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(megakaryocyte microparticles, MKMPs) 3k 52 #i
A0S 200 e 1) F74) 30 TR 30 A Y70 B S B A B Y
5T S SR SCERHRE , 1 N 70%~
80% EI’JM%(@%‘KTQE%H% MKs F il VBT, 3%
B Bl o 3R 3K MKs AT I /N Bl 5% 8 5 1 bR 7&
CD41a #i1 CD61, - iF K il /M I 440 B 1A 5 e
MKs F5 A IR 57, IE4EK , MKMPs 2 Il
/N 0 (platelet microparticles , PMPs) 71 8 45
T2 A o0 AR R 05 4 AU A A R
ML G e 112 45y T e B ik R AR BRI RESZ 2 )
2R . I AR Sy — R AR A R YT T By
PV W, TE IS0 7 1k 0 A 22 B I 2 B0 YR
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AL ,ﬂillJ\*fiTiFjeﬁﬁlEﬂ%WEZiﬁ?
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K v 1w Mg TR LB B -1 - B IR SE AR Y W s AN
microRNA-22 . microRNA-185 251 iz ¥ Jit , 1M 7E
PR iE MKs Az il AR SE i 52 il A AR &
AeRE N RS R EEH . PMPs 1E R G HE8 1%
HARN T T IR 2ERN o 1 MKs 2 1L/ )
FA AL, 7™ A= i S vt [R) e 5 (i MKs A= B
MIFET . {H MKMPs J2& 75 55 PMPs [R5 4 B2 241
E@Fi?ﬁﬂﬁ AR IE
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() MKs K H B 19 MKMPs, 3 % H 45 1k 25 4743
Bt 77805 32 B MKMPs X6 P Bz 20 % 1858 1 1) e
J1 K MRS fig 1 sz a7 )20 #89% hESCs 43
1k MKs Bl ) MKMPs [ AE )22 D fig . B 7R3 7R
MKs B it MKMPs 1) 2 78 e T fig | 88 28 HL I F 42
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1.1 pa G FIFALER

hESCs, 4 [ 2& [ Wicell i1 58 .0 L A i ik
N 2 2l g (human umbilical veinvascular endothe-
lial cells, HUVECs) , 1§ [ 4t 5% v Az B AE R4
AT, A S5 AR AE

mTeSR™1 15 77 3k (1% 5 85850) , /il &= K STEM-
CELL Technologies /A il ; hESCs $5 37 1) 3 Ji Jie (5%
5 354277) ,HUVECS 45 [t J¥ 1 55 56 1) F5 o Jie (4%
5 356231) , 2 [E Corning 2 1 ; Y27632 ( 1% &

