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[Abstract] Lipids, including fats (triglycerides) and lipoids (phospholipids and sterols), not only serve as an energy source for
the body but also play a pivotal role throughout the reproductive process, particularly in the establishment and maintenance of early
pregnancy. This encompasses the regulate of early embryonic development and uterine tolerance, and the facilitation of embryo
implantation. Given the diversity of lipids, this review focuses on extensively studied lipid mediators such as polyunsaturated fatty
acids, endocannabinoids, prostaglandins, lysophosphatidic acid, sphingolipids and steroid hormones. It systematically elaborates on
the regulatory effects of fatty acid, phospholipid, and cholesterol metabolism on the formation of endometrial receptivity and embryo
implantation, as well as the potential underlying mechanisms. The review aims to provide new insights and feasible intervention
approaches for predicting and improving the outcomes of natural pregnancy and/or assisted reproductive technology.
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WO A AT IR 2R R BRI 2 —P, AR B A
B £ K (assisted reproductive techniques, ART)H' I fify
e A ARG IR AR IR A R R © RS TR R
A G RAT IR FR AT 30%~40% ., B, T8
DA 5 52 e A2 400 R AT S B I i A4 R 2 U0 7 A2
FEM, HREI, 2R AR B WA
PE, 4G E RIS e R KON g AR
S TAERRMIFR R, TR RS A U R A
FAMINR BT RS, HAEZSAE ARG BT/ BTvs M 2otk A
IRF AR sk . e NBEAZMIE . IR
RHEA . WEIRAYHEST SRS, LASOM 05 2 A A
SR BRI, AR i T 0 v A DML 1 o oK B
o PRI, S8 HEXTRE BT A BT MR S i B
DA S8 A B R SR AR A 23 I R B, A AT
AR A A ZAERIRYT . ARG WA AR
S AR B AS SRR, 2 AR IR (poly-
PUFA), N Rt K Bk &
(endocannabinoids, eCBs). Hil 5l it % (prostaglandin,
PG) 55N A AL 55 N IR 32 IR i S IR i 45 IR
TR BRI TENLE, LR IR S S 2 e O §LL
GRS AR FEAH OGS K R, BN T AIE = A
R I R () B A B B 2 ) 485 Sy S L5 A8 U0 AR
AR AT BT IR AR

1 MEEREXN L EEELE RN

i DA HH A AR 4R I3 A I [ B (total cholesterol ,
TC). —BEH . K% B R 8 A AH & BE (low density
lipoprotein total cholesterol, LDL-C) KE S EIRE A
IR [ e B PEAS AR DL o IR ROBFSE A, IR
FEAME T PSRRI AR R UIA G,
3045 32 ART Bl 22 2 VR A B 45 77 R R 32
L R NE 1 07 N R I DO RS AN o 11 T N = 873 -
LDL-C i 24 B 5125 G 1iE (polycystic ovarian syndrome,,
PCOS) ANAIE B H UL IRAE | I PR W W%, H
7R i (P<0.05) P, [H FE, Gao FEM L) TC
>6.11 mmol/L 1F > 15 JH [ 5 1.9 B2 Widn i, &30
TC/KF-Thi 5 PCOS [ 132 AR 32H5 KRS A
(in vitro fertilization and embryo transfer, IVE-ET)BJZ%)5
T 77 AR AU DG (P<0.0S) , JF#EES. T PCOS & il
Bl AE B 06 7 A T A A . {H Yang S5UIAN, M
TC>5.20 mmol/L I, IVE-ET A2 835 136 77 3R S e
A 2] i BEIR (P<0.05) o FARIZWIRIEIA A IR AL,
LY, H DL TR 2 BH R KOF TC R ANZAE L1 TVE-
ET SR ez LRk, BRACHxs

unsaturated fatty acid,
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TC /K FF 5 AU IVE-ET B 45 R, i s =
B ALRE BT E R R B AL, C T
B4 2 95 R B 2 T X B 20 (P<0.05), {H P 1] A,
AU R R E R IR gt E X
(P>0.08), HCHEM TC /K- T 55 AT REXT 8 PR 2 A7
PPN R AZ, SEI Lot ) AR B2 R

