expression of GPR54 is frequently observed in

histologically high-grade endometrial cancers and is a poor

prognostic factor relevant to both invasive and metastatic

capacity for such subtypes [1]. We also showed that meta-

stin was ubiquitously expressed in cancer stromal cells and

that administration of metastin-10 could suppress extra-

uterine tumor metastasis via the metastin–GPR54 axis.

However, little is known about how the metastin–GPR54

axis is regulated in the human endometrium, the source of

endometrial cancer.

The human endometrium exhibits dynamic changes in

the shape and function of both endometrial stromal cells

(ESCs) and endometrial glandular cells (EGCs) under

ovarian hormonal controls. Previous reports revealed that

in ESCs and EGCs there were significant changes in

expression observed through the menstrual cycle for sev-

eral proteins associated with cellular migration, including

E-cadherin, Slug, Snail, and S100. There is cross-talk in

neuroendocrine cells between the expression of metastin

and GPR54 and the release of gonadotropin-releasing

hormone (GnRH) to control the timing of puberty and the

secretion of estradiol (E2) and progesterone (P4). ESCs

demonstrate decidualization and secrete prolactin in late-

secretory phase in response to long E2 and P4 exposure,

and this phenomenon evokes the notion to consider the

endometrium as an endocrine organ. There are two reports

describing the expression of metastin and GPR54 in the

endometrium [3, 4], but their conclusions are different and

these reports did not investigate expression of these pro-

teins specifically in ESCs and EGCs. In this study, the

expression of metastin and GPR54 in ESCs and EGCs was

investigated to clarify the regulation of the metastin–

GPR54 axis in the endometrium and to determine feasi-

bility of metastin-10 use as adjuvant therapy to prevent

metastasis and preserve fecundity in young endometrial

cancer patients.

Materials and methods

Tissue collection

Human endometrial tissues were obtained following writ-

ten consent for the use of surgical specimens from patients

who underwent hysteroscopy or hysterectomy under pro-

tocols approved by the Kyoto University Institutional

Review Board. As the source of normal endometrium for

immunohistochemical staining, formalin-fixed paraffin-

embedded specimens containing the endometrial part of the

uterus were used which had been excised from patients

with regular menstrual cycles and no hormonal adminis-

tration but who had a cervical intraepithelial neoplasm or

myoma uteri (n = 12, age: 32–46 years old). Each endo-

metrial specimen was examined histologically and dated

according to published criteria [5]. Non-fixed endometrial

specimens for isolated cell culture were obtained by

scraping part of the endometrium from patients without

endometrial disease or hormonal administration (Table 1)

at the time of hysterectomy or endometrial curettage as

previously reported [6].

Cell culture

Isolation of endometrial stromal cells (ESCs) and glandular

cells (EGCs) was performed as described previously [6, 7].

Endometrial tissues from healthy donors with normal

menstrual cycles (Table 1) were minced into small pieces

\1 mm3 and incubated at 37 �C in RPMI1640 (Nikken,

Kyoto, Japan) supplemented with 10 % fetal bovine serum

(FBS: Funakoshi, Tokyo, Japan), 0.5 % collagenase I

(Wako Pure Chemicals, Osaka, Japan) and 0.05 %

deoxyribonuclease I (DNAase I; Sigma-Aldrich, St. Louis,

MO). After the enzymatic digestion, ESCs were present as

single cells or small aggregates, which were repeatedly

purified by differential sedimentation at unit gravity. On

the other hand, EGCs remained in larger clumps, and these

clumps were re-digested into a single cell suspension and

incubated on a collagen type IV-coated plate (IWAKI,

Tokyo, Japan). After [90 % purification [6, 7], ESCs and

EGCs were independently maintained in the conditioned

medium, phenol red-free RPMI1640 (Invitrogen, Carlsbad,

CA) supplemented with 5000 U/ml penicillin, 5000 lg/ml

streptomycin (Nacalai tesque, Kyoto, Japan), and 2 %

charcoal/dextran-treated FBS (Thermo Fischer Scientific

Inc., Walthum, MA). Endometrial stromal cells and EGCs

were incubated for 12 days in this conditioned medium

with 10-8 M 17-b estradiol (E2; Nacalai tesque) or

10-6 M medroxyprogesterone acetate (MPA; Sigma-

Aldrich) alone, or with both reagents for further experi-

mentation as previously reported [8–11]. These experi-

ments were carried out independently three times, each in

triplicate. An immortalized human endometrial glandular

cell line, hEM cells, and a grade 1 endometrioid adeno-

carcinoma cell line, Ishikawa cells, were maintained as

previously reported [1] and used for analysis after incu-

bation in the conditioned media.

