
Introduction

Infertility is a serious problem for many couples. One in

six couples will encounter fertility problems, defined as the

failure to achieve a clinical pregnancy after regular inter-

course for 12 months [1]. There are various causes of in-

fertility, such as tubal factors, ovulatory dysfunction, and

male infertility. There is also unexplained infertility, which

includes implantation failure [2]. 

Many cytokines are necessary for implantation of the fer-

tilized egg into the endometrial glandular cell layer [3-5],

such as leukemia inhibitory factor (LIF) [6], interleukin

(IL)-6, and IL-11 [4, 7-9]. LIF, IL-6, and IL-11 belong to

the IL-6 family and bind to IL-6 signal transducer glyco-

protein 130 (IL-6ST/gp130). Importantly, the mRNA ex-

pression levels of these cytokines are known to be low

during early to mid secretary phase in many patients with

infertility [10]. 

Estrogen is a key hormone that is essential for the main-

tenance of pregnancy, and also promotes the secretion of

IL-6 family members [4, 11, 12]. Interestingly, there is a

substance in natural plants called isoflavone, which is a

type of phytoestrogen and exerts similar effects to those of

estrogen. There have been some reports that isoflavone

contributes to the maintenance of pregnancy [13], or im-

proves the pregnancy rate of patients with infertility [14]. 

There are two types of isoflavone: a glycosidic type that

contains a carbohydrate chain, and an aglycone type that

does not. The aglycone type is degraded by intestinal bac-

teria flora and is more readily absorbed by the intestine than

the glycosidic type [15]. Therefore, the aglycone type ex-

erts stronger effects in the body than the glycosidic type.

The aglycone-type isoflavone is further divided into three

types: daidzein, genistein, and glycitein. They have estro-

gen-like effects, and act via the estrogen receptor [16].

However, it is not well understood as to how isoflavone

acts to support the mechanism of pregnancy. Therefore, in

the present study, the authors added isoflavone to human

endometrial glandular cells of early to mid secretary phase,

and quantified the expression levels of cytokines associ-

ated with implantation, to investigate the possible effects

of isoflavone on implantation.

Materials and Methods

This study was approved by the ethics committee of Tokyo

Medical University Hospital. After obtaining informed consent,

endometrial tissue was collected from 14 patients who underwent

surgery for benign gynecological diseases in this hospital. The pa-

tients were aged 27 to 41 years (33.8 ± 1.0 years) and had regular

menstruation (25-32 days), no medical history or allergies, and

had not taken any medication for two months before the surgery.

The authors confirmed that the patients did not have any space-

occupying lesions in the endometrial cavity by transvaginal ul-

trasound and magnetic resonance imaging on preoperative
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Summary

Purpose of investigation: The authors examined whether isoflavone can effectively increase the secretion of cytokines associated

with implantation from endometrial glandular cells. Material and Methods: Endometrial tissue was collected from 14 patients who un-

derwent surgery for benign gynecological diseases in this hospital. The endometrial tissue was separated into stromal and glandular cells,

and isoflavone was added to the glandular cells at a concentration of 0, 0.05, 0.5, and 5 µg/ml. In another group, an estrogen receptor

antagonist was added together with isoflavone. After 24 hours, the expression levels of leukemia inhibitory factor, interleukin (IL)-6,

IL-11, and IL-6 signal transducer glycoprotein 130 (IL-6/gp130) were measured by quantitative polymerase chain reaction. Results: A
significant increase in the expression of IL-6/gp130 was found in glandular cells treated with isoflavone (0.5 μg/ml). The significant

differences were not observed among the groups upon treatment with isoflavone and an estrogen receptor antagonist, indicating that

isoflavone acted via the estrogen receptor. Conclusion: Isoflavone increases the mRNA expression levels of IL-6/gp130 in human en-

dometrial glandular cells of early to mid secretary phase.
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examination.

The patients’ basal body temperature and levels of estrogen,

progesterone, and luteinizing hormone were measured on the day

of surgery. All patients were in the early to mid secretary phase,

and their endometrial tissue was collected by curettage during the

surgery. 

Uterine glandular cells were isolated and cultured as described

previously, with some modifications [17, 18]. Briefly, the en-

dometrial tissue was cut finely and incubated in Hank’s balanced

salt solution with 0.5% collagenase for three hours at 37°C in 5%

CO

2

and stirred every hour for approximately one minute. The

solution was then filtered with a 100 μm cell strainer liner mem-

brane, and then with a 40-μm cell strainer liner membrane. Then,

the 40-μm cell strainer liner membrane was reversed and washed

with phenol-red free Dulbecco’s Modified Eagle Medium

(DMEM) supplemented with 5% charcoal-treated fetal bovine

serum (5% DCC-FBS), and the solution was collected. The solu-

tion was then centrifuged at 1,000 rpm for five minutes, and the

endometrial glandular cells were collected.