S6390) .CHIR99021 (175 S2924 ) fi1 SB431542 (1%
5 81067) , 3 [ Selleck /A 7] ; TrypLE Select( 475
12604021) . L- P4 Ji% I - 45 2 I iz ( 4% 5 35050-
061) .Dulbecco’s i K Eagle 17 75 3/8 IR G W)
F-12 559 5 (595 11320-033) .7 L-TN i fit- @a@ﬁt
W @5 n F) B9 Iscove B B Ak K BE 37 3
31980030) .F12 1 77 4k (175 31765035) %?ﬁﬁﬁ
IR A 8 77 5 (175 12040077) B 5 2 -5 iR
- AR R E (535 41400-045) B P s A 0] &
45 238225) , 32 [F Thermo Fisher Scientific 23 ] ;
4% 2 W B W (525 G1101-500ML) Fl gk 12 5
2% v % WL (PBS) (5755 G4202-500ML) , i I 2§ 4
IR T 5 LU LR -2-Wi iR — 4l (53 A8960) | 4
I FIEE 15545 AB311) U RIR (1345 L2376) LI
MR (545 L1376) . oc- G A H i (5% %5 M6145-
25ML) . il #1738 X-100 (5% T8787) HE IfiL Al (175
T7009) . 54k 45 (1% %5 C7902) F1 JIH [ B (5% 45 S-
5442) , L E B E A Rl NEIE A KA H 4(bone
morphogenic protein 4,BMP4) (%5 314-BP) .i#
I % A(activin A) (185 338-AC) .VEGF (1% 293-
VE) . Ji 5 Z FEA K 1 F 1 (insulin-like growth factor
1,1GF-1) (1845 291-G1) . fis 1 B 2F 4k 41 g A= < [
+ (basic fibroblast growth factor, bFGF) ( 7% =
100-18C) . T4l i[5 -7 (stem cell factor, SCF) (‘Ef%
255-SC) . Ifi. /)M #ie A= B % (thrombopoietin, TPO)
17 77 288-TP) . FMS H: i 2 2 I i 3 L {4 (FMS-
like tyrosine kinase 3 ligand, FIt-3L) ( 4% 5 308-
FK) 1 40 i/ 2% 3(interleukin 3, IL-3) (%5 203-
IL-050/CF) , 5% [%l R&D Al 5 IL-11 (4345 218-IL) 3¢
[E] Peprotech 2\ 7] ; CD61 i P 3 ik 7] & (92 5
130051101) , ##[¥ Miltenyi Biotec A\ 7] -EFJI[L{Q(
5 SLO50) Fl 4, 6- — K F-2- R HLm| Wk (47,
diamidino-2-phenylindole, DAPI) ( 1% & C0065) ,
RS E R A R w5 MR R IR B BORE Sk
R 53T 5 4 (sialyl glycolipid stage-specific embry-
onic antigen4, SSEA4) (175 560461) . TRA-1-60-
PE (%25 562711) .brachyury-PE (%% 5 1C2085P)
CD34-PEcy7 (1% %5 560710) .CD43-BV421 (1% %5
562916) CD42b-APC (175 551061) .CD41a-PE
% %5 557297) . CD34-APC ( %% 5 555824) |
Hoechst33342 Ykl (455 561908) | [ & s L i
Wi (185 554722) , % [# Becton Dickinson 23 # 5 /)
Rt CD42b HifAk (25 ab61402) \Friend [ IfiLj %
R4 5 1 (friend leukemia integration 1, FLIT)
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YUk (525 ab153909) . Alexa Fluor® 555 fric i 5
Pt/ B 1gG i 4k (1% 5 ab150106) | Alexa Fluor®
488 il YL IgG Pl (17 ab150106) i 7 &
JEHE 101 (tumor susceptibility gene 101, TSG101)

15 ab125011) Pt CDIHilA (425 ab236630)
4T CD41 HLik (185 ab134131) , J& [ Abcam
3] B S 1 (B1-tubulin) B (675 A12289) , it
U2 1% v A R A RN A 5 il A8 1 A s PR 7
(von Willebrand factor, VWF)$i1£& (55 00044197) ,
2 [ Proteintech /A W] ; 4 H 3l 8 [ Rk o il &

1% 5 SMWO004-1; PS-STO1EZ-8) , 3 [# Protein
Simple A F] ; EGM-2 $5 7% 5 (17 5 CC-3162) , Fii 1
LONZA 7\ w] ; VEGF #5257 & (175 EK0539) ,
B A Y TRA R AF .,

BNC-1360 i ¥t Tk &5 , Wi ZK I AR Bk A 7 5
5922 B0, H AR AL H /AT 53111 CO,fa R 41 i
¥ 3548 , 95 ® Thermo Fisher Scientific 2\ 7] ; 7622
4 LR BB, 22 1B Wescor 24 7] ; Guava easy Cyte
12HT Ji 404, 35 [ Luminex /A 7] ; CKX31 )2
BT, H A Olympus 23 7] ; CSIM100 3 5
S5, Wi 7 SUNNY TECHNOLOGIES 7 ] 5
Zeta ViewPH KBk 73 B4, 72 [ Partice Metrix 2y
s H-7650 & 5 HL 8%, H A HITACHI A /] ; Abby 4=
H ah 3 1 281, 3£ [E Protein Simple A/ .
1.2 HiEERSEEE

hESCs 53 T mTeSR1 15554k . Frgufut K
L4 2 90% UL i Fi] TrypLE Select ¥ hESCs
THAL R A, 4% 1 10440 FL Bk g 42 b 2 40
B 1 6 FLAR h 4k 228 5%