Real-time quantitative PCR analysis

Total RNA was extracted from the cultured cells or incised

tissues with TRIzol reagent (Invitrogen, Carlsbad, CA)

using the manufacturer’s recommended protocol. First-
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strand cDNA was synthesized using the transcriptor high-

fidelity cDNA synthesis kit (Roche, Basel, Switzerland).

To monitor gene expression, quantitative reverse trans-

criptase (RT)-PCR amplification of human IGFBP-1,

Metastin, GPR54 and GAPDH mRNAs was performed

using the LightCycler 480 II system (Roche). Primers were

designed using Universal Probe Library Assay Design

Center (https://qpcr.probefinder.com/organism.jsp) and

their sequences are as follows: IGFBP-1, 50-CCA TGT

CAC CAA CAT CAA AAA-30 (forward), 50-CCT TGG

CTA AAC TCT CTA CGA CTC-30 (reverse); Metastin, 50-
GGT GGT CTC GTC ACC TCA G-30 (forward), 50-CTA

GAA GTG CCT TGA GGC TTG-30 (reverse); GPR54, 50-
TTC ATG TGC AAG TTC GTC AAC-30 (forward), 50-
CAC ACT CAT GGC GGT CAG-30 (reverse); GAPDH, 50-
AGC CAC ATC GCT CAG ACA C-30 (forward), 50-GCC

CAA TAC GAC CAA ATC C-30 (reverse). Cycling

parameters were 95 �C for 10 min and 45 cycles of 95 �C

for 10 s, 60 �C for 30 s and 72 �C for 1 s, followed by a

cooling cycle of 40 �C for 30 s. The expression values for

human IGFBP-1, Metastin, and GPR54 mRNAs were

estimated by dividing their threshold cycle (Ct) values by

the GAPDH Ct values. The methylation status of the

GPR54 promoter in endometrial tissues (5 normal and 2

atypical endometrial hyperplasia; AEH) was examined by

MS-PCR as previously described [1].

Immunohistochemistry

Immunohistochemical staining was done using the strep-

tavidin–biotin peroxidase complex method as previously

reported [12]. An endogenous peroxidase block was fol-

lowed by nonspecific background blocking and incubation

with a 1:100 dilution of anti-human KISS1 monoclonal

antibody H00003814-M05 (Abnova, Taipei, Taiwan) or a

1:100 dilution of anti-human GPR54 polyclonal antibody

AKR-001 (Alomone Labs, Islael). The primary antibody

was omitted for negative controls.

Microarray analysis and statistical analysis

GSE12446 and GSE29981, two independent endometrial

tissue gene expression microarray datasets, were obtained

from the gene expression omnibus website (http://www.

ncbi.nlm.nih.gov/geo).

For statistical analysis, Mann–Whitney U test or Fish-

er’s exact test was performed using GraphPad Prism 5

software. Probability values below 0.05 were considered

significant.

Results

Expression of metastin and GPR54 in endometrial

tissues

The expression of metastin and GPR54 was assessed by

immunohistochemistry of proliferative phase (n = 5),

early secretory phase (n = 3), late-secretory phase

(n = 4) and menopausal (n = 2) endometrial tissues.

Metastin exhibited weak expression in epithelial glands

and was nearly absent in ESCs during the proliferative

phase (Fig. 1a). This expression pattern was similar in

the early secretory phase, but metastin expression in

ESCs was prominent in the decidualized portion at late-

secretory phase endometrial tissues (Fig. 1a). After

menopause, the endometrium does not exhibit expression

of metastin or GPR54, both in epithelial glands and

stroma (Fig. 1a).

We previously reported on GPR54 expression in low-

grade endometrioid adenocarcinoma [1]. To compare the

intensity of expression, we examined staining of endome-

trium and adjacent grade 1 endometrioid adenocarcinoma

on the same slide. The patient was 43 years old, and the

non-cancerous endometrium was thick, exhibiting a mid-

secretory appearance. GPR54 expression was weaker in the

epithelial glands than in the adenocarcinoma lesion,

Table 1 Characteristics of donors with cyclic menstrual cycles who provided their endometrial tissue for the primary culture of ESCs and EGCs

Patient Age Cycle date Procedure Surgical indication ESCs EGCs

1 47 9 TAH CIN3 ? -

2 43 17 TAH Myoma uteri ? -

3 34 20 TAH ? RSO ? pOM Right ovarian tumor ? ?

