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Endometrial receptivity plays a crucial role in fertilization as well as pregnancy outcome in patients faced with

fertility challenges. The optimization of endometrial receptivity may help with normal implantation of the embryo,

and endometrial receptivity may be affected by numerous factors. 
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1. Introduction

Pregnancy is thought to result from the interaction of local secretory factor-mediated embryonic developmental

capacity and endometrial receptivity . Therefore, impaired or decreased endometrial receptivity may result in the

failure of embryo implantation . Implantation failure is a problem in assisted reproductive technology (ART) that

remains unresolved and has raised concerns in the scientific community . In Europe, the overall number of ART

cycles has continued to increase annually . With scientific and technological advancements, ART has made great

progress in terms of embryo selection and cryopreservation technology, but treatment still fails in numerous

patients who cannot conceive.

It is well known that the endometrium has a lipid component that is very important for reproduction. Triglycerides

and eicosanoids are among the lipid mediators secreted from the endometrium. From the eicosanoid family,

prostaglandins (PGs), thromboxanes, leukotrienes, endocannabinoids and sphingolipids have been found to play a

role in reproduction . Fatty acids are divided into three categories, namely monounsaturated, polyunsaturated

and saturated fatty acids. Polyunsaturated fatty acids (PUFAs) contain multiple double bonds, and they can be

classified into the following three categories according to their double bond positions: n-3, n-6 and n-9 fatty acids.

In addition, PUFAs include long-chain unsaturated fatty acids, eicosapentaenoic acid (EPA) and docosahexaenoic

acid (DHA) .

These fatty acids play an important role in human growth and development, such as body growth, visual system

formation and human reproduction . Linoleic acid is a PUFA commonly found in the daily diet and is derived from

vegetable oils such as safflower, sunflower and canola oil . The majority of n-3 unsaturated fatty acids are

derived from Alpha [ ]-linolenic acid and are found in the chloroplasts of green leafy vegetables. These two

important fatty acids can be converted to long-chain unsaturated fatty acids in the liver through desaturation and
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elongation enzyme systems. In addition to dietary sources, for women of childbearing age, taking PUFA

supplements may be beneficial for the treatment of menstrual dysfunction . In animal experiments, researchers

found that the addition of n-3 polyunsaturated fatty acids to the feed of heifers improved reproductive efficiency,

and the study showed that n-3 polyunsaturated fatty acids had a positive effect on the expression of key genes

during the window of implantation . Lipid metabolism is required for uterine receptivity and embryo implantation

.

2. PUFAs, Sex Hormones and Endometrial Receptivity

2.1. Estrogen

The endometrium is very sensitive to hormone changes, especially in the presence of steroid hormones, and this

change prepares the endometrium for embryonic implantation and decidualization . Estrogen and progesterone

are critical mediators in embryo implantation and decidualization . Estrogen, in particular, plays an important role

during the embryo implantation window, and high levels of estrogen can cause the implantation window to close

.

It appears that n-3 PUFAs are associated with estradiol. However, two studies investigating the relationship

between maternal intake of n-3 and n-6 PUFAs during pregnancy and estradiol levels did not provide definitive

results .

It was found that, in the guinea pig estrous cycle, free PUFA patterns in the plasma may affect steroid hormone

concentrations . ALA-rich diets were shown to increase follicular estradiol concentrations in cows, while both LA

and ALA decreased progesterone concentrations in the luteal phase . Compared to n-6 PUFAs, n-3 PUFAs were

also shown to increase progesterone concentrations in sheep follicles, while estrogen was not affected . These

effects are mediated by altering PG synthesis and steroidogenesis, which may be differentially affected by n-3 and

n-6 PUFAs . In addition, the effects of these fatty acids play different roles between oestrus and dioestrus.

Another study found that DHA stimulated bovine granulosa cell proliferation and steroidogenesis . The positive

effect of PUFAs on the rate of sex hormone secretion during the follicular phase may be due to enlarging follicles,

thus producing more steroid hormones; overall, it can be hypothesized that PUFAs increased steroid production or

altered PG synthesis . Similarly, n-3 long-chain PUFAs were found to affect gene expression as well as estrogen

metabolism .

2.2. Progesterone

Progesterone is an important steroid hormone in the body, and it is also known as the pregnancy hormone due to

its important role during that period. During the first week of pregnancy, progesterone is mainly derived from the

corpus luteum and, subsequently, as the gestational weeks progress, progesterone is mainly synthesized by the

placenta . The mitochondria in the syncytial trophectoderm are the main sites of the synthesis of this steroid

hormone, which is synthesized via a two-step reaction .
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2.3. Estrogen and Progesterone Signaling in Endometrial Receptivity

Estrogen and progesterone act mainly through estrogen receptor (ER) and PR, which are both nuclear receptors. It

was found that the proliferation of endometrial epithelial cells is mainly achieved by estrogen acting on ERs .

