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[Abstract] Good endometrial receptivity is an essential factor for embryo implantation, and gene expression in endometrial
tissue during the window of implantation (WOI) is closely related to receptivity. Transcriptome sequencing technology enables the
identification of gene expression profiles of endometrium during different menstrual phases, as well as microRNAs and long-chain
non-coding RNA sequences involved in regulating gene expression. Combining this technology with bioinformatics analysis provides
a better understanding of specific gene expression during the receptive period and offers technical support for studying its regulatory
mechanism. Moreover, gene expression profiles of the endometrium during different menstrual phases hold significant clinical

application value for accurately assessing endometrium receptivity in infertility patients and those with repeated implantation failure,
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thereby guiding individualized embryo transfer strategies. This review summarizes the progress of transcriptome sequencing in

evaluating human endometrial receptivity and discusses future research directions. This review aims to understand the complex
g ptivity p

molecular mechanisms of endometrial receptivity formation and regulation from the transcriptional level, in order to improve the

implantation rate of embryos in assisted reproductive technology and reduce the abortion rate.

[Key words]

AT BEWNIRAE A 2 58l o g sa i . o
W R A2 3 AN B 43 s AT T4 SR A U
o M, G a3 e R A R Y R A A
I I N AR VPSR RE R . (RN, XSS
IR AR BE I FR N T8 N R A 52
(endometrial receptivity, ER)", ER R ok 5 %4 5
FEE KRR . W B ARIER R A . PEE,
TEAK S5 5% K - IR i B8 . (in vitro fertilization-embryo
transfer, IVE-ET)BhZ2h, 292/3 (B HMIRE IR
RIS ERAR A O, 1 R 5 & (] B A 1/38),
R, el s i 2 EROREE R GG IR, D3RS
T 8 () B WR 45 ) — T2 A B B 2 A 0 Bl TR A i 2 1Y
WU ) R Y T A] SR 18 N 2 2L A
AR TR A P A A D A T BRI
fli ER, (H LA M ol s E Mz . TR
PR R AR BRI B8 D) RE R
TEWT TR AL TS RO 7V, TS S 5K
PaAE— @R BV RAA . ML S E . HEL
g2 N e Ry PR TN R B 7 B 20V 1) e e 87
PR AT RE BB SCRF o 8 I XA WA R P R A
2R RIBTETE, 1555 ERAHOCH Gl K Ak
AL, PTTEERAM Tfi# ERJE AR B 5T
il , IFEm ER S5 2 Wi ER P ST SEdE . A SO
ER M HGZMa PR | 55 S 2 M A AR e A B A
P 5 N b B B SE E  EA T A, B AEM
FeSRJZ TR A T % ERJE BLSOA T2 09 52 22 o3 HILI
R R b4 5 IVE-ET R R . BRI ™ Fe 4
MBI LB Ts

1 ERKEHEFmMEZR

B N IRACAE 53 06 v 81— BB e i) i 8] N iy
MEARRLA, X—I IRy “E IR (window of
implantation, WOI)[‘S]O AN, WOl —fAEHED J5
e 6~10 K, BRI WIS 20~24 K, HAUHFEE
12~48 h, {HWOTLHYIFHL . 5K P B A7 25 i ] AT
SO, %P ERIE G RE, HATHR NG — sk 2
WEZP U R A5 LR R 32 A 2 R IR B I, [T
[ SR L AR iR A S B T e
R A A B BEBE AN (0 A RE AT IR, T
BN RA—RIDEE . A I RERAL, 2R
AR A AR 254, HRT, THRERHEE £

endometrium; RNA sequencing; embryo transfer; endometrial receptivity

BASELL R ILAITH: ()T EBEEESRE, b
TENRE .. FERIE. 78 NS E
(endometriosis, EMT) . FE N A R R R i
Sy Q)RHASE S, AUHE B B .
BEIRFWE; Q)N IHER, UiFZRINELS
fE . BEPRIG S (4) BRI R, AfEa s ALk
B Ao 7 v A R e M2 R B 1 P B 52 P A
s (S)WAWREZESL, FEIE . PIE L N
AR 2 AL B0 ER R R, E T R e R IS
RO L, A TG ER BTG B K 5 i
W, P05 BRI 7, X T IRia & IR
AAFEAIL s SR AR E A I R S

