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Metformin attenuates the production 
and proliferative effects of prolactin 
induced by medroxyprogesterone 
acetate during fertility-sparing treatment 
for endometrial cancer
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Abstract 

Background: Progestin is used for fertility-sparing treatment in cases of endometrial cancer (EC). Progestin can 
induce hyperprolactinemia by increasing pituitary secretion and endometrial decidualization. However, progestin 
induces prolactin (PRL) secretion, which stimulates cell proliferation and deleteriously affects treatment. To date, the 
detrimental effect of PRL, the secretion of which is induced by medroxyprogesterone acetate (MPA) during fertility-
sparing treatment, has not yet been fully elucidated. Therefore, we aimed to assess the effects of PRL on EC cells dur-
ing combined treatment with progestin and metformin.

Methods: In total, 71 patients with EC/endometrial atypical hyperplasia who underwent fertility-sparing treatment 
at our institution from 2009–2019 were enrolled. Serum PRL levels were determined using enzyme immunoas-
says; mRNA levels in endometrial tissues were determined using quantitative reverse-transcription PCR. To evaluate 
MPA-induced decidualization, cancer-associated stromal cells were enzymatically released from surgically removed 
specimens of six patients with EC. To examine PRL-induced cell proliferation, the EC cell lines Ishikawa, HEC1B, and 
HEC265 were used. In vitro cell proliferation was evaluated using the WST assay; protein levels of signaling molecules 
were determined using western blotting.

Results: MPA administration significantly increased serum PRL levels at 3 and 6 months and upregulated IGFBP-1 
and PRL mRNA expression in tissues at 3 months of fertility-sparing treatment. Metformin significantly reduced MPA-
induced IGFBP-1 and PRL mRNA expression during fertility-sparing treatment and significantly inhibited the upregula-
tion of IGFBP-1 and PRL mRNA and PRL levels due to decidualization induced by MPA and cAMP treatment in primary 
cultured EC stromal cells. In vitro, PRL increased cell proliferation and ERK1/2 phosphorylation levels, whereas met-
formin attenuated these increases.
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Background
Prolactin (PRL) is a hormone that is mainly secreted by 
the pituitary gland; it plays a role in several processes, 
including development of the mammary gland, lacta-
tion, implantation and pregnancy, angiogenesis, and 
regulation of immune function. PRL is also secreted by 
extrapituitary sites, including the mammary gland and 
endometrium, and acts locally as a growth factor [1, 2]. 
Increasing evidence suggests the stimulatory effects of 
PRL on several cancers, such as lymphoid, mammary, 
colon, hepatocellular, prostate, ovarian, and endometrial 
carcinomas [3–8]. Human PRL (hPRL) expression has 
been reported to be upregulated in endometrial cancer 
(EC) and is associated with poor survival outcomes [4]. 
Autocrine hPRL expression in EC cells promotes their 
proliferation, migration, and invasion [9].

Uterine cancer is the fourth most common can-
cer among women in the USA, and its incidence has 
increased by about 1% each year since the mid-2000s 
[10]. Moreover, the number of patients with endome-
trial atypical hyperplasia (EAH) and EC who desire to 
preserve their fertility is increasing. Progestin therapy 
is a popular treatment option for preserving the fertility 
of these patients [11, 12]. However, the results of three 
meta-analyses revealed high rates of both remission and 
relapse [13–15]. Progestin induces hyperprolactine-
mia, similar to anti-dopamine antagonists [16, 17], and 
increases PRL levels via decidualization of the endo-
metrium [18]. However, levels of PRL during progestin 
administration for fertility-sparing treatment and the 
consequent effects on treatment are not well-understood.

Metformin, a biguanide, is commonly prescribed for 
the treatment of type 2 diabetes and has been attracting 
increasing attention in the field of cancer research. Pop-
ulation-based studies suggest that metformin decreases 
the incidence of cancer and cancer-related mortality in 
patients with diabetes [19, 20]. Metformin has also been 
associated with improved recurrence-free and overall 
survival in patients with EC with diabetes [21, 22]. We 
previously reported the efficacy of combining metformin 
and progestin to improve the long-term oncological out-
comes of these patients [23, 24].