A portion of the cells was immunostained with an antibody

against cytokeratin (M3515) to confirm that they were endome-

trial glandular cells. The present cell samples were greater than

95% endometrial glandular cells by viewing. The isolated cells

were cultured in 96-well plates in 100 μl of phenol-red-free

DMEM supplemented with 5% DCC-FBS, 100  IU/ml penicillin,

and 50 mg/ml streptomycin.

The authors used isoflavone aglycone AglyMax (daidzein:

genistein: glycitein aglycones at a ratio of 7:1:2). Isoflavones were

dissolved in dimethyl sulfoxide at a concentration of 5.0 mg/ml

and then added to the medium of endometrial glandular cells at a

final concentration of 0.05, 0.5, or 5 µg/ml. In another group, the

estrogen receptor inhibitor ICI 182,780 (10 mM) was added to the

cells together with isoflavone. Cells were collected after culturing

with the various reagents for 24 hours. mRNA was extracted from

the cells, and then purified and cDNA was synthesized using a

gene expression cells-to-CT kit according to the manufacturer’s

protocol.

The mRNA expression levels of LIF, IL-6, IL-6ST/gp130, and

IL-11 in glandular cells were measured by quantitative real-time

reverse-transcription polymerase chain reaction (RT-PCR), ac-

cording to the manufacturer’s instructions. Quantitative RT-PCR

was performed in a total volume of 20 μl of a mixture containing

6 μl DNA-free water, 10 μl universal PCR master mix, 2 μl gene

expression assay, and a two μl cDNA sample in each 96-well

plate. The gene expression assay sequences were LIF

(Hs00171455_m1), IL-11 (Hs00174148_m1), IL-6

(Hs00985639_m1), and IL-6 signal transducer (gp130, oncostatin

M receptor Hs00174360_m1). The following RT-PCR protocol

was used: ten minutes at 95°C, followed by 40 cycles of amplifi-

cation for 15 seconds at 95°C, and one minute at 60°C. Melting

curve measurements were collected and analyzed. The mRNA

level of each sample was normalized to that of glyceraldehyde

phosphate dehydrogenase (GAPDH).

For the immunostaining of cell samples to confirm that they

were glandular cells, cells were collected using liquid-based cy-

tology, and thin-layer specimens were made, according to the

manufacturer’s protocol. Next, the specimens were heat treated

with CC1 buffer for 60 minutes for antigen activation. Subse-

quently, cells were stained with an anti-pan-cytokeratin antibody

(1:200), using the automatic immunostaining apparatus, accord-

ing to the manufacturer’s protocol (Figure 1). 

Statistical analyses were performed using SPSS Statistics ver-

sion 22 software. The mRNA expression levels of LIF, IL-11, IL-

6, and IL-6ST/gp130 were compared between isoflavone-treated

cells and control cells, using the Dunnett’s test. A p-value of less

than 0.05 was considered to demonstrate a statistically significant

difference between two groups.

Results

The authors first determined the optimal doses of

isoflavone to use for their experiments, as well as the opti-

mal time for collecting and analyzing the cells. The maxi-

mum recommended dose for the oral intake of isoflavone is

75 mg/day or less in Japan. However, considering that the

maximum dietary intake of isoflavone is about 45 mg/day,

the maximum recommended dose as a supplement is 30

mg/day. From the data of a previous study in humans [15]

the authors calculated an intake of isoflavone 30 mg/day of

isoflavone to result in a peak blood concentration, of ap-

proximately 0.5 μg/ml. Furthermore, as studies have shown

that in humans the blood concentration of the aglycone-

type isoflavone reaches a peak at four to eight hours after

intake, and peaks out within 24 hours, the incubation time

was set at 24 hours [15, 19, 20]. 

To investigate how isoflavone acts on endometrial glan-

dular cells, the authors compared the effects of 0.05 μg/ml,

0.5, and 5 of isoflavone with the control group (0 μg/ml)

(Figure 2). The mRNA levels of IL-6ST/gp130 were sig-

nificantly increased upon treatment with 0.5 μg/ml

isoflavone compared with the control group (p < 0.05).

There was no significant difference, but expression of all

genetic mRNA levels increased in the isoflavone addition

group. However, there were little increases at the high con-

centration (five µg/ml), except IL-11 (Figure 2).

The authors next analyzed whether isoflavone acted via

the estrogen receptor, using the estrogen receptor inhibitor

ICI 182,780. They added ICI 182,780 (10 mM) to the cells

Figure. 1. — Confirmation of the cells used in this study as glan-

dular cells. Anti-cytokeratin antibody staining of the endometrial

glandular cells that were used in this study. Isolated cells were

found to be 95% positive for cytokeratin, indicating that they were

mostly endometrial glandular cells. Scale bar 100 µm.
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Figure. 2. — Cytokine mRNA expression levels in glandular cells upon treatment with isoflavone. mRNA expression levels of LIF, IL-

11, IL-6, and IL-6ST/gp130 in glandular cells that were treated with various concentrations of isoflavone, as indicated, are compared

to control. mRNA levels are expressed as ratios to GAPDH (n = 14). AM: isoflavone aglycone AglyMax.