4 33 10 RH ? BSO ? PeN Cervical cancer stage Ib1 ? -

5 34 15 Hysteroscopy ? curettage Endometrial thickness ? ?

6 45 23 TAH Myoma uteri - ?

7 45 22 Hysteroscopy ? curettage Endometrial thickness - ?

TAH total abdominal hysterectomy, RSO right salpingo-oophorectomy, pOM partial omentectomy, RH radical hysterectomy, BSO bilateral

salpingo-oophorectomy, PeN pelvic lymphadenectomy, CIN3 cervical intraepithelial neoplasia grade 3, ESCs endometrial stromal cells, EGCs

endometrial glandular cells
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whereas metastin expression was weak in both regions

(Fig. 1b).

Primary culture of endometrial cells and analysis

of metastin and GPR54 expressions in ESCs

Primary cultures of endometrial tissues were established

for seven donors listed in Table 1. None of these donors

had a menstrual disorder or endometrial malignancy. Via-

ble ESCs and EGCs were successfully isolated from five

donors whose endometrium was in secretary phase, four in

proliferative phase and four in early secretary phase.

Isolated ESCs were treated with hormone-conditioned

medium for 12 days, and mRNA expression was examined

by quantitative RT-PCR. IGFBP1 is induced in ESCs

through decidualization [13]. IGFBP1 expression was sig-

nificantly augmented with E2 plus MPA treatment

(p = 0.0264, Fig. 2a), while there was no significant

induction with E2 or MPA alone (p = 0.3929). Mimicking

decidualization, metastin expression in cultured ESCs was

induced through treatment with E2 plus MPA (p = 0.0179,

Fig. 2b). In contrast, GPR54 expression in ESCs was lower

than that in an endometrioid adenocarcinoma grade 1 cell

line, Ishikawa cells, and this was not augmented with

treatment.

Metastin and GPR54 expressions in EGCs

We were unable to isolate EGCs from proliferative phase

endometrium probably owing to limited glandular com-

ponents. Metastin expression in endometrial glands

appeared relatively higher during late-secretory phase than

proliferative phase (Fig. 1a), and that in primarily cultured

EGCs derived from secretory phase endometrium (sec-

EGCs) was almost equivalent to that in primarily cultured

ESCs (Supplementary Fig. 1A). In contrast with the result

from ESCs, metastin expression in sec-EGCs was not

augmented by treatment with E2 and MPA (Supplementary

Fig. 1B). To consider the possibility that sec-EGCs were

already differentiated, hEM cells were used as an alterna-

tive. However, metastin expression was not induced by E2

with or without MPA in hEM cells (Fig. 2b).

GPR54 expression in sec-EGCs appeared higher than

that in ESCs, but was much lower than that in Ishikawa

cells (Supplementary Fig. 1A). GPR54 expression in sec-

EGCs or hEM cells was also not significantly augmented

by E2 with or without MPA (Fig. 2b and Supplementary

Fig. 1B). In a microarray dataset of normal endometrial

tissues (GSE29981), GPR54 expression in micro-dissected

endometrial glands gradually increased through the pro-

liferative phase, and high GPR54 expression was more

A B

Fig. 1 Immunohistological analysis of metastin and GPR54 in

human endometrial tissues. a Representative micrographs of metastin

and GPR54 expressions in each menstrual phase. Metastin staining is

weak in the epithelial glands but nearly absent in ESCs during the

proliferative and early secretory phases, while metastin expression in

ESCs is prominent in the decidualized component during late-

secretory phase. No expression of metastin or GPR54 is observed

both in epithelial glands and stroma during the menopausal phase.

b Comparison of metastin and GPR54 expressions in co-localized

endometrial tissue and endometrial cancer grade 1. GPR54 is weakly

expressed in the epithelial glands relative to the adenocarcinoma

lesion, whereas metastin expression is weak in both components.

