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Abstract

BACKGROUND: Endothelial injury is one of the causes of cardiovascular diseases. Human induced pluripotent stem cells are easy to obtain, have strong
differentiation ability, and have less exclusiveness, and their endothelial differentiated cells can be used as ideal cells for cardiovascular disease research.
OBJECTIVE: To investigate the effect and mechanism of calycosin on endothelial differentiation of human induced pluripotent stem cells and to provide
technical support for microvascular regeneration.

METHODS: Human induced pluripotent stem cells were divided into control group and calycosin group (1.25, 2.5 pug/mL), and growth factors were added to
induce single-layer endothelial differentiation. After the induction of differentiation for 8 days, the positive rate of endothelial cell marker CD144 was detected
by flow cytometry. Fluorescent expressions of CD144 and CD31 were detected by the immunofluorescence method. Lentivirus RNAi GFP puromycin was used
to silence human-induced pluripotent stem cell Piezol mRNA followed by endothelial directed differentiation. After 8 days of differentiation, the positive rate
of CD144 in differentiated cells was detected by flow cytometry. The mRNA expression levels of CD144, Piezol and MEK were detected by gPCR.

RESULTS AND CONCLUSION: (1) Compared with the control group, the positive rate of CD144 was significantly increased in the 1.25 and 2.5 pg/mL calycosin
groups (P < 0.05). The expressions of CD144, Piezol, and MEK mRNA were increased in the 2.5 pug/mL calycosin group (P < 0.05). The fluorescence expressions
of CD144 (P < 0.01) and CD31 (P < 0.001) were significantly increased in the 2.5 pug/mL calycosin group. (2) Compared with the shNT group, CD144 positive rate
and CD144, Piezol, MEK mRNA expressions were significantly increased in the shNT + calycosin 1.25, 2.5 pg/mL groups (P < 0.05). Compared with the shPiezol
group, the positive rate of CD144 and mRNA expressions of CD144, Piezol and MEK had no significant changes in the shPiezol+calycosin 1.25, 2.5 ug/mL
groups (P >0.05). (3) It is concluded that 2.5 pg/mL calycosin promotes the differentiation of human-induced pluripotent stem cells into endothelial lineages.
Calycosin promotes the downstream MEK expression, thereby promoting the endothelial differentiation of human induced pluripotent stem cells by targeting

the expression level of Piezo1l.
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0 5|= Introduction

I PN B2 A2 45 S 00 IR PR I R N 2 —
ML A R AEE N AR 6T O I BW A Jogie, ANk
S Z T4 (human induced pluripotent stem cells, hiPSCs)
BABMKERETE 457, KiEfae, nldid HE
FEE [ 3 A0 9 B2 B IR, A T 0 I 9 0 1 4 T AR
7 B T AL B BN R ORI S R R A
DRT A W PR 82 FH 75 22 SR A R A T i, DAORIIE I IR
N B R E A 22 4. Piezod VENHLBRYE 2 10 18 FE WA
AR, MERE RS ES P A EEER, #UE Piezol
Tl MEK AR A (23E hiPSCs AL fE T =2

B E7 H A (Calycosin, CA) £ EAFAE T i WA 25 Al M
v, CARUESE R AR, B, (RdEg g, (2
AEREEEYIEER . B ORI BT R B A B
BN B AR AT (R A AL P B 4 i o AR AR R 1
Fi e DR B AT R S R B AT hiPSCs P Bz KA, AT
DN SE ) R AR IRER LS oE e SR 6 - PR e 2 T W BUR LN
UM IR S, PR B RS R B X hiPSCs 38 5 A [ P Bz 4t
IR F B o

1 #RFN753E Materials and methods

1.1 %t P EAARAhSREs, ALIE EL SR A B R R T Z 0 M.
1.2 BFR AL SEEGT 2021 £ 5 H A 2023 £ 1 HELR
W R 2R R RHIE 6 56 .