ERs in epithelial and stromal cells play an important role in the formation of endometrial receptivity, as well as in

epithelial differentiation . FK506-binding protein 52 (FKBP52) is a co-chaperone of PR and, in mice lacking

FKBP52, epithelial differentiation fails and uterine receptivity is severely compromised due to decreased

progesterone activity and excessive estrogen activity . In addition, knockdown of the nuclear receptor co-

activator steroid receptor coactivator2 (SRC2) in the uterus causes implantation failure due to the fact that PR

relies on SRC2 to initiate the uterine decidual response . Nuclear receptor coactivator-6 (NCOA6) disrupts

endometrial receptivity as it degrades ERs through ubiquitination, which results in increased sensitivity of the

uterus to estrogen and abnormal expression of progesterone-related genes . Heart and neural crest derivatives-

expressed protein 2 (Hand2) is a functional regulator of progesterone and a transcription factor expressed in the

uterine stroma. It acts as a repressor of estrogen-mediated epithelial cell proliferation. Fibroblast growth factor

(FGF) production maintains epithelial cell proliferation and stimulates the estrogen-induced pathway, and Hand2

expression inhibits this process, which would otherwise result in impaired endometrial receptivity . Another

transcription factor, chicken ovalbumin upstream promoter transcription factor-2 (COUP-TFII), is also present in the

endometrial stroma and plays an important role in progesterone maintenance of endometrial receptivity.

Progesterone first induces the Indian hedgehog (IHH) gene, which regulates COUP-TFII, and bone morphogenetic

protein 2 (BMP2) is a downstream molecule induced by COUP-TFII, thereby promoting decidualization . In

addition, COUP-TFII causes progesterone inhibition of estrogen by decreasing ER  expression in epithelial cells

during the uterine receptive period . Studies on mouse models have also demonstrated that some PR-regulated

genes, such as IHH, BMP2 and HAND2, are essential for implantation and decidualization . These results

suggest that normal uterine receptivity requires the complexity and accuracy of ER and PR signaling (see Figure

2).
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Figure 2. Steroid hormones work with a series of signaling molecules to generate uterine receptivity.

2.4. Androgen

Androgen is associated with PUFAs and also plays an important part in endometrial receptivity. Researchers

observed that in overweight and obese men, intervention with DHArich fish oil was associated with an increase in

testosterone concentrations . Studies have shown that supplementation with n-3 PUFAs has no significant effect

on androgen levels in women with polycystic ovarian syndrome(PCOS). However, some pre-term and long-term

intervention studies have shown reduced levels of dehydroepiandrosterone (DHEA). Future studies need to be

combined with double-blind placebo-controlled clinical trials and long-term follow-up . Polyunsaturated fatty acid

diets had better effects on hormone secretion and reproductive parameters in male buffalo compared to saturated

fatty acid diets. The addition of n-3 PUFA levels to the ration increased the concentration of testosterone in the

plasma and the scrotal circumference of male buffaloes and contributed to a shorter age at puberty .

The biological role of DHEA, particularly in fertility, is also controversial. A high androgen level impairs endometrial

receptivity in women who have experienced recurrent miscarriages . It was found that testosterone reduced the

expression of pinopode and l-selectin ligands in the uterus during receptivity in rats, which may result in the failure

of blastocyst implantation under conditions of high levels of this hormone . Testosterone injection results in the

loss of intrauterine tight junction complexity and the downregulation of intrauterine claudin-4 and occludin

expression during the receptive phase, thus influencing embryo attachment and subsequent implantation .

Primary ESC was decidualized in vitro with progesterone and cAMP for 1–8 days with or without the androgen

receptor (AR) antagonist flutamide. The addition of flutamide significantly altered the expression of endometrial
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receptivity indicators. Endometrial androgen biosynthesis during desiccation may play an important role in

endometrial tolerance . Another study found that DHEA enhanced in vitro decidualization response to human

endometrial stromal fibroblast (hESF) in women of childbearing age. DHEA supplementation during the receptive

phase enhances the endometrial function by enhancing the expression of the endometrial receptive marker

secreted phosphoprotein 1 (SPP1). Meanwhile, flutamide (an androgen inhibitor) treatment can effectively improve

decidualization, angiogenesis and uNK cell production due to hyperandrogenemia, further improving poor

endometrial receptivity in PCOS patients . Low concentrations of DHEA were found to increase the antioxidant

capacity of metaphase ESCs in mice, and DHEA treatment also improved endometrial tolerance through AR . In

conclusion, testosterone is a novel negative regulator of endometrial receptivity.