In this study, we aimed to investigate PRL levels before 
and during medroxyprogesterone 17-acetate (MPA; a 
progestin) treatment. We also aimed to evaluate the 
effects of metformin on the production of and interaction 

with PRL during MPA treatment in patients with EAH 
or EC. The findings of this study might provide valuable 
insights into the use of metformin to improve the out-
comes of fertility-sparing treatment.

Methods
Patients and clinical samples
From 2009 to 2019, 86 patients with EAH and EC were 
treated by administering MPA, with or without met-
formin, as fertility-sparing treatment at our institution. 
The eligibility criteria for the administration of MPA 
and metformin as a fertility-sparing treatment have been 
described previously [23]. We only included patients who 
were not on any PRL-increasing medications and had no 
other medical conditions that could increase PRL levels. 
Among these patients, 71 were included in this study 
because we could obtain the relevant laboratory data 
related to serum PRL levels before and during MPA treat-
ment. Patient blood samples were collected at the outpa-
tient clinic between 9–11 am. PRL was measured using a 
chemiluminescent immunoassay with the ARCHITECT 
i2000SR and 4000SR Immunoassay Analyzer (Abott 
Diagnostics, USA). The patient characteristics are listed 
in Table 1.

Paired EC tissues were obtained from patients with EC 
who underwent fertility-sparing treatment with MPA 
and metformin (n = 11) or with MPA alone (n = 5) before 
and after MPA administration. Tissue specimens were 
obtained via endometrial curettage at the time of initial 

Conclusions: MPA upregulated PRL levels in serum and endometrial tissues during fertility-sparing treatment. Met-
formin co-administration reduced PRL production and attenuated PRL-induced cell-proliferation activity. This study 
may provide valuable insights on the application of metformin to improve the outcomes of fertility-sparing treatment.

Keywords: Prolactin, Metformin, Medroxyprogesterone acetate, Fertility preservation, Endometrial neoplasms

Table 1 Patients’ characteristic

EAH endometrial atypical hyperplasia, MPA medroxyprogesterone acetate, BMI 
body mass index, HOMA-R homeostasis model assessment of insulin resistance, 
PCOS polycystic ovarian syndrome

Median (range) N (%)

Age (year) 35 (25–45)

Histology Endometrioid  
carcinoma, grade 1

43 (60.6)

EAH 28 (39.4)

Treatment MPA + Metformin 51 (71.8)

MPA alone 20 (28.2)

BMI (kg/m2) 30.4 (15.4–50.3)

BMI (kg/m2) ≥ 25 47 (66.2)

HOMA-IR 4.0 (0.1–20.7) 

HOMA-IR ≥ 2.5 41 (57.7)

PCOS 55 (77.5)
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diagnosis (before treatment) and 3 months after the start 
of MPA treatment. Specimens were snap-frozen in liquid 
nitrogen and stored at − 80 °C for subsequent analyses.

Additionally, we obtained tissues from patients with 
grade 1, stage IA endometrioid carcinoma who had 
undergone hysterectomy and had not received proges-
tin before surgery (n = 6) to collect primary EC culture 
cells. This study was approved by the Institutional Review 
Board of Chiba University (IRB No. 3837). Before par-
ticipation, written informed consent for use of specimens 
was obtained from the six patients whose tissue was 
newly collected. The opt-out approach was applied to 
obtain consent to extract patient data from digital medi-
cal records and for the use of stored samples.

Reagents
Antibodies against phospho-p44/42 mitogen-activated 
protein kinase (MAPK; phospho-extracellular signal-
regulated kinase [ERK] 1/2; Thr202/Tyr204; 1:2,000 dilu-
tion; catalog #4370S), p44/42 MAPK (ERK 1/2; 1:1,000 
dilution; catalog #4695S), phospho-ribosomal protein 
S6 (rpS6) (Thr389; 1:1,000 dilution; catalog #2215S), 
rpS6 (1:1,000 dilution; #2217S), and β-actin (1:5,000 
dilution; catalog #4970), and anti-rabbit IgG horserad-
ish peroxidase (HRP)-linked secondary antibody (cata-
log #NA934V) were purchased from Cell Signaling 
Technology (Danvers, MA, USA). Metformin (catalog 
#D150959-5G), deoxyribonuclease I (from bovine pan-
creas, catalog #DN25-1G), collagenase (from Clostrid-
ium histolyticum, catalog #C0130-5G), MPA (catalog 
#M1629-1G), and  E2 (β-estradiol, catalog #250,155-1G) 
were obtained from Sigma-Aldrich (St. Louis, MO, USA); 
8-bromoadenosine-3ʹ,5ʹ-cyclic monophosphate sodium 
salt hydrate (cyclic adenosine monophosphate [cAMP] 
analog; catalog #05,450–02) was obtained from Nacalai 
Tesque (Tokyo, Japan).