HUVECs 555 T EGM-2 5 ## 3k . R4 K
LA % 90% UL |,k H TrypLE Select ¥ 41 fifg 714 1k
R B, 4 B 1 s 3 AR AR HL A 20 B 2 b 2 1 8
TP Ak EE R T
1.3 hESCs [@] MKs iS4k

¥ hESCs 5 k.8 54 g , H &% 5 umol - L™

bFGF

Day 0 BMP4 Day 2 bFGF
. Activin A VEGF
(L \ CHIR99021 | ... . SB431542 ;
‘ et Stage 1 \ B3, e Stage 2 \. e

Y27632 i) mTeSR1 35 7 £ di &, % I &L 1.5%10°
A2 L% B PP S TR 6 F LA . 3557 24 hIl
BEJS R FR ALy 7 25 pg- L BMP4 .25 ug- L i
5% A .25 ug-L " bFGF }22 umol-L™ CHIR99021
BEL 8552 2 (5 — P Bedli #4557 48 h Je 3%
FILT ol 50 ug-L ' VEGF .20 ug-L ' bFGF Al
2 umol- L™ SB431542 1) BEL % 37 3 (4 — By B ks
FRHL) . HiFE 72 h ¥ 4 i H TrypLE Select i1k
AR L, DL 1.2% 108> 41 i 45 13 432 b 78 R
B T75 )6, I 1) 55 % ik v &5 7 #0785 7% 10 umol - L
Y27632.50 ug-L™" SCF .40 pg-L™" TPO .20 pg-L™
IL-3.20 pg- L' FIt-3L.20 ug-L™" VEGF .20 ug-L™
IGF-1.10 pg-L™" bFGF.20 pg-L™" IL-11 F1 5 pmol - L™
SB431542 i) BEL X5 3% 3t (5 = By Be i 37 58 ) 1 9%
24 h, BJS 55 57 5 T 4 A 6 1Y) 55 — o Br s 5%
5L Z W B SR R 8 d I IR B o i 1 5 Ok
(1), BEL X3 AR BCHI TS W Sck ™ . ik
A2 35 37 v ) B R AN MR I8 3 70 pm 21 R0 )
g, 1 CD61 6 Bk 4318 110 & 214k MKs
1.4 EZARBRRERE

MKs =28 R [ KR e 0 8 — Pt &
T 4 Cid &, —PuUH B L4351 > CD42(1:100) |
VWF(1:200) .FLI1(1:100)#1B1-tubulin(1:100) ; 2
VS A Alexa Fluor® 555 #5ic B9 94 /N Bl 19G
PR F Alexa Fluor® 488 Fric i 9 Hi % 19G ik,
T U B 1:400, FIRABDCHEE 1 hs VRSN
A DAPI % ¥ (s B¢ L o0 1: 500) = i b 6 9% &
5 min; 3 5 R AL RSO BB T SR A g
T TEANERE D BRI SCHk (4]
1.5 RREEARLNMABREIRE

15 1.3 ML B B R 40 i 2 %5 PBS il
JCERL AT LA VR, K L% B R 4 28 5x10°~10x10° L,
AT B2 AL R PRI 1) 100 L 4
i B i AR 2Btk SSEA4 . TRA-1-60,CD34,
CD43.CD41a F1CD42b, i {A#: B Lt 4 1:100,4 C