2 EERRHETFERNESZ RS KT
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2.1 JEHMR (fatty acid, FA) FA S5 AL S Ak,
RIS A . A S FAUNE IR . oV JRRIR S A6
A= PUJZ 1R (arachidonic acid, AA)SE AR ICIEA N, H
BB ECE S AN TR TR, L TEIENIRR . FA
B AR EZREIR S, S SYIMBIE R . &
FRE., F9ES . EHFIE LI EAYIET 0
G, ARV RY, FAJLHIE PURA X
BRIIHE F A B VR A FER2IR . Matorras 2512 F FH g
JRA2F v e T #6372 IVE-ET Bh A B 5 RIS
BRI T8 AW, &I H MBI ) »-6 PUFA
KA R A, BEORBEIR & PURA X T H R 2K
EAEEEM . 20058 & I PUFA JUH E L7
ReWite, nlfeEd s maisIiE R . MM E . 2R
AP E N A 2 M 57 . 4l Shahnazi
SRR RIAET/ N A E AN 0-3 2 -6 PUFA,
4E % B -3 Fl w-6 PUFA AT {2 78 /N f) 5 TS
JIf 2 E,(prostaglandin E,, PGE,) & M 1Y #& ik, H
PGE, A Jii it R A mRNA [ 3635 5 %5 IR R 5 15 M
Ko Zeng FMHIESE, & F T IR NIR A Ik £ 1T B
IO R SRR, eI E IR,
2.2 Wi

22.1 PG fU# PGE,. PGF, . HIFIFE LR,
Z 5N . A2k . BIR X E WA ETEN
BVF A B AR, b PGE, X MR T HE TR TR]
BBt 38 B R . PGE, A o g 2 B - A 441 fif
P 5K 15T O B4R MR 2, RS S HED
ISR, L AT 3 o A B A ) Rl S i T B ik
T ER . HIEIR, UAFEMINEY K
LI Moraes SV R B, & RIW 8] 75 £ H PGE,
PGF, W& B4 5, R PGAEMTMIGEIR, M
R E IVE-ET RIM W & PG & B L, #m N T8
W PG A 10 5 7 PT35I
PG 5 LB AE 5 B ZS 52 M e a7 SR P IR iR 5
RA R CAE R . Vilella VR, 522 R1IAHE
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P B RS2 My MR B IR
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ECS)) Z 404 T B N IR AL FHIE , FH eCBs.
KPR 2 5 1A (cannabinoid receptor, CBR)1/2 J HAH &
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Bl SEUTIRA I . Li PGS K58 & 81,
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iy B RRAAZ AR XU
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0 Rt R A ot FR B . S1P S —Fh 28 B IR i
A, SHAZESIPI—5 254 5 5 77 40 3 5
A . GREANHIAE 5L S T N B AR g — 2
WEIE A B, S1P fie F - F W Ak 1% mT REAIL il 2 1 1F
FENM A A Y, Skaznik-Wikiel ZPHIFSE, S1P-tyn]
7S E WU IE A coX2 iR Ris, R
Wil S PG A5 il B 7E W AL A SV P AR R R
T 52 W)= B WAL ot i R IGE IR . VBRI S1IP &
R OC BEE T, 4 22 B L8 (sphingosine kinase 1/2,
SphK1/2) 76 N i B4k, . R AR 2 R b % #2134
o Mizugishi LT Sth'/ 'Sth'/ N i
FEFMM 2 e R AET, H Sphk B = Wl 5[k
A3 AR B VA B R T 4 P 4 el 2 % g B 1 A R
W24, it b 32 453 10 JC7E 2 42 . SphK1/S1P fig 1%
Z 5 R RAE N, 5 I 20 B 55 G0 5 M B A R X L
FA IR J7, DI BT e 3R 9t k5 e PE AR
FRES3T e rbe b 200 B Y R 1R i SRR AR A 3 B
Y2 J IV FT fig 2 SphK BB A T 4T Uk 25 2K 1 ) — Pl g
B