Cell lines and culture
Three type 1 EC model cell lines (Ishikawa, HEC265, and 
HEC1B) were cultured in Dulbecco’s modified Eagle’s 
medium (DMEM; Gibco, Thermo Fisher Scientific, 
Waltham, MA, USA) containing 4.5 g/L glucose, 5% fetal 
bovine serum (FBS; Sigma-Aldrich), 100 U/mL penicillin, 
and 100 μg/mL kanamycin sulfate at 37 °C and 5%  CO2. 
HEC265 and HEC1B cell lines were purchased from the 
Japanese Collection of Research Bioresources Cell Bank 
(Osaka, Japan). The Ishikawa cell line was generously 
provided by Dr. Nishida (Tsukuba University, Japan).

Cell proliferation assay (WST assay)
Cells were seeded in 96-well plates at a density of 3,500 
cells/well in DMEM containing 5% FBS for 24  h. To 
explore the effect of PRL, recombinant hPRL was added 

at a final concentration of 0–1  μg/mL. Additionally, to 
explore the inhibitory effect of metformin on PRL, we 
examined the effects of the combination of PRL and met-
formin (1  mM). Cells were cultured for an additional 
94 h and the absorbance was measured at 570 nm using 
an automated microplate reader (Infinite 200; Tecan, 
Männedorf, Switzerland).

Western blot assay
Total protein was extracted from EC cells (HEC265 and 
HEC1B) 6  h after the addition of PRL with or without 
metformin after the cells reached 80% confluence using 
cOmplete Lysis-M buffer (Roche Applied Science, Tokyo, 
Japan) containing Halt Phosphatase Inhibitor Cock-
tail (Thermo Fisher Scientific) and quantified using the 
Pierce BCA Protein Assay Kit (Thermo Fisher Scien-
tific). The obtained protein (20 μg) was subjected to 10% 
sodium dodecyl sulfate–polyacrylamide gel electropho-
resis and electrotransferred onto polyvinylidene fluoride 
membranes (GE Healthcare, Chicago, IL, USA). Next, the 
membranes were blocked with 5% non-fat milk during a 
1-h incubation at 25 ℃.

The secondary antibodies (enhanced chemilumines-
cence HRP-conjugated anti-rabbit IgG and anti-mouse 
IgG; GE Healthcare) were incubated with the membranes 
at room temperature for 60  min. Signals were detected 
using Amersham ECL Prime Western Blotting Detection 
Reagent (GE Healthcare). Signal intensity was quantified 
using a densitometer (CS Analyzer version 3.0; ATTO, 
Tokyo, Japan) and normalized to β-actin levels.

Reverse transcription PCR (RT‑PCR) analysis
Total RNA was extracted from cells and tissues using the 
RNeasy Mini Kit (Qiagen, Hilden, Germany). RNA was 
reverse transcribed into cDNA using the SuperScript 
VILO cDNA Synthesis Kit (Thermo Fisher Scientific) 
according to the manufacturer’s protocol. Finally, the 
expression of PRL, insulin-like growth factor-binding 
protein 1 (IGFBP-1), progesterone receptor (PgR), and 
estrogen receptor-α (ERα) was determined using specific 
quantitative primers and SYBR Green PCR Master Mix 
(Thermo Fisher Scientific) with cDNA as the template 
and TUBB (β-tubulin) as the endogenous control. The 
quantitative primer sequences are as follows:

PRL, 5ʹ-CAT ATT GCG ATC CTG GAA TGAGC-3ʹ (for-
ward) and 5ʹ-TCC TCA ATC TCT ACA GCT TTGGA-3ʹ 
(reverse); IGFBP-1, 5ʹ-TCC TTT GGG ACG CCA TCA 
GTAC-3ʹ (forward) and 5ʹ-GAT GTC TCC TGT GCC TTG 
GCTA-3ʹ (reverse); PgR, 5ʹ-GTC GCC TTA GAA AGT 
GCT GTCAG-3ʹ (forward) and 5ʹ-GCT TGG CTT TCA 
TTT GGA ACGCC-3ʹ (reverse); ERα, 5ʹ-GCT TAC TGA 
CCA ACC TGG CAGA-3ʹ (forward) and 5ʹ-GGA TCT CTA 
GCC AGG CAC ATTC-3ʹ (reverse); and TUBB, 5ʹ-CGT 
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GTT CGG CCA GAG TGG TGC-3ʹ (forward) and 5ʹ-GGG 
TGA GGG CAT GAC GCT GAA-3ʹ (reverse). PCR cycling 
parameters were as follows: initial denaturation at 95 °C 
for 10  min, followed by 35 cycles at 95  °C for 10  s, at 
60 °C for 10 s, and at 72 °C for 5 s. The expression levels 
of PRL, IGFBP-1, PgR, and ERα were determined using 
the  2−ΔΔCt method with TUBB (β-tubulin) as the internal 
control [25, 26].

Primary culture and evaluation of decidualization
Cancer-associated stromal cells were isolated from 
EC tissues using deoxyribonuclease I and collagenase. 
Next, cancer-associated stromal cells were cultured in a 
medium (DMEM; Gibco, Thermo Fisher Scientific) con-
taining 4.5  g/L glucose, charcoal-filtered 10% FBS, and 
1% antibiotic–antimycotic (Gibco, Thermo Fisher Scien-
tific). After separation using a nylon cell strainer (pore 
size: 100  μm), the cancer-associated stromal cells were 
seeded at 12 ×  105 cells per well in 6-well plates with 
DMEM containing 10% FBS. Finally, the primary cul-
tured cells were cultured in a medium containing MPA 
 (10–6 M) + cAMP (0.5 mM) or metformin (1 mM) alone 
or in combination (MPA, cAMP, and metformin) for 
8  days. The medium was replaced every 2  days. Total 
RNA was isolated from primary cultured EC-associ-
ated stromal cells and transcribed into cDNA, and the 
relative expression of PRL, IGFBP-1, PgR, and ERα was 
determined by comparison with the baseline expression. 
All supernatants of the medium on the eighth day were 
retrieved and centrifuged at 1500 × g for 5 min; the sam-
ple was then used to evaluate PRL level.

Statistical analysis
Statistical analysis for the cell proliferation assay was per-
formed using the Mann–Whitney U test. Comparisons 
between paired values were performed using the Wil-
coxon signed-rank test. Differences between unpaired 
groups were analyzed using the Mann–Whitney U test. 
All comparisons were planned, and the tests were two-
tailed. P < 0.05 was considered statistically significant. All 
statistical analyses were performed using SPSS software 
(version 23; IBM, Chicago, IL, USA).

Results
MPA for fertility‑sparing treatment increased serum PRL 
levels via central and local mechanisms
The mean serum PRL values (95% confidence interval) 
in patients with EAH and EC before treatment and at 
3  months and 6  months after starting fertility-sparing 
treatment with MPA were 12.8  ng/mL (10.8–14.7  ng/
mL), 34.7  ng/mL (31.5–37.9  ng/mL), and 25.2  ng/mL 
(23.2–27.3  ng/mL), respectively. Serum PRL levels dur-
ing the fertility-sparing treatment increased significantly 

3  months after starting MPA treatment (P < 0.001). The 
serum PRL value at 6  months was significantly lower 
than that at 3  months (P < 0.001) but remained higher 
than that before treatment (P < 0.001) (Fig.  1). Next, we 
compared the PRL levels between patients treated with 
MPA + metformin and those treated with MPA alone. No 
significant differences were observed in BMI and patho-
logical type between the two groups. The mean serum 
PRL levels (95% confidence interval) in patients treated 
with MPA + metformin and MPA alone 3  months after 
starting fertility-sparing treatment were 12.8  ng/mL 
(10.8–14.7  ng/mL) and 25.2  ng/mL (23.2–27.3  ng/mL), 
respectively.

