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Effect of cyclophosphamide on developmental potential of oocytes
CHENG Li, NI Man, WANG Jie; GUO Shuang, QIN Lianju’, MA Xiang’
Reproductive Medicine Center, the First Affiliated Hospital of Nanjing Medical University , Nanjing 210029, China

[Abstract] Objective: This study investigated the effect and mechanism of 4-hydroxycyclophosphamide(4-HC) , the active metabolite
of cyclophosphamide (CTX) , on oocyte quality. Methods: Mouse cumulus-oocyte complexes (COCs) in the germinal vesicle(GV) stage
were randomly divided into eight groups. The blank control group received no treatment, while the solvent control group was treated
with DMSO at the same concentration as the experimental group. The experimental groups were exposed to 4-HC at concentrations of
0.3, 1.0, 3.0, 10.0, 30.0, and 100.0 pmol/L. The in vitro matured oocytes were observed for the first polar body discharge rate, 2-cell
rate, and blastocyst rate. The 1 wmol/L concentration group was further evaluated for reactive oxygen species (ROS) levels,
mitochondrial membrane potential (MMP) , and reduced glutathione (GSH) content to assess oocyte quality and explore the mechanism.
RT-qPCR and immunofluorescence were used to detect the effect of 4-HC on DNMT3A expression in oocytes. Results: With increasing
4-HC concentration, the 2-cell rate of oocytes remained similar or slightly decreased, while the blastocyst rate decreased significantly
(P < 0.05). Treatment with 1 pmol/L. 4-HC reduced mitochondrial membrane potential, increased intracellular superoxide anion
content, and decreased reduced glutathione content (all P < 0.05). Additionally, the blastocyst formation rate (0.809+0.087 vs. 0.566+
0.175, P < 0.05) was significantly reduced. PCR and immunofluorescence results showed increased DNMT3A expression in oocytes
(P < 0.05). Conclusion: 4-HC induces oxidative stress and mitochondrial damage in oocytes, impairing their developmental potential
and affecting oocyte epigenetics.
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V2 N YT AR ) LB IR G MR LR Y 2 R A
iR R 2R e L BRI A B B G I VR T
o FEARN CTX I JH 40 (5, 25 p450(cytochrome
P450, CYP450) ¥ 4y 4- 5% 3 4 1% I i (4-hydroxy-
cyclophosphamide, 4-HC)™ . 4-HC /E N CTX 7E4& N
(LS PEY) BT, W TR A CTX 4 i 457 1 45 2
P 1) 511, A AR ¥ B IE B AT DAAE A A ik
Fr YN IR R 2R, UK 20 B 1) 9 T2 48 CTX AR AR
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#(ovarian tissue oocyte-in vitro maturation, OTO-IVM)
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FFIRIE 77 2 E PR HE DR EAT IVF Bl 22 (13%
FEERAR Y K, OTO-IVM A 3 il Ak y7 N BEAE
B IRAF A Bk 5 5 . AHIE 508 1 AR A A B
FrIL Rt EA S N 4-HC, AU CTX ARST, RTINS
YNERA A T RE RS2, TR R CTX AT F AT RE
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1.1 ##

Zf I 1) 35 42 1 R 2% (pregnant mare serum go-
nadotropin, PMSG, T# 5 ¥ ); 4-HC(Cayman
], FEIED s VMR 3% B 53 B e TY H R HTF ¥
KSOM 8 M2 35 779 (R 58 5% DUE I BR A 71D 5 4%

SR R i 3] 5 VB 5 DA 5K IR I P4 (reactive
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100(BioFroxx 2~ 7] , f& ) ; PBS 22 i G I ZE 4 7K
/> @] ) 5 Dapi - Fluoromount - G $7T %% 76 ¥ 'K & F 77
(SouthernBiotech 4 7], 32 [# ) ; LCA-FITC. i Ji B4 4%
JBEH K (glutathione , GSH) 26 Y68 £t (Invitrogen A 7]

F[ED; DNMT3A (Thermo /A 7, & [F) ; Micro RNA Kit
(QIAGEN ], #5[%) . High-Capacity cDNA Reverse
Transcription Kit(Thermo /A 7], 32 ) ; QIAGEN Micro
RNA kit (QIAGEN 2 7 , 3% [ ) ChamQ SYBR ¢PCR
Master Mix(Fd BLIE4EE N 7)) o
1.2 Fik
121 SRR