2.3 JH[EEE OME. ZEUER R i I R A A P A
BIREEER , 3 U A 5 RS R 45 48 S 2 R i
Ap, JHXTFE NS 2 MR S BT E, ChEE
A AAMBOFERS o Suthaporn FEB7ESE, 223 & ] i i
5] R A A2 AR5 A U0E T e i, SR B[R] o 20 e
FEAEMIREAEAS TR (5 AR AL 2532 IR
R RRG A RAE RS o R, Csabai PRI, 2234
A5 T 0 BT PR ke = 0] AR SR I by (AL 4E T
YIS A2 40 . Thl s34k 2500 A B SR A8 00 4t it 3t



By, SECUNIRBE AN, B, iR e
WIBACR L2, W AN SRR DS i
TRARZEAEFFUT YR . FETR LI, IR R T A
R AAEGE , JFE SRR Z RS, R
B NBEAZ MR B IRD . Zhang SFONIESE, MEK
Z3E L A A 5 S U e (extracellular signal-
regulated kinase, ERK)-p6S 15 5 il 4 5 P JoT 9 1o 34 A7
ST, AR HEFE B A AR A, AT Rk
TENIEEZM . M. ZEE O n il 20 PG AR A
o E N Z Y MR IRE IR . AR,
2P R A N8 PGE, - DL R R,
A 2K 5B N IR 2 e i
SERRNGE R B OCHE S, B AU E LA A
i —

3 ERERESEEMEX SRR

PCOS B T 5 WA 52 P32 40 ] g5 H R it
AL R 2 AN R IRES A G B
KL, PCOSBEMALLMEMIIING, FEMIRE
TEE RIFEIRAS R, R 52 e 757 PN R 52 ME 1Y
W JEAh, Regidor SFE I, 5 fil X HRZAH
b, PCOS#EAA MR M1l cCOX. PGIFRIER
H o PCOS 34 1 ABA 7K - B 5 i F it )32 X R 4
(P<0.05)), £ EFrikR, PCOS f 3 g Uil ml
RFENREEZ, SE0UET iz,

F B N IR AL AE (endometriosis, EMs) A #4 Il E
BHIIALORZ KBS, TR S HF e A 2 122
WA, HAr, EMs WA RALE A A6, A0
FEUFSE, ECSilatsgmidnfuybsg ., M1, bt
Y25 EMs ) & 42 K P, Andrien 697 R PR,
EMs £ 35 A5 A 1) 2- 4625 DO U R H il 7K P %) BE 2
W Fhi, T ABA ZKSF-IA R [ (P<0.05) e Wei S5
WESE, EMs HBAE 76 20 W 01 b e 03 (R G TR ) 780 N
JI5 LPA3 /K- I i P AIG, L LPA3 SRk KRR 5 H
fth ¥ 5 NI Z M E Dhn B S e . [RUR S
BRI L A0 () FRIRBEVIFAC . H Tk Se B [H e ik
Y12 7, BOX Be L B Kk R IC T BE S
EMs AH G 2R LA ¢ DL L5 R W, EMs
BE MR S T R TR N R 2 IR
IR, ASEUET SR

4 BEHRE

2 R T BT R R RO AR TR . BEAR .
WEACH (A PUFA. PG. eCBs RN )Z 5T F
B BEA Z M ST SRR IR, IR AR R T
AL IR R AR X A B e EL AT
ARSI 3 DA T i A o S A 5 R A T E A

Med J Chin PLA, Vol. 49, No. 9, September 28, 2024

R A5 B A S IR SR AR B 22 FAILA A ) T T i i
A SRANZEAE BIR YT, O T K s F AR AR A
() Al Bl A= 5 B 2 (9 45 Jey 4R OB I DDA R BRI AT 1Y
TR, B, IREAEOIE BT E—E
ARERYE, aiRERE AR | AR 2SN TR
TR oA B4 PRI A, TS SO0 T g o A B 4
B LR Bl PRAETEARXT B D o Ak, HATEIITFE R
ZRORT e, FET AR AR D
AR BEE i B2l 2 55 Z A A RR R A e, R
S 2T N RIS PR IEUE S R AR AR B A
X A B R A REAL] A i i e A B fe
S BERT Y SR SR

(&% 30k)

(1] Eh8EHs, s, T3, 5F . RO Iy R S RN %
TE B 5L IE 5 RO T B NTTRCR LR (0] T £ BR v B
1, 2022, 39(11): 1041-1046.

