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Abstract
Background: Periostin is a secretory extracellular protein that has multiple biological roles. It has been
con�rmed to play a signi�cant role in embryo implantation and development,placental formation. In our
study, we aimed to explore whether the levels of serum periostin on the day of frozen-thawed embryo
transfer (FET) affected pregnancy outcomes.

Methods: This was a retrospective cohort study consisting of 286 frozen-thawed embryo transfer
cycles(FETs). According to pregnancy outcomes, the participants were devided into the pregnant group
(n=110) and non-pregnant group (n=176). The concentration of serum periostin was determined by
enzyme-linked immunosorbent assay (ELISA).

Results: In the pregnant group, the level of serum periostin was dramatically higher compared with the
non-pregnant group (41.25 ± 25.77 vs. 30.94 ± 18.28 ng/mL; P<0.05). Multivariate logistic regression
analysis demonstrated that the level of serum periostin had a signi�cant effect on the clinical pregnancy
(OR=1.03, 95% CI: 1.01, 1.04). The receiver operator characteristic (ROC) curve analysis was performed to
assess the predictive value of the serum periostin level (AUC 0.61; 95% CI:0.52 ,0.68).

Conclusions: In conclusion, the levels of periostin serum on the day of frozen-thawed embryo transfer
affected the pregnancy outcomes for patients who underwent frozen thawed embryo transfer.

Plain Language Summary
Frozen-thawed embryo transfer (FET) has become an integral part of in-vitro fertilisation (IVF) treatment.
Implantation is a vital step for successful pregnancy, and good endometrial receptivity is the determinant
of achieving embryo implantation. Previous research has shown that periostin may be a new serum
biomarker of endometrial receptivity and embryo-endometrial cross talk at implantation. The aim of this
study was to investigate whether the levels of serum periostin on the day of frozen-thawed embryo
transfer (FET) affected pregnancy outcomes. Results provided that serum periostin had higher correlation
with clinical pregnancy. The levels of periostin also had certain predictive value for clinical pregnancy.

Introduction
In recent years, with the signi�cant development of embryo culture conditions and cryopreservation
technology, frozen-thawed embryo transfer (FET) has increasingly become a safer and effective
approach in assisted reproductive technology (ART) [1]. FET can reduce the risk of multiple pregnancy by
transfer a good-quality single embryo and the embryo and endomentrium are more synchronized
compared with fresh embryo transfer. Meanwhile, cryopreservation of embryos is an option for reducing
the risk of moderate and severe ovarian hyperstimulation syndrome (OHSS)[2].

However, the low pregnancy rate is a major challenge for in vitro fertilization and embryo transfer (IVF-
ET). As we all know, endometrial receptivity is a crucial factor in the successful outcome in ART cycles [3].
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Through the analysis of endometrial receptivity, we can effectively increase the implantation rate and
pregnancy rate[4]. Therefore, it is very important to accurately determine the best condition of the
endometrium receptivity. Many endometrial markers, including the presence of pinopods,
immunohistochemical biomarkers, endometrial waves, and blood �ow, have been adopted to assess
uterine receptivity[5–8]. However, relevant studies focusing on endometrial receptivity are still limited, and
more studies are needed to accurately assess it.

Periostin is a secretory extracellular protein, and it is expressed in a wide variety of normal tissues and
organs of the body, such as periodontal ligament, placenta, bone, heart, stomach, ovary, and breast [9–
11]. It also plays a crucial role in embryonic development[12]. Periostin is overexpressed in most common
tumors, including breast cancer, hepatocellular carcinoma and colon cancer, and it exerts an essential
part in the pathogenesis of tumors, especially in the metastasis of tumors [13, 14]. Recent studies
con�rmed that many similarities exist between embryo implantation and the metastasis of cancer
cells[15]. Based on periostin play key roles in the process of metastasis, it may in�uence the key step in
the implantation process. Some surveys revealed that ανβ3 and ανβ5 have an important role in the
embryo-endometrial interaction at the time of implantation[16]. Periostin is a ligand for ανβ3 and ανβ5

