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Effect of acupuncture on the
opening time of implantation
window and endometrial
receptivity in controlled ovarian
hyperstimulation rats during
peri-implantation period
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and Haoxu Dong2*
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Huazhong University of Science and Technology, Wuhan, China, 2Department of Integrated Traditional
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and Technology, Wuhan, Hubei, China
Purpose: To investigate the effect of acupuncture for improving the pregnancy

rate of COH rats from the viewpoint of regulating the opening time of the

implantation window and endometrial receptivity.

Methods: Experimental rats were randomly divided into normal group (N), model

group (M) and acupuncture group(A), and samples were collected on Day 4, 5 and 6

after mating. COH rats were treated with acupuncture at SP6, LR3, and ST36 once a

day for 7 times. The pinopodes were observed under a scanning electron

microscope. Serum estrogen and progesterone levels were measured via ELISA.

The protein andmRNA levels of estrogen receptor (ER), progesterone receptor (PR),

leukemia inhibitory factor (LIF), integrin b3, vascular endothelial growth factor (VEGF),

and fibroblast growth factor 2 (FGF-2) in the endometriumwere evaluated viaWest-

blot, immunohistochemistry, and PCR.

Results: Compared with group N, the pregnancy rate of group M was significantly

decreased (P<0.05), and the abnormal serum hormone levels and implantation

window advancement were observed. Compared with group M, the pregnancy rate

of group A was significantly increased (P<0.05), the supraphysiological serum

progesterone levels were restored to normalcy (P<0.05), and the advanced

implantation window was restored to a certain extent. Further, the abnormal ER,

PR, LIF, integrin b3, VEGF, and FGF-2 expression levels of the endometrium got

recovered to varying degrees.

Conclusion: Acupuncture may restore the estrogen and progesterone balance in

COH rats and the forward shift of the implantation window to a certain extent,

improving the endometrial receptivity and finally improving the pregnancy rate of

COH rats.

KEYWORDS

acupuncture, controlled ovarian hyperstimulation, sex steroid hormones, implantation
window, endometrial receptivity
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GRAPHICAL ABSTRACT

The embryo implantation window moving forward after COH and asynchrony with the development of the endometrium may be important factors
associated with a reduced pregnancy rate in COH rats. Acupuncture may restore the estrogen and progesterone balance in COH rats and the for-
ward shift of the implantation window to a certain extent, finally improving the pregnancy rate of COH rats. D, The embryo day; LIF, Leukemia inhibi-
tory factor; Int b3,Integrin b3; VEGF, Vascular endothelial growth factor; FGF-2, Fibroblast growth factor 2; PR, Progesterone receptor; ER, Estrogen
receptor; N, Normal group; M, Model group; A, Acupuncture group.
1 Introduction

Infertility affects up to 15% of couples worldwide (1), and more

and more infertile couples are choosing in vitro fertilization-embryo

transfer (IVF-ET) as the last resort for pregnancy. Controlled

ovarian hyperstimulation (COH) is one of the most commonly

used and important treatments for obtaining a large number of

high-quality oocytes during IVF-ET. However, there always exit

some bottlenecks in COH cycles, such as low implantation rate

(only 20%–30%), high miscarriage rate, and high incidence of

ovarian hyperstimulation syndrome (OHSS) (2).
Frontiers in Endocrinology 02
Studies have shown that the steps of embryo attachment and

implantation are strictly controlled by steroid hormones (3), and

the super-physiological levels of estrogen, progesterone, high

progesterone to estrogen ratio, unbalanced glycosylic conjugation,

or human chorionic gonadotropin (HCG) induced by COH may be

associated with endometrial dysplasia and unsynchronized

endometrial and embryonic development, leading to implantation

failure (4–6). In recent years, researchers have tried using drugs

such as aspirin, heparin, and sildenafil to improve the

microcirculation and trophoblast invasion during the peri-

implantation period, thereby helping to enhance endometrial
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receptivity, but their effectiveness and safety need to be further

studied (7–10).

Acupuncture has a long history in the treatment of infertility. In

recent years, it has been increasingly used in ART and an increasing

number of clinical studies have proved its effectiveness and safety in

improving the clinical pregnancy rate (11–14). Based on the

dynamic analysis of VEGF mRNA in the endometrium during

the peri-implantation period in previous studies and the close

relationship between endometrial angiogenesis and embryo

implantation (15), we proposed a hypothesis that “COH leads to

the advancement of the implantation window, the asynchrony of

which with endometrial development is a key factor leading to a

reduced pregnancy rate, and the mechanism of acupuncture

improving the pregnancy rate of COH rats may be via restoring

the advanced implantation window by improving the progesterone

to estrogen ratio.” To verify the abovementioned hypothesis, we

designed this study to further explore the curative effect of

acupuncture for improving the pregnancy rate of COH rats.
2 Materials and methods

2.1 Animals and grouping

170 SPF-grade adult female virgin Wistar rats (220–250 g) and

45 healthy male Wistar rats (approximately 300 g) were purchased

from the mouse Laibao Biotech Co., Ltd. and raised in the central

barrier system of the Experimental Animal Center of Tongji

Hospital, Tongji Medical College, Hua Zhong University of

Science and Technology. Experimental rats were raised in a

pathogen-free environment (20 ± 2 °C, 60 ± 5% humidity, 12 h:

12 h light/dark cycle), and were given free access to water and food

(2 rats/cage). The males and females were reared in separate cages.