H&E hematoxylin and eosin staining, yo years old, CIN3 cervical

intraepithelial neoplasm grade 3, TAH total abdominal hysterectomy,

BSO bilateral salpingo-oophorectomy, PeN pelvic lymphadenectomy,

PAN paraaortic lymphadenectomy, OMT omentectomy
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frequently observed from late-proliferative phase to early

secretory phase (Supplementary Fig. 2A, p = 0.01, Fish-

er’s exact test). In another microarray dataset of whole

endometrium treated with E2 and MPA (GSE12446), high

metastin expression was more frequently observed (Sup-

plementary Fig. 2B, p = 0.05, Fisher’s exact test). In

GSE12446, prolactin expression was significantly higher

following E2 and MPA treatment (p = 0.0001), indicating

that the change in metastin expression occurred with

decidualization.

GPR54 expression differences between normal

endometrium and endometrial hyperplasia

and promoter methylation status

GPR54 expression was markedly higher in grade 1 endo-

metrioid adenocarcinoma (EmG1) and in Ishikawa cells

relative to EGCs (Fig. 1a and Supplementary Fig. 1A). As

EGCs are thought to transform into endometrial hyper-

plasia and EmG1 in a stepwise manner through the onco-

genic process, GPR54 expression in atypical endometrial

hyperplasia (AEH) was examined by comparing alongside

that in the normal endometrial glandular portion of the

same specimens. Among seven AEH cases (age

50.1 ± 3.4 years), two cases exhibited higher relative

GPR54 expression in atypical hyperplastic glands than

adjacent EGCs, whereas most cases exhibited similar

expression in both. In two peri-menopausal patients,

metastin was expressed in EGCs of dilated and elongated

endometrial glands although it was scant in AEH (Fig. 3a).

The intensity of GPR54 expression in endometrial

cancer was attenuated by methylation in the promoter

region although this region was unmethylated in hEM [1].

We therefore analyzed the methylation status of the GPR54

Fig. 2 mRNA expression in ESCs through 12 days of E2 and MPA

treatment. a IGFBP1 expression in ESCs is significantly augmented

following treatment with E2 plus MPA (*: p = 0.0264), while no

induction is observed with E2 alone. b Metastin and GPR54

expressions in cultured ESCs (left panels), hEM cells (middle panels),

and Ishikawa cells (right panels). Metastin is induced in ESCs

following treatment with E2 plus MPA (*: p = 0.0179) but not in

other cells. GPR54 expression is lower in ESCs and hEMA cells than

in Ishikawa cells, and is not augmented following treatment with E2

alone or with E2 plus MPA
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promoter region in AEH cases using MS-PCR. No GPR54

promoter methylation was observed in AEH cases or in

normal endometrium (Fig. 3b).

Discussion

Metastin is a biologically active peptide that was originally

described as a metastasis suppressor and was identified

from human placental extracts in 2001 [2], but its signifi-

cance has been more recently described in reproductive

research. A couple of studies have shown that sexual

maturation does not occur in a pedigree in which there is

loss of GPR54, an endogenous receptor of metastin, and

GPR54-deficient mice do not display any of the charac-

teristic physiological changes associated with sexual mat-

uration of the testes and ovaries [14, 15]. To date, GPR54 is

known to be expressed on neurons that secrete gonado-

tropin-releasing hormones (GnRH), and plays an important

role in reproductive function through regulation by its

ligand, metastin [16]. Metastin is a neuroendocrine peptide

that functions upstream of the hypothalamus–pituitary–

gonadal axis to regulate pulsatile secretions of GnRH from

the hypothalamus. There are two types of metastin-

secreting neurons in the arcuate nucleus (Arc) and the

anteroventral periventricular nucleus (AVPV) in rodents

[17, 18]. These neurons co-express estrogen receptor alpha

(ERa) [19], and E2 differentially regulates the expression

of metastin mRNA through ERa in distinct forebrain nuclei

[20]. These metastin-secreting Arc and AVPV neurons are

regulated by E2 in an inhibitory and stimulatory manner,

respectively. Specifically, E2-mediated negative feedback

on gonadotropin secretion in the Arc inhibits pulsatile

GnRH/LH secretion but stimulates follicle maturation in

the follicular period, whereas E2-mediated positive feed-

back in the AVPV induces the GnRH/LH surge resulting in

ovulation [18, 21]. Thus, it is thought that metastin pep-

tides are produced mainly in hypothalamus in vivo, but

metastin is also present in peripheral organs such as the

pancreas, which also implies extra-hypothalamic

A

B

Fig. 3 Metastin and GPR54 expressions in pre-cancerous lesions.