Metformin could attenuate MPA‑induced 
upregulation of PRL and IGFBP‑1 mRNA expression 
during fertility‑sparing treatment in patients with EC
IGFBP-1 is a marker of EC cell proliferation and metasta-
sis and is involved in endometrial decidualization. Using 
samples from 16 patients with EC who were treated with 
MPA and treated with or without metformin, we exam-
ined the change in the mRNA expression levels of PRL, 
IGFBP-1, PgR, and Erα after MPA administration.

MPA administration significantly elevated IGFBP1 
(mean proportional increase of 96,200-fold) and PRL 
(mean proportional increase of 479-fold) mRNA lev-
els. In the case of MPA combined with metformin, the 
IGFBP-1 and PRL mRNA levels were also significantly 

Fig. 1 Serum prolactin levels during fertility-sparing treatment 
with MPA in patients with EC. Columns and error bars represent the 
mean ± standard deviation of the mean before treatment and after 3 
and 6 months of MPA treatment. Wilcoxon signed-rank test was used 
and PRE indicates MPA pretreatment. (*P < 0.001). EC, endometrial 
cancer; MPA, medroxyprogesterone acetate
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elevated, with a mean proportional increase of 5,370- and 
58.4-fold, respectively. However, the addition of met-
formin significantly reduced the MPA-induced IGFBP-1 
and PRL mRNA expression to 18% (from 96,200-fold to 
5,370-fold) and 8% (from 479-fold to 58.4-fold), respec-
tively (Fig.  2a, b). These results suggest that metformin 
inhibits MPA-induced decidualization and PRL produc-
tion during fertility-sparing treatment with MPA.

MPA administration resulted in a significant decrease 
in PgR and ERα mRNA levels (mean proportional 
decrease to 5.2% and 38.3%, respectively). However, the 
addition of metformin did not affect PgR and ERα mRNA 
expression (Fig. 2c, d).

Metformin inhibited MPA‑induced decidualization 
of cancer‑associated stromal cells and production of PRL
To assess PRL production during MPA administration 
in fertility-sparing treatment, we performed an in  vitro 
assay using primary culture of EC mesenchymal cells. 
We added MPA and cAMP to EC mesenchymal cells to 
establish a decidualization model.

The addition of MPA and cAMP to the medium 
resulted in a significant increase in IGFBP-1 and PRL 
mRNA expression compared with that in the control 
group (mean proportional increase of 2,048- and 235-
fold, respectively). However, when metformin was added 
to the medium containing MPA and cAMP, the upregu-
lation of IGFBP-1 and PRL mRNA expression was sig-
nificantly attenuated compared with that following the 
addition of MPA and cAMP without metformin (mean 
proportional decrease to 71% and 46%, respectively) 
(Fig. 3a, b).

PgR and ERα mRNA levels also increased after stimula-
tion by MPA and cAMP. However, the addition of met-
formin significantly attenuated this increase compared 
with that in the absence of metformin (mean proportion 
decrease to 76% and 67%, respectively) (Fig. 3c, d).

Additionally, we cultured the cells with metformin 
for 8  days to evaluate the effects of metformin on 
PRL production. The amount of secreted PRL in the 
medium was elevated in EC mesenchymal cells 8 days 
after stimulation by MPA and cAMP. The mean PRL 

Fig. 2 IGFBP-1 a, PRL b, PgR c, and ERα d mRNA levels before and after MPA treatment. PRE: MPA pretreatment; POST: 3 months after MPA treatment; 
NS, not significant. (*P < 0.01, ** P < 0.05). ERα, estrogen receptor-α; IGFBP-1, insulin-like growth factor-binding protein 1; MPA, medroxyprogesterone 
acetate; PgR, progesterone receptor



Page 6 of 10Gu et al. BMC Cancer          (2022) 22:753 

level in the culture supernatant containing MPA and 
cAMP was 4.1 ng/mL, which was 16.1-fold higher than 
that in the control (0.25 ng/mL). With the addition of 
metformin, the mean PRL level in the culture super-
natant was 2.2  ng/mL. Thus, metformin significantly 
inhibited PRL secretion by decidualization induced by 
MPA and cAMP treatment (Fig. 3e).