SIS R FH 3~6 A B A A RTIA C57/B6) /NER . B
A/ BRI TR R R R A S B ) ik b A
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75 3R JE .
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COC), BENL > 4, T IVM 8% 7% ¥+ In N\ 4-HC fi%
T (10 mg 4-HC AN 341 WL &7 DMSO H, Bic i) B
100 mmol/L FIfEAFIR, 73 e FF s NP PESUAA, 80 “CIR
15, WLHE 15 R M N 4-HC IR 15 4y %S BRI A
(Mock) « ¥ 751 %5} 8 2H (Crl) + 0.3 wmol/L 4-HC 41 .
1.0 pmol/L 4-HC41.3.0 pumol/L 4-HC #H.. 10.0 wmol/L
4-HC2H-30.0 pmol/L 4-HCZ1A1100.0 ymol/L4-HC4L .
F1100.0 wL A kiR A2 FZ R 5 T, IREHA)E
JE 37 CL 5% CO.K; TR A KT F7 14~16 h (= [ 0]
YN IVM 5 72, 3556 B4 8 DMSO 121 000 #
B , 8K 5 1 FH 325 B Joid I8 g I 25 KL 240 L, A
B T W 5% 1 B A1 A 28 — AR R HE B L, BASE —
PR AR HE AR D O B 0 i A R 24 R 3R AE o WACAR kR
5 R 2 (metaphase 1T, ML) 5P RE4H g H T
JE BN . A AL AE ] 20~30 BN REAN I, SE e
DEF 3R
1.2.3 LR Z 9F LA e i ik

IR 1227718597 14~16 h &, 4 £ B8 B4
T EZ ON ORI 75K , 4 FH Image J I & 2
COC KA B2 5 i jh LA, BCP (B /E N BR F J5ikr
AUy HEAE
1.2.4 RIS 3 H

b HE C57/B6J T 5, BB =2 2 & I Rl IF fai 4
B AT RS 7 AE TYH W 3K & 60 min. 4 §F B 44
Ah B COC 75 HTF ¥ 35 Bk 3 I 5 B T3 10
W, N TR REAS T AL 55 92 2 K5 4~6 ho 1E
KSOM 5 7% Vi 7 35 e OF B 241 Jfa I 76 37 6 14 90
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O FE NAH R —HiH 4 CIER, 0.5% PVA JEPE 3 IX
Ja = E 91 h. 0.5% PVATEBE3 XJG
i F DAPT J M Mo t%, 3 v o LR B ~ kAT
AR 5L, 1 H Image J A 2E AT 3L 5E A7 e 5 &
INT . RREAH 15~30 ACUP RELN MY, SEEG B /D EH
3.

1.2.6 ROS.iL/RA (GSH)An & AzARIE AL &

{8 F DHE & J7 8 GSH 4R%F A1 JC-1 46300 M IT A
P BEAH M ROS  GSH R 2R A4 I FLAL 7K ST o K B B
40 143 53 5 DHE A1 JC-1 TAE A 37 °C5%C0, 15
FEHE I H 30 min, SR 5 8 FH M2 B 7R 0E BE 3 K
Ja BT IR AEM A, # ] Nikon Eclipse Ti JE R £ &
T I 5 TR B o B b AR A LA A 10~15 4K
YR RELM L, Seae &b EE 3R
1.2.8 RNA# M & RT-qPCR

i F§ QTAGEN Micro RNA Kit $2 B 5 £ 41 Jfg &2
RNA, $#2 B RNA 32 Z 9K N High-capacity tran-
scription Kit #3538 77 25 °C 10 min<37 °C 120 min.
85 °C 5 min f RNA I #5555 cDNA . 41 BE R R 1A
3 A S P % 8 B PCRAGHAT I A I, 2% 1F N
95 C 1A% P£ 5 min. PCR X % N 95 °C 15 5,65 C
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Table 1 Primer sequences

Gene Forward(5'—3")

Reverse(5'—3")

Gapdh
Dnmt3a

AGGTCGGTGTGAACGGATTTG
GATGAGCCTGAGTATGAGGATGG

TGTAGACCATGTAGTTGAGGTCA
GATGAGCCTGAGTATGAGGATGG

13 %itsrik

FT A Gi it 45 39K A GraphPad Prism 8 #E47
IIHT S B 35 DA B b e 22 (3 + 5) 3R, P 4LTE] L
R MO REA K56, 22 41 IR LE R F SRR 2R
ZEHT, P < 0.05 NZEFH G5 .