References

1. Teklenburg, G.; Salker, M.; Molokhia, M.; Lavery, S.; Trew, G.; Aojanepong, T.; Mardon, H.J.;
Lokugamage, A.U.; Rai, R.; Landles, C.; et al. Natural selection of human embryos: Decidualizing
endometrial stromal cells serve as sensors of embryo quality upon implantation. PLoS ONE 2010,
5, e10258.

2. El-Mahdy Abdel-Moneim, M. Ectopic Pregnancy in Cases of Recurrent Implantation Failure and
Cases of Recurrent Early Pregnancy Loss. Open J. Obstet. Gynecol. 2017, 7, 250–257.

3. Margalioth, E.J.; Ben-Chetrit, A.; Gal, M.; Eldar-Geva, T. Investigation and treatment of repeated
implantation failure following IVF-ET. Hum. Reprod. 2006, 21, 3036–3043.

4. Egashira, M.; Hirota, Y. Uterine receptivity and embryo-uterine interactions in embryo
implantation: Lessons from mice. Reprod. Med. Biol. 2013, 12, 127–132.

5. Kupka, M.S.; D’Hooghe, T.; Ferraretti, A.P.; de Mouzon, J.; Erb, K.; Castilla, J.A.; Calhaz-Jorge,
C.; De Geyter, C.; Goossens, V. Assisted reproductive technology in Europe, 2011: Results
generated from European registers by ESHRE. Hum. Reprod. 2016, 31, 233–248.

6. Ye, X.; Hama, K.; Contos, J.J.A.; Anliker, B.; Inoue, A.; Skinner, M.K.; Suzuki, H.; Amano, T.;
Kennedy, G.; Arai, H.; et al. LPA3-mediated lysophosphatidic acid signalling in embryo
implantation and spacing. Nature 2005, 435, 104–108.

7. Paria, B.C.; Ma, W.; Tan, J.; Raja, S.; Das, S.K.; Dey, S.K.; Hogan, B.L. Cellular and molecular
responses of the uterus to embryo implantation can be elicited by locally applied growth factors.
Proc. Natl. Acad. Sci. USA 2001, 98, 1047–1052.

8. Mizugishi, K.; Li, C.; Olivera, A.; Bielawski, J.; Bielawska, A.; Deng, C.X.; Proia, R.L. Maternal
disturbance in activated sphingolipid metabolism causes pregnancy loss in mice. J. Clin. Investig.
2007, 117, 2993–3006.

9. Tapiero, H.; Ba, G.N.; Couvreur, P.; Tew, K.D. Polyunsaturated fatty acids (PUFA) and
eicosanoids in human health and pathologies. Biomed. Pharmacother. 2002, 56, 215–222.

[42]

[43]

[44]



Polyunsaturated Fatty Acids in Endometrial Receptivity | Encyclopedia.pub

https://encyclopedia.pub/entry/19385 6/8

10. Wang, D.D. Dietary n-6 polyunsaturated fatty acids and cardiovascular disease: Epidemiologic
evidence. Prostaglandins Leukot. Essent. Fat. Acids 2018, 135, 5–9.

11. Ross, B.M.; Malik, I.; Babay, S. Dietary omega-3 polyunsaturated fatty acid supplementation in an
animal model of anxiety. Prostaglandins Leukot. Essent. Fat. Acids 2016, 114, 17–20.

12. Brown, H.A.; Marnett, L.J. Introduction to lipid biochemistry, metabolism, and signaling. Chem.
Rev. 2011, 111, 5817–5820.

13. Alshammari, E. Magnesium supplementation for premenstrual syndrome and premenstrual
dysphoric disorder. Int. J. Pharm. Res. 2020, 13, 486–490.

14. Surlis, C.; Cormican, P.; Waters, S.M.; Lonergan, P.; Keogh, K.; Doyle, D.N.; Kenny, D.A. Effects
of dietary n-3-PUFA supplementation, post-insemination plane of nutrition and pregnancy status
on the endometrial transcriptome of beef heifers. Sci. Rep. 2020, 10, 20798.

15. Vilella, F.; Ramirez, L.B.; Simón, C. Lipidomics as an emerging tool to predict endometrial
receptivity. Fertil. Steril. 2013, 99, 1100–1106.