a Metastin and GPR54 expressions in endometrial hyperplastic

lesions adjacent to normal endometrial glandular component from

two representative AEH cases. GPR54 expression in the AEH lesion

is higher relative to the adjacent EGCs, whereas metastin expression

is scant in the AEH portion. b Methylation status of the GPR54

promoter region in AEH and in normal endometrium. Methylation is

not observed in AEH cases or in normal endometrium specimens. cd

cycle date
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production of metastin. In addition, serum metastin levels

increase dramatically during pregnancy, implying that the

metastin source is the placenta [22]. On the other hand,

circulating metastin levels increase significantly in adult

women compared with prepubertal and pubertal girls.

Metastin levels are stable in males throughout puberty and

adulthood [23], although metastin-10 stimulates gonado-

tropin release even in men [24]. These results support the

notion that metastin may not only be produced in the

hypothalamus but also produced in female-specific organs

responsive to ovarian hormones.

The uterus and endometrium are regulated coordinately

by the cyclical ovarian hormones, estrogen and progester-

one. The endometrium is composed of endometrial epi-

thelial cells (EGCs) and endometrial stromal cells (ESCs)

that have various functions that through mutual interaction

are geared toward receiving a fertilized egg after concep-

tion. That metastin and GPR54 are expressed by the

endometrium is still not conclusive [3, 4], nor has the

function of the metastin/GPR54 axis in the endometrium

been clarified. We have shown that metastin is produced by

EGCs and ESCs to a certain extent, and this is promoted

when ESCs are decidualized by the coordinated effects of

the sex steroid hormones, E2 and MPA. On the other hand,

GPR54, an endogenous metastin receptor, is mainly

expressed in EGCs, and GPR54 expression appears to not

be affected by sex steroid hormones. Although further

investigation is required to determine the mechanism, these

findings suggest that endogenous metastin production is

induced in ESCs through stimulation by sex steroid hor-

mones to act on GPR54 in an autocrine/paracrine-like

manner. Furthermore, this mechanism may be involved in

embryo implantation and placentation, as the expression of

metastin and GPR54 in the chorionic villi is prominent

enough to be used as positive control in immunohisto-

chemistry [1].

In the chorionic villus during early gestation, cyto-

trophoblasts adhere to the maternal decidualized endome-

trium and differentiate into extravillous trophoblasts

(EVTs), forming a stratified structure called the cell col-

umn in which EVTs acquire the ability to invade the de-

cidualized endometrium. In the floating villus,

cytotrophoblasts differentiate into multinucleated syncy-

tiotrophoblasts and take part in exchange of gas and

nutrients [25]. Metastin is expressed in the stromal cells of

the decidual endometrium and GPR54 was expressed in

cytotrophoblasts [1, 22]. The reason that circulating

metastin levels increase in pregnancy might result from the

outer syncytiotrophoblasts being positioned adjacent to

blood vessels, allowing easy passage of metastin into the

maternal blood. A recent report described findings that

decreased metastin expression in trophoblasts is associated

with repeated pregnancy loss [26]. Another study showed

that circulating metastin levels in early pregnancy are low

in patients who later developed pre-eclampsia [27]. Repe-

ated miscarriage and pre-eclampsia are considered to be a

consequence of abnormal implantation of EVTs in early

pregnancy. Metastin was previously reported to suppress

villous motility [28], but these findings indicate that

metastin secreted in decidua may adequately modulate the

invasive activity of trophoblasts for ideal implantation and

pregnancy maintenance.

Cancer invasion frequently shares invasive characteris-

tics that are inherent to trophoblasts. We previously

reported that GPR54 expression was inversely associated

with tumor progression and histological grade of endo-

metrial cancer [1]. With regard to GPR54-positive, low-

grade cancers that comprise the majority of endometrial

cancers, prognosis is fairly good and tumor invasion and

metastasis are inhibited by metastin treatment. As low-

grade cancers are known to arise through prolonged

exposure to unopposed estrogen, it is remarkable that the

source of metastin is the endometrium which is susceptible

to sex hormones, and that endogenous metastin would play

an inhibitory role in tumor progression. However, it has not

been clarified whether or not endogenous metastin secre-

tion is suppressed in endometrial cancers. In this study,

metastin expression in endometrial cancer cells was lower

than that in normal endometrium, while GPR54 expression

in cancer cells was higher than that in normal endome-

trium. Although it is still unclear why GPR54 expression is

paradoxically exaggerated in low-grade cancers, it is pos-

sible that prolonged estrogen exposure without progester-

one might attenuate endogenous secretion of metastin in

ESCs, which may make it easier for cancer cells to invade

into the myometrium and metastasize beyond the uterus.