2 & R

2.1 ARKREA-HCHIPEmIE K F # e eh
IR FT 4-HC T OF-REAH BRI B4 S AL,
BT el 4-HCAH DGR L, AR RE T 4-HCIR
FERAFF:0.3.1.0.3.0.10.0.30.0. 100.0 wmol/L, ¥4 GV
HHCOCHUH J , ELAZAE SR TR Th s I _F IR AN R B2
H4-HC, 45 R R B, B 4-HC ¥R 38 0, 59 RF 41
M e LR FEENEES(EIAB,
KPR 4-HC = F N BRI K BiReE. BT
1.0 pwmol/L ¥ B 2H 1) 32 I 2 55 335 57 0 B2 A L
i % %1% (0.809+0.050 vs. 0.565+0.101, P < 0.05,
10), HiZikE S5 CTX AT B3 s Ik 259k
FEFE Y WS Sk vk B R T s a2 AT —

1B PR 2
WIRTT o

2.2 1.0 wmol/L 4-HC AE 1 T 9P & 4m B AR Sk a3 A
EERF R

ST IRAAA L, 1.0 wmol/L 4-HCAEA R GV
1 COC AR A e 24 J5 1 RS B2 41K (152.200+26.780
vs. 132.600+23.130, P < 0.05, I 2A.B), & — WAk HE
% B# (0.804+0.053 vs. 0.653 + 0.074, P < 0.05,
KI2A.C), ZERTE B T [ (0.809+0.087 vs. 0.566+
0.175, P < 0.05) . XLE25 427K 1.0 pmol/L 4-HCAE
R GV I COC AR A1 B3 5 il 34 2 [, 81 52
N BRI IG K B 5 3G BRI T R PRI
2.3 4-HCAE BT Y& 2m Al & A AL R %

GSH 5 DHE 445,45 5L 1275 1.0 wmol/L 4-HC fif
AR FRE MR COC A BRREZN L Y GSH &5 &
FEAC (B 3AVBY A B+ & & 7w (B 3A.
C), #2718 1.0 wmol/L 4-HC 521 G BE4H A & A= A AL
24 4-HCFHIPEmib ZFIk e T %

SRR AE 51 BESH A D e ki A B OC B AE
H 2Rk Th e 2 4004 ™ 2 GR B OR 8, it
I OF BEAH T B S P . ARURRRAE T B R 2 M A
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A: Early embryo development of IVM oocytes under different concentrations of 4-HC after fertilization (scale bar=100 um). B: The rates of 2-cell

embryos in IVM oocytes treated with different concentrations of 4-HC. C: The blastocyst rate in [IVM oocytes treated with different concentrations of 4-

HC. Compared with the Ctr] group, P < 0.05 and ""P < 0.001(n=60).

B1  AREKE 4-HC 3RSk zh 0P £ 40 B 545 K 58 FEFZ B O 520

Figure 1 Effects of different concentrations of 4-HC on the fertilization and subsequent blastocyst formation of IVM oocytes

COC ¥y BN BEAH P tE 4T T JC-1 e, 5 R BoR, 5
AT HRZAH B, 1.0 wmol/L 4-HC £ M 1T # 5F £+4H
M 2R BEE HLAE R BE (E 4AB), X 5 REfE — 2L 4
KA A — 2, H it — 2P BB 4-HC AE FH T o
REZH 0T & F B

2.5 9P ARIR . AR Dnmi3a F K F I

BRAEWT FT s, A2/ IR AR T Dnmi3a R
IGNIH T BB A 5-FH L% E (5-methyleytosine,
5mCD 7KV T I BT 51 KN B IG R B LA
HH T O BEAH ML AE GV I 1E % 5%, AR AL GV
HIRE IR 2= ML IR COC Hr A JEUAR TR 248 i Uic 45 k2
o, FRLI 13X LL RGO M Dnmt3a 287K,
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Cumulus cell expansion

PB1
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A: Compared with the Ctrl group, the expansion of cumulus cells in COC treated with 1.0 wmol/L 4-HC was poor, the extrusion rate of the first polar
body(PB1) was decreased, and the formation of blastocyst was decreased (scale bar=100 pm). B: Cumulus cell diffusion diameter in each group. C: The
PBI1 extrusion rate of each group. D: Blastocyst rate of each group. "P < 0.05(n=60).