This study was approved by the Animal Experiment Ethics

Committee of Tongji Medical College, Huazhong University of

Science and Technology, Wuhan, China (prove number:

TJH-202009008).

After one week of adaptive feeding, the vaginal smear method

was used to observe their estrus cycle every day. The 156 rats with

two consecutive regular estrus cycles were randomly divided into

nine groups: D4 normal group (D4N), D4 model group (D4M), and

D4 acupuncture group(D4A) (n = 12 each); D5 normal group

(D5N), D5 model group (D5M), and D5 acupuncture group (D5A)

(n = 12 each); and D6 normal group (D6N), D6 model group

(D6M), and D6 acupuncture group (D6A) (n = 28 each).
2.2 Reagents and main devices

Pregnant mare serum gonadotropin (PMSG) was purchased

from the Hangzhou Animal Medicine Factory, China. Human

chorionic gonadotrophin (HCG) was provided by Livzon

Pharmaceutical Factory, Zhuhai, China. Other materials included

anti-vascular endothelial growth factor (VEGF) (Santa Cruz, SC-
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7269), anti-fibroblast growth factor 2 (FGF-2) (Immunoway, Cat

NO.YT5549), anti-estrogen receptor a (Santa Cruz, SC-787); anti-

progesterone receptor A (Proteintech, Cat NO.25871-1-AP); anti-

LIF, (Gentex, Cat NO.GTX11940), ITG b-3(Abclonal, Cat

NO.A2542) and Evans Blue (Cat. number E8010). Main reagents

and devices included quantitative real-time PCR (qRT-PCR)

equipment (Applied Biosystems, USA), SYBR Green qPCR Kit

(Yesen, Cat NO.11201-11203), nucleic acid protein analyzer

(DU730, Beckman Coulter, USA), Mastercycler gradient PCR

apparatus (Eppendorf, Germany), Nikon microimaging system

(TE2000-U, Tokyo, Japan), Step-One Real-Time PCR (Applied

Biosystems, California, USA), scanning electron microscope

(HITACHI, SU8100, Japan), estrogen ELISA kits (No.501890,

Cayman, USA), progesterone ELISA kits (Cat: ELK7894, ELK

Biotechnology, China), and Odyssey infrared imaging system

(licor Biosciences, USA).
2.3 Modeling and intervention

Our previously reported method and related literature were

followed for modeling (15, 16); female rats in both model (M) and

acupuncture (A) groups were intraperitoneal injected with 20 IU

PMSG at 5 PM on the Day 2 of the estrus period, followed by an

injection of 20 IU HCG approximately 48 h later; subsequently, the

female rats were mated with male rats overnight in independent

cages. At the same time, the same volume of 0.9% saline was

injected into the rats in the Normal (N) group. At 8 a.m. on the day

after mating, a vaginal smear was taken and a large number of

sperms or vaginal plug on the vaginal smear was considered to

indicate successful mating and the day was marked Day 1 (D1).

Only female rats that mated successfully were included in the

follow-up study. The rats in the A groups were fixed in a

homemade cloth bag, and acupuncture was performed at the

three acupoints of Sanyinjiao (SP6), Taichong (LR3), and Zusanli

(ST36) on both sides using sterile acupuncture needles (201104,

Hanyi, 0.18 × 13 mm, Beijing Hanyi Medical Instruments Co., Ltd.,

China) for 25 min from the day of PMSG injection to Day 4 after

mating (D4). The rats in N and M groups were fixed in the same

cloth bags for 25 min from the day of PMSG injection to D4 without

acupuncture being performed.
2.4 Harvesting

At 5 PM on D4, 5, and 6, the rats were anesthetized via an

intraperitoneal injection of 1 ml 2% sodium pentobarbital. Rats in

each group were killed by an overdose of anesthesia directly after

obtaining blood from the abdominal aorta in the D4 and D5 groups.

After the rats were deeply anesthetized in the D6 group, the embryo

implantation point was stained by a tail vein injection of 1.5 ml

Evans Blue; blood was drawn and the rats were sacrificed after 10

min of dyeing; the number of implantation points was recorded in

detail to calculate the pregnancy rate (number of pregnant rats/
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number of successfully caged rats) and number of implanted

embryos (total number of implanted embryos/total number of

pregnant rats). The blood samples were centrifuged (3000 rpm ×

15 min) and the supernatant was collected and stored in a

refrigerator at −80°C for the detection of steroid hormone levels.