2 BHFRAFREER

2R 2 S P e A A HOR R] I R I AN [R] 43 71X
AL, XHEY RGHAT R TR R, A
BRI ks | MARA A ERY [/ —A4
PR e 77 A AN R A AR A, DR PR 3R A
g P 42 2 S HE D LI AR R PR A THOMERS . 5%
TRV IRE R T WA PR 2, DR SR A
Vrfie B AL =0 55 1) 24 R 43, T AR K
IR A0 v T A B TR 2 R D R SR R A 1
e RUIER | AR, s 22 1o
FURBET XS ARy 5 B R BEA T LU X A BT BAE
(07 AR ARG AR . B AR L R
LA 7 I 2 AR K RNA I T 4 K (RNA Sequencing,
RNA-Seq) %2 HHAH AL, RNA-Seq AR
AR OLE (1) A2 WA i) L R 2 B 2 75 58 4
MRRME s (2)rHEm, BEREXSF —ZH s i i e A
FIIREIRA T BEATHIE , W AT BF5E/) RNA R K
Gt 5 RNA 55 BE R R A 7K1 22 505 (3) BURE =
] IR AT BOA I e s AR A

3 EERANFRARNRA

IR 8 1) AN [ H 28 J5 39175 N I 2 s 2 2
FE SR AR A SZ I S A Sz 0 A BT Y
ZESAGRIEIN, LARERPIRAS T 18 IR % s
SFARARRIY AR AN ] 28 S R TR SRk
&, M HCBRIEH | OB B AR RIA 2R, A
TWIFEHE T % ER KRR AR 73 F-HL], gt —2
B RIm RIS T B A 2



3. S Al B OR AR AR A R N R
i

3.1 FEGE IS A I A HE T IR 22 S A
3k (differentially expressed gene, DEG) VRGP O
b 0k T f R AR TR] H 22 SR G TN B 2 S
B, AR R AR 5 00 6 Bl A K 35 R A G i G i 5t
[RI323) - Otsuka S5 1o S A% R — 2 G 5] 0 B
TIN5 i e IR R SRR 25 5, 4
oK, TEMGEINIL S R N E L w2
YNNG S AR A, MAE I, S 50 RN
B A PR R 98 28 S 114 T e e PR B I e 3k
Altmie S50 FHRLRGES1 5 AR 8 44 il o P o g 30
K53 Wb v ] (45 52 90) 7 B N BB R A T 2 s AL 22 43 AT
SR WRIL 2177 NN R IR S, Hib o204
SR BIE, 1257 MREEFLR TR, 2170
REE T KB, JAK/STAT {5 S m % . #MA K BEE I
DU N . FETE . FENIETE . RIE RNV
FEMRBAE A B P A AR . 59 —Wifd F RNA-
Seq T AR ML LA Ao B, SIGFIHAILL, nldk
BT E N WP A 2154 22 R E
mRNA, FZW AR, Q7R & FoxO {5
S )

3.1.2 Gy i FUTE A3 v AR PR R N R Y
DEG H-7E20024F, 3 5t CF H cDNA U Al
TR RS e R, e 693 1~ DEG,
Hrp LI an iR mZz A . 25 90 Dae i 5L
A ZE TN, S, HuEY il 75N
JETE R AN 5 N, JF R RNA-seq £ AR X A
SR 8 N2 32 10 S 25 52 1Y B R RS 1) e S AL A 7
MW, SR EMN, SEZHMHL, WA
1099 LRI ik B, 1273 ML RIR T A
T B AR B Dy e iE A 7 D) i A MR
Br, &BL_LVAK DEG & 2T Y G #, i
VA% DEG F= 270 At JE 10 B w4 5 b, g
PRI 36 38 I 28 43 B e B S S A% 0 I 45 L (GLI2
CDC25A. TLR9. MTIG, SLCSA1)Z5 T & KM
ER[WHEST o 53— TR 5 1l RNA-Seq 452 AR X 4552 il
W5 AEZ W N AP T e R, Hh
8651~ DEG, X8 DEG 7E G & FIRNELZ 1k . #E B i
WME . MEEERET1HE SRR E R PR
VR, MITE Wat/B-1E PR FUE S R E R I R R
ﬂﬁm] o Wang %[38] *IJ JH $ g ol ?Fg 36 2H ) )_‘? (single-cell
RNA sequencing, scRNA—seq)E& 7I<X0‘K lﬁj H é?:%] /ﬂ;ﬁ E@
TE AT AN BT, 4 T AR
M 20 SR RS, R IKEHE A 20 os
AN IR 2 L ) Bt M DR AR IR A A T 36 A8 5 b5 id
T 430 v 1 R 4 0 e 0 10— PR B AT RT3