2 1.0 pmolV/L 4-HCEA T COC {RIM R ERIE TR AR
Figure 2 In vitro maturationresults of COC treated with 1.0 pmol/L 4-HC
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A: ROS staining fluorescence of M I stage oocytes treated with 1.0 pmol/L 4-HC (scale bar=150 pm). B: Semi-quantitative GSH fluorescence

levels of oocytes in each group. C: Semi-quantitative DHE fluorescence levels of oocytes in each group. 'P < 0.05, P < 0.01(n=60).
3 1.0 pmol/L 4-HC {EF T M 11 HA 50 B4 B &5 14 8 387Kk F
Figure 3 Oxidative stress levels in M Il oocytes treated with 1.0 pwmol/L 4-HC
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A : Mitochondrial membrane potential decreased in oocytes treated with 1.0 pmol/L 4-HC (scale bar=150 wm). B: Semi-quantitative ratios of

mitochondrial membrane potential fluorescence levels in oocytes of each group. "P < 0.05(n=60).
4 1.0 pmol/L 4-HC 1EF ™~ M II #A 50 B4R A £ fL R A% B oL
Figure 4 Mitochondrial membrane potential in M Il oocytes treated with 1.0 pmol/L 4-HC
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A-C:TherelativemRNA expression levels of Dnmt3a in cumulus cells(A), 2PN(B), and 2-cell embryos(C) under the treatment with 1.0 pmol/L, 4-HC.

‘P <0.05 and “P < 0.01(n=60).

5 1.0 pmol/L 4-HC £ F T EHi4HAE . 2PN #5255 00 K 2- 4B A AE h Dnmt3a ik K F
Figure 5 Relative mRNA expression levels of Dnmit3a in cumulus cells, 2PN, and 2-cell embryos under 1.0 pmol/L 4-HC

treatment

FEREI T 2 4N #% (2 pronuclear, 2PN) HH 52 K UF %
Z MG T Dnmi3a KKKV SRR, 5
7% AL AR EE 5 1.0 wmol/L 4-HC AE R Dnmi3a I
mRNA 7K 75 B0k 24 Hd 528G OF S — 20 B s fi o 45
BERIET & (ES), X$E/R 4-HC 7] g s i b
P BE4H Mg H DNMT3A 3218 51 & /N R R IG & &
REL i o
2.6 MII#A97 & 4mfe F DNMT3A & X 2L

I8k DNMT3A 5 % ' G 6 1) 77 TRk o135
FR2 M IR COC H BFBEZH g DNMT3A I 1 it
AT TREI . 25 R RFE R R, 57 B L,
1.0 pmol/L 4-HC AEF T M 11 # 5P BE4H i 1 DNMT3 A
ik EFH(E6AD.

AN

3 3 18

75 50 BEA0 i v, ROS 1Y 32 22 R 5 & 4oRL AR
TS B R, IR RS TR, 0P B4 R
HIT AR SR BE S A R B &7 A ROS, AT
Y E A -PUEA AR R AT . BRAEWT AR
CTX FEAR M I FE o, JLi AR 7 P iod 1 it <7
(alcoholdehydrogenase, ADH) . & it & I (aldehyde
dehydrogenase, ALDH) 1% bt H ik S-#% # i (gluta-
thione S-transferases, GST) %5 1 1) /E H , F F§ GSH 1E
D B R O e AR . 5 SE T I — e
FU 45 A — 3, AR F A5 R R, CTX i MEAR
W4 4-HC W] 51 & 59 BE2H M 9 GSH & & V8 #6A1
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A: Increased expression of DNMT3A in M Il oocytes treated with 1.0 wmol/L. 4-HC (scale bar=25 pm). B: Semi-quantitative results of DNMT3A

immunofluorescence. P < 0.05(n=20).

6 1.0 pmol/L 4-HCEF T M I #7150 BH4M B DNMT3A Rik /K
Figure 6 DNMT3A expression levels in M I -stage oocytes treated with 1.0 wmol/L 4-HC

ROS & & EJ+, i Hl 559t a b se /1, S BUE AN
BRI R AR o 3t — 0 B 2R A 5 v A7 A 0 S5 R 3
4-HC W] 5 J GIBR 2 i 2 s 42 5 A A 1 1 o, T 4
7N 4-HC 755 U0 B EORT e s R MR AR 477 , T
AR S — 0 S EUROS W, T BCE
TEIR, d5e 24 520 G BEAH ) e 2 42 1%, BRAIR LS 22
REERE.