Furthermore, GPR54 expression in high-grade endometrial

cancer is down-regulated through epigenetic or genetic

mechanisms, and this down-regulation likely contributes to

the more aggressive features of this subtype. Lymph node

metastasis is a critical determinant of prognosis for women

with endometrial cancers, and as this is fairly common

even in low-grade subtypes that highly express GPR54,

GPR54-targeted therapy is worthwhile developing for the

control of lymph node metastasis.

Due to the recent increasing trends in obesity and later

age at marriage, the number of young patients wishing to

preserve fertility is increasing. As most of these patients

bear low-grade cancers that appear localized within the

endometrium by imaging, uterus-preserving therapy is

sometimes employed with high-dose progestin adminis-

tration and cyclic endometrial curettage. Thanks to this

therapy, about 80 % of patients achieve a clinical response

and more than 35 % subsequently bear children [29]. More

than 40 % of patients, however, relapse during the follow-

up period after achieving a clinical response. There is no

Med Mol Morphol

123

Author's personal copy



predictive marker for recurrence or preventive method that

can block tumor progression during current uterus-pre-

serving therapy [30]. Recently, several phase I–II endo-

crinology studies were conducted in which metastin or its

analog was administered and reproducibly confirmed its

safety and efficacy [31–33]. Utilizing characteristics of

low-grade endometrial cancers, such as high GPR54

expression with poor metastin secretion from ESCs,

metastin-10 treatment may be effective as an adjuvant

therapy to prevent cancer cells from metastasizing during

MPA therapy to preserve fertility in young patients.

Grade1 endometrioid adenocarcinoma is thought to arise

from hyperplastic EGCs exposed to long-term unopposed

estrogen. GPR54 expression was not epigenetically

impaired in atypical endometrial hyperplasia (AEH), while

metastin expression in AEH was lower than in the normal

endometrial glandular component on the same specimen

from several AEH patients. Atypical endometrial hyper-

plasia patients with menstrual disorders usually experience

unopposed estrogen, and as such ESCs are expected to

produce insufficient metastin. This attenuation of metastin

may not only contribute to the pro-oncogenic status of

AEH through initiation of the ability to acquire invasive-

ness but also to the persistent infertile status after

mechanical eradication [34]. From this perspective,

administration of metastin-10 might provide a means to

support embryo implantation as well as to prohibit tumor

progression.

In this study, we describe that metastin secretion is

induced in ESCs through decidualization with E2 and

MPA. Although further studies are needed, this process is

expected to play an important role not only to maintain

adequate placentation in pregnancy but also for the

development of adjuvant therapy to prevent low-grade

endometrioid adenocarcinoma from progression during

fertility-sparing therapy with MPA.

Conflict of interest The authors declare no conflict of interest.

