DOI: 10.11844/cjcb.2024.11.0005
i E A AEY) 2424 9] Chinese Journal of Cell Biology 2024, 46(11): 1894-1907 CSTR: 32200.14.¢jcb.2024.11.0005

o S — BRI A JRIA7S % s T4 AR IR HIRG S 445

TE ®EE REA IHE
(P ERFABAR R A AR 5 B, ST 230027, 2 ERFBE SN AE R 25 5 i Rew Ao b, AR S AT dvia
S, UM 5105305 MR RIS MY 58 TLBR e, | AR w216 5 B SR, )T 510700)

WE  ZIER TACLAMH T AR S % 46T 49/ (naive human pluripotent stem cells, nPSCs)
KR IAE T g R FA 4 A A S M B R GA KR 09 T IR AUE], SR T o-BR X = B4 (alpha-
ketoglutarate, aKG)* nPSCs#& A5 4 e #rh . @it mfied K&k . RT-qPCRE I 5 548 % 4245 4K,
A2 F VAR aKGAL 5 e T8 66 7] e % et IR B R A K- 69 AL, ROR 45 R 5 AT KK
Ao aKGR FE 5 04 £ 7 R A KB | F 34T 48 5047 A2 motif ln]. 25 R B 7, 4CL nPSCsi% 445 Kt 42
W 4m LIE FA A A Fe S At IR B R R KR 332 T TR IR, B BT R 1Al KA B R AL S5 R AL AT
K IACL nPSCst B & LA7 /6 A T 1T 48 5 pS3i@3afE A X, M % fE MR R EGA K- TN T fe 55
ETS. FOXK#44FR FAH K. FAmoKGR I, 48 41 A B F M E4CL nPSCs % Atk A B 49 R34, &
At B KR AR I RIAER R R R E—RAZR LIR& T 4CL nPSCs#) A R EH 4L ), 12
it —HEART % A RE KT, B, 4CL nPSCsKIER G T TIE, AmaKGE, H
A bt —H K,

KR ANFIEEZRETAM; BIRER ZREN ol R

a-Ketoglutarate Impairs the Long-Term Maintenance

of Naive Human Pluripotent Stem Cells
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Guangzhou 510530, China; *Key Laboratory of Biological Targeting Diagnosis, Therapy and Rehabilitation of Guangdong
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Abstract This study aimed to investigate the decline in self-renewal capacity and pluripotency gene ex-
pression in nPSCs (naive human pluripotent stem cells) during long-term passaging under 4CL conditions and
to explore the underlying mechanisms. Additionally, the effect of aKG (alpha-ketoglutarate) on the steady-state
maintenance of nPSCs was examined. Cell proliferation and pluripotency gene expression levels separately were
assessed through cell growth curves and RT-qPCR during continuous passaging and after aKG treatment. Transcrip-
tome sequencing was used to analyze differentially expressed genes after long-term passaging and aKG treatment,
followed by functional analysis and motif prediction. Results indicated that cell proliferation and pluripotency gene
expression gradually decreased during the continuous passaging of 4CL nPSCs, and were accompanied by changes

in the expression of differentiation-related genes. Transcriptome analysis suggested that the decline in self-renewal
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might be associated with the activation of the pS3 pathway, while the decrease in pluripotency gene expression

could be linked to ETS and FOX family transcription factors. Short-term oKG treatment inhibited self-renewal

without altering pluripotency gene expression, whereas long-term treatment improved self-renewal to some extent

but further reduced pluripotency gene expression. In summary, the stability of 4CL nPSCs declines after long-term

passaging, and this stability is further compromised by aKG treatment.
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AN Z GeT 4 (human pluripotent stem cells, hP-
SCs)=&Ht Ft N B IAMNG K & 1) B AR SMERY , [F) I
X240 B P A R 2 U R B A U AR SRR
AEANR], hPSCs T 73 Jy NG +-41 2 (human embry-
onic stem cells, hESCs)f1 A5 5 £ 65 T-41 il (human
induced pluripotent stem cells, hiPSCs); H T 15755
PR ZE 5, hPSCs I Fh 22 7t B 35 (RPIRES - SRR A
(naive) F4H K 25 (primed), o355 B 1 IR G HE A
AFE N 5 1) _E R JZ (epiblast) 202 5 primed R 2541
Lt , naivelRAS T hPSCs AT B 5 (1) 73 A8 e 14, Dtk
BHlRH P A = 2 LR A TR B AL 1 S 2 R mT et .