[2]  Jackson T, Watkins E. Early pregnancy loss[J]. JAAPA, 2021, 34(3):
22-27.

(3] FLL, BUBELL, MR, 27 . 4l Bl AR S BOR B 2 S U S 1 e 0
LRI S I 2 3 A (0], 75 RO A2 4l (PR 27 R, 2022, 48
(5): 1298-1304.

[4]  Baron C, Haouzi D, Gala A, ef al. Endometrial receptivity in assisted
reproductive techniques: An aspect to investigate in embryo
implantation failure[J]. Gynecol Obstet Fertil Senol, 2021, 49(2):
128-136.

[S]  Niringiyumukiza JD, Cai HC, Xiang WP. Prostaglandin E,
involvement in mammalian female fertility: ovulation, fertilization,
embryo development and early implantation[J]. Reprod Biol
Endocrinol, 2018, 16(1): 43.

[6] Moraes JGN, Behura SK, Geary TW, et al. Analysis of the uterine
lumen in fertility-classified heifers: I. Glucose, prostaglandins, and
lipids[J]. Biol Reprod, 2020, 102(2): 456-474.

[7]  Mauri M, Calmarza P, Ibarretxe D. Dyslipemias and pregnancy, an
update[J]. Clin Investig Arterioscler, 2021, 33(1): 41-52.

[8] Jiang XJ, Lu XL, Cai MS, et al. Impact of dyslipidemia on the
cumulative pregnancy outcomes after first ovarian stimulation[J].
Front Endocrinol (Lausanne), 2022, 13: 915424.

[9] Cai WY, Luo X, Chen E, et al. Serum lipid levels and treatment
outcomes in women undergoing assisted reproduction: a
retrospective cohort study[J]. Front Endocrinol (Lausanne), 2021,
12: 633766.

[10] Gao L, Li M, Wang Y, et al. Overweight and high serum total
cholesterol were risk factors for the outcome of IVF/ICSI cycles in
PCOS patients and a PCOS-specific predictive model of live birth
rate was established[J]. J Endocrinol Invest, 2020, 43(9): 1221-
1228.

[11] Yang TL, Zhao J, Zhang Q, et al Associations between
dyslipidaemia and pregnancy outcomes in the first complete cycle of
IVE/ICSI: a real-world analysis[J]. Reprod Biomed Online, 2021,
43(6): 1095-1105.

[12] Matorras R, Martinez-Arranz I, Arretxe E, et al. The lipidome of
endometrial fluid differs between implantative and non-

implantative IVF cycles[]J]. J Assist Reprod Genet, 2020, 37(2):



fRRCEE 2 AE 20245F9H28 0 5498 £Holl]
385-394.
[13] Shahnazi M, Mohammadi M, Mohaddes G, et al. Dietary omega-3

(14]

(15]

(16]

(17]

(18]

(20]

(21]

[22]

(23]

(24]

and -6 fatty acids affect the expression of prostaglandin E, synthesis
enzymes and receptors in mice uteri during the window of pre-
implantation[J]. Biochem Biophys Res Commun, 2018, 503(3):
1754-1760.

Zeng X, Li S, Ye Q, et al. The combined use of medium- and short-
chain fatty acids improves the pregnancy outcomes of sows by
enhancing ovarian steroidogenesis and endometrial receptivity[J].
Nutrients, 2022, 14(20): 4405.

Zeng X, Li S, Liu L, et al. Role of functional fatty acids in
modulation of reproductive potential in livestock[J]. J Anim Sci
Biotechnol, 2023, 14(1): 24.