Metformin inhibited PRL‑stimulated cancer cell 
proliferation in vitro
We examined the effect of PRL on the proliferation of 
three EC cell lines (Ishikawa, HEC1B, and HEC265). PRL 
significantly stimulated growth in all EC cell lines at 72 h 
(P < 0.001 for Ishikawa, P = 0.03 for HEC1B, and P = 0.021 
for HEC265; Fig. 4a).

Fig. 3 Decidualization of stromal cell by MPA and suppression by metformin. Stromal cell treatment with/without MPA  (10–6 M), cAMP (0.5 mM), 
and with/without metformin (1 mM) (8 days). IGFBP-1 a, PRL b, PgR c, and ERα d mRNA levels e. Columns, error bars represent the mean ± standard 
deviation of the mean. Met, metformin; NS, not significant (*P < 0.01, ** P < 0.05). MPA, medroxyprogesterone acetate
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Next, we examined the effects of metformin on the pro-
liferative effects of PRL. Previously, we had observed an 
anti-proliferative effect of metformin on EC cell lines [27, 
28]. The combination treatment of metformin, PRL, and 
metformin reduced the proliferative effects of PRL com-
pared with those in cells treated with PRL alone (Fig. 4b).

PRL induced the activation of ERK1/2 and metformin 
attenuated this activation
The AMP-activated protein kinase (AMPK)/mechanis-
tic target of rapamycin kinase (mTOR)/rpS6 and MAPK 
pathways are implicated in the proliferation of human 
EC. To confirm these findings, we examined the changes 
in phospho-ERK1/2 and phospho-rpS6 levels using 
western blotting. The addition of PRL increased phos-
pho-ERK1/2 levels in both cell lines (by 22% and 250%); 
however, the phospho-rpS6 levels did not change (Fig. 5). 
Moreover, the addition of metformin reduced the PRL-
induced increase in phospho-ERK1/2 levels by 93% and 
70% (Fig. 5).

Discussion
This study revealed the effects of PRL and metformin on 
the fertility-sparing treatment of EC using MPA. First, 
we demonstrated that serum PRL increased and IGFBP-
1 and PRL mRNA levels in EC tissues were upregulated 

during fertility-sparing treatment using MPA. Second, 
MPA might induce endometrial decidualization. This 
was suggested to be the cause of the increased serum 
PRL levels during fertility-sparing treatment using MPA. 
Third, we found that metformin suppressed the proges-
terone-induced decidualization of endometrial stromal 
cells and PRL production. Finally, we confirmed that PRL 
promoted the proliferation of EC cells, as shown previ-
ously [9]. We revealed, for the first time, that metformin 
attenuated the cell proliferation-promoting effect of PRL.

We confirmed that MPA administration increased 
serum PRL levels during fertility-sparing treatment. 
Progestin induces an increase in PRL levels via a central 
mechanism involving the dopamine axis [29]. Progestin 
has also been reported to induce decidualization of the 
endometrium and produce PRL [18]. Both mechanisms 
are thought to cause an increase in serum PRL levels dur-
ing MPA therapy. Immediately after the start of treat-
ment, we speculated that the PRL level increased because 
of decidualization of the endometrium, but as the treat-
ment progressed, the endometrium became thinner and 
only the central mechanism of the increase in PRL levels 
remained. To date, there have been reports of decidu-
alization in normal endometrial stromal cells by proges-
tin with E2 or cAMP [30]. Metformin suppressed PRL 
production induced by decidualization of endometrial 

Fig. 4 Viability of Ishikawa, HEC1B, and HEC265 cells exposed to 500 ng/mL PRL for various durations. Cell proliferation at 72 h after prolactin (PRL) 
treatment a. Effect of metformin on PRL-induced cell proliferation at 72 h b. Columns, error bars represent the mean ± standard deviation of the 
mean. (*P < 0.01, **P < 0.05)
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stromal cells. This was caused by a reduction in IGFBP-
1 gene expression after long-term metformin exposure 
[31]. In the current study, the administration of met-
formin suppressed decidualization and attenuated PRL 
production in a primary culture of EC stromal cells. In 
addition, even in the endometrium of patients undergo-
ing fertility-sparing treatment, PRL and IGFBP-1 mRNA 
levels were attenuated in the metformin-administered 
group and may have suppressed decidualization and PRL 
production.