Figure. 3. — Cytokine mRNA expression levels in glandular cells treated with isoflavone and an estrogen receptor inhibitor. mRNA lev-

els of LIF, IL-6, IL-6ST/gp130, and IL-11 mRNA in glandular cells treated with various concentrations of isoflavone and ICI 182,780

(10 mM), are compared to control. mRNA levels are expressed as ratios to GAPDH (n = 14). AM: isoflavone aglycone AglyMax.
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together with isoflavone at 0, 0.05, 0.5, and 5 μg/ml. The

significant different increases were not observed among all

groups (Figure 3). Therefore, these results indicated that

isoflavone exerts its effects via the estrogen receptor.

Discussion

In this study, the authors found that 0.5 µg/ml of

isoflavone increased the mRNA expression level of IL-

6ST/gp130 in endometrial glandular cells of early to mid

secretary phase. There were also increases, not statistically

significant, in the mRNA expression level of all genetic

mRNA. Furthermore, when the authors added an estrogen

receptor inhibitor together with different concentrations of

isoflavone to the cells, there were no significant differences

between the groups. Therefore, isoflavone is thought to act

via the estrogen receptor.

In this study, the authors used the aglycone-type

isoflavone, which comprises mostly daidzein, genistein,

and glycitein. Daidzein is metabolized in the body into

equol, O-desmethylangolensin, and dihydrodaidzein by in-

testine flora. The estrogen-like effects of equol were shown

to be stronger than that of daidzein [21]. Glycitein was

shown to have weaker estrogen-like effects in the body than

the two other isoflavones [19]. Genistein showed the

strongest estrogen-like effects in the body [16, 22]. The au-

thors are unclear as to which of the three aglycone-type

isoflavones exerted the estrogen-like effects in this study.

However, each is known to have estrogen-like effects, and

there have been no reports that the three types interfere with

each other’s effects. Therefore, the authors believe that the

three isoflavones all exerted estrogen-like effects in their

experiments.

The authors used endometrial glandular cells of early to

mid secretary phase, because implantation is said to occur

in this period, and isoflavone acts on the estrogen receptor,

which was reported to be expressed in glandular cells [16].

The present results showed that isoflavone increases the ex-

pression levels of IL-6ST/gp130 mRNA via the estrogen

receptor.

G protein-coupled receptor (GPCR) 30 is a member of

the G protein-coupled receptor membrane proteins, and

forms a complex with the estrogen receptor. It is expressed

in the normal endometrium [23]. Furthermore, GPCR30

was shown to activate the mitogen-activated protein kinase

(MAPK) pathway and increase IL-6 mRNA levels in a

human endometrial cancer cell line [24, 25]. From these

previous results, the mechanism of action of isoflavones

acting via the estrogen receptor might be that isoflavone

activates the MAPK pathway through the estrogen-recep-

tor complex with GPCR30, and increases signal transducer

and activator of transcription 3, which is located down-

stream of the MAPK pathway. Therefore, IL-6ST/gp130,

the receptor of IL-6, may be increased upon treatment with

isoflavone (Figure 4). Further experiments are required to

confirm this hypothesis.

The present results showed that there was a significant

increase in the mRNA levels of IL-6ST/gp130 upon the ad-

dition of isoflavone at 0.5 µg/ml. However, there was little

increase at a higher concentration (five µg/ml) in most ge-

netic mRNA expression. One possible reason for this is that

the higher concentration of isoflavone inhibited endome-

trial cell proliferation [26]. Furthermore, in humans, it has

been reported that side effects such as endometrial hyper-

plasia occurred upon the long-term administration of

isoflavone (150 mg/day) [27]. The peak blood concentra-

tion upon the intake of isoflavone at 150 mg/day is ex-

pected to be greater than 0.5 µg/ml [15]. Therefore, a high

concentration of isoflavone may cause adverse effects to

the body, rather than increase the mRNA levels of cy-

tokines associated with implantation. Further experiments

are also required to clarify this point.

Conclusions

Isoflavone acted via the estrogen receptor in endometrial

glandular cells to increase the secretion of cytokines such

as IL-6ST/gp130, which are associated with implantation.

Isoflavone might improve implantation failure by increas-

Figure. 4. — Proposed signal transduction

mechanism in glandular cells upon treat-

ment with isoflavone. Possible mecha-

nism by which isoflavone acts to increase

IL-6ST/gp130 mRNA levels in glandular

cells. Isoflavone may act via the estrogen

receptor, to activate the MAPK pathway

and to subsequently increase the mRNA

levels of IL-6ST/gp130 and mRNA.
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ing the levels of cytokines associated with implantation.

The authors would like to give isoflavone to the patients

with implantation failure to examine an effect in the future.
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