Achache H, Tsafrir A, Prus D, et al. Defective endometrial
prostaglandin  synthesis identified in patients with repeated
implantation failure undergoing in vitro fertilization[J]. Fertil Steril,
2010, 94(4): 1271-1278.

Vilella F, Ramirez L, Berlanga O, et al. PGE, and PGF,,
concentrations in human endometrial fluid as biomarkers for
embryonic implantation[J]. J Clin Endocrinol Metab, 2013, 98
(10): 4123-4132.

Demiral Keles I, Ulgen E, Erkan MB, et al. Comparison of
endometrial prostanoid profiles in three infertile subgroups: the
missing part of receptivity? [J]. Fertil Steril, 2020, 113(3): 670-
678.el.

Kusama K, Fukushima Y, Yoshida K, et al. Endometrial epithelial-
(EMT)
inflammatory factors during hypoxia[J]. Mol Hum Reprod, 2021,27
(6): gaab036.

Baryla M, Kaczynski P, Goryszewska E, et al. Prostaglandin F,

mesenchymal  transition by  menstruation-related

stimulates adhesion, migration, invasion and proliferation of the
human trophoblast cell line HTR-8/SVneo[J]. Placenta, 2019, 77:
19-29.

Ezechukwu HC, Diya CA, Shrestha N,
endocannabinoids in early pregnancy: recent advances and the
effects of cannabis use[J]. Am ] Physiol Endocrinol Metab, 2020,
319(3): BS57-ES61.

Kozakiewicz ML, Grotegut CA, Howlett AC. Endocannabinoid
system in pregnancy maintenance and labor: a mini-review[J].
Front Endocrinol (Lausanne), 2021, 12: 699951.

Almada M, Cunha S, Fonseca BM, et al. Anandamide interferes with

et al. Role for

human endometrial stromal-derived cell differentiation: an effect
dependent on inhibition of cyclooxygenase-2 expression and
prostaglandin E, release[]]. Biofactors, 2016, 42(3): 277-286.

Maia J, Fonseca BM, Teixeira N, et al. The fundamental role of the
endocannabinoid ~system in endometrium and placenta:
implications in pathophysiological aspects of uterine and pregnancy
disorders[J]. Hum Reprod Update, 2020, 26(4): 586-602.

Almada M, Oliveira A, Amaral C, et al. Anandamide targets
aromatase: a breakthrough on human decidualization[J]. Biochim
Biophys Acta Mol Cell Biol Lipids, 2019, 1864(12): 158512.

Li Y], Dewar A, Kim YS, et al. Pregnancy success in mice requires
appropriate cannabinoid receptor signaling for primary decidua
formation[J]. Elife, 2020, 9: e61762.

Ye XQ. Uterine luminal epithelium as the transient gateway for
embryo implantation[J]. Trends Endocrinol Metab, 2020, 31(2):

165-180.

(28]

(29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

[39]

(40]

[42]

(43]

(44]

(45]

Aikawa S, Kano K, Inoue A, et al. Autotaxin-lysophosphatidic acid-
LPA3 signaling at the embryo-epithelial boundary controls
decidualization pathways[J]. EMBO J, 2017, 36(14): 2146-2160.
Beltrame JS, Cafumil VA, Sordelli MS, et al. Novel role for
lysophosphatidic acid in vascular remodeling at the maternal-fetal
interface[J]. Reproduction,2020,159(2): RS5-R67.

Ding NZ, Qi QR, Gu XW, et al. De novo synthesis of sphingolipids
is essential for decidualization in mice[J]. Theriogenology, 2018,
106:227-236.

Fan X, Liu L, Shi Y, et al. Recent advances of the function of
sphingosine 1-phosphate (S1P) receptor S1P3[J]. J Cell Physiol,
2021, 236(3): 1564-1578.

Qiu Y, Shen J, Jiang W, et al. Sphingosine 1-phosphate and its
regulatory role in vascular endothelial cells[J]. Histol Histopathol,
2022,37(3): 213-225.