References

1. Kang HS, Baba T, Mandai M, Matsumura N, Hamanishi J,

Kharma B et al (2011) GPR54 is a target for suppression of

metastasis in endometrial cancer. Mol Cancer Ther 10:580–590

2. Ohtaki T, Shintani Y, Honda S, Matsumoto H, Hori A, Kanehashi

K et al (2001) Metastasis suppressor gene KiSS-1 encodes pep-

tide ligand of a G-protein-coupled receptor. Nature 411:613–617

3. Cejudo Roman A, Pinto FM, Dorta I, Almeida TA, Hernandez M,

Illanes M et al (2012) Analysis of the expression of neurokinin B,

kisspeptin, and their cognate receptors NK3R and KISS1R in the

human female genital tract. Fertil Steril 97:1213–1219

4. Makri A, Msaouel P, Petraki C, Milingos D, Protopapas A, Liapi

A et al (2012) KISS1/KISS1R expression in eutopic and ectopic

endometrium of women suffering from endometriosis. In Vivo

26:119–127

5. Noyes RW, Hertig AT, Rock J (1975) Dating the endometrial

biopsy. Am J Obstet Gynecol 122:262–263

6. Kosaka K, Fujiwara H, Tatsumi K, Yoshioka S, Higuchi T, Sato

Y et al (2003) Human peripheral blood mononuclear cells

enhance cell–cell interaction between human endometrial epi-

thelial cells and BeWo-cell spheroids. Hum Reprod 18:19–25

7. Inoue T, Kanzaki H, Imai K, Narukawa S, Higuchi T, Katsu-

ragawa H et al (1994) Bestatin, a potent aminopeptidase-N

inhibitor, inhibits in vitro decidualization of human endometrial

stromal cells. J Clin Endocrinol Metab 79:171–175

8. Marshburn PB, Head JR, MacDonald PC, Casey ML (1992)

Culture characteristics of human endometrial glandular epithe-

lium throughout the menstrual cycle: modulation of deoxyribo-

nucleic acid synthesis by 17 beta-estradiol and

medroxyprogesterone acetate. Am J Obstet Gynecol 167:1888–

1898

9. Sugino N, Kashida S, Takiguchi S, Nakamura Y, Kato H (2000)

Induction of superoxide dismutase by decidualization in human

endometrial stromal cells. Mol Hum Reprod 6:178–184

10. Sugino N, Karube-Harada A, Sakata A, Takiguchi S, Kato H

(2002) Different mechanisms for the induction of copper-zinc

superoxide dismutase and manganese superoxide dismutase by

progesterone in human endometrial stromal cells. Hum Reprod

17:1709–1714

11. Matsuoka A, Kizuka F, Lee L, Tamura I, Taniguchi K, Asada H

et al (2010) Progesterone increases manganese superoxide dis-

mutase expression via a cAMP-dependent signaling mediated by

noncanonical Wnt5a pathway in human endometrial stromal

cells. J Clin Endocrinol Metab 95:E291–E299

12. Liu M, Matsumura N, Mandai M, Li K, Yagi H, Baba T et al

(2009) Classification using hierarchical clustering of tumor-

infiltrating immune cells identifies poor prognostic ovarian can-

cers with high levels of COX expression. Mod Pathol 22:373–384

13. Estella C, Herrer I, Moreno-Moya JM, Quinonero A, Martinez S,

Pellicer A et al (2012) miRNA signature and Dicer requirement

during human endometrial stromal decidualization in vitro. PLoS

One 7:e41080

14. Seminara SB, Messager S, Chatzidaki EE, Thresher RR, Acierno

JS Jr, Shagoury JK et al (2003) The GPR54 gene as a regulator of

puberty. N Engl J Med 349:1614–1627

15. de Roux N, Genin E, Carel JC, Matsuda F, Chaussain JL, Mil-

grom E (2003) Hypogonadotropic hypogonadism due to loss of

function of the KiSS1-derived peptide receptor GPR54. Proc Natl

Acad Sci USA 100:10972–10976

16. Messager S, Chatzidaki EE, Ma D, Hendrick AG, Zahn D, Dixon

J et al (2005) Kisspeptin directly stimulates gonadotropin-

releasing hormone release via G protein-coupled receptor 54.

Proc Natl Acad Sci USA 102:1761–1766

17. Smith JT, Dungan HM, Stoll EA, Gottsch ML, Braun RE, Eacker

SM et al (2005) Differential regulation of KiSS-1 mRNA

expression by sex steroids in the brain of the male mouse.