integrins, which are proteins contributing to implantation and promoting cell adhesion and motility[17,
18]. Additionally, periostin is expressed in endometrial stromal and epithelial cells, and its expression is
modulated by steroid hormones. The expression of periostin is increased in the metaphase of
proliferation and the early stage of secretion during the menstrual cycle[19, 20]. A previous study has
pointed out that periostin may be a new serum biomarker of endometrial receptivity and embryo-
endometrial cross talk at implantation [21]. Recently, study showed that low levels of serum periostin are
an indicator of poor implantation, which may cause pregnancy loss in the early stages[22, 23]. However,
no study has revealed whether the levels of serum periostin on the day of FET affect the pregnancy
outcomes. Therefore, we aimed to explore the effects of serum periostin levels on the day of FET on the
pregnancy outcomes.

Materials And Methods

Subjects 
A total of 286 FETs patients from December 1st, 2020 to June 30th, 2021 at the Center for Reproductive
Medicine, A�liated Hospital of Jining Medical University (Shandong province, China) were included in the
present work. The experimental protocols were authorized by the ethics committee of A�liated Hospital
of Jining Medical University and written informed consent was obtained from all participants. Study data,
including age and body mass index (BMI), etc., were collected from the clinical database. Patients with
embryo cryopreservation prior to IVF/ICSI cycle were included in the present study. Patients with possible
confounding comorbidities (autoimmune diseases, diabetes mellitus or the intake of confounding
medication, uterine malformations, and leiomyomas, adenomyoma, endometrial polyps, intrauterine
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adhesions, endometrial tuberculosis history) or those with a history of recurrent abortion or implantation
failure were excluded from the study.

Endometrial Preparation Protocols 
The participants were assigned into different groups of endometrial preparation based on the clinician’s
experience and patient’s characteristics. Four protocols were available for endometrial preparation as
follows: 1) the natural cycle, 2) the ovulation induction cycle, 3) the hormone replacement treatment
(HRT) cycle and 4) the HRT with gonadotropin-releasing hormone agonist (GnRHa) pretreatment (HRT + 
GnRHa).

The natural cycle was the �rst choice for patients with regular menstrual cycles, in which ultrasound
monitoring was initiated on cycle days 10-12 to assess the dominant follicle and the endometrium. When
the follicle became mature, human chorionic gonadotropin (HCG, Merck Serono, China) was administered
to trigger ovulation. The timing of embryo transfer was determined based on the stage of embryonic
development on the day of embryo freezing.

In the ovulation induction cycle, participants were administered with human menopausal gonadotropin
(HMG, Livzon Pharmaceutical, China) at a dose of 75 IU/day from day 3 to day 5 of the menstrual cycle.
The dose of HMG was adjusted according to the follicular development monitored by ultrasound and
serum sex steroid measurements. Besides, once the dominant follicle reached 18 mm or more in diameter,
HCG at a dose of 8,000-10,000 IU was adopted to trigger ovulation.

For the HRT cycle, the participants were orally administered with estradiol valerate tablets (Progynova,
Bayer, Germany) at a dose of 3–12 mg/day from the 2nd to 5th day of the cycle, and such regimen lasted
for at least 7 days. The starting dose was determined according to the patient's previous endometrium.
When the endometrial thickness was≥7 mm, progesterone at a dose of 40 mg/day was given to
transform the endometrium. As for HRT + GnRHa cycles, GnRH agonist was initiated on day 1 of the
menstrual cycle. Moreover, on day 1 of the next menstrual cycle, estrogen stimulation was started as HRT
cycles without GnRH agonist.

According to the patient’s age and previous IVF cycles on the 4th (cleavage-stage embryo) or 6th day
(blastocyst) after ovulation or progesterone injection, one or two thawed embryos were transferred using
a soft-tipped Wallace catheter under ultrasound guidance. Luteal support with progesterone was given to
all patients after embryo transfer. Such regimen was continued until 10 weeks of gestational age if a
gestational sac and embryonic heartbeat at 4–6 weeks after embryo transfer was observed by
transvaginal ultrasound.

Enzyme-linked immunosorbent assay (ELISA)
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Samples for a fasting blood test were collected from all participants. The specimens were subjected to
centrifugation at 3,000 rpm for 10 min, followed by serum collection and storage at −80°C prior to further
analysis. The contents of serum periostin were measured by Human Periostin ELISA Kit (MM-13746H2),
which was purchased from Jiangsu Enzyme Immune Co., Ltd, China.