Ik, Es B EA 2 A BBIT R AR
JRUGZS % B8 41 (naive human pluripotent stem cells,
nPSCs)iFs F I FRA R, IINHSM., tt2iLG6. PXGL.
SILAFATACLAE "1, SR1, AN BRI R T I nPSCs
RILH AR RE, BAAES AR E . flhn, NHSM
R, MR R AR E L T UK A 5 5ILAF
RN, R UM i AR WS A RS # 2l
FAR AN W41 (inner cell mass, ICM), {HIEALAR 2
HR IR AH AR MR ZE ; tt2ILGOSRAT T 4T g I sk =
) SR JE AN IR JZ A R RE S 1> FHEEZ R, 4CL
2N I 40 A B A 5 44 9 ICMARBA ) % s 2H A
FEFAEO R BRI, 3 B AT AR N Ao AL
e LEARSNAT LA N = IR 1) 2 R S 2 S IR A
YR 5, 7R N BEE BLID AR BUR A AR R
S ST RVE N, FATERK IR R RN, 4CL
nPSCsi) H KW hE I 2 BRI A Kb
AREEIE I bk, Rk, $Em MR iR e
PER H AT B R B i —

o-J{ % — & (alpha-ketoglutarate, aKG)fE N =
RBRIEA ) EE P ), MU S5 90 fe AR
U, [F IS X M 38 A4S i DA K 40 i i ds i AR K
PR ZFEAER Y R R, R
SN oK GRE Y 5% naive mESCs(mouse embryonic
stem cells) () H 35 BT HE S FAI 64040 222 72N

naive human pluripotent stem cells; self-renewal; pluripotency; a-ketoglutarate

/N primed ESCsE5 72k 29, $&m aKG 7K
SN2 0 Sd 240 J P 434 2228 HANNAZE P1#EnPSCs
) NHSM £ 753 s i oK G 2 HoAh /Ny 7 s, &
A 715 3RO E 47 1 HENSM(human enhanced
naive stem cell medium)35 753, SRT, 4 % aKGX}
nPSCsFZ A V2 R A2 A .

FEAM T, FATE 2RI T 4CL nPSCsEK I
FEARHIIRAS SR, I E BB Re J1 A 2 se ERE A
FIKIKCPINIEIP IR b DS AT RN, K
FEARI4CL nPSCs I 18 ZRFE, fFEpS3 M B
TEN I 2 25 ER AR AL , e s PRl Tl 2. 7= ETS I FOX
FER ¥ ] B AR S AR SR R o ATk — 25
R BE A I AN oK G2 2E 4CL nPSCsIf) K Rz e 4
Fro SR, SEATOHHIM R, oKGH B I FEARE
P25 4CL nPSCs % e L R R IA 7K, e Tfssd H 3K
FEBTA — € M RS, K HAA 3 B AR AE R 3 5 T
4CL nPSCsity H REHTRE ), HEFHZ RetERE R
B HE— D B FRATTIE I FE SR 2 o T AR T
oKGXf 4CL nPSCsHIARIF M . 25 b, FRATHIB 7T
HT T 4CL nPSCsKIHTCI gk FF Fa A 10 3 SELLRRAE , I
WIFRI T aKGIFEARESE = nPSCsHIERE I, N Ja 2k
HE— 5 AL 4CL nPSCsHIK RS FR 24 T McHh

1 KEMRERE
1.1 LM
1.1.1 ez NER KA Z se T4l (primed hu-
man pluripotent stem cells, pPSCs) HOZH g Hy H [E £}
BT N A1 24 5 4 AT 9T BE Miguel Angel Este-
banSE4e = FE M.
1.1.2 523K