Med ] Chin PLA, Vol. 50, No. 5, May 28, 2025

7R 1 b B A0 PR Sy TR P AE B B Y
Ak, FHTIE P s 2 7 HOR LR i b
3 VG A B TR R () IR, iR R AR
KA R HZE Ty 0]

3.2 B SR A PR HORAE S B T R % 18 HIF
7 BT HARA LRI, A HA— Lo A
RAAT - E N Sk, R AR T T
vy L, RV R A —Rh AR BN, WA A E Y
IR FRAY, ATRE R R AR AN [ 2R A Y ek
E A, PRI, 75 B AR AT B A A
SR AT TR A 3B, DA TR AL T il 5 N I
HAH A B

3.2.1 REMAAM  IVE-ET E—FiATT AZUE R
AT Wy B I IVE SRAHE MR AG, (HR
ET J& 17 75 W Jift 52 52 A 2% I (repeated implantation
failure, RIF) [ 1F 604, ER A5 # M M 28 2 3L
RIF ()5 22—, 2009 4F, Koler %0 i FI# M 51l £
AR EXF T RIF £ 5 10E 5 6 BCE 2532 W (1 & R0 26
21 R)FE NI SE R3S, %5E H 313 DEG, H
1288 1~(92%) TE RIF 2L P RIK T, IESE RIF 4%
FETEIL RN 5 . ShiEP kI, S3ERIF @tk
B, RIFEEAZMTHNRAL PA 3574
DEG, H2s3A LA, 10440 Ti; DifgsEHEa0ir
RIL, BN ER) DEG £ 295 S AR A - 4R AR
ZARAHEAER . pS3A5 518 5 FAMAEE 1 2356 5 vy 38
%, 07 L3R DEG 5 i S0 4y Tl (A0 5l 0 0T A2 A
(peroxisome proliferators-activated receptor, PPAR) 5
T IEIM IS R . 2H AL (extracellular matrix,
ECM) 32 AR B A HI A543 5 0 B AH OG5 P98 a8 e
S5, RIFEEAZH 7 ENEHLUPOKEEEN 3
(aquaporin, AQP3). JIKFLJKMEE IV (dipeptidylpeptidase-
IV, DPpP4) K4 4 4 J& & EREE NS 3(tissue
inhibitor of metalloproteinase 3, TIMP3) HETH, &
AR ZEZ bR G . IEAh, Guo FFPAY 4%
SRUL2AWTSE KB, ICAM2. ITGB2. PECAMI. SELP
S TEK -5 RIF JRJIG 3 RS ISCA SRS, #2781
BN [ B SR ] BEAE RIF &P AR Sl P ps i R T
HEAEH

322 EMT EMT & SEH B LG rem o
ZER i DU, ZORALEIR ] . U EMT &3 15
PR B 74 5 PR Rk S 2 T i EMT i AL S & AH
KA FPEIRIRITHoR g w2 —2L . Hil,
M S A 2 AE EMT N BB 58 v 09 0 FH B T8z
TIMPI . >} #E%& [ (hemicentinl, HMCNI). #% fih &
= —l(contactin—l S CNTN]) % JLNREREE TN
EMT W2 Witr & 9, 4n H 285 5L F RNA-seq Il
FFEORXT EMT SE W A0k 7R AR R i 2



IEIEEAE 2005 A28l Hs0% sl

B AR RNA #1722 H 538, &3 DEG h iy
TIMP1, HMCNI15 EMT IfliEH . 1248 K21 &
2, $E/RIXEE DEG ] BB EMT Hi 5> Thrak