Assessment of embryo quality and vitri�cation of embryos 
Embryo morphology was assessed based on the developmental speed, degree of fragmentation, and
evenness of the cleavage sphere. Cleavage-stage embryos with at least seven blastomeres and
fragmentation < 20% were regarded as high-quality embryos. The blastocyst was graded by using the
Gardner scoring system, and embryos graded 3BB or greater were regarded as embryos of good
quality[24]. The timing of FET was determined according to the stage of embryonic development, and the
embryos were vitri�ed and synchronized with the duration of progesterone exposure of the endometrium.
The number of embryos transferred was determined according to the patient’s age and previous IVF cycle,
and a maximum of two embryos was allowed to be transferred.

The vitri�cation and thawing were carried out as previously described [25]. In brief, embryo vitri�cation
was conducted using a Cryotop carrier system, and dimethylsulfoxide-ethylene glycol-sucrose was used
as cryoprotectants. Embryos were sequentially transferred to the diluted solution to thaw (1 mol/L to 0.5
mol/L to 0 mol/L sucrose). 

De�nition of Clinical Outcomes
American Society for Reproductive Medicine (ASRM) 2017 consensus de�nitions [26] were used to
assess the clinical outcomes. Clinical pregnancy was de�ned as a pregnancy diagnosed by
ultrasonographic visualization of one or more gestational sacs or de�nitive clinical signs of pregnancy.
The patients with the above-mentioned pregnancy were assigned to the pregnant group. When pregnancy
was diagnosed only by the detection of HCG in serum (14 days after embryo transfer) or did not develop
into a clinical pregnancy, it was de�ned as biochemical pregnancy. Consequently, the non-pregnant
(blood β-HCG< 10 mIU/mL) patients or those with biochemical pregnancy were assigned to the non-
pregnant group.

Statistical Analysis
Statistical analysis was performed with the statistical packages R (The R Foundation; http://www.r-
project.org; version 3.4.3) and Empower (R) (www. empowerstats.com, X&Y Solutions, Inc., Boston,
Massachusetts). Continuous data were presented as the means ± standard deviations, and the
categorical data were expressed as N (%). P <0.05 was considered statistically signi�cant. To assess the
risk factors of pregnancy outcome, variables were analyzed by multivariate logistic regression. The
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predictive accuracy of serum periostin levels on the day of FET on the pregnancy outcome was
investigated according to the areas under the receiver operator characteristic (ROC) curves (AUC).

Results
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Table 1
General characteristics.

  All cycles Pregnant Nonpregnant P-value

N 286 110 176  

Maternal age (years) 33.53 ± 5.68 32.38 ± 4.55 34.24 ± 6.19 0.011

Male age (years) 33.90 ± 6.19 32.75 ± 5.08 34.61 ± 6.70 0.041

Body mass index(BMI, kg/m2) 23.09 ± 3.51 23.40 ± 3.89 22.89 ± 3.25 0.511

Duration of infertility (years) 3.19 ± 2.41 3.07 ± 2.26 3.27 ± 2.51 0.695

Endometrial thickness in FET (mm) 10.13 ± 1.56 10.21 ± 1.60 10.09 ± 1.54 0.582

Gestity(n) 1.57 ± 1.58 1.37 ± 1.48 1.70 ± 1.63 0.054

Parity(n) 0.54 ± 0.56 0.45 ± 0.54 0.60 ± 0.57 0.039

Type of infertility       0.251

Primary 75 33 (30.00%) 42 (23.86%)  

Secondary 111 77 (70.00%) 134 (76.14%)  

Endometrial preparation regimen       0.130

Natural cycles 70 27 (24.55%) 43 (24.43%)  

Ovulation induction cycles 83 35 (31.82%) 48 (27.27%)  

HRT cycles 66 30 (27.27%) 36 (20.45%)  

GnRha+HRT cycles 67 18 (16.36%) 49 (27.84%)  

Embryo stage at transfer       0.329

Cleavage stage 174 63 (57.27%) 111 (63.07%)  