16. Fox, C.; Morin, S.; Jeong, J.W.; Scott, R.T.J.; Lessey, B.A. Local and systemic factors and
implantation: What is the evidence? Fertil. Steril. 2016, 105, 873–884.

17. Lee, K.Y.; DeMayo, F.J. Animal models of implantation. Reproduction 2004, 128, 679–695.

18. Ma, W.g.; Song, H.; Das, S.K.; Paria, B.C.; Dey, S.K. Estrogen is a critical determinant that
specifies the duration of the window of uterine receptivity for implantation. Proc. Natl. Acad. Sci.
USA 2003, 100, 2963–2968.

19. Kliman, H.J.; Honig, S.; Walls, D.; Luna, M.; McSweet, J.C.; Copperman, A.B. Optimization of
endometrial preparation results in a normal endometrial function test (EFT) and good reproductive
outcome in donor ovum recipients. J. Assist. Reprod. Genet. 2006, 23, 299–303.

20. Paramonova, N.B.; Kogan, E.A.; Kolotovkina, A.V.; Burmenskaya, O.V. . Arkhiv Patol. 2018, 80,
11–18.

21. Ruiz-Alonso, M.; Blesa, D.; Díaz-Gimeno, P.; Gómez, E.; Fernández-Sánchez, M.; Carranza, F.;
Carrera, J.; Vilella, F.; Pellicer, A.; Simón, C. The endometrial receptivity array for diagnosis and
personalized embryo transfer as a treatment for patients with repeated implantation failure. Fertil.
Steril. 2013, 100, 818–824.

22. Ghosh, M.; Tucker, D.E.; Burchett, S.A.; Leslie, C.C. Properties of the Group IV phospholipase A2
family. Prog. Lipid Res. 2006, 45, 487–510.

23. Holinka, C.F.; Diczfalusy, E.; Coelingh Bennink, H.J.T. Estetrol: A unique steroid in human
pregnancy. J. Steroid Biochem. Mol. Biol. 2008, 110, 138–143.

24. Tuckey, R.C. Progesterone synthesis by the human placenta. Placenta 2005, 26, 273–281.



Polyunsaturated Fatty Acids in Endometrial Receptivity | Encyclopedia.pub

https://encyclopedia.pub/entry/19385 7/8

25. De Clercq, K.; Hennes, A.; Vriens, J. Isolation of Mouse Endometrial Epithelial and Stromal Cells
for In Vitro Decidualization. J. Vis. Exp. JoVE 2017, 121, 55168.

26. Cooke, P.S.; Buchanan, D.L.; Young, P.; Setiawan, T.; Brody, J.; Korach, K.S.; Taylor, J.; Lubahn,
D.B.; Cunha, G.R. Stromal estrogen receptors mediate mitogenic effects of estradiol on uterine
epithelium. Proc. Natl. Acad. Sci. USA 1997, 94, 6535–6540.

27. Paria, B.C.; Das, S.K.; Andrews, G.K.; Dey, S.K. Expression of the epidermal growth factor
receptor gene is regulated in mouse blastocysts during delayed implantation. Proc. Natl. Acad.
Sci. USA 1993, 90, 55–59.

28. Tranguch, S.; Cheung-Flynn, J.; Daikoku, T.; Prapapanich, V.; Cox, M.B.; Xie, H.; Wang, H.; Das,
S.K.; Smith, D.F.; Dey, S.K. Cochaperone immunophilin FKBP52 is critical to uterine receptivity for
embryo implantation. Proc. Natl. Acad. Sci. USA 2005, 102, 14326–14331.

29. Mukherjee, A.; Soyal, S.M.; Fernandez-Valdivia, R.; Gehin, M.; Chambon, P.; Demayo, F.J.;
Lydon, J.P.; O’Malley, B.W. Steroid receptor coactivator 2 is critical for progesterone-dependent
uterine function and mammary morphogenesis in the mouse. Mol. Cell. Biol. 2006, 26, 6571–
6583.

30. Fernandez-Valdivia, R.; Mukherjee, A.; Amato, P.; Allred, D.C.; Nguyen, J.; DeMayo, F.J.; Lydon,
J.P. Progesterone-action in the murine uterus and mammary gland requires steroid receptor
coactivator 2: Relevance to the human. Front. Biosci. J. Virtual Libr. 2007, 12, 3640–3647.

31. Kawagoe, J.; Li, Q.; Mussi, P.; Liao, L.; Lydon, J.P.; DeMayo, F.J.; Xu, J. Nuclear receptor
coactivator-6 attenuates uterine estrogen sensitivity to permit embryo implantation. Dev. Cell
2012, 23, 858–865.