MEF3; 775 DMEM b5 72 25114 H Corning 24
H); JG 4 1ML (fetal bovine serum, FBS)I4 H Cell Cook
5 A5 GlutaMax Fl13FE 04 75 2 £ 12 (non-essential amino
acids, NEAAs) H GibcoA 7] ; %% 2= 55 2 WPL
¥ (penicillin-streptomycin) 4 H Hyclone 22 7]
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mTeSRIFF7HE: mTeSRIERES 7RI AImTeSR 5%
057 E STEMCELL Technologies 23 7

4CL¥5 77 4L . Neurobasal®s7¢3E. Advanced
DMEM/F-12. N-2{ 741 B-2775 57 EH Gibeo
ANaE]; NEAEREN (sodium pyruvate) F Corning A 7 ;
A E I 4016 X 7 (human leukemia inhibitory fac-
tor, hLIF)A Activin AJlJ 5 Peprotech/A ] ; 4% C
AITWR-114 H Sigma’a & ; PD0325901F1 Y-2763204
H Axon’A 7] ; DZNeplld [ Selleck 2y ] ; il 1156 2%
A(Trichostatin A, TSA)4 H Vetec/A 7] ; GeltrexJ H
ThermoFisher Scientific/A 7] »

RNAFEHUHTH I Trizol RNAZAERIE B 5 5L
W MESEAE IR IR A 7] JCRNAPRE/K (RNase free
water)ll) 5 _HiEEE = RAWIA IR A R S A EEAIGK
LT RIEER A Ao RNA S 5 FH )
RNAPEH# 77 (RNase inhibitor). Oligo dT. dNTP
sz e s 22 P (5% RT buffer)l H TaKaRa/A # ; %
5 3 I (RTace) W H TOYOBOA ] o SER % i &
PCR(quantitative real-time PCR, RT-qPCR) 7 F ] Es-
sential SYBR Green Master/J § Roche A 7 ; 5|9 &
BT M SRR AR A .

HAhARF: DMEM/F 1255 72 2 fTrypLE Express
B F GibcoA 7 ; 0.5 mol/L EDTARI Cell Banker
175 40 M V% A7 % B ThermoFisher Scientific/A & ;
DMSOJ H Sigma/s & ; DPBSZE MR B i £
R A PR A ]

1.2 SEBTE
1.2.1 @i

H9 primed hPSCs}%7%. H9 pPSCsk 7% 137 °C.
5% COHIMHIRFT FRAAH , R HHHT i 1) mTeSRES
IRk, BEARME . A4, JoH] 1 mL DPBSI I
Y1, 4R 5 IIAN0.6 mL 0.5 mmol/LI{JEDTABL TrypLE-
EDTA(L: )AL, FAIIRE T 37 °C. 5% CO,[11E
W BF TR G 2~3 min. BJE, HI 1 mL F128597 5
ZbiHA, IERIEAL S AU AR B 1.5 mL e O
i, Z I N 1 800 r/minf5.03 min, B FiE 5 40
I K EESE A LAL.5 X103/ FL I & A E
B Geltrex (1) 64U 1o BRRALARMEE — KR, 75 AHE
FEIEAERIN0. 1% Y-27632.

4CL naive PSCsf¥i5 3. TR 4CLE: 7R 5
S nPSCsHIEAATIE, AT LAZE MAZIDSE MR RN
R FEDBRBEA T : FE4H4 Geltrex /) 64LHR