Blastocyst stage 112 47 (42.73%) 65 (36.93%)  

Number of embryos transferred       0.863

1 110 43(39.09%) 67 (38.07%)  

2 176 67(60.91) 109 (61.93%)  

Periostin (ng/mL) 34.91 ± 22.01 41.25 ± 25.77 30.94 ± 18.28 0.000
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Table 2
Multivariate logistic regression analysis

  OR (95% CI) P value

Maternal age (year) 0.98(0.91-1.06) 0.67

Male age (year) 0.96(0,090-1.03) 0.29

BMI (kg/m2) 1.05(0.97-1.13) 0.24

Duration of infertility (year) 0.97 (0.86-1.09) 0.60

Endometrial thickness in FET (mm) 1.02 (0.86-1.21) 0.81

Gestity 0.97(076-1.23) 0.78

Parity 0.58(0.31-1.11) 0.10

Type of infertility    

Primary Reference Reference

Secondary 0.69(0.31-1.58) 0.38

Endometrial preparation regimen    

Natural cycles Reference Reference

Ovulation induction cycles 2.01(0.93-4.56) 0.07

HRT cycles 2.38 (1.11-5.08) 0.03

GnRha+HRT cycles 2.81(1.27-6.23) 0.01

Embryo stage at transfer    

Cleavage stage Reference Reference

Blastocyst stage 0.47 (0.20-1.11) 0.08

Number of embryos transferred    

1 Reference Reference

2 0.53 (0.23-1.23) 0.14

Periostin (ng/mL) 1.03 (1.01-1.04) 0.00
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Table 3
Predictive value of serum periostin levels for pregnancy outcome

  Sensitivity (%) Speci�city (%) AUC (95%CI)

Periostin 36.4 85.2 0.61(0.54-0.68)

A total of 286 FET cycles were investigated in this study, of which 110 were clinically pregnant and 176
were not pregnant. Table 1 summarizes the demographic characteristics of both groups. Two groups had
comparable baseline characteristics, such as maternal age, male age, BMI, infertility cause and duration,
gravidity, parity, and so on. The maternal age, male age, and parity were signi�cantly higher in the non-
pregnant group compared with the pregnant group (P<0.05). The type of endometrial preparation and the
stage and number of embryos at transfer was not statistically different between the two groups (P>0.05).
The levels of serum periostin measured on the day of FET were signi�cantly higher in patients who had a
clinical pregnancy compared with those who did not achieve the pregnancy (41.25 ± 25.77 vs. 30.94 ±
18.28 ng/mL; P < 0.001) (Figure 1). Multivariate logistic regression revealed that the type of endometrial
preparation (HRT cycles and GnRh+HRT cycles) and periostin level were independently and signi�cantly
associated with the pregnancy outcome (Table 2). ROC was used to access the level of periostin in
predicting clinical pregnancy. The AUC of periostin in predicting clinical pregnancy was 0.61 [95% (CI),
0.52 to 0.68]. The cut-off point of the serum periostin level in FET was 46.21 ng/mL (sensitivity of 85.2%
and speci�city of 36.4%) for pregnancy (Figure 2 and Table 3).

Discussion
In the present study, we investigated the effects of serum periostin levels on the day of FET on pregnancy
outcomes. The results demonstrated that the levels of serum periostin were signi�cantly higher in the
pregnant group compared with the non-pregnant group. The multivariate logistic regression showed that
the level of periostin was signi�cantly associated with pregnancy outcomes. The ROC curves showed
that the levels of serum periostin had a certain predictive value for the pregnancy outcomes of FET.