1.3 4+

1.3.1 4iffs hiPSCs W% H ALt 2 NUAEMF R AR AR, %5
Lot CA4024106. SEIGfH FH AN MIE N JRI 5 5 REEE 6 4K
A, HAEKERE. AR, bR 1T A N2
A 4 e A

132 SEH B R (CAS B 20575579, HIXHH T
R 284.26, JRE/M¥= 98%, Lot B20846); A LiHAL
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YRR FREE (AR TR IAEMEARA R AR, Lot CA1014500);
N Z 0% e T 20 MR A VR (b 28 IR AT R A A, Lot
CA3003100); CCK-8 #i i ii% /1 ik & ( Ll =R A, Lot
C0038); 1640 %774 ( RFEFE A\ A], 20220520); ECM IFHFRHE
(Thermo Fisher Scientific A %], Lot 36011); Y27632(STEMCELL
/v, Lot #00000); — H AR ( 52 [F Sigma-Aldrich A ],
Lot D8418); B27(Gibco /v ¥, Lot 17504-044); CHIR99021
(Selleckchem /A ], Lot $1263) [fiL % P J¢ 4= 4 [X]-F+ (PEPROTECH
A, Lot 0214423); Btk 4T 44 g E K [A 5~ (PEPROTECH,
Lot 100-18B); SB431542(Selleckchem /A #] ); Vazyme Script™
RT reagent i 77| & ( B ot Wi ME B AE W BL B A IR 2 ), Lot
R233); ChamQ Universal SYBR qPCR Master Mix( [ 5% if; ME &5 A4
YRR, Lot R711); = H A L 3 13 (B A2 &0,
Lot ZLI-9056), CD144 {4 (CST /A ], Lot 2500S) CD31(CST A =],
Lot 3528S); Alexa Fluor 488(CST /A %], Lot #4412); Alexa Fluor
488(Thermo Fisher Scientific /A %], Lot 2284614),

133 SLIfisds fHIRKT IR (HealForce A W], HF90); f5E
R ((H A Olympus 22 5], CKA41); 4073 a2t (36
Thermo Fisher Scientific /4 &, Nanodrop One); /&% ¥ %
S 7 G 5 = PCR X ( 35 [ Thermo Fisher Scientific 24 &,
QuantStudio5); ¥ Ot 3t I & B B (4l [ Zeiss 2 A,
LSM880)} 3 Hr Y 77 =04 A ( % [E| Beckman 4y &), CytoFLEX S).
1.4 F¥7k

1.4.1 hiPSCs TRALEE 4% 6 FLIRAHIIR TR & 5, Wbk
BRI, B 1x10% FLE BERER T 6 FLAR, T 37 C.
ARG % 5% CO, B IR AR IR, BE R 44 M % FE ik 3]
50% I, PL1 @ 6 Il EAT (4R, 2 SR [17-18] 7714
HAT RN AR5 5 04k, o0 ot B S B8 e s 4H
(1.25, 2.5, 5pg/mL), ZrAlINNE B R B 4 Bk A
0, 1.25, 2.5, 5 pg/mL{iFS LB 725, hiPSCs n] Py 7 41
ML TE 8 d, 3 NP IZE TN B4k 2 AN B
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EHIEE 1, 2R, BTHRES LB 1, H%& 6 umol/L
CHIR99021., 1xB27 [J 1640 ¥ F= KL 17 ¥5 98, RIME: F W
KM MNTROR A R 5 3, 4R, BT
TR E AL B 2, & 3 umol/L CHIR99021, 1xB27 [¥]
1640 #5 IR B AT R I%, WAWEE N vl LS 240 Mo T 38 K A= 4k,
i 22 Mtk s 5-8 K, & T WL B,
F %4 50 ng/mL I & P B2 AE K H 1 10 ng/mL Bl P fl £F 4
YHHA K. 10 umol/L SB431542 ] ECM 532 L k1T 15 3%,
B N TR A R IR . A EEE 8 RES I,
ECM S8R FR 3kt AT 15 7%