KARIP RS o A, BRI B 4k R A4 %3k
AT LA T BR AL EMT 5 3E EMT 235 10 S I R4
SURRE SR LS RIS IR BN TR & A4 T
WA, Horh ARk i B W BB 12 CNTNL, A]
1E R B S EMT WA 02 Wibs 5 9 S 250697 MR A .
Chen %P4 ] RNA-seq 70 BT 700 B S5 "B PN I 1]
B4 A h ) DEG, A MAEA 1309 1K FH, 663
AFEH R R, X 48 DEG 3B K i AR IR AL IE-3- %
iiff /25 1 B M B(phosphatidyli-nositol-3-kinase-protein
kinase B, PI3K/AKT). ZHfd A -4 il 732 (440 B
YEF K MAPK {55538 % . DL b1 ;4 240 58 i e 1Y)
BT EPIEA—E, TR RS EMT B 1)
SRR RA . L, #58—mRA ST
VT bR A PRI A RS , X iEAd . e A A
AP EYREAREREZ L, HAET, XFEMT MR
SRR U AR ] AU S I P 0 D, R 2 5% S
kb 2H 2R S o P A B 240 K P R PR SRR O B A
B HEE 1T scRNA-seq 23 il T EMT £ 07 5 5460 N
JER AL 3, R 1 S50 kA e ks S AR B )
(11 T G A N R ) =X T e N 2 Y VA S S M = e
M BRI RE R AR

3.2.3 1B F B N IR R (chronic endometritis, CE)
CE J&— M 51 15 N L5 A S D RER IR i s vk
RAETLFE, SRR P IS 58 1k A IR K 9 A BB MY
MU E N EROASE , NITTRZ 05 Y D RE
W9 &I, CEWE T B W A2 2 i, &
B SR OR S B AR B AR B 2819 32 2 232 B I AR
Chen 5PV, CEBH T INBLAY— L8 o PEAH 3L
R T84k, 2 75 N2, JEms
W 7 PE R A DI RE . AT, Oshina 250738 i
scRNA-seq £ RFfA5 T CE 53l CE &1 7 W4 i P4 fi
LRI, KA 8RR RS LW, G2 ek
ML (IGHG4. JCHAIN), 6 PIEMEEskaE LA
(OVGP1, MTUS2., CLIC6, ACSMI1. MESP1., LTF),
5 CEM ELFRHE 2R ANIERIE —3, Bt AA &
St SR R CE AR A & J8 10 b ER R 3R
INFFIE

4 REHRE

R AF (9 ER 2RI B PR A ZE RT3, X T ER Y
MR P T B AR I EA TR R T,
QAR B DA B AT A3 BR 2 Ik P 10 200 gk 2R ) 1)
A SR BORTZ T NAEBE L g RS
N ERBIBLEI BT IEH, — 485 ERAH G A9 L P AH

ARz . R, REAERTFEHRAE Y5 ERMISE ) DEG
VR, FURERIPTAREA S | ARAS ] A |
SR LASE, B SRR R R G, MfE
Wt e s AL P BOR RO AT AT, A BR MRS AE
ML ST B L R SN2, AR 4
NG R SRR AR 55 o

(&% k]

[1]  Salamonsen LA, Hutchison JC, Gargett CE. Cyclical endometrial
repair and regeneration[J]. Development, 2021, 148(17):
dev199577.

[2]  Sehring J, Beltsos A, Jeelani R. Human implantation: the complex
interplay between endometrial receptivity, inflammation, and the
microbiome[J]. Placenta, 2022, 117: 179-186.

[3] Craciunas L, Gallos I, Chu J, et al. Conventional and modern
markers of endometrial receptivity: a systematic review and meta-
analysis[J]. Hum Reprod Update, 2019, 25(2): 202-223.

[4] Shao Y, Feng HR, Li LH, et al. Predictive value of endometrial
receptivity for pregnancy outcomes of in-vitro fertilization embryo
transfer for patients of different ages[J]. Altern Ther Health Med,
2023,29(4): 210-217.

[S] Bui AH, Timmons DB, Young SL. Evaluation of endometrial
receptivity and implantation failure[J]. Curr Opin Obstet Gynecol,
2022, 34(3): 107-113.