H A T3 BTG BCET4E 21 i (mouse embryonic fibro-
blasts, MEFs){E A1 7% 241 il (feeder cells), B T37 °C.
5% COMMEIRIEFRAA T, fr NGB e e . B
Ji , B4R B pPSCs A 1.5} 10° 4N /LI 25 FE Rl AE 5 A
feederI6FLARH o F5FIMZE— K, 15 0.1% Y-27632
) mTeSREFFEHE , H4EHF37 °C. 5% COMHIGHIRE 77
At IWEE ZRIE, W2 237 °Cy 5% 0.1
IS TR T Ak 23 97, R R B3 6 1) 4CL B 97
Ko YRR AL —AR, AR, JEH 1 mL DPBSTE S
YHp, SR5 N 0.6 mL 0.5 mmol/L ) EDTAE TrypLE-
EDTA(L: )AL, 7£37 °C. 5% CO,ffE IR R 7746+
ML 7~8 min. $:%E, H1 mL F1285 974 01k, %
SRR R 1.5 mLESOAE T, FiR N 1 800 r/minES.Ly
3 min, (& HiGEESMBIFTE. EEENYHHLL
1.5x10°> /FLI 35 FE R RS A feederff) 6FLARH . BEIR
FEARBIEE —K, 7 M3 FREE NN 0.05% ) Y-27632.
Lt iES: = AR (B 12°8) 4CLEF 72115 S, A pTh
4k nPSCs.

4CL naive PSCsHKIHZERr . 15 S IR 4CL
nPSCsFFEEREIRTERT °C 5% O MR A IE =M T,
R 4CLE T2, Fp4 R —R. BR7E
54CL nPSCsi% $if — 8. BUAENRME—K, T
BRI IR IN0.05% 1 Y-27632.

IRAAT 1% BIRD IR LAY, 1 800 r/min
FiR & 03 min, 2B EIEE, HE0.1% Y-2763211
Cell BankerJG IMIL i 40 A 1 A7 W B30HT 6 T 1) 7O 42 A7
#(90% FBS+10% DMSO)H 241 i, 1 41 il 25
JEEZ1x10%mL, /3% EHEAE (1 mL/&), BT
JFHRAF (S S, —80 °CHfR AT -

YRR T BUHRAFAN, 37 °C/KIR ML IS, BN
15 mLESOE , S N F1255 752, IER R
BREWFTRE). % T 1 800 t/minE .03 min, 2%
T, EET0.1% Y2762 F iR et o, ERJEH
SR LA 1} 100> /LI 35 FEFEFR 22 6FLAR T, pPSCSE T
37 °C.5% COJH IR FRAAH 5557, nPSCs B T-37 °C.5%
OfREIE T AH IR
122 @mfed K  HnPSCsELox10*4N/FLI %
FERWAESHAT feederH AU 1240, B 37 °C. 5%
O, MG SIS FRAR h B 97, A5k R B 0T 5 35 7 B OV
Tt 3, —R@RIT )G, el A=A it 26 (i (8] -2
#0), FAh ST E 5 S8 PR IR A UE £
123 RT-qPCRA#T B UEE4M, f#H Trizol
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R, @ E A RYUE. AR 75%
Vet 2 S5 13 B4 RNA. B S EC2 ugh RNAHEAT
W55, 133 cDNA. #2 T KLU cDNA AR 4
SYBR Greené J: 4R FIAH OS5 )17 RT-qPCR.  #x
JEARYEACTINZF RGN B AT 5 — 4k, FEHE T2
VT 2 AR R AR N SR A . BT B S B
1.

124 HFERRFHH  AKBFEHRA P2 4CL
nPSCs/] bulk-RNA-seq i #5 U5 H MAZIDFE "R L 1]
RS, TIERE IR, X LR S5 S H] RL 2
P5 4CL nPSCsH#l, (HAE AT 73R4 THRFFE P2 4CL
nPSCsRIAHICER , A B FRAT AT R 2R
YIHER B ZIERE , FEHF] FH DNBSEQIX #3347 > 3K
5, PEA I R AR BRI L FastQC MR AR 5 & H BN
ks SRE 1B IE STARF I HHE BT J5 (1 %4 15 hg38 %
LR AT T, P24 bam SO FAE FIRSEMER
(https://anaconda.org/bioconda/rsem) 11 AN SR A I
Eb X Bl freads 5, A plicountsFe A% HeJm LA 26 4% h 1)
count{H FER HH T J& 5 2 (1) 73 #r: i1 DESeq2 4 (https:/