The uterine tissues of each group were carefully separated and

preserved; a small section was put into the electron microscope

fixation solution for subsequent electron microscope experiments;

another small section was fixed and embedded in 4%

paraformaldehyde for histochemical evaluation; the rest was

freezed to −80°C in a refrigerator for subsequent experiments.
2.5 Scanning electron microscopy

Fresh endometrial surface tissues (approximately 1 mm3 in size)

were quickly put into the electron microscope fixation solution, and

fixed at 4°C for 2–4 h. After fixation, dehydration, infiltration,

embedding, slicing, and staining, endometrial pinopodes was

observed and an image was captured under a scanning electron

microscope (HITACHI, SU8100, Japan).
2.6 Enzyme-linked immunosorbent assay

Levels of serum estrogen and progesterone were analyzed by

ELISA. The sensitivity of the estrogen ELISA kits (No.501890,

Cayman, USA) was approximately 20 pg/ml, and the assay has a

range of approximately 0.61–10000 pg/ml. The sensitivity of

progesterone ELISA kits (Cat: ELK7894, ELK Biotechnology,

China) was approximately 0.55 ng/ml, and the assay has a range

of 1.57–100 ng/ml. The ELISA steps were carried out in strict

accordance with the instructions mentioned in the kits.
2.7 Immunohistochemical assay

Paraffin sections were dewaxed in xylene, placed in gradient

concentrations of ethanol to recover the antigen, and then blocked

with goat serum at room temperature for 20 min. Subsequently, the

sections were incubated with a primary antibody (anti-estrogen

receptor a, Santa Cruz Biotechnology, 1:50; anti-progesterone

receptor A, Proteintech, 1:300; anti-VEGF, Santa Cruz, 1:50; anti-

FGF-2, Immunoway, 1:100; anti-LIF, Gentex, 1:200; ITG b-3,
Abclonal, 1:150) at 4°C overnight, rinsed with phosphate-buffered

saline with Tween (PBST) five times for 5 min, and incubated with

secondary antibodies (anti-estrogen receptor a, Santa Cruz

Biotechnology, 1:50; anti-progesterone receptor A, Proteintech,

1:300; anti-VEGF, Proteintech, 1:50; anti-FGF-2, Bioswamp,

1:100; anti-LIF, Gentex, 1:200; ITG b-3, Absin, 1:150) at room

temperature for 1 h. After washing with PBST five times for 5 min,

the sections were developed using 3,3’-diaminobenzidine and

stabilized using hematoxylin for approximately 3 min. Finally, the

sections were dehydrated, made transparent, and sealed. The

images were scanned using a nanozoomer slide scanner

(Hamamastu, Japan) and observed using the NDP view2 system.
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2.8 Western blot analysis

Endometrial tissues were homogenized and lysed in tissue

protein extraction reagent, supplemented with a protease

inhibitor cocktail, placed on ice for 30 min, and centrifuged at

4°C (12,000 rpm for 10 min). After the protein concentration was

determined, the samples were subjected to sodium dodecyl sulfate

polyacrylamide gel electrophoresis (SDS PAGE) and transferred to

a PVDFmembrane. The membranes were sealed with 5% skimmilk

at room temperature for 0.5 h, and then incubated with a primary

antibody at 4 °C for 24–48 h. Antibodies include anti-estrogen

receptor a (Santa Cruz Biotechnology, USA, 1:50); anti-

progesterone receptor A (Proteintech, China, 1:200; anti-VEGF,

Santa Cruz, China, 1:200); anti-FGF-2 (Immunoway, China, 1:500);

anti-LIF (Gentex, China, 1:300); ITGb3 (Abclonal, China, 1:500);

and anti-b-actin (Proteintech, China, 1:1500). PVDF membranes

were incubated with fluorescent secondary antibodies (CST, USA)

on a shaking table at room temperature for 1 h. Finally, the bands

were scanned using Odyssey infrared imaging system (licor

Biosciences, USA).
2.9 Real-time PCR

Total RNA was extracted from the endometrial tissue using

Trizol reagent (Takara, Japan), according to the manufacturer’s

instructions. After the RNA concentration was determined, the

cDNA was synthesized with a reverse transcription reagent (Yesen,

China). Quantitative real-time PCR (qRT-PCR) (Applied

Biosystems, USA) was performed using SYBR Green qPCR Kit

(Yesen, China). The 2−DDCT method was used for data analysis. The

sequence is in the Table 1.
2.10 Statistical analysis

IBM SPSS 20.0 was used for statistical analysis. Continuous data

for normal distribution are expressed as means ± SD and categorical

data are expressed as percentages (%). Differences were compared

using one-way analysis of variance. If the variance was uniform, the

LSD test was used, whereas if it was uneven, Dunnett’s T3 test was

used. P value < 0.05 was considered to be statistically significant.
3 Results

3.1 Comparison between the mating rate
and pregnancy rate of rats in each group

A large number of spermatozoa or vaginal suppositories on

vaginal smears were regarded to indicate successful mating. In

addition, only rats in the D6 group were included for calculating

the pregnancy rate. In all, 42 rats were injected with Evans blue

through the tail vein on Day 6 to determine whether they were
frontiersin.org
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pregnant (Table 2). Compared with the N group, the M group

showed a significantly lower pregnancy rate (P < 0.01). Further,

compared with the M group, the A group showed a significantly

higher pregnancy rate (P < 0.05). But the specific number of
Frontiers in Endocrinology 05
pregnant embryos in each rat could not be accurately counted.