Skaznik-Wikiel ME, Kaneko-Tarui T, Kashiwagi A,
Sphingosine-1-phosphate

et al.
receptor expression and signaling
correlate with uterine prostaglandin-endoperoxide synthase 2
expression and angiogenesis during early pregnancy([J]. Biol
Reprod, 2006, 74(3): 569-576.

Mizugishi K, Li C, Olivera A, et al. Maternal disturbance in activated
sphingolipid metabolism causes pregnancy loss in mice[J]. J Clin
Invest, 2007, 117(10): 2993-3006.

Zhao X, Yang L, Chang N, et al. Neutrophil recruitment mediated
by sphingosine 1-phosphate (S1P)/S1P receptors during chronic
liver injury[J]. Cell Immunol, 2021, 359: 104243.

Seidita I, Tusa I, Prisinzano M, et al. Sphingosine 1-phosphate elicits
a ROS-mediated proinflammatory response in human endometrial
stromal cells via ERKS activation[J]. FASEB J, 2023, 37(8): e23061.
Suthaporn S, Jayaprakasan K, Thornton JG, et al. Evaluating the
influence of progesterone concentration and time of exposure on
in vitro endometrial decidualisation[]J]. Mol Cell Endocrinol, 2021,
§528: 111242.

Csabai T, Pallinger E, Kovacs AF, et al. Altered immune response
and implantation failure in progesterone-induced blocking factor-
deficient mice[J]. Front Immunol, 2020, 11: 349.

Al-Lamee H, Ellison A, Drury ], et al. Altered endometrial
oestrogen-responsiveness and recurrent reproductive failure[J].
Reprod Fertil, 2022, 3(1): 30-38.

Zhang Y, Cao C, Du §]J, et al. Estrogen regulates endoplasmic
reticulum stress-mediated adminpoptosis by ERK-p6S pathway to
promote endometrial angiogenesis[J]. Reprod Sci, 2021, 28(4):
1216-1226.

Motta IG, Rocha CC, Bisinotto DZ, et al. Effects of estradiol
treatments on PGF, release in beef heifers submitted to estrous
resynchronization 14 days after timed-AI[J]. Domest Anim
Endocrinol, 2021, 76: 106625.

0, BB N\ Z8B A PE R ER X S S P 2R OS2 £
BT E N SZ YR ()], 8 & BE 24 Besé iz, 2023, 40(11):
1024-1031.

Jiang NX, Li XL. The disorders of endometrial receptivity in PCOS
and its mechanisms[J]. Reprod Sci, 2022, 29(9): 2465-2476.
Regidor PA, de la Rosa X, Miiller A, et al. PCOS: a chronic disease
that fails to produce adequately specialized pro-resolving lipid
mediators (SPMs)[J]. Biomedicines, 2022, 10(2): 456.

Cui N, Feng X, Zhao Z, et al. Restored plasma anandamide and

endometrial expression of fatty acid amide hydrolase in women with



(46]

(47]

polycystic ovary syndrome by the combination use of Diane-35 and
metformin[J]. Clin Ther, 2017, 39(4): 751-758.

Vi, R, B, 55 BINEE R X L2400 HEE G iR T
B BE A AR AL (0], BT £ R A B 2 4R, 2023, 40(9):
818-823.

Andrien T, Chicca A, Pellegata D, et al. Association of

endocannabinoids with pain in endometriosis[J]. Pain, 2022, 163

(48]

[49]

Med ] Chin PLA, Vol. 49, No. 9, September 28,2024

(1): 193-203.

Wei Q, St Clair JB, Fu T, et al. Reduced expression of biomarkers
associated with the implantation window in women with
endometriosis[J]. Fertil Steril, 2009, 91(5): 1686-1691.

AR, BRAE, VRORA A5 e A RS (O AR 2N S A
JEHE DR i 16 (9 A W (5 R 2 20 AT ], 75 MRORSE 244l (B 24 R),
2022, 48(1): 188-194.

AT KAV