  It is known that periostin is an extracellular matrix secreted protein that promotes osteoblast cell
adhesion and proliferation [27]. Moreover, periostin greatly contributes to cell adhesion, migration,
proliferation, and gene regulation, particularly in the development and metastasis of tumors. In tumor
metastasis, periostin can enhance the Wnt signaling pathway, which is also involved in the development
of the preimplantation embryo and embryo implantation[28, 29]. It is also a ligand for ανβ3- and ανβ5-
integrins to promote cell movement [30]. Liu et al. have pointed that ανβ3 integrin can predict good
endometrial receptivity, and it plays a fundamental role in blastocyst implantation [31]. We speculated
that periostin was related to embryo implantation. Previous studies have identi�ed that both stromal and
epithelial cells express periostin, and its expression at the protein level can be elevated during pregnancy
and in the early secretory phase. Ahn et al. have found that the expression of periostin is higher in the
endometrium treated with progesterone, inducing the retention and migration of trophoblast cells [19].
Based on these above-mentioned results, we speculated that periostin was associated with conception in
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early pregnancy. Morelli et al. have compared the serum and endometrial periostin levels between the two
groups of spontaneous abortion and voluntary termination of pregnancy and found that women in the
group with spontaneous abortion have signi�cantly lower levels of periostin in the serum, trophoblast,
and decidual tissues [21]. Eroglu et al. have found that the levels of serum periostin are remarkably lower
in the spontaneous abortion group, while they do not detect differences in tissue expression [23]. Similar
�ndings have been reported by Freist et al. that when the pregnancy loss occurs spontaneously rather
than the induced one, the level of periostin is signi�cantly reduced[22]. They speculate that periostin can
be used as a marker of endometrial receptivity and as a predictive indicator for the success of
endometrial implantation. Moreover, periostin has a fundamental fundtion in gestation. However, studies
and data in this area are limited, and more further research is required.

In the light of these studies, we investigated the effects of serum periostin levels on the day of FET on
pregnancy outcomes. We found that the level of serum periostin was closely correlated with the
pregnancy outcome. The contents of serum periostin were dramatically lower in the non-pregnant group.
Therefore, we speculated that a low level of serum periostin predicted poor implantation, causing
implantation failure. 

In conclusion, serum periostin may be serum biomarker of endometrial receptivity and higher
concentrations of serum periostin on the day of FET might predict a better pregnancy outcome. Moreover,
periostin could be adopted as a potential indicator to estimate pregnancy outcomes after
transplantation. 

Limitations and Future Directions
There is no doubt that our study has some limitations. First, the sample size was relatively small in this
study. This, however, might bias our results toward the null. Studies with a larger sample size are
necessary. Additionally, we included only serum periostin levels on the day of FET. We did not
dynamically observe the changes of serum periostin concentrations, such as serum periostin levels at
days 14 and 21 after embryo transfer. This aspect needs to be considered in subsequent studies to more
accurately evaluate the effect of serum periostin on pregnancy outcomes. In order to seek better guidance
on frozen embryo transfers and increase pregnancy rates.
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reproductive technology; IVF-ET, in vitro fertilization and embryo transfer; ICSI, Intracytoplasmic sperm
injection; HRT, hormone replacement treatment; BMI, body mass index

Declarations

Acknowledgements



Page 11/16

We would like to thank all participating colleagues and the patients who support our study.

Authors’ contributions
YG and YS conceived the original idea, designed the study, and wrote the manuscript. XL, YL and YC
performed data analysis. ZL and AY helped supervise the study and revised the paper. All authors read
and approved the �nal manuscript.

Funding
This study was supported by grants from the National Natural Science Foundation of China(No:
81701526) and NSFC cultivation project of Jining Medical University(No: JYP201844).

Availability of data and materials
The datasets used and/or analyzed during the current study are available from the corresponding author
on reasonable request.

Ethics approval 
All patients provided their informed written consent. The study was approved by the Ethics Committee
of A�liated Hospital of Jining Medical University.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interest.

Author details
     1School of Clinical Medicine of Jining Medical University, Jining, Shandong 272069, China. 2Center for
Reproductive Medicine, A�liated Hospital of Jining Medical University, Jining, Shandong 272029, China

Contributor Information



Page 12/16

Yuting Gu, Email: guyt2020@126.com

Yusen Cai, Email: wscys12345678@163.com

Xiaoyun Li, Email: lixiaoyun001@163.com

Yang Liu, Email: 2296285336@qq.com

Yanan Chen, Email: 1471735005@qq.com

Aijun Yang, Email: yajlws@yeah.net

Zewu Li, Email: lizwlgs@yeah.net

References
1. Ahuja KK, Macklon N: Vitri�cation and the demise of fresh treatment cycles in ART. Reprod Biomed

Online 2020, 41:217–224.