Accordingly, the number of embryos was not calculated. According

to Evans blue staining, the M group had more embryos than the N

group (Figure 1).
TABLE 2 Mating rate of rats in each group and pregnancy rate of D6 rats.

Group Mating Rate (%) Pregnancy Rate on D6 (%)

N 100 (52/52) 100 (14/14)

M 90.38 (47/52) 42.86 (6/14)**

A 94.23 (49/52) 64.29 (9/14)#
The value is expressed as mean ± SD. *or** represents that there is significant difference between M and N groups (P<0.05 or P<0.01), #or ## represents that there is significant difference between
A and M groups (P<0.05 or P<0.01), D6: The embryo day 6; N: Normal group; M: Model group; A: Acupuncture group.
TABLE 1 Primer information of the LIF, ITGb3, VEGF, FGF-2, ERa and PRa mRNA sequences.

Name Primer Information Base sequence annealing temperature GC% Length

LIF R-lif-S GGGATTGTGCCCCTACTGCTC 62.8 61.9 152

R-lif-A CCGTTGAGTTGAGCCAGTTGAC 61.94 54.55

ITGB3 R-itgB3(2)-S ACCGTTTCTGCCGAGATGAC 60.39 55 322

R-itgB3(2)-A CATTTGGCTCTGGCTCGTTC 59.55 55

VEGF R-VEGF(1)-S GCACTGGACCCTGGCTTTACT 62.34 57.14 102

R-VEGF(1)-A AACTTCACCACTTCATGGGCTTT 60.95 43.48

FGF R-FGF2-S GAGAAGAGCGACCCACACGT 59.7 60 232

R-FGF2-A CAGTTCGTTTCAGTGCCACATAC 59.9 47.8

ERa R-ERa(1)-S GTTTGCTCCTAACTTGCTCTTGG 60.06 47.83 191

R-ERa(1)-A TCAAGGTGCTGGATAGAAATGTG 58.74 43.48

PRa R-PRa-S TAGTCAAATGGTCTAAGTCTCTGCC 60.11 44 215

R-PRa-A GGTAAGGCACAGCGAGTAGAATG 61.29 52.17

GAPDH R-GAPDH-S CTGGAGAAACCTGCCAAGTATG 58.99 50 138

R-GAPDH-A GGTGGAAGAATGGGAGTTGCT 60.27 52.38
fron
LIF, Leukemia inhibitory factor; ITGb3, Integrin b3; VEGF, Vascular endothelial growth factor; FGF-2, Fibroblast growth factor 2; ERa, Estrogen receptora; PRa, Progesterone receptora.
FIGURE 1

Uterus of embryo implantation in each group on D6. D, The embryo day; D6N, D6 normal group; D6M, D6 model group; D6A, D6 acupuncture group.
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3.2 Comparison of pinopodes in rat
endometrium

The ultrastructural results of endometrium on D4, D5, and D6

were observed under a scanning electron microscope (3000×). There

was no pinopode or swollen microvilli on the surface of endometrium

in the D4N group, a large number of pinopodes in the D4M group, and

obvious pinopodes in the D4A group, but the number of pinopodes in

the D4A group was less than that in the D4M group. There were a large

number of mature pinopodes on the endometrial surface the rats in the

D5N group, a small number of atrophic pinopodes in the D5M group,

and a small number of mature or atrophic satiety pinopodes in the

D5A group, and the number of pinopodes observed in the D5M group

was less than that observed in the in D5A group. There were no

pinopodes in the D6N, M, and A groups (Figure 2).
3.3 Comparison of protein and gene
expressions of LIF, integrin b3, VEGF, and
FGF-2 in the endometrium

Immunohistochemistry (IHC) results showed that LIF, integrin

b3, VEGF, and FGF-2 proteins were mostly expressed in the

luminal and glandular epithelia, stroma, and myometrium of the

endometrium. The expression of endometrial LIF, integrin b3,
VEGF, and FGF-2 protein by IHC (Figures 3–6) were consistent

with the WB (Figure 7).
Frontiers in Endocrinology 06
On D4, the expressions of LIF, integrin b3, VEGF, and FGF-2

protein in the endometrium of rats in the D4M group were

significantly increased compared with those in the endometrium of

rats in the D4N group (P < 0.05, P < 0.01), whereas the expressions in

the D4A group were significantly decreased compared with those in

the D4M group (P < 0.05, P < 0.01). On D5 and D6, the expressions

of LIF, integrin b3, VEGF, and FGF-2 protein in the endometrium of

rats in the M group were significantly decreased compared with those

in the endometrium of rats in the N group (P < 0.05, P < 0.01),

whereas the expressions in the A group were significantly increased

compared with those in the M group(P < 0.05, P < 0.01) (Figure 7).