SCF
Flt-3L IGF-1

Day 5 IL-3 bFGF Day 13
TPO IL-11 3

SB431542

Stage 3 222ie

550, VEGF ,".0 .».\

| Monolayer culture
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Fig.1 Scheme of the stepwise differentiation process of human embryonic stem cells (hESCs) into megakaryo-
cytes (MKSs) in vitro. The differentiation process was divided into three sequential stages using specific cytokine and small molecule
cocktails. The initial two stages involved monolayer culture while the final stage shifted to suspension culture to facilitate MKs differentia-
tion. bFGF: basic fibroblast growth factor; BMP4: bone morphogenic protein 4; VEGF: vascular endothelial growth factor; SCF: stem
cell factor; Flt-3L: FMS-like tyrosine kinase 3 ligand; IL: interleukin; TPO: thrombopoietin; IGF-1: insulin-like growth factor 1.
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EGCIE 30 min; P BT ARG < SR FH 8 S %
Yt AT ] S AR FE A 2SR brachyury, 4T
B 1:100,4 CHOLIFH 30 min, 4HHEER
Jei R FR i = A0 B A AT 4SR5 Flowd o #4453 #r
i ) BEPE 4R Y 43 L .

1.6 MKMPs i & & H 4 #1245 547

# 1.3 MR MKs # 2 T4 SCF 50 ug-L ™,
TPO 40 pg- L' 1Y BEL i FR i rh 4k 2115 5 48 h, ik
B 1 37 5291 300x g, 4 TES . 20 min 2= % 40 1 75T
#E. L2 000xg.4 TE.L20 min 22540 iIE A .
552 0 3% (38 000xg.4 T .2 h) 5 IR T,
FH PBS 8 - FHAH [F] S5 A4 Bk B D SR DTTE | RIAR
13 MKMPs, H] PBS & &5 732310/ T-80 C.

K 88 e A7) S0 MKMPs ¥ 9 th
T R B 10 ub MKMPs 75 9 1 AR 9 4 11 k3
FH PBS #i B 1 000~10 000 15 /5 2547 44 K Jiher 1 i
41 #r (nanoparticle tracking analysis, NTA) £ ,
I A KR A% 5 BU10 ub MKMPs 35 3, FH i 45
R v T G 0L )5 6 85 S H R T LR LR B &5 4 5
MKMPs i# & AW EHE =3 g- L' 2 H 3
50 Mk & K Abby 4 F 3 #1800
UK I 3 W MKMPs 43 £iF 2 11 CD9, CD41 Al
TSG101 /K-

1.7 PMPs &

o NG 1111 A G [y O o i 1 el e 1
JFE),2 000xg &5 .0 20 min #2521/ .
F110 mL 4 CHivA Y PBS # HH &, LA 200 pL 561k
55 (1%10* mol - L") . 100 uL #E ifiL filf (1x10° U- L"),
37 C W& 10 min, 83340 1M /Mg ; 2 000X g &5 0>
20 min XU, HIEBAE.OE 4 T .20 000%g &
D2 h G EVLTE , F PBS B & 5 4 3% {4 47
T-80 C.

1.8 HUVECs Xy MKMPs &1 4E A 4 #7

4 HUVECS H2 7 21 BH fice i £ 9 119 3L 5 A2 /NI,
17 400 B J5 1 33 15 R 38 S gt A CD34-APC 41t
T (R BEEL O 1:100) HEAT 40 B e €4 5 [R] isf FH A
CD41a-PE Hifk (Ffi B Lt 1:100) Xf MKMPs 47
yufs, KLt f5 1 MKMPs it A HUVECS 1935 5% |
5, BT 37 C.5%CO, 54 NG % 3 h, fE LR £
IS T AR T MKMPS 5868 A5 B 8%
1.9 HUVECs B2k 516

15 96 FLAR 4L A 50 ul &5 L 5 FLARIL
BT 37 CH M E 30 min, # HUVECSs & i LA
3x10* 45 £L 1Y %6 BEAin A 96 FL AR H , 15 40 it I B i
WAL R R T A% 0.1.5.10 120 mg- L™

5 Fh A [\ e B2 MKMPs 5 PMPs (1) EGM-2 35 5% &
MKMPs &k PMPs 1% 1 1) EGM-2 15 57 3 | 941 1%
B AN AL, P 5 e i W SRR Y PBS
YERXFIEL B0 mg-L". 4kZe05H 5 h ), 81 &
B SR L N P B 20 B A B T R OO, IR
FpAL B ALIE£E 3 AT HEA T I 4 A LS A HBOT
BB AT 81 AT
1.10 ZHREXIIRLLE