2. Zech J, Brandao A, Zech M, Lugger K, Neururer S, Ulmer H, Ruttmann-Ulmer E: Elective frozen-thawed
embryo transfer (FET) in women at risk for ovarian hyperstimulation syndrome. Reproductive biology
2018, 18:46–52.

3. Tong R, Zhou Y, He Q, Zhuang Y, Zhou W, Xia F: Analysis of the guidance value of 3D ultrasound in
evaluating endometrial receptivity for frozen-thawed embryo transfer in patients with repeated
implantation failure. Annals of translational medicine 2020, 8:944.

4. Hromadová L, Tokareva I, Veselá K, Trávník P, Veselý J: Endometrial Receptivity Analysis - a tool to
increase an implantation rate in assisted reproduction. Ceska gynekologie 2019, 84:177–183.

5. Wang C, Feng Y, Zhou W-J, Cheng Z-J, Jiang M-Y, Zhou Y, Fei X-Y: Screening and identi�cation of
endometrial proteins as novel potential biomarkers for repeated implantation failure. PeerJ 2021,
9:e11009.

�. Masrour MJ, Yoonesi L, Aerabsheibani H: The effect of endometrial thickness and endometrial blood
�ow on pregnancy outcome in intrauterine insemination cycles. Journal of family medicine and
primary care 2019, 8:2845–2849.

7. D'Ippolito S, Di Nicuolo F, Papi M, Castellani R, Palmieri V, Masciullo V, Arena V, Tersigni C, Bernabei
M, Pontecorvi A, et al: Expression of Pinopodes in the Endometrium from Recurrent Pregnancy Loss
Women. Role of Thrombomodulin and Ezrin. Journal of clinical medicine 2020, 9.

�. He A, Zou Y, Wan C, Zhao J, Zhang Q, Yao Z, Tian F, Wu H, Huang X, Fu J, et al: The role of
transcriptomic biomarkers of endometrial receptivity in personalized embryo transfer for patients
with repeated implantation failure. Journal of translational medicine 2021, 19:176.

mailto:2296285336@qq.com


Page 13/16

9. Kudo A, Kii I: Periostin function in communication with extracellular matrices. Journal of cell
communication and signaling 2018, 12:301–308.

10. Kii I, Amizuka N, Minqi L, Kitajima S, Saga Y, Kudo A: Periostin is an extracellular matrix protein
required for eruption of incisors in mice. Biochemical and biophysical research communications
2006, 342:766–772.

11. Kruzynska-Frejtag A, Machnicki M, Rogers R, Markwald RR, Conway SJ: Periostin (an osteoblast-
speci�c factor) is expressed within the embryonic mouse heart during valve formation. Mechanisms
of development 2001, 103:183–188.

12. Zhu S, Barbe MF, Amin N, Rani S, Popoff SN, Safadi FF, Litvin J: Immunolocalization of Periostin-like
factor and Periostin during embryogenesis. The journal of histochemistry and cytochemistry: o�cial
journal of the Histochemistry Society 2008, 56:329–345.

13. Ma H, Wang J, Zhao X, Wu T, Huang Z, Chen D, Liu Y, Ouyang G: Periostin Promotes Colorectal
Tumorigenesis through Integrin-FAK-Src Pathway-Mediated YAP/TAZ Activation. Cell reports 2020,
30.

14. Ratajczak-Wielgomas K, Dziegiel P: The role of periostin in neoplastic processes. Folia histochemica
et cytobiologica 2015, 53:120–132.

15. Soundararajan R, Rao AJ: Trophoblast 'pseudo-tumorigenesis': signi�cance and contributory factors.
Reproductive biology and endocrinology: RB&E 2004, 2:15.

1�. Bloor DJ, Metcalfe AD, Rutherford A, Brison DR, Kimber SJ: Expression of cell adhesion molecules
during human preimplantation embryo development. Molecular human reproduction 2002, 8:237–
245.

17. Li G, Jin R, Norris RA, Zhang L, Yu S, Wu F, Markwald RR, Nanda A, Conway SJ, Smyth SS, Granger
DN: Periostin mediates vascular smooth muscle cell migration through the integrins alphavbeta3
and alphavbeta5 and focal adhesion kinase (FAK) pathway. Atherosclerosis 2010, 208:358–365.