PCR results showed that the mRNA expression of LIF and FGF in

the D4M group was significantly higher than that in the D4N group

(P < 0.05), and acupuncture could alleviate this change, but there was

no significant difference between D4A and D4M groups (P > 0.05). In

addition, there was no difference in the mRNA expression of integrin

b3 and VEGF among D4N, D4M, and D4A groups (P > 0.05). On

D5, the mRNA expression of integrin b3 and VEGF in the D5M

group was significantly lower than that in the D5N group (P < 0.01),

but acupuncture could significantly reverse this change (P < 0.05). At

the same time, there was no significant difference of the mRNA

expression of LIF and FGF among D5N, D5M, and D5A groups (P >

0.05). On D6, the mRNA expression of LIF, integrin b3, VEGF and

FGF-2 in the D6M group was significantly decreased compared with

that in the D6N group (P < 0.05 or P < 0.01), while acupuncture could

increase the mRNA expression of LIF compared with that in the
FIGURE 2

The expression of pinocytosis in endometrium of each group under scanning electron microscope (3000*). D, The embryo day; D4 N, D4 normal
group; D4 M, D4 model group; D4 A, D4 acupuncture group; D5 N, D5 normal group; D5 M, D5 model group; D5 A, D5 acupuncture group; D6 N,
D6 normal group; D6 M, D6 model group; D6 A, D6 acupuncture group.
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D6M group (P < 0.05). As for the mRNA expression of integrin b3,
VEGF and FGF-2, although acupuncture could increase their

expression, but no significant difference was observed between the

D6A and D6M groups (P > 0.05) (Figure 8).
3.4 Comparison of serum estrogen and
progesterone levels and endometrial
estrogen and progesterone receptor
protein and gene levels

There was no significant difference in D4, D5 and D6 estrogen

levels among N, M, and A groups. Compared with the N group, the
Frontiers in Endocrinology 07
M group showed significantly higher levels of progesterone on D4,

D5, and D6 (P < 0.05, P < 0.01). There were no significant

differences in progesterone levels between the M and A groups on

D4 and D5 (P > 0.05), whereas the levels were significantly lower on

D6 in the A group compared with M group (P < 0.05)

(Table 3, Figure 9).

IHC results showed that progesterone receptor (PR) and

estrogen receptor a (ERa) mainly expressed in glandular

epithelium and luminal epithelium of the endometrium, and a

small amount was expressed in stromal cells. The epression of

endometrial PR and Era proteins by IHC (Figures 10, 11) were

consistent with the WB (Figure 12).
D

A

B

C

FIGURE 4

The expression of endometrial integrin b3 protein: (A) D4; (B) D5; (C) D6; and (D) comparison of integrin b3 protein by mean gray value (n=3). *or**
represents that there is significant difference between M and N groups (P < 0.05 or P < 0.01), #or ## represents that there is significant difference
between A and M groups (P < 0.05 or P < 0.01). Original magnification *200. IHC, Immunohistochemistry; D, The embryo day; D4 N, D4 normal
group; D4 M, D4 model group; D4 A, D4 acupuncture group; D5 N, D5 normal group; D5 M, D5 model group; D5 A, D5 acupuncture group; D6 N,
D6 normal group; D6 M, D6 model group; D6 A, D6 acupuncture group; N, Normal group; M, Model group; A, Acupuncture group.
D

A

B

C

FIGURE 3

The expression of endometrial LIF protein: (A) D4; (B) D5; (C) D6; and (D) comparison of LIF protein by mean gray value (n=3). *or** represents that
there is significant difference between M and N groups (P < 0.05 or P < 0.01), #or ## represents that there is significant difference between A and M
groups (P < 0.05 or P < 0.01). Original magnification *200. LIF, Leukemia inhibitory factor; IHC, Immunohistochemistry; D, The embryo day; D4 N,
D4 normal group; D4 M, D4 model group; D4 A, D4 acupuncture group; D5 N, D5 normal group; D5 M, D5 model group; D5 A, D5 acupuncture
group; D6 N, D6 normal group; D6 M, D6 model group; D6 A, D6 acupuncture group; N, Normal group; M, Model group; A, Acupuncture group.
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PR protein levels in the D4M, D5M, and D6M groups were

significantly lower than those in the corresponding N groups (P <

0.01). The PR protein levels in D5A and D6A groups were

significantly higher than those in the corresponding M groups (P

< 0.01). With regard to ERa, there was no significant difference

between the M and N Group on D4 (P > 0.05). Compared with the

D5N group, the D5M group showed significantly lower ERa
protein levels (P < 0.01), whereas the D5A group showed

significantly higher levels compared with the D5M group (P <

0.01). The expression trend for D6 ERa protein level was consistent

with that observed for D5 (Figure 12).
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PCR results showed that the mRNA level of ERa on the

endometrium in the D4M group was increased compared with

that in the D4N group (P < 0.05), whereas no significant difference

was observed between D4A and D4M (P > 0.05). The expression

trend for ERa protein levels in the D5M group was decreased

compared with that in the D5N group (P < 0.05). There was no

significant difference among the three D6 groups. The mRNA level

of PR on the endometrium in D6M groups was decreased compared

with that in the D6N group (P < 0.01); however, no significant

difference was observed among other groups (P > 0.05)

(Supplementary Image 1).
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FIGURE 5