1.4.2 CCK-8 #uilf hiPSCs i /7 MR AU A= K1 hiPSCs, Y44 il
P 1x10° L IR BE (4N ER R, I 96 FLA, 4L 100 pL,
BT 37 C. 5% 5% CO, A1k F= 46 h NG BE RS 7% 24 h,
IMNZR IR/ B 0, 1.25, 2.5, 5 ug/ml 5 52 )
ANZ BT IR B 9% 48 h, TN IRIEER S E 3 4 F
17820, SRIEIMA CCK-8 VI & 4 h, HEEARACRIII 450 nm
1.4.3 i x4 M ARAS I 6 8 5 B R 6 hiPSCs Py Kz 73 A6 A
WEE A (AEAMPUAR ). R4, B8R IR 1.25,
2.5 pg/mL 41, ¥ hiPSCs 734k 8 d [ 4H i W 44 1) 4%y B4 41 i
B, DL 2x10° MU 1.5 mLEP &1, 100 uL 5%BSA
SRR CE S AN, 4% NN 20 pL CD144-PE-A HLARTE 21,
4 CHEOLHIFE 1h, Ui xU4 MOk I CD144 [H M 3k 2.
FlowJo_V10 AT ##m AL B, DLz 4 AR EX IR, 43 i
CD144 [HYEANIERE, JRUI S AN cD144 [HEE .

1.4.4 qPCR Fll 24 fiig v Piezol., CD144 F1 MEK mRNA 3 i& 7K
V- szG IR 1.4.3, YR &4 hiPSCs 704k 8 d S 4, 18
Trizol R FHHIR 5 RNA; FH Vazyme Script™RT reagent 71| &%
FEEAA 4% 359 cDNA, Fi SYBR Green Premix EX Tagq™ &7 &
BEAT SR 5E B PCR. 2% Vi 5 4l g f Piezol. CD144 il MEK
1) mRNA Fik7KF, GAPDH { oS, B:R5IPF 41 L3k 1.

&1 | gPCR3I¥F7

Table1 | Primer sequences of qPCR

At ElEv 2!
GAPDH F: 5-CAG TCG CGC TTG CAG ATA GTC CT-3’
R: 5’-ACG CCT CCA CCATCG ATATCCTC-3’
CD144 F: 5-AAA CAC CTC ACT TCC CCATC-3’
R: 5-ACCTTG CCC ACA TAT TCT CC-3’
Piezol F: 5-AGATCT CGCACT CCAT-3'
R: 5’-CTC CTT CTC ACG AGT CC-3’
MEK F: 5’-CTA CAC GCA GTT GCA GTA CAT-3’
R: 5’-CAG CAG GAT CTG GAT CTC CC-3’
1.4.5 G UOGIE R E A 5 B MAXT hiPSCs A Bz 7L ¥ 11 H

HU%-2H hiPSCs 734t 8 d JE HI4HfI, M1 40 g/L Z R HE =R
[ 72 30 min, PBS{E& ¥k 3 ¥ i FH 1%TritonX-100 & & 1 h,
PBS JE Ik 3 ¥k IS FIVR (PBS N BEVR + 1A FH 43 % 10% 1L
MY )37 CHM 1 hy IO AW FE ) CD144, CD31 —
Pt (1 : 300), 4 CHFEIER, PBSIHUE 3 ¥k IS B
FE 1) Alexa Fluor 488 %% 3 —#i (1 : 500)37 CHi# & 1 h, PBS

JEYE 3 ¥k BN DAPI, R ULA% 5 min, PBS I ¥E 3 K, L
IR BB EE, WKOLH 405 nm, 488 nm ¥k, ZEN
black FZHLU G . £:2H 3 N EEFEA, TANFEAE X 10 /48,
ZEN blue 115 F 45 2¢ e om (A .

1.4.6 1595555 /&Y% hiPSCs JLEk Piezol mRNA ik REUISN &
RNAI I 2k hiPSCs 1 /1) Piezol. 8% &k B H YR, K5
hU6-MCS-Ubiquitin-EGFP-IRES-puromycin, ¥ 1x10° 4> hiPSCs
M 6 FLIR, 1 E N Piezol YTERZ (shPiezol). 14 EZH
(shNT). IEH 4. WA 1x10° TU/mL, JRIEHH 50.
B 72 h 5, B SR T M R IA R A ek, S
5 ug/ml MRS 55 21 (1) 35 77 2R 07 1% S L 1 hiPSCs. 4 24 h B4t
1REE TR, HEIEFHMME RS FR A, BGH
PRI IEE] 100%., FFIEMS R T EIREFRFIKE 1 ug/mL,
Ak SRR G4 M AT IR IR AN Y, [FR AR A AT B
AT TR B S T 04k, 5SS 8 KSR T R4
MRS CD144 [HYER, BART7VER 1.4.4.