bioconductor.org/browse/DESeq2/) 7 #1 A~ [R5 #s 2 [7]
(1) 22 57 1A 2L A (differential expressed genes, DEGs),
F|H VennDiagram £ (https://cran.r-project.org/web/pack-
ages/VennDiagram/index.html) 73 #T AS [6] 26 A4 T 22 5 4%
ZIAMEE KRR, PLIGEL clusterProfilertd, (https:/
bioconductor.org/packages/clusterProfiler/)iE 4T 3 [A A
{4 (Gene Ontology, GO 5T ARJE A 5 3L R A F B4 45
(Kyoto Encyclopedia of Genes and Genomes, KEGG)f]
AHT. BRILZ AN, B RIZ: IR H ComplexHeatmap
1, (https://bioconductor.org/packages/ComplexHeatmap/),
HAR T B2 W ] H ggplot2 U (https://ggplot2.ti-
dyverse.org/). Motif) #7158 FH )72 Homer K /4 (http://
homer.ucsd.edu/homer/), #4535 K] 1D -8 50 1 578
TE B 3 S R 456 X3, Bl motif. AR, HATH
FC(fold change)>2 H. P adjust<0.05 12 K] € SN ZE 7
FIBHEDA 5 il FA I, 75 BE50 0] R R S kAT Z-
scoreFRifEALARBE o

125 “%its7% 1§ GraphPad Prism 9.0%K {4
BEATGETE 20 B, 8 DL B e 22 () K TE U

*1 51¥F5

Table 1 Primer sequences

BB IFHI(5—3")

Primer names Primer sequences (5'—3")

ACTIN-F CCA CGAAACTAC CTT CAACTCC
ACTIN-R GTGATC TCCTTC TGCATC CTGT
OCT4-F GCT CGA GAA GGA TGT GGT CC
OCT4-R CGT TGT GCA TAG TCG CTG CT
SOX2-F CCCAGCAGACTT CACATGT
SOX2-R CCT CCCATTTCC CTC GTTTT
NANOG-F GCA GAA GGC CTCAGCACCTA
NANOG-R AGG TTC CCA GTC GGG TTC A
DPPA3-F CGC ATG AAA GAA GAC CAACAAACAA
DPPA3-R TTA GAC ACG CAG AAA CTG CAG GGA
DPPAS5-F GCT CCTATT TGT ACAAGC TC
DPPA5-R CAA GTT TGA GCA TCC CTC

KLF4-F CGC TCC ATTACCAAGAGCTCAT
KLF4-R CAC GAT CGT CTT CCC CTC TTT
KLF5-F TCA GAC AGC AGC AAT GGA CACTC
KLF5-R GTG GCC TGT TGT GGA AGA AAC TG
KLF17-F AACATT GTT GGG CCC GACT
KLF17-R CGG GCT GCT CTG GTA GAA AT
DNMT3L-F TGA ACA AGG AAG ACC TGG ACG
DNMT3L-R CAG TGC CTG CTC CTT ATG GCT
ZFP42-F AGA AAC GGG CAAAGA CAA GAC
ZFP42-R GCT GACAGG TTC TAT TTC CGC
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B, P AH AR LR F 6656, P<0.05K R ERA
Gt L.

2 HR
2.1 4CL naive hPSCsTE K BAfE R T FE2 AR
ELHFF

AR R IE [0 J5 V5% pPSCsiF F L 4CL
nPSCs, FHIE LA KIS RS 16
B8 77 DA K %2 BE M BE DR 3 A 17 15 ok ) T nPS Cs A 75 g
R RS (E1A). B, &1 12RACLEAMHIE S
J&i , EH AR B R T A T M e~ A 15 [ (] 1B), RT-
qPCRASE BN T naiveZ RE ML K [ 315 KT 1 &
P (E1C), #B4CL nPSCsHIiE S8 Th. BiJE, 31411
FREF 4CL nPSCsTEESARAUTFEF I =AFr B 5
(P2). I (PH S (PRTETEAS . HFH AN 2 RS
R IE G TH BB L. 5 P2ARHA L, PA4R4H A 7 2 A AR
/N ABTEAS KB B BEAT , PR T PR — 2D 45
N, BB s B AS T, (R R D g ge T (A
1D); AR 2R o, 20 P Sk Pt A £ R ) 14
DZ AT (EIE); 2 R8N Rk K-k 1E
RIGBEIZH R (I 1F). B, A5, 4CL
nPSCsTEZESE )\ REA T R B R EBiRe R 2 fg
PESE R RIE KPR BRI, Toik R e .
2.2 % RLESHHTFREF4CL naive hPSCsKHIE L
[EFa e MR