The expression of endometrial VEGF protein: (A) D4; (B) D5; (C) D6; and (D) comparison of VEGF protein by mean gray value (n=3). *or** represents
that there is significant difference between M and N groups (P < 0.05 or P < 0.01), #or ## represents that there is significant difference between A
and M groups (P < 0.05 or P < 0.01). Original magnification *200. VEGF, Vascular endothelial growth factor; IHC, Immunohistochemistry; D, The
embryo day; D4 N, D4 normal group; D4 M, D4 model group; D4 A, D4 acupuncture group; D5 N, D5 normal group; D5 M, D5 model group;
D5 A, D5 acupuncture group; D6 N, D6 normal group; D6 M, D6 model group; D6 A, D6 acupuncture group; N, Normal group; M, Model group;
A, Acupuncture group.
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FIGURE 6

The expression of endometrial FGF-2 protein: (A) D4; (B) D5; (C) D6; and (D) comparison of VEGF protein by mean gray value (n=3). *or**
represents that there is significant difference between M and N groups (P < 0.05 or P < 0.01), #or ## represents that there is significant difference
between A and M groups (P < 0.05 or P < 0.01). Original magnification *200. FGF-2, Fibroblast growth factor 2; IHC, Immunohistochemistry; D, The
embryo day; D4 N, D4 normal group; D4 M, D4 model group; D4 A, D4 acupuncture group; D5 N, D5 normal group; D5 M, D5 model group; D5
A, D5 acupuncture group; D6 N, D6 normal group; D6 M, D6 model group; D6 A, D6 acupuncture group; N, Normal group; M, Model group;
A, Acupuncture group.
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FIGURE 7

The expression of LIF (A), integrin b3 protein (B), VEGF (C), and FGF-2 (D) protein in the endometrium by West-bolt. *or** represents that there is
significant difference between M and N groups (P < 0.05 or P < 0.01), #or ## represents that there is significant difference between A and M groups
(P < 0.05 or P < 0.01). LIF, Leukemia inhibitory factor; VEGF, Vascular endothelial growth factor; FGF-2, Fibroblast growth factor 2; D, The embryo
day; N, Normal group; M, Model group; A, Acupuncture group.
TABLE 3 The expression of serum progesterone and estrogen levels.

Group D4 D5 D6

Progesterone N 34.99 ± 2.52 (n=8) 40.60± 3.55 (n=8) 48.35 ±3.19 (n=8)

M 62.71± 6.72 (n=8)* 91.54 ± 9.48 (n=8) ** 86.17± 8.70(n=8) **

A 46.89 ±13.23 (n=8) 64.94± 3.43 (n=8) 55.05 ± 4.75 (n=8) #

Estrogen N 67.84 ± 1.59 (n=8) 65.22 ± 1.75 (n=8) 60.80 ± 1.06(n=8)

M 67.22 ± 2.66 (n=8) 61.22± 1.46 (n=8) 62.26 ± 1.28 (n=8)

A 66.92 ± 2.37 (n=8) 60.94± 1.40 (n=8) 56.81 ± 2.21 (n=8)
F
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The value is expressed as mean ± SD;*or** represents that there is significant difference between M and N groups (P < 0.05 or P < 0.01), #or ## represents that there is significant difference
between A and M groups (P < 0.05 or P < 0.01), D4, The embryo day 4; D5, The embryo day 5; D6, The embryo day 6; N, Normal group; M, Model group; A, Acupuncture group.
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FIGURE 8

The expression of LIF (A), integrin b3 protein (B), VEGF (C), and FGF-2 (D) mRNA levels in the endometrium (n=5). *or** represents that there is
significant difference between M and N groups (P < 0.05 or P < 0.01), #or ## represents that there is significant difference between A and M groups
(P < 0.05 or P < 0.01). LIF, Leukemia inhibitory factor; VEGF, Vascular endothelial growth factor; FGF-2, Fibroblast growth factor 2;
mRNA, Messenger RNA; D, The embryo day; N, Normal group; M, Model group; A, Acupuncture group.
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4 Discussion

The results of pregnancy in this experiment are consistent with

our previous findings (15). The overall pregnancy rate of COH rats

is significantly reduced but the number of implanted embryos in

pregnant rats is higher than normal rats, and acupuncture can

increase the pregnancy rate and decrease the number of implanted

embryos. Consistent with many previous studies, we speculated that

the main reason for the decline in pregnancy rate after COHmay be

the decrease in the endometrial receptivity (17, 18). Our research

results also confirm this viewpoint. However, interestingly, based on

our research results, we believe that the damage caused by COH

may be not only the ability of endometrium to withstand embryo

implantation, which is generally considered and concerned by most

researchers, but also the advance of embryo implantation window.

The endometrial receptivity and the quality of embryos are the

key factors responsible for a successful pregnancy. The recent view

is that endometrial receptivity is a complex process that provides

the embryo with the opportunity to attach, invade, and develop,
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culminating in a new individual and continuation of the species

(19). There are many factors affecting endometrial receptivity, and

the opening of the implantation window is generally considered to

be an important part of the complex process of endometrial

receptivity (19). The implantation window refers to a period of

close interaction between high-quality blastocysts required for

embryo implantation and the endometrium that can accept

embryo implantation and this time is usually very short (20). At

present, the commonly used indicators for evaluating endometrial

receptivity include ultrasound indicators (such as endometrial

thickness, type, and subendometrial blood flow), cellular level

indicators, and molecular level indicators (such as levels of

integrated hormones, LIF, estrogen and progesterone) (15, 19–

22). This study is to verify our hypothesis and the therapeutic

mechanism of acupuncture through the dynamic detection of these

cellular level indicators and molecular level indicators during the

peri-implantation period.