1.4.7 qPCR #& M40 Piezol. CD144 1 MEK mRNA Fik7K
SISy IE] 1.4.6, WA KA hiPSCs 74k 8 d J FI4H i,
S 1.4.4 T4 Piezol, CD144 il MEK mRNA ik 7K,
15 T 2ARSEAR D hiPSCs K 4014 1 41 i T A5 254k
2 hiPSCs 731k [ P4 B 241 i #H ¢ b5 4 CD144, CD31 [ %< 6
Fik; (3 hiPSCs Zr 4L P K 41 il CD144 [HEZRIL; @ hiPSCs
ST N B 40 i AH S BE K] CD144 ., Piezol., MEK mRNA ik,
1.6 %itF45# N GraphPad Prism software version 8 #4745
THEo T, AR LLECR F SR 32 75 2243 BT (One-Way ANOVA),
P<0.05 NZEFAEEERE L. LEGI¥FERCL L ET
R RZ R FHRE LG =T K F .

2 258 Results

2.1 EEFFHEA hiPSCs & A e94E A WE 1 iR, S5xti
AR, 1.25, 2.5 pg/mL & 55 B 7T LUJE 3 hiPSCs 38 74
(P<0.05, P<0.01), MA5HSIREMMBINE, HATEHEIEER.
5 BB 2.5 ug/mL 4LAH L, BEF EE 5 ug/mL 4141
Ji K4 G 52 B, 35 7R B AR DA 25 R, nr At 1.25,
2.5 pg/mL B 7 55 i T T hiPSCs [a] Y K 4 5 & o4k, AR
Paifs T A5 S0 B 88 e 2 A R P IR

2.2 ZEFHEAL hiPSCs B M R 4o F A w9 %em
& 2 fior, 7E0P0Ar 1 d( BIEE 0 K ) 4 F 31 B B B f 4,

A LR T A GO, A —, HRPIESE, AR N
BT o AT AN [F) T B3Rk B8 7 9 (1.25, 2.5 pg/ml)
FFEL T hiPSCs, 704028 8 K, f3IE W Ass 1~ W 22 21 41 i
ZIEWT, RRGEVAR, TERAS LA 2o N B AR AE .

23 EEFHFH AT hiPSCs 4 #d 1 & 48 ik CD144 FAME £ A
t9%eh WE 3 fr, WIS R SR, XA
(56.4%) FHLL, F& 55 1.25, 2.5 ug/mL 41 CD144 [H it %
(61.2%, 91.3%) A RIESE, IRRMESUIEFRETMAEE
- B AT R A v N bR A CD144 YRR
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o ¢ K. SXIB4IMIE, °P<0.05, °P<0.01, P< 425 |—|a © 4 . Lo a
& 130 b % 2 % !
5 100 a 0.001 220 32 3 33
%o 1] ccks WNERREMTARAESE  Tis L %
§mo BE TR AIEIETE R % 1.0 g %
' o Figure 1 | CCK-8 assay for detecting proliferation Jos S 1 x e
X\\Q\t&» 12525 5 of human induced pluripotent stem cells treated S & o 2 0
P 557 g/my)  with calycosin 58 \@\% BB PR
oo, %\ﬁ’mf,\»% » v%m \ﬁv
o> cV SNl A
Bli:: °P<0.05, CA: FiFHH
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J S ANURER 23 A1 5
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S3LER 8 K hiPSCs 5 A JEFE 1 #8 G AR 4
hiPSCs: N2 Ae T4

B 2 | hiPSCs S LRTZHRARL S (x20) 5 EE S E BT hiPSCs 53 1L 5 8
REVLBRAFTS (x10)

Figure 2 | Morphology of human induced pluripotent stem cells before
differentiation (x20) and morphology of human induced pluripotent stem
cells treated with calycosin on day 8 (x10)
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m
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Figure 3 | CD144 positive rate on day 8 of endothelial differentiation
of human induced pluripotent stem cells in each group detected by flow
cytometry