Endocrinology 146:2976–2984

18. Smith JT, Cunningham MJ, Rissman EF, Clifton DK, Steiner RA

(2005) Regulation of Kiss1 gene expression in the brain of the

female mouse. Endocrinology 146:3686–3692

19. Kinoshita M, Tsukamura H, Adachi S, Matsui H, Uenoyama Y,

Iwata K et al (2005) Involvement of central metastin in the

regulation of preovulatory luteinizing hormone surge and estrous

cyclicity in female rats. Endocrinology 146:4431–4436

20. Lups S (1952) In memoriam Gerrit Van Veen. Ned Tijdschr

Geneeskd 96:40

21. Adachi S, Yamada S, Takatsu Y, Matsui H, Kinoshita M, Takase

K et al (2007) Involvement of anteroventral periventricular

metastin/kisspeptin neurons in estrogen positive feedback action

on luteinizing hormone release in female rats. J Reprod Dev

53:367–378

Med Mol Morphol

123

Author's personal copy



22. Horikoshi Y, Matsumoto H, Takatsu Y, Ohtaki T, Kitada C,

Usuki S et al (2003) Dramatic elevation of plasma metastin

concentrations in human pregnancy: metastin as a novel placenta-

derived hormone in humans. J Clin Endocrinol Metab

88:914–919

23. Pita J, Barrios V, Gavela-Perez T, Martos-Moreno GA, Munoz-

Calvo MT, Pozo J et al (2011) Circulating kisspeptin levels

exhibit sexual dimorphism in adults, are increased in obese pre-

pubertal girls and do not suffer modifications in girls with idio-

pathic central precocious puberty. Peptides 32:1781–1786

24. Jayasena CN, Nijher GM, Comninos AN, Abbara A, Januszewki

A, Vaal ML et al (2011) The effects of kisspeptin-10 on repro-

ductive hormone release show sexual dimorphism in humans.

J Clin Endocrinol Metab 96:E1963–E1972

25. Sato Y, Fujiwara H, Konishi I (2010) Role of platelets in pla-

centation. Med Mol Morphol 43:129–133

26. Park DW, Lee SK, Hong SR, Han AR, Kwak-Kim J, Yang KM

(2012) Expression of Kisspeptin and its receptor GPR54 in the

first trimester trophoblast of women with recurrent pregnancy

loss. Am J Reprod Immunol 67:132–139

27. Logie JJ, Denison FC, Riley SC, Ramaesh T, Forbes S, Norman

JE et al (2012) Evaluation of kisspeptin levels in obese pregnancy

as a biomarker for pre-eclampsia. Clin Endocrinol (Oxf)

76:887–893

28. Bilban M, Ghaffari-Tabrizi N, Hintermann E, Bauer S, Molzer S,

Zoratti C et al (2004) Kisspeptin-10, a KiSS-1/metastin-derived

decapeptide, is a physiological invasion inhibitor of primary

human trophoblasts. J Cell Sci 117:1319–1328

29. Gunderson CC, Fader AN, Carson KA, Bristow RE (2012) On-

cologic and reproductive outcomes with progestin therapy in

women with endometrial hyperplasia and grade 1 adenocarci-

noma: a systematic review. Gynecol Oncol 125:477–482

30. Ushijima K, Yahata H, Yoshikawa H, Konishi I, Yasugi T, Saito

T et al (2007) Multicenter phase II study of fertility-sparing

treatment with medroxyprogesterone acetate for endometrial

carcinoma and atypical hyperplasia in young women. J Clin

Oncol 25:2798–2803

31. Scott G, Ahmad I, Howard K, MacLean D, Oliva C, Warrington

S et al (2013) Double-blind, randomized, placebo-controlled

study of safety, tolerability, pharmacokinetics and pharmacody-

namics of TAK-683, an investigational metastin analogue in

healthy men. Br J Clin Pharmacol 75:381–391

32. Jayasena CN, Nijher GM, Abbara A, Murphy KG, Lim A, Patel D

et al (2010) Twice-weekly administration of kisspeptin-54 for

8 weeks stimulates release of reproductive hormones in women

with hypothalamic amenorrhea. Clin Pharmacol Ther 88:840–847

33. Jayasena CN, Nijher GM, Chaudhri OB, Murphy KG, Ranger A,

Lim A et al (2009) Subcutaneous injection of kisspeptin-54

acutely stimulates gonadotropin secretion in women with hypo-

thalamic amenorrhea, but chronic administration causes tachy-

phylaxis. J Clin Endocrinol Metab 94:4315–4323

34. Fujiwara H, Jobo T, Takei Y, Saga Y, Imai M, Arai T et al (2012)

Fertility-sparing treatment using medroxyprogesterone acetate for

endometrial carcinoma. Oncol Lett 3:1002–1006

Med Mol Morphol

123

Author's personal copy


	Menstrual cyclic change of metastin/GPR54 in endometrium
	Abstract
	Introduction
	Materials and methods
	Tissue collection
	Cell culture
	Real-time quantitative PCR analysis
	Immunohistochemistry
	Microarray analysis and statistical analysis

	Results
	Expression of metastin and GPR54 in endometrial tissues
	Primary culture of endometrial cells and analysis of metastin and GPR54 expressions in ESCs
	Metastin and GPR54 expressions in EGCs
	GPR54 expression differences between normal endometrium and endometrial hyperplasia and promoter methylation status

	Discussion
	Conflict of interest
	References