The opening of the implantation window in normal rats occurs

generally on about D5 after successful mating (23). Although
A B

FIGURE 9

The expression of serum progesterone (A) and estrogen (B) levels (n=7). *or** represents that there is significant difference between M and N groups
(P < 0.05 or P < 0.01), #or ## represents that there is significant difference between A and M groups (P < 0.05 or P < 0.01). D, The embryo day;
N, Normal group; M, Model group; A, Acupuncture group.
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FIGURE 10

The expression of endometrial PR protein: (A) D4; (B) D5; (C) D6; and (D) comparison of PR protein by mean gray value (n=3). *or** represents that
there is significant difference between M and N groups (P < 0.05 or P < 0.01), #or ## represents that there is significant difference between A and M
groups (P < 0.05 or P < 0.01). Original magnification *200. PR: Progesterone receptor; IHC, Immunohistochemistry; D, The embryo day; D4 N, D4
normal group; D4 M, D4 model group; D4 A, D4 acupuncture group; D5 N, D5 normal group; D5 M, D5 model group; D5 A, D5 acupuncture group;
D6 N, D6 normal group; D6 M, D6 model group; D6 A, D6 acupuncture group; N, Normal group; M, Model group; A, Acupuncture group.
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pinopodes are rather disputed during the recent years, its number

and shape are still closely associated with the endometrial

receptivity and implantation window (24–26). In our experiment,

it was observed that the normal rats showed no pinopodes in the

endometrium on D4, there were a large number of mature

pinopodes on D5, and the pinopodes was atrophied on D6.

However, COH rats had a large number of mature pinopodes on
Frontiers in Endocrinology 11
D4, but they began to atrophy and subside on D5. In contrast,

acupuncture could significantly pull back the forward movement of

pinopodes, indicating that COHmay lead to the forward movement

of the implantation window, and acupuncture could restore the

early implantation window.

Integrin b3 is an important molecule in the process of an

embryo’s initial attachment and cell adhesion, which can guide the
D
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C

FIGURE 11

The expression of endometrial ER protein: (A) D4; (B) D5; (C) D6; and (D) comparison of ER protein by mean gray value (n=3). *or** represents that
there is significant difference between M and N groups (P < 0.05 or P < 0.01), #or ## represents that there is significant difference between A and M
groups (P < 0.05 or P < 0.01). Original magnification *200. ER, Estrogen receptor; IHC, Immunohistochemistry; D, The embryo day; D4 N, D4 normal
group; D4 M, D4 model group; D4 A, D4 acupuncture group; D5 N, D5 normal group; D5 M, D5 model group; D5 A, D5 acupuncture group; D6 N,
D6 normal group; D6 M, D6 model group; D6 A, D6 acupuncture group; N, Normal group; M, Model group; A, Acupuncture group.
A B

FIGURE 12

The expression of PR (A) and ER (B) protein in the endometrium by West-bolt. *or** represents that there is significant difference between M and N
groups (P < 0.05 or P < 0.01), #or ## represents that there is significant difference between A and M groups (P < 0.05 or P < 0.01). PR, Progesterone
receptor; ER, Estrogen receptor; D, The embryo day; N, Normal group; M, Model group; A, Acupuncture group.
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adhesion of trophoblasts and subsequent implantation (21). In

addition, integrin b3 is closely associated with the time order of

endometrial receptivity and synchronized with the opening of the

implantation window (27). Outcomes in IVF were poor in women

that were in phase histologically but lacked the integrin b3 (19, 28).
LIF is the first and most durable endometrial protein recognized as

essential for implantation (29, 30). As a cytokine of the IL-6 family,

LIF utilizes a receptor that consists of the LIF receptor b and gp130,

and initiates the signal transduction cascades that phosphorylates

STAT3 through Janus kinases (JAK) and signal transducer and

activation of transcription protein (STAT) pathway in the uterus,

and plays a very important role in implantation (21, 30–32). LIF is

expressed on the endometrium throughout the menstrual cycle and

increases significantly from mid-secretory to late-secretory which is

a finite period defined as the implantation window (30, 33, 34). It

has been reported that blastocysts in LIF-knockout mice cannot

implant successfully (35). Studies have proved that acupuncture can

increase Integrin b3 and LIF expression to improves pregnancy

outcomes in rats with thin endometrium (25), in PCOS rats (26),

and in rats of implantation failure (36). We further continuously

and dynamically observed these indicators at three time points:

before, during, and after implantation (D4, D5, and D6) to explore

the dynamic changes of implantation window and the mechanism

of acupuncture. Our results show that the levels of LIF and integrin

b3 were first increase and then decrease in the normal group,

reaching its peak level on D5. But in the model group, they were

significantly higher than those in the normal group on D4, but

decreased sharply on D5 and D6 days, reaching its peak level on D4.