2 A AR P A2 RS BB R B TR, MR T 2H 2N
I B R S M e SRR I I s A 4%, B DNA R 3
It FE R EENLH] 2 —. DNA F L5 1) 2 F
(—CH3) Ft [ 5 Hfo mas e (C) s g I 1) 55k 1 2
LA R, W R AR SRS (OB IR S M
W I A% Y TR LBl I TR 322 1) R s g s Mg B4 =, Bl
CpG B, CpG By Z 40 TR JE 3+ M oh &+
X 32, PR DNA 2R Ak ] DLIE I 52 S 30+ 1 152
BSR4 DNA ¥ 5% o 8 AR F 2R A0 (00 B s g o s
i HR R R Mk R AR 4R, i DNMT3 5K B 4 4L
£, 5 DNMT3A. DNMT3B. DNMT3C #1 DNMT3L™’,

DNMT3A F1 DNMT3B J& 7£ i i & & H i 32 DNA H
SEAGI B SR RTEE AR I, CTX FEH &
SEUFAR ORI AR H19Igf2r 71 Peg3e 25 E[1iC 3 [A]
() B K S i 12, IR N A 2 Rl e R 10T
AT 5 1) BN B 20 B ) R L35 A% o — LB A 58 WL 5%
B, FEABEE 2/ T R A AT OF BRI A7
3K 6 17 3 O B 4 i 1) 28 W0 82 A% 32 31 1 2,
Dnmt1 F3K5 N B, FE RIS 520 1 0N BE4H i 52 6 )5 i
JEIR B HERED ™. R, AHFFCE S8 T CTX
XF BN BEZH S DNA H AL S R IA R sem . 45 L B
N, 75 CTX AE R, UF B S0k 41 A - 524 O A1 — 4
WL G T Dnmi3a RIE KT jhAh, 5P BESH
() % 9 e 45 B oR, 4-HCAE IR, SR BE4H L N
DNMT3A & H R IEIG I, X $E7R, R T4 52 401 1
YN REAH BATI BE e RO RS HE B R B BRI B, (HIX
LEAR T fE DR KA T R S K IANCE.
BEAh , AHE 5T KR B, 4-HC A R 51 BE 41 i 52 4
J& 2-AH T R R I A R AR 3 T [ (H BRI R



*1628- Mo

VS PN

445512 1
20244E 12 A

BB PR . IR PR CTX ATREXT 4k B E 2T
By BRI % 1) DG B 4 7 AR T EE R, T A SRR AR
FE R 2H H i T ) X8 250 TR A Y B 2 AR
Bz (R N s A ORSCR R B, N Gs )i il
T MR A B3 K (1) X 582 A1 H A IX 37, i 3 A
K HR AN AT B8 SRR G 685 R R M I T AR, A HR
Ak BT BEAL B —F SOV AR R S5 A BRES 45
FARC BG4 i 2L T Y . A ST ER R CTX ]
Redd e b O REAH A A BRI T DNMT3A 1) 3%
3, 5 20 it P AR R Ak KT TR AT B AR B30
JVR B 200 P P T 9B, 3 L R BEL

25 b, AT W, 4-HC 1] 5 & 51 BE4E i A AL
I3, AR ARG N RE AT M VG 6 8 R s e G 2 W i
1o AHFFE IRITER] 4-HC X UI R AL N DNMT3A
FISTE LR o SR, R 4-HC A T P BE4H g
N DNMT3A K& b I, AT TG  HE I 1 2 5
WMo R AA N . J5 ST 7 W 5% O B 41 i 4
Ak 7K, 33E— 2B B8 AIE CTX X B BF40 i 4% & & I
W H A AP B R RS

(&% ]

[1] LIG,GU J,ZHOU X, et al. Mitochondrial stress response
gene Clpp deficiency impairs oocyte competence and de-
teriorate cyclophosphamide - induced ovarian damage in
young mice[J]. Front Endocrinol (Lausanne) , 2023, 14:
1122012

[2] EMADI A, JONES R J, BRODSKY R A. Cyclophospha-
mide and cancer: golden anniversary [J]. Nat Rev Clin
Oncol, 2009, 6(11): 638-647

[3] HASANAH Y I F, HARAHAP Y, PURWANTO D J. Phe-
notyping study of cyclophosphamide 4 - hydroxylation in
Malay cancer patients [J]. Drug Des Devel Ther, 2021,
15:305-313