We confirmed that PRL promoted cell prolifera-
tion and metformin attenuated this effect. PRL mRNA 
is expressed in ovarian and endometrial tumors, and 
exogenous PRL induces proliferation in several ovar-
ian and EC cell lines via the Ras pathway [32]. EC cells 
transfected with the PRL gene have increased prolifera-
tive ability [9]. In  vitro experiments have demonstrated 
that PRL increases cell proliferation through the activa-
tion of MAPK [33]. Previous reports have indicated that 
PRL rapidly increases phospho-ERK levels within 5 min 
[6, 8]; however, we demonstrated that the level of phos-
pho-ERK increased after 6 to 12  h of addition of PRL. 
We confirmed that the early increase in phospho-ERK 
levels was due to the vigorous addition of PRL, and this 
early increase was avoided by the gentle addition of PRL 
(data not shown). Metformin inhibits cancer cell growth 
by activating AMPK and inhibiting the mTOR/ribosomal 
S6 kinase (S6K) and MAPK signaling pathways [34, 35]. 

The suppressive effect of metformin on PRL-induced cell 
proliferation might be mediated by the MAPK signaling 
pathways.

We speculate that PRL production during MPA admin-
istration might have a negative effect on fertility-sparing 
treatment. A study revealed that during fertility-spar-
ing treatment, patients with serum PRL levels of 15 ng/
mL or higher (mean serum PRL: 25.2  ng/mL) who are 
administered cabergoline have a better prognosis than 
patients who are not administered cabergoline because 
their serum PRL level is below 15  ng/mL (mean serum 
PRL: 12 ng/mL) [36]. This report suggests that maintain-
ing a low serum PRL level during cabergoline adminis-
tration improves prognosis. Thus, it can be inferred that 
increased PRL levels during fertility-sparing treatment 
adversely affect the treatment results. We previously 
reported that a combination of metformin and MPA 
during fertility-sparing treatment inhibits recurrence 
after remission [23, 24] via the direct effect of metformin 
and indirect effect of improved hormonal status [27]. In 
this study, we demonstrated that the inhibition of PRL 
production and its action may be involved in the recur-
rence-suppressing effect by metformin. In the future, 
the mechanism underlying the recurrence-suppressing 
effects of the combined use of metformin and MPA 
should be explored.

This study has some limitations. First, the extent of the 
in vivo adverse effects of PRL during actual conservative 

Fig. 5 PRL induced the activation of ERK1/2 and rpS6 and metformin attenuated this effect. We preliminary observed that phospho-ERK1/2 levels 
were the most elevated at 6 h after the addition of PRL, and this increase was time-dependent (data not shown).Total protein extracted from HEC1B 
cells a and HEC265 cells b exposed to 500 ng/mL of PRL with or without 1 mM metformin for 6 h was subjected to western blotting. Met indicates 
metformin
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treatment remains unclear, as this study was an inves-
tigation of the effects on cell proliferation in  vitro. Sec-
ond, we could not reveal that metformin reduced serum 
PRL levels as compared to MPA alone in patients during 
fertility-sparing treatment. Moreover, there are selection 
biases between the two groups. And this study has small 
sample size and retrospective study. We believe that a 
prospective randomized study that verifies these findings 
is necessary. Third, we focused only on the local effect 
of metformin without investigating the central action of 
metformin in  vivo. In this regard, several reports have 
revealed that adjunctive metformin significantly reduces 
PRL levels in patients with antipsychotic-induced hyper-
prolactinemia [37–39]. However, we could not evaluate 
this point. Further investigations are needed to reveal the 
clinical effects of metformin on PRL levels.

Conclusions
Our study is the first to report an increase in PRL lev-
els during fertility-sparing treatment using MPA. We 
showed that MPA administration could increase the pro-
duction of PRL due to local decidualization in patients 
undergoing fertility-sparing treatment. Furthermore, 
we revealed that metformin antagonized the increase in 
local PRL production following MPA administration and 
attenuated the cell proliferation-promoting effect of PRL, 
which has positive effects on EC treatment outcomes. 
Although further research is needed on the underlying 
mechanisms, the findings of this study provide valuable 
insights on the application of metformin to improve the 
outcomes of fertility-sparing treatment.
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