Acupuncture could restore the trend of early expression caused by

COH to a certain extent. Our results is consistent with Fang’s which

showed that electroacupuncture improves endometrial receptivity

through increasing LIF expression in COH rats (37). Although the

results of LIF and integrin b3 at the gene level were not completely

consistent those at the protein level, we got the same results at the

protein level with regard to the expression of LIF mRNA on D4 and

integrin b3 mRNA on D5 and D6. However, there was no statistical

difference in the other comparison. The unknown cascade effect in

gene-protein expression may be the reason.

During embryo implantation, angiogenesis is a key factor that

determines the endometrial receptivity and the opening of the

implantation window. Therefore, angiogenesis markers such as

VEGF and FGF are also considered to be closely related to the

opening of the uterine implantation window and are used as one of

the potential molecular markers (38). Xing et al. showed that

acupuncture increased VEGF gene/protein expression in the

endometrium of PCOS rat to improve endometrial receptivity

(26). Our results show that the continuous dynamic expression of

VEGF and FGF-2 protein were basically consistent with integrin b3
and LIF. The gene and protein level trends of FGF-2 and VEGF

were consistent on D4 and D6, which is also consistent with our

previous experiments (15). However, on D5, only VEGF mRNA

expression was consistent with the protein expression, and there

was no statistical difference in FGF-2 mRNA expression in each

group. The reason for this may also be related to the unknown

cascade effect in the process of gene-to-protein expression.
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In a nutshell, the above mentioned continuous dynamic

experimental observation results from the cellular level to the

molecular level systematically confirm the first half of our

hypothesis. The decrease in LIF, integrin b3, FGF, and VEGF

indices of COH rats on D5 and D6 may be an artifact caused by

withdrawal after the peak on D4. In addition, although the

pregnancy rate of COH rats decreased on D6, there were still

more implantation sites than the normal group, which also may

suggest that the ability of the endometrium to accommodate

embryo implantation after COH may not be much impaired. The

advanced implantation window caused by COH may be an

important factor associate with the reduction in pregnancy rate in

COH rats, and the effective role of acupuncture may be to restore

the implantation window to normal and improve the local

angiogenesis of the endometrium during the peri-implantation

period, thereby improving the endometrial receptivity and finally

improving pregnancy outcomes. In addition, to explain the further

mechanism of acupuncture, we tested serum estrogen and

progesterone levels and endometrium ER and PR.

Estrogen and progesterone are upstream targets of many links

in the implantation mechanism, which can activate multiple

downstream links to guide the structural and functional

remodeling in the process of implantation (17). The peak of

estrogen can initiate embryo implantation, and progesterone

could down-regulate ER and PR receptors in the endometrium

(39) and maintain stromal decidualization of the endometrium

(40). Down-regulation of ER were proved to be implicated in

abnormal expression of other endometrial biomarkers, such as

Integrin b3 (19). Hence, the endometrial receptivity is closely

associated with the level of peripheral blood steroid hormones

levels and ER and PR (41). Therefore, some scholars have

proposed that the body produces too much progesterone after

COH, resulting in the imbalance of the progesterone to estrogen

ratio, which further leads to the unsynchronized opening of the

implantation window and endometrial development, leading to

implantation failure (4, 5). Our results showed that although

there was no significant difference in the serum estrogen levels in

rats in each group, the progesterone level in the model group rats

increased significantly during the three-day peri-implantation

period, and acupuncture reduced the progesterone levels. The

changing trend of estrogen and progesterone levels in our COH

rats is consistent with the results in the COHmouse model reported

by Song et al. (42). On D5 and D6, the expression of ERa and PR

protein and gene levels in the model group significantly decreased;

however, acupuncture could increase the expressions of ERa and

PR. We speculate that the super-physiological dose of progesterone

disrupts the balance of estrogen and progesterone, and at the same

time, affects the expressions of ERa and PR, which in turn leads to

the advancement of the embryo implantation window and

unsynchronized development of the endometrium. Acupuncture

may play a certain role in improving all of the above links.

However, our research also has certain limitations. At present,

acupuncture is generally regarded as a mechanism that exerts

benefits through multi-target and multi-step overall regulation.

Our research shows that acupuncture could reduce the
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progesterone to estrogen ratio, and make the implantation window

return to normal. However, our results may still be a phenomenon

in which acupuncture takes effect. The specific efficacy mechanisms

of acupuncture may involve many complexities including

angiogenesis, immune tolerance regulation, and endocrine

regulation, among others. The specific mechanisms of

acupuncture for improving the pregnancy rate in IVF-ET need to

be confirmed by future research.
5 Conclusions

In this study, we continuously and dynamically observed

markers related to endometrial receptivity at three time points:

before, during, and after implantation (D4, D5, and D6), and found

that the embryo implantation window moves forward after COH

and asynchrony with the development of the endometrium may be

important factors associated with a reduced pregnancy rate in COH

rats. The effective targets of acupuncture could not only improve the

local angiogenesis of the endometrium, progesterone to estrogen

ratio, and the levels of ERa and PR, improving the ability of the

endometrium to withstand embryo implantation, but also make the

implantation window tend to return to normal.
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