[4] ZHU F, GAO J, ZENG F, et al. Hyperoside protects
against cyclophosphamide induced ovarian damage and
reduced fertility by suppressing HIF-1alpha/BNIP3-medi-
ated autophagy [J]. Biomed Pharmacother, 2022, 156:
113743

[5] LUAN Y, EDMONDS M E, WOODRUFF T K, et al.
Inhibitors of apoptosis protect the ovarian reserve from
cyclophosphamide[J]. J Endocrinol, 2019, 240(2) : 243—
256

[6] NIE Z, ZHANG L, CHEN W, et al. The protective effects
of pretreatment with resveratrol in cyclophosphamide-in-
duced rat ovarian granulosa cell injury: in vitro study[J].
Reprod Toxicol, 2020, 95: 66-74

[7] COX L, LIU J H. Primary ovarian insufficiency: an upda-

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

te[J]. Int ] Wonen’s Health, 2014,20(6):235-243
MULDER R L, FONT-GONZALEZ A, HUDSON M M,
et al. Fertility preservation for female patients with child-
hood, adolescent, and young adult cancer: recommenda-
tions from the PanCareLIFE consortium and the interna-
tional late effects of childhood cancer guideline harmoni-
zation group[J ]. Lancet Oncol,2021,22(2): e45-¢56
MASSAROTTI C, KOHLHEPP F, LIPERIS G, et al.
#ESHREjc report: is OTO-IVM the future fertility preser-
vation alternative for urgent cancer patients? [J]. Hum
Reprod, 2021,36(9):2631-2633

VUONG L N, PHAM T D, HO T M, et al. Outcomes of
clinical in vitro maturation programs for treating infertility
in hyper responders: a systematic review[ ] . Fertil Steril,
2023, 119(4):540-549

Ky JLEARIE IR B IR T TR IR BRI i 25 A Y
IR FELD ], RiEEFRER:, 2017

SCHATTEN H, SUN Q Y, PRATHER R. The impact of
mitochondrial function/dysfunction on IVF and new treat-
ment possibilities for infertility[J]. Reprod Biol Endocrinol,
2014,12: 111

JEELANI R, CHATZICHARALAMPOUS C, KOHAN -
GHADR H R, et al. Acrolein, a commonly found environ-
mental toxin, causes oocyte mitochondrial dysfunction
and negatively affects embryo development[J]. Free Radic
Res, 2018, 52(9): 929-938

ZHANG J, WANG Y, LIU X, et al. Expression and poten-
tial role of microRNA-29b in mouse early embryo develop-
ment[J]. Cell Physiol Biochem,2015,35(3):1178-1187
WEIL'Y, WANG J, QU R, et al. Genetic mechanisms of fer-
tilization failure and early embryonic arrest: a comprehen-
sive review[J]. Hum Reprod Update, 2024, 30(1):48-80
XU X, WANG S S, ZHANG L, et al. Methylmercury in-
duced ferroptosis by interference of iron homeostasis and
glutathione metabolism in CTX cells[J]. Environ Pollut,
2023,335: 122278

LUO Z B, YANG L H, HAN S Z, et al. Cyclophosphamide
reduces gene transcriptional activity and embryo in vitro
development by inhibiting NF - kB expression through
decreasing AcH4K12[J]. Chem Biol Interact, 2024, 387:
110806

VAN DER REEST J, NARDINI CECCHINO G, HAIGIS
M C, et al. Mitochondria: their relevance during oocyte
ageing[J]. Ageing Res Rev,2021,70: 101378

HUGHES A L, SZCZUREK A T, KELLEY J R, et al. A
CpG island - encoded mechanism protects genes from

premature transcription termination[J]. Nature communi-

(T# % 1648 )



445512 1

1648 B BB OREE R 2024412
[27] YAN F, CHEN L P, YING M Z, et al. Efficacy and safety [33] QI H,CAO M, CHEN Y, et al. KNTC1 functions as a po-

[28]

[29]

[30]

[31]

[32]

of pembrolizumab combined with albumin-bound paclitaxel
and nedaplatin for advanced esophageal squamous cell
carcinomal J ]. Immunotherapy, 2024, 16(5):305-317
MENG X Y, SUN X Q, LIU Z L, et al. A novel era of can-
cer/testis antigen in cancer immunotherapy[J]. Int Immu-
nopharmacol, 2021, 98: 107889