1�. Seo H, Frank JW, Burghardt RC, Bazer FW, Johnson GA: Integrins and OPN localize to adhesion
complexes during placentation in sheep. Reproduction (Cambridge, England) 2020, 160:521–532.

19. Ahn HW, Farmer JL, Bazer FW, Spencer TE: Progesterone and interferon tau-regulated genes in the
ovine uterine endometrium: identi�cation of periostin as a potential mediator of conceptus
elongation. Reproduction (Cambridge, England) 2009, 138:813–825.

20. Hiroi H, Momoeda M, Nakazawa F, Koizumi M, Tsutsumi R, Hosokawa Y, Osuga Y, Yano T, Tsutsumi
O, Taketani Y: Expression and regulation of periostin/OSF-2 gene in rat uterus and human
endometrium. Endocrine journal 2008, 55:183–189.

21. Morelli M, Misaggi R, Di Cello A, Zuccalà V, Costanzo F, Zullo F, Quaresima B: Tissue expression and
serum levels of periostin during pregnancy: a new biomarker of embryo-endometrial cross talk at
implantation. European journal of obstetrics, gynecology, and reproductive biology 2014, 175:140–
144.

22. Freis A, Schlegel J, Kuon RJ, Doster A, Jauckus J, Strowitzki T, Germeyer A: Serum periostin levels in
early in pregnancy are signi�cantly altered in women with miscarriage. Reproductive biology and



Page 14/16

endocrinology: RB&E 2017, 15:87.

23. Eroglu S, Colak E, Erinanc OH, Ozdemir D, Ceran MU, Tasdemir U, Kulaksizoglu S, Ozcimen EE: Serum
and placental periostin levels in women with early pregnancy loss. Journal of reproductive
immunology 2020, 140:103138.

24. Gardner DK, Lane M, Schoolcraft WB: Physiology and culture of the human blastocyst. Journal of
reproductive immunology 2002, 55.

25. Kuwayama M, Vajta G, Kato O, Leibo SP: Highly e�cient vitri�cation method for cryopreservation of
human oocytes. Reproductive biomedicine online 2005, 11:300–308.

2�. Zegers-Hochschild F, Adamson GD, Dyer S, Racowsky C, de Mouzon J, Sokol R, Rienzi L, Sunde A,
Schmidt L, Cooke ID, et al: The International Glossary on Infertility and Fertility Care, 2017. Human
reproduction (Oxford, England) 2017, 32:1786-1801.

27. Yu Y, Tan C-M, Jia Y-Y: Research status and the prospect of POSTN in various tumors. Neoplasma
2021, 68:673–682.

2�. Cui D, Huang Z, Liu Y, Ouyang G: The multifaceted role of periostin in priming the tumor
microenvironments for tumor progression. Cellular and molecular life sciences: CMLS 2017,
74:4287–4291.

29. Tríbulo P, Rabaglino MB, Bo MB, Carvalheira LdR, Bishop JV, Hansen TR, Hansen PJ: Dickkopf-related
protein 1 is a progestomedin acting on the bovine embryo during the morula-to-blastocyst transition
to program trophoblast elongation. Scienti�c reports 2019, 9:11816.

30. Gillan L, Matei D, Fishman DA, Gerbin CS, Karlan BY, Chang DD: Periostin secreted by epithelial
ovarian carcinoma is a ligand for alpha(V)beta(3) and alpha(V)beta(5) integrins and promotes cell
motility. Cancer research 2002, 62:5358–5364.

31. Liu N, Zhou C, Chen Y, Zhao J: The involvement of osteopontin and β3 integrin in implantation and
endometrial receptivity in an early mouse pregnancy model. European journal of obstetrics,
gynecology, and reproductive biology 2013, 170:171–176.

Figures



Page 15/16

Figure 1

The association between serum periostin concentrations measured on the day of FET and the outcomes
of embryo transfer
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Figure 2

Values of serum periostin levels in predicting clinical pregnancy in patients with frozen-thawed embryo
transfer