N T B BRI ACL nPSCs K WMER ik fa e
UERFIYJEIA, FRATTEAP2(5| FHMAZIDAE M) STk PS)
YERIRTIE , 7341 P4FI P8 4CL nPSCs ) 5+ 41 AR Ak 15
o FER5T 34T (principal component analysis, PCA)4%
BEIR, B R LIPCHRILERE FHAREUN A 1)
LA, TAE R 2(PCMILEE |, PARTLE
ok Ay | P EE T A1 2 PR (K 2A). DEGsHI%H
BEAEARE L BT (B 2B). PR ES
TR, PARIPS I s ARk i i 4, P8I¥IDEGs Y,
&7 RKH Sy PAIDEGs(KE2C) . K IR, BEEAEIK
BN, 2 BETERN B TR B I R (1) Rk K B3
TR (E2DFIE2E), X AR 4k %5 5 RT-qPCREGIE
1F) K AEK (B IE) & R —8 . R, =RZMH5E
BN FRIEB MR AEH B, FIRERRNEIL
W, MR Z AP 2 R A R (B 2F). XK
WAL[FIFE H, LSRR F, 4CL nPSCsTER: 2
W& T W32, HERetEE R RIAKE R E

FEHTRE S5, B 2 1) R 2 R

BENRIGTIRE AT, FRATTEE 255G 3 PSAH L
T R P2 AR E . GOFE &£ &7, P8 4CL
nPSCsH AL N 32 25 4L 7E RNABYH2, /K 2k
A is iy DA S AZ AR A A B R (B3 A), 277 P8
Y1 B AE 41 B A 1 2 SE R R T e (LRGSR
a5 K FARREINE A, 5k segn AR b,
nPSCsTEAN ALY 22 45 M A Th REHISE Iy 2., $275 P8
YA T RS s RV SRR 32 B R B FR A U
P M B DA u R B RS R (B 3B),
X5 RE R RIR L SR Z B N 45 R — 5
(K1 2F), $7~ 4CL nPSCsHIHHZ 040 18 BEH FT PRI
KEGGE %/ ie7~, P8 4CL nPSCsH i3 K =
R pS3(E S, HIE. Foxofs 5. 4NEEE R
TAEE % (B 30), X AT Re 5K AR AR H LA
WL RE (stress) b H FRFBTRE IS . HZ A
THEINEEDL RS, RIS 3 B R 5 TS
T MAPKAS 538 2% DL R 45141 i 2 Ge 1
S E(K3D), X 5GOE 4 R 8, 5%
FRR AL AT A 20 22 4 25 DR R IA K AT

N T IRNER TR Bl e AR 4K I B S R T
PAT Bk 22 FRIEFL AT T motit/#r. 5 P2AH
b, P8 4CL nPSCsH I 1 (1) 3 K] 3= 32 & 42 tH ETS(E-
twenty six)F3% K7 R (£2), WIELF4, ETV4FI
GABPA, %R R AE AR /3 A A 2% & 1 4%
HRORIE R AR PO, 5T ETVAC ML SN B4 i
B FE IR hESCs 7 A0 IR B R 428 PR B, FRAN 1M
7 4CL nPSCs[ESAEARLFEH , 4 ve f 2/ (]
1D), ETVAR] GEAE Ao 1 K7, i 3 42
FIEE N RIS, B0 nPSCsHIM S 500 P47, F
W I 3 2 4 3 FOX (forkhead box )% 5 [A 15K
R 51 (3 3), WFOXA2. FOXMIFIFOXAL, %5
R 5 4 22 B () 4 RE AN E R B DA OGBS, ax
B 25 PR, 4CL nPSCs KL AU FE T ik 4R iR
A0 BEVR T ETSHIFOX A% 3¢ K 111 1