[6] Sun B, Yeh J. Non-invasive and mechanism-based molecular
assessment of endometrial receptivity during the window of
implantation: current concepts and future prospective testing
directions[J]. Front Reprod Health, 2022, 4: 863173.

[7]  Ruiz-Alonso M, Valbuena D, Gomez C, et al. Endometrial
receptivity analysis (ERA): data versus opinions[J]. Hum Reprod
Open, 2021, 2021(2): hoab011.

[8]  Governini L, Luongo FP, Haxhiu A, et al. Main actors behind the
endometrial receptivity and successful implantation[J]. Tissue Cell,
2021, 73:101656.

[9] Kim MA, Kim HS, Kim YH. Reproductive, obstetric and neonatal
outcomes in women with congenital uterine anomalies: a systematic
review and meta-analysis[J]. ] Clin Med, 2021, 10(21): 4797.

[10] Guo Y, Liu S, Hu S, et al. High serum anti-miillerian hormone
concentrations are associated with poor pregnancy outcome in fresh
IVE/ICSI cycle but not cumulative live birth rate in PCOS patients
[J]. Front Endocrinol, 2021, 12: 673284.

[11] Salliss ME, Farland LV, Mahnert ND, et al. The role of gut and
genital microbiota and the estrobolome in endometriosis, infertility
and chronic pelvic pain[J]. Hum Reprod Update, 2021, 28(1):
92-131.

[12] Findeklee S, Urban L, Sima RM, et al. The impact of the
microbiological vaginal swab on the reproductive outcome in
infertile women([J]. Life (Basel), 2023, 13(6): 1251.

[13] Rajczewski AT, Jagtap PD, Griffin T]. An overview of technologies
for MS-based proteomics-centric multi-omics[J]. Expert Rev
Proteomics, 2022, 19(3): 165-181.

[14] Wang XW, Liu CX, Chen LL, ¢t al. RNA structure probing uncovers
RNA structure-dependent biological functions[J]. Nat Chem Biol,
2021, 17(7): 755-766.

[15] de Jong E, Bosco A. Unlocking immune-mediated disease



(21]

[22]

(23]

(24]

(23]

[26]

(27]

(28]

(29]

mechanisms with transcriptomics[J]. Biochem Soc Trans, 2021, 49
(2): 705-714.

Martyniuk CJ, Feswick A, Munkittrick KR, et al. Twenty years of
transcriptomics, 17alpha-ethinylestradiol, and fish[J]. Gen Comp
Endocrinol, 2020, 286: 113325.

Shi H, Zhou Y, Jia E, et al. Bias in RNA-seq library preparation:
current challenges and solutions[J]. Biomed Res Int, 2021, 2021:
6647597.

Gill N, Dhillon B. RNA-seq data analysis for differential expression
[J]. Methods Mol Biol, 2022, 2391: 45-54.

Li D, Zand MS, Dye TD, et al. An evaluation of RNA-seq
differential analysis methods[J]. PLoS One, 2022, 17(9): e0264246.
Li PH, Kong XY, He YZ, et al. Recent developments in application
of single-cell RNA
microenvironment and cancer therapy[J]. Military Med. Res., 2023,
10(3): 383-402.

Hernidndez Martinez A, Madurga R, Garcia-Romero N, et al.

sequencing in the tumour immune

Unravelling glioblastoma heterogeneity by means of single-cell
RNA sequencing[J]. Cancer Lett, 2022, 527: 66-79.

Doughan A, Adingo W, Salifu SP. RNA-seq research landscape in
Africa: systematic review reveals disparities and opportunities[J].
Eur J Med Res, 2023, 28(1): 244.

Otsuka AY, Andrade PM, Villanova FE, et al. Human endometrium
mRNA profile assessed by oligonucleotide three-dimensional
microarray(J]. Gynecol Endocrinol, 2007, 23(9): 527-534.

Altmde S, Reimand J, Hovatta O, et al. Research resource:
interactome of human embryo implantation: identification of gene
expression pathways, regulation, and integrated regulatory networks
(J]. Mol Endocrinol, 2012, 26(1): 203-217.