SALMANINEJAD A, ZAMANI M R, POURVAHEDI M,
et al. Cancer/testis antigens: expression, regulation, tumor
invasion, and use in immunotherapy of cancers[J]. Immu-
nol Invest, 2016, 45(7):619-640

LIU L, CHEN H W, CHEN X N, et al. KNTC1 as a puta-
tive tumor oncogene in pancreatic cancer [J]. J Cancer
Res Clin Oncol, 2023, 149(7):3023-3031

WANG J P, CARVAJAL-CARMONA L G, CHU J H, et
al.Germline variants and advanced colorectal adenomas:
adenoma prevention with celecoxib trial genome-wide as-
sociation study [J]. Clin Cancer Res, 2013, 19 (23) :
6430-6437

WU C, MIAO X P, HUANG L M, et al. Genome-wide as-
sociation study identifies five loci associated with suscep-
tibility to pancreatic cancer in Chinese populations [J].

Nat Genet, 2011, 44(1):62-66

[34]

[35]

[36]

[37]

tential biomarker and oncogene regulating proliferation,
migration and apoptosis in gastric cancer[J]. International
Immunopharmacology, 2024, 143: 113257
WANG C M, WANG Y Y, LIU C R, et al. Kinetochore-
associated protein 1 promotes the invasion and tumorige-
nicity of cervical cancer cells via matrix metalloproteinase-2
and matrix metalloproteinase-9[J]. Bioengineered, 2022,
13(4):9495-9507
LIU R J, LIU R L, GUO Z Y, et al. shRNA - mediated
knockdown of KNTC1 inhibits non-small-cell lung cancer
through regulating PSMB8[J]. Cell Death Dis, 2022, 13
(8):685
TONG H, LIU X H, PENG C H, et al. Silencing of
KNTCI inhibits hepatocellular carcinoma cells progres-
sion via suppressing PI3K/Akt pathway [J]. Cell Signal,
2023, 101: 110498
LIU C T, MIN L, WANG Y ], et al. shRNA - mediated
knockdown of KNTC1 suppresses cell viability and induces
apoptosis in esophageal squamous cell carcinomalJ]. Int
J Oncol, 2019, 54(3): 1053-1060

(BFs BT 2024-04-18

(KRR % F1D

B A e S S e e S S T e e e S S S S e S e S e e e e e o ST S S e o

(EH#E% 1628 W)

[20]

[21]

[22]

[23]

cations, 2023, 14(1): 726

UYSAL F, AKKOYUNLU G, OZTURK S. Dynamic ex-
pression of DNA methyltransferases (DNMTs) in oocytes
and early embryos[ ] ]. Biochimie,2015,116:103-113
CHEN Z, ZHANG Y. Role of mammalian DNA methyl-
transferases in development [J]. Annu Rev Biochem,
2020, 89: 135-158

DI EMIDIO G, D’ AURORA M, PLACIDI M, et al.
Pre-conceptional maternal exposure to cyclophosphamide
results in modifications of DNA methylation in F1 and F2
mouse oocytes: evidence for transgenerational effects [1].
Epigenetics, 2019, 14(11):1057-1064

ECKERSLEY - MASLIN M A, ALDA - CATALINAS C,
REIK W. Dynamics of the epigenetic landscape during
the maternal -to-zygotic transition [J]. Nat Rev Mol Cell
Biol, 2018, 19(7):436-450

[24]

[25]

[26]

[27]

YANG W, MA Y, JIN ], et al. Cyclophosphamide expo-
sure causes long-term detrimental effect of oocytes devel-
opmental competence through affecting the epigenetic
modification and maternal factors’ transcription during
oocyte growth[J]. Front Cell Dev Biol, 2021, 9: 682060
DING G, LU J, LI J, et al. RNA-methyltransferase Nsun5
controls the maternal - to - zygotic transition by regulating
maternal mRNA stability [J]. Clin Transl Med, 2022, 12
(12):e1137
WILKINSON A L, ZORZAN I, RUGG-GUNN P J. Epigen-
etic regulation of early human embryo development [J].
Cell Stem Cell, 2023,30(12): 1569-1584
LI L, GUO F, GAO Y, et al. Single-cell multi-omics
sequencing of human early embryos [J]. Nat Cell Biol,
2018,20(7):847-858

[BFs BT 2024-05-23

(KRR BES