PL B2y #T 2B, 4CL nPSCsfE K W% AL 5
T dErfads, AWM SR B E ST, XML
IRTRAEAN M S5 R AT BE . SEREAIE T . (S Sl Eg A
SRS 2 2T, T REIE TS 5 L ETS I
FOX% 5 R 111/ o
2.3 AMoKGPE{K4CL naive hPSCsHIFa E 1t

N T ARHEACL nPSCsIIFRAYERE, BATAE M



TS ol R R N JFIRAS £ Re T A A SRR S A RR 1899
(A) Primed Naive Naive
hPSCs hPSCs hPSCs
4 4CL, 12 days e Maintaining =
SE> ————— > B8 ————— -~ &8
(pPSCs) (nPSCs P0) (nPSCs P2/P4/P8)
(B) ©)
Pluripotency genes
_. 1800 pPSCs
5 1600 nPSCs
& 1400
2 120
2
S 110
L)
2 100
g 20
£ 104
0 T T T T T T
SRR U S
o7 O O < $ %
&Y
(D) (E) (F)
nPSCs Pluripotency genes
P2
409 o P2 _ 124 P4
= P4 ° E 1.0 - P8
é =] ns
- 208« ) T
2 g T i
g Gl N
z2 * *
o £3 *
5 z 044 T3 %
[5) i=] ¥
O = T
& 024 L
0 T T T 1 0 T T 1
0 1 2 3 4 G ) N
A8 oV
Time /d éﬁo L ¢
Y

Lo e e —
A: 4CL nPSCsfi% S AME R R 5 [&; B: pPSCsHInPSCs 445 ; C: RT-qPCRAGMpPSCsFInPSCs % A M KL PR 75 7K 7 (978 4k; D~F: A S
4CL nPSCsIMAINEIEA . AR il 20 2 etk R ERIEAKF K722 . ™P>0.05, *P<0.05, **P<0.01, ***P<0.001, 5P2AH L.
A: schematic diagram of the induction and passaging of 4CL nPSCs; B: cellular morphology of pPSCs and nPSCs; C: RT-qPCR analysis of pluripo-
tency gene expression levels changes from pPSCs to nPSCs; D-F: changes in cell morphology, growth curve and pluripotency gene expression levels of

4CL nPSCs at different passages. “P>0.05, *P<0.05, **P<0.01, ***P<0.001 compared with P2.
E1 4CL nPSCsTEHEARRITIE T AR EHHF

Fig.1 4CL nPSCs failed to maintain stability during long-term passaging

FBREFRBE RN T- B, B R 4CLE 7R+
()< B 4> TSAFT DZNep 7> 1) 5 41 8 ([ Z B AL AT
T IR, TRATHHEN, 385 T3 £ Bt 4 B AR S i 7
AR EMER T Re AR . 5T DUELE /) R naive
ESCsH HIWF 745 58, oKGH F T mESCsf H 3 5 #
FZ2 B 1 4 5 2220 AT T4 oK G A 7T e B35 4CL
nPSCsif) EH IR H . $2 5 naiveZ fE 1 I K [ Rk K