Yu SL, Kim TH, Han YH, et al. Transcriptomic analysis and
competing endogenous RNA network in the human endometrium
between proliferative and mid-secretory phases[J]. Exp Ther Med,
2021, 21(6): 660.

Carson DD, Lagow E, Thathiah A, et al. Changes in gene expression
during the early to mid-luteal (receptive phase) transition in human
endometrium detected by high-density microarray screening([J].
Mol Hum Reprod, 2002, 8(9): 871-879.

Hu S, Yao G, Wang Y, et al. Transcriptomic changes during the pre-
receptive to receptive transition in human endometrium detected
by RNA-Seq([J]. J Clin Endocrinol Metab, 2014, 99(12): E2744-
E2753.

Rekker K, Altmie S, Suhorutshenko M, et al. A two-cohort RNA-
seq study reveals changes in endometrial and blood miRNome in
fertile and infertile women([J]. Genes, 2018, 9(12): 574.

Koler M, Achache H, Tsafrir A, et al. Disrupted gene pattern in

(30]

(31]

(32]

(33]

(35]

(36]

[41]

[42]

[43]

Med J Chin PLA, Vol. 50, No. 5, May 28, 2025

patients with repeated in vitro fertilization (IVF) failure[J]. Hum
Reprod, 2009, 24(10): 2541-2548.

Shi C, Han HJ, Fan L], et al. Diverse endometrial mRNA signatures
during the window of implantation in patients with repeated
implantation failure[J]. Hum Fertil (Camb), 2018, 21(3): 183-194.
Guo F, Si CC, Zhou MJ, et al. Decreased PECAM1-mediated TGF-
B1 expression in the mid-secretory endometrium in women with
recurrent implantation failure[J]. Hum Reprod, 2018, 33(S):
832-843.

M 25 . 5L T RNA-seq £ AR 19 15 N IR (0 5 5% 51t 22 50 Bt
(D). BT TTHR K2, 2018.

BB . AT A B 40 5 S 2L 07 45 7R CNTN LR T
B A (AT AP TE A AR S (D). B E: L RIERLE,
2020.

Chen CC, Chou YC, Hsu CY, et al. Transcriptome profiling of
eutopic and ectopic endometrial stromal cells in women with
based on

endometriosis

high-throughput
Biomedicines, 2022, 10(10): 2432.

sequencing[J].

Vargas E, Garcia-Moreno E, Aghajanova L, et al. The mid-secretory
endometrial transcriptomic landscape in endometriosis: a meta-
analysis[J]. Hum Reprod Open, 2022, 2022(2): hoac016.

Chen P, Chen P, Guo Y, et al. Interaction between chronic
endometrial microbiota disorder and

endometritis  caused

endometrial immune environment recurrent

implantation failure[J]. Front Immunol, 2021, 12: 748447.
Oshina K, Kuroda K, Nakabayashi K, et al. Gene expression

change in

signatures associated with chronic endometritis revealed by RNA
sequencing[J]. Front Med (Lausanne), 2023, 10:1185284.

Wang W, Vilella F, Alama P, et al. Single-cell transcriptomic atlas of
the human endometrium during the menstrual cycle[J]. Nat Med,
2020,26(10):1644-1653.

Makrigiannakis A, Makrygiannakis F, Vrekoussis T. Approaches to
improve endometrial receptivity in case of repeated implantation
failures[J]. Front Cell Dev Biol, 2021, 9: 613277.

Zeng H, Fu Y, Shen L, et al. Integrated analysis of multiple
microarrays based on raw data identified novel gene signatures in
recurrent implantation failure[J]. Front Endocrinol (Lausanne),
2022, 13:785462.

Fan Y, Shi C, Huang N, et al. Recurrent implantation failure:
bioinformatic discovery of biomarkers and identification of
metabolic subtypes[J]. Int ] Mol Sci, 2023, 24(17): 13488.

B T TS B AT A S A SR I 45 5 00
HECR A9V T [D]. BT BETTR, 2021,

AR, EWW . kT PRGN L ML B A SR R A C
ML [J]. AR5 B 24247, 2020, 29(1): 130-134.

(GEAESiR: 5K/ )