32. Li, Q.; Kannan, A.; DeMayo, F.J.; Lydon, J.P.; Cooke, P.S.; Yamagishi, H.; Srivastava, D.; Bagchi,
M.K.; Bagchi, I.C. The antiproliferative action of progesterone in uterine epithelium is mediated by
Hand2. Science 2011, 331, 912–916.

33. Kurihara, I.; Lee, D.K.; Petit, F.G.; Jeong, J.; Lee, K.; Lydon, J.P.; DeMayo, F.J.; Tsai, M.J.; Tsai,
S.Y. COUP-TFII mediates progesterone regulation of uterine implantation by controlling ER
activity. PLoS Genet. 2007, 3, e102.

34. Lee, D.K.; Kurihara, I.; Jeong, J.W.; Lydon, J.; Demayo, F.; Tsai, M.J.; Tsai, S. Suppression of ER
alpha Activity by COUP-TFII Is Essential for Successful Implantation and Decidualization. Mol.
Endocrinol. 2010, 24, 930–940.

35. Bhurke, A.S.; Bagchi, I.C.; Bagchi, M.K. Progesterone-Regulated Endometrial Factors Controlling
Implantation. Am. J. Reprod. Immunol. 2016, 75, 237–245.

36. Abbott, K.; Burrows, T.L.; Acharya, S.; Thota, R.N.; Garg, M.L. Dietary supplementation with
docosahexaenoic acid rich fish oil increases circulating levels of testosterone in overweight and
obese men. Prostaglandins Leukot. Essent. Fat. Acids 2020, 163, 102204.



Polyunsaturated Fatty Acids in Endometrial Receptivity | Encyclopedia.pub

https://encyclopedia.pub/entry/19385 8/8

37. Hajishafiee, M.; Askari, G.; Iranj, B.; Ghiasvand, R.; Bellissimo, N.; Totosy de Zepetnek, J.; Salehi-
Abargouei, A. The Effect of n-3 Polyunsaturated Fatty Acid Supplementation on Androgen Status
in Patients with Polycystic Ovary Syndrome: A Systematic Review and Meta-Analysis of Clinical
Trials. Horm. Metab. Res. 2016, 48, 281–289.

38. Tran, L.V.; Malla, B.A.; Sharma, A.N.; Kumar, S.; Tyagi, N.; Tyagi, A.K. Effect of omega-3 and
omega-6 polyunsaturated fatty acid enriched diet on plasma IGF-1 and testosterone
concentration, puberty and semen quality in male buffalo. Anim. Reprod. Sci. 2016, 173, 63–72.

39. Rahman, T.U.; Ullah, K.; Guo, M.X.; Pan, H.T.; Liu, J.; Ren, J.; Jin, L.Y.; Zhou, Y.Z.; Cheng, Y.;
Sheng, J.Z.; et al. Androgen-induced alterations in endometrial proteins crucial in recurrent
miscarriages. Oncotarget 2018, 9, 24627–24641.

40. Mokhtar, H.M.; Giribabu, N.; Muniandy, S.; Salleh, N. Testosterone decreases the expression of
endometrial pinopode and L-selectin ligand (MECA-79) in adult female rats during uterine
receptivity period. Int. J. Clin. Exp. Pathol. 2014, 7, 1967–1976.

41. Mokhtar, M.H.; Giribabu, N.; Salleh, N. Testosterone Reduces Tight Junction Complexity and
Down-regulates Expression of Claudin-4 and Occludin in the Endometrium in Ovariectomized,
Sex-steroid Replacement Rats. In Vivo 2020, 34, 225–231.

42. Gibson, D.A.; Simitsidellis, I.; Cousins, F.L.; Critchley, H.O.D.; Saunders, P.T.K. Intracrine
Androgens Enhance Decidualization and Modulate Expression of Human Endometrial Receptivity
Genes. Sci. Rep. 2016, 6, 19970.

43. Gong, H.; Wu, W.; Xu, J.; Yu, D.; Qiao, B.; Liu, H.; Yang, B.; Li, Y.; Ling, Y.; Kuang, H. Flutamide
ameliorates uterine decidualization and angiogenesis in the mouse hyperandrogenemia model
during mid-pregnancy. PLoS ONE 2019, 14, e0217095.

44. Qin, A.; Qin, J.; Jin, Y.; Xie, W.; Fan, L.; Jiang, L.; Mo, F. DHEA improves the antioxidant capacity
of endometrial stromal cells and improves endometrium receptivity via androgen receptor. Eur. J.
Obstet. Gynecol. Reprod. Biol. 2016, 198, 120–126.

Retrieved from https://encyclopedia.pub/entry/history/show/46126