S, TG 258 iIRACL nPSCsTE K WL fE i A sE
PERRAREE )8 . Ik 8 0 7 5 S (IR P22 mmol/L
A= EE4 mmol/L) oKGAEFEACL nPSCsHfiEAT IS
FEAR A PARIK A PR 4A), TATTRIN: K oKG
ARER S, 4 b B AR 1S (K1 4B), i B FREE R
e 71 R BR(K4C), (B2 etk R N RIE KPR K ERE
MR 4D); K3 oKGACHE G , 20 o B (R RE AR 15
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(A) (B) © P8 vs P2 up
P4 vs P2
nPSCs
nPSCs
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a e 2 Hu
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~lepa 1 Pg 1@ 2747
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A: PCA results of 4CL nPSCs at different passages; B,C: number of differentially expressed genes and overlap analysis of differentially expressed genes
in 4CL nPSCs at different passages; D-F: heatmaps of pluripotency genes, self-renewal related genes, and three-germ layer differentiation genes of 4CL
nPSCs at different passages.
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Fig.2 Transcriptome analysis revealed reduced stability of 4CL nPSCs after long-term passaging
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A-D: GO enrichment analysis (A, B) and KEGG enrichment analysis (C, D) of differentially expressed genes in 4CL nPSCs after long-term passaging.
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Fig.3 Functional enrichment analysis of differentially expressed genes after long-term passaging of 4CL nPSCs
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Table 2 Motifs enriched in genes upregulated in nPSCs after long-term passaging

P8/P2 |1 E &motifs PfH LU ANER g
P8/P2 up Known motifs P value % of targets

ELF4 QQHQCTQ;Z %1010 36.54%
ETV4 QQQ,‘AA,,&e 11010 45.85%

GABPA éégg_?AA&l 1107 37.12%
AC §
ELK4 XAFTTCCGEE 1310 36.42%

&3 KHAE R EnPSCs NEEE = & Bmotifs

Table 3 Motifs enriched in genes downregulated in nPSCs after long-term passaging

P8/P2 i C ATmotifs PiH L NERiad
P8/P2 down Known motifs P value % of targets
FOXA2 CT ATA 1107 7.72%

TATA-Box CCIIII AIAQ(;E 1x107 17.99%
HOXA9 SECAATAAAS 1%10° 29.58%
FOXMI IAII-TACTF;C A 1¥10°2 8.29%
FOXAI PAAGTAAACA 1%10° 751%
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A: schematic diagram of the effects of 0KG treatment on the stability of 4CL nPSCs; B-D: the effects of short-term aKG treatment on cell morphology,
growth curve, and pluripotency gene expression levels in nPSCs; E-G: the effects of long-term aKG treatment on cell morphology, growth curve, and
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Fig.4 oKG impaired the stability of 4CL nPSCs
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A: PCA results of nPSCs after long-term oKG treatment; B,C: number of differentially expressed genes and overlap analysis of differentially expressed

genes in nPSCs after long-term aKG treatment; D-F: heatmap of pluripotency genes, self-renewal related genes, and three-germ layer differentiation
genes in nPSCs after long-term aKG treatment.
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Fig.5 Long-term aKG treatment reduced the pluripotency of 4CL nPSCs
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A-D: GO enrichment analysis (A, B) and KEGG enrichment analysis (C, D) of differentially expressed genes in nPSCs after long-term aKG treatment.
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Fig.6 Functional enrichment analysis of differentially expressed genes after long-term o KG treatment

#=4 KHoKGLIEFEnPSCs LiAEE E &£ I motifs
Table 4 Motifs enriched in genes upregulated in nPSCs after long-term a¢KG treatment

P8 0KG 4 mmol-L™/Ctr] |1 £ &imotifs PIH L NER e
P8 aKG 4 mmol-L '/Ctrl up Known motifs P value % of targets
BAPX1 E‘E AATIA%;IEZ 1x10° 32.20%
ZNF263 ggc TCCTCCQ 1x107 52.17%
GATA3 éﬁ AIAA?Q 1102 17.76%
GATA6 gg'n' ATCI%? 1%107 11.44%
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Table 5 Motifs enriched in genes downregulated in nPSCs after long-term aKG treatment
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et @S
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FOXM1 IA I I IAQQI g,lé 11072 14.36%
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A: overlap analysis of upregulated genes from long-term aKG treatment and downregulated genes from long-term passaging of 4CL nPSCs; B,C:

KEGG enrichment analysis of genes that can and cannot be rescued by aKG.
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Fig.7 oKG couldnot rescue the decline in pluripotency gene expression in 4CL nPSCs after long-term passaging
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Fig.8 Schematic diagram of long-term passaging and oKG treatment reduced the stability of 4CL nPSCs
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