2.4 hiPSCs N & 41 % 8 K Piezol. CD144. MEK mRNA %
FroKF WE AR, SX AL, BEREE LS5,
2.5 ug/mL 4 CD144. Piezol. MEK mRNA ik ¥ it &,
ELEF U 1.25 ug/mL A 2R To R = X (P>0.05), B
FHE 2.5 ug/mL 42 A B E R X (P<0.05),
2.5 EXFHEAT hiPSCs 41k 89 1 A& 4m i, CD144. CD31 3%
KR E ALY Ha WES PR, SXRAML, BER
i 1.25 ug/mL 41 CD144 %¢ )¢5 & J5 W 2 $2 7 (P > 0.05),
CD31 %GR 4R & (P < 0.001); F& 7 #MH 2.5 pg/mL
41 CD144 Al CD31 W omE I R AE s, ZRA BEERE XL
(P<0.001),
2.6 JLEk Piezol mRNA JZ hiPSCs ¥ Piezol mRNA #4%&:k 11
& 6 fin, 5 shNT ZHAHLL, shPiezol ZH Piezol mRNA ik &
ETRR, ZRAEEER X (P<0.05),
2.7 LK Piezol mRNA /= hiPSCs A & 1k % 8 X CD144 fa
HE WE 7 FR, SRR I A 8 R, 4R
BIRE shNT 4 (56.8%) #H 1L, shNT+ F& & F{ 1.25 pg/mL
Y15 shNT+ & 7 5l 2.5 pg/mL 41 CD144 PHYE% (61.4%,
69.9%) H H] &L=, 5 shPiezol 4 (8.78%) AH E, shPiezol+

3034 | PEHERTIEHR | 5528% | 55198 | 2024F78

Figure 4 | Expression of CD144, Piezol, and MEK mRNA on day 8 of
endothelial differentiation of human induced pluripotent stem cells
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Figure 5 | CD144 and CD31 expression on day 8 of endothelial
differentiation of human induced pluripotent stem cells in each group
detected by immunofluorescence method
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:VZ 4 Ey:: °P<0.05

K 5 6 | JLBK Piezol mRNA R AE S Z BE T4

S 5 th Piezol mRNA BIF5%

E 1 Figure 6 | Piezol mRNA expression level of

,§ 0 human induced pluripotent stem cells after Piezol
v\elox’i\\f B mRNA silencing

T8 55l 1.25 pg/mL 415 shPiezol+ L& F 85 HA 2.5 pg/mL
YH CD144 [HPEZE (9.55%, 7.82%) JoHA iR .
2.8 L%k Piezol mRNA & hiPSCs 4 & 4~ 1¢ % 8 X CD144.
Piezol. MEK 44 % 5 11[E 8 flizx, 5 shNT 4HAH L, shNT+
£ & 5 B 1.25 ug/mL 41 5 shNT+ F &5 5 3 fi 2.5 pug/mL
2 CD144. Piezol. MEK mRNA Fikf 8] & 125 (P < 0.05),
5 shPiezol 4 #f tt, shPiezol+ & & S 3% fii 1.25 ug/mL 41
5j shPiezol+ & & S # il 2.5 pg/mL 41 CD144. Piezol. MEK
mMRNA 7K-FJC i 45 (P> 0.05),
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Figure 7 | CD144 positive rate on day 8 of endothelial differentiation of
human induced pluripotent stem cells after Piezol mRNA silencing
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Figure 8 | Expression of CD144, Piezol, and MEK mRNA on day 8 of
endothelial differentiation of human induced pluripotent stem cells after
Piezol mRNA silencing

3 11i$ Discussion

hiPSCs & — R B & B 8. BRFEH. Z ok
BEMIZNM, 7E8FE MF S TR N gk, &2
SR A R, R AR B b AT M Y. s
PB4 B T8 8 Piezol Xt L& & & M T4 g 7> tb 4 | ZAE
HI, BUBE T Bk 23800 Piezol A HOAS 85 T- AR, W BABI K
—RIIMIENE S, Hp MAPK (55 18 % & AR 1L A
o e HEAR A 2> . B9 A " MEK S MAPK % A% /0 R 51 2
—, PE MEK {3 5 71151k MAPK {5 5 3F 12E N 40 B A% 7 A2 5%
SEIRT (W ETS2. JUN) RBER 2540 fh. 15 53t =7,
Piezol Z 545 B 7 AT, BEMBGE MEK (55, &5 M

WSk, P4 44k TE 2. CD144(VE-Cadherin) 5 ifil %5 Py jz 4=
K7 AR AR I A ) 5 5 AR & . CD144 | iZ A7 4E T
AN R, SRR S A A AR, I N R AE KA
TR P R 20 P P o P R e 1 A 22 0 R, AR AR T4 e
FH VR 2 40 ) PN B A PR S O A T R B GRREINPE R, R
I8 2B YT I B g R 7 %, CD144 5 CD31 & A
AN M bR B EGR TBUR,  o]  WpY RE AR R K, TR
3 A0 AR 7 1 e TR A A T A DA 6 A A i Dl 5 S ) R
b B0 GHE R R, BAREE S 511k MEK/ERK {55
g e 253

AT TR T B A8 5 B WX hiPSCs [ A 57 41 i 72 7] 701k
PIREER, R 8 d BZAME 21k T7 %, A4
H AR, PESALAR I GH A DU B % R4 CD144
FH 14 %Ky 56.4%, L5 BEET 1.25, 2.5 pg/mL 41 CD144 [ 14
Z AW 61.2%, 91.3%. qPCR il & &5 5 i i 2.5 pg/mlL 4
Piezol, CD144 Hl MEK mRNA 3R A K- #2& & (P < 0.05). 4
PVER M I, SXTHRAM, BEFEE 1.25 ug/mL
4 CD144 V355 tnim B o i 3 22 57 (P> 0.05), CD31 B %
5 (P<0.001); F&EFEHE 2.5 ug/mL 2H 41 g CD144 5 CD31
WKL LS (P<0.01, P<0.001).

WEFER I, WL 77 S b 2= 5 Piezol 5 &S 14S BS 1 PRt
A0S MEK 55, 5IRLA MAPK {55 8 (B ER L " 220,
¥ Piezol %= [X i 2k J5, shPiezol 4H hiPSCs B 4R % it 8 d ()
W L% E, {H Piezol. CD144 Hil MEK mRNA 3 ik K& 7
30 CD144 [HPEZR 5 R LI A L A LR 2 7. R
shPiezol 4 hiPSCs 73 AIMA T BEF IS5 T W 1k,
{HER %A Hi 3 Piezol, CD144 A1 MEK mRNA 7K f CD144 fH
PERR R ERS, XU 7 EBEREIERE T Piezol X4
VERBE S, E B2 E0E Piezol S, A BZMIE T
W MEK {5 5@ i, 5 DAAEAT 5T 4 Piezol ¢ #F il MEK/ERK
R ) 2 SR — BT

510 BT T DU I FE A Y Piezol FRIAKF,
fE kR MEK R iE, M2 hiPSCs 1 52 k. BF 7L B &
25 hiPSCs 1PN Ko AL, A I 7 AR 500 1 48 Mg
VAT A 88 B U B AIL T 8 A SR

Bust: BahL AR ESKFEFHE R .

EERE: BT AwEhda. #IIEE5, A& WEE R
TIAAB AR IR, BT R FmitiEi. 84000, KA. HEWEAR
THIBEALF R, FER R T RRET.

FIZEHZE: X043 tEH F 0, ERMAARFIFRETLT R
BRI EAR,

FFHGRENERR: X2 — B FCGRIRIE, B (it FFT )
“E 2 - AE B AL MAL R - AR 7 XEF 4.07 K3, ESEIINGHELT,
AHFAVAET LA B R T RIA S48, By R, R AT E
TR PR, FH. #N. i, 479, Bk, BB, HH
25 k3|, ARSI AR R AT AR A iR,

RARAELE: b AT i B R 35 F T S MARAE LT,

HARISE: 2L FRBEEATEREFHAAHEEL S (FRARE
L EREREF RSB L L EAGBENL) ; XFERITCRiTHL
BB 5 ke A i AT 3 KX F B A S E; LFLDRATIFER
W TG, BT HFBUAALFEHAPFABES.
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