ARz w2 A RS HUVECSs, H 10 uL
Sk Al TR ST RIER Bl e W5 1 3= 50T
FHERIN0.1.5.10 F120 mg- L™ 5 Fl A ) He i
MKMPs &, PMPs [ EGM-2 35 35 JL 4k S22 5, 7540
Y6 N AL slfEEE AT LB 5 6 h, 7E5] &
SRR N WA IR, I Image J 3R E ) i R
IR T R B 26 RR T A AT G e M I A
R, TBE%=(A—As)IAX100% , A, F 4] 14 &
IR, Ag 278 6 h 5 19 5% B A
1.11 ELISAK UM E BN VEGF &£

B % AF 1 MKMPs Fil PMPs fz & Bl F 47 22
fi#,16 000x g B5.0> 20 min WA 137 , #i F% 5 A5 4515
K eE 5. 42 B8 N VEGF ELISA it 71 & i B 45452
VAL BRAG DN A v B2 0 BT A5 00 5 7 R A 5 A e
BRI AR E
1.12 FiFEHH

S 4 R T x+ s %R, % ] GraphPad
Prism 8 #F AT /E B R #T . Z 4L REAS LLHCR
SR 2 7 22 50 M, PR L B {8 Tukey #6 56: , P<
0.05 %R EFHAGI2E L.

2 R

2.1 hESCs [6] MKs E A4 W& RHE R S L4
X%

hESCs £ 4 —Fr Bt (55 0 d~%% 2 d(DO~D2) ]
Jf B Bt (D2~D5) (1 I B 15 57 i 5 434k, 2l
U AR W i b Bz W 728 Sy T Jo A O D1 18 B A
T & . E55 =B Bt (D5~D13) & 7 1 #¢ 1t 2
75 S A0 SR AR A A K, HC R TR R
KA T RE 41 i (1 2A) .

SR FH L 2K 48 A AR XoF 45 B B 43 Ak 4 L Y 23 A
B HEATREI . S5 WK, 4k T hESCs @ %35
SSEA4 fl TRA-1-60, IR in 4N g A R 4F 1) £
AEPE. 155 % D2, s fh 40 5 22 58 P I Z A 40 A
I brachyury ; 755 2 D5, 434 i AR m kG £
CD34 BHYE (CD34") N Ji7 41 g f CD34*CD43" i Ifil
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Fig.2 Characterization of hESC-derived megakaryocytes generated through a three-stage differentiation protocol.
A: brightfield microscopy images of cell morphology during the differentiation of hESCs into MKs on day 0, day 2, day 5, and day 13;
B: representative results of flow cytometry showing the expression of hESCs markers [sialyl glycolipid stage-specific embryonic anti-
gen4 (SSEA4) and TRA-1-60] on day 0, mesodermal progenitor cells marker (brachyury) on day 2, hemogenic endothelium cells markers
(CD34 and CD43) on day 5, and MKs markers (CD41a and CD42b) on day 13; C: immunofluorescence analysis of B1-tubulin, von Wille-
brand factor (VWF), friend leukemia integration 1 (FLI1), and CD42 in hESC-derived MKs on day 13.

FHA M. 755 %= D13, 0k 4i is v CD41a" MKs>
15%, H:th CD41a*CD42b* 47 ic 1Y i 2 MKs>10%
(Kl 2B) , & WAAA R K hESCs & 1] 431k 4 MKs

itk —25 % hESCs 73 k11 MKs #4728 % , >k
JH CD61 3k & % 1T MKs, 318 1 50 3 56 e e (o 7
ARXE MKs FEAE R 1) F A5 DL e T . 4521 1
7N, MKs [ 45 53 1 6 1k MKs A1 &9 CD42 4b , ik %
ik MKs 2.0 8 5% 7 FLIA ol /0 A J5 40 i 19 7
VWF, DL 5 1t /N 7= A #8565 4 i i 2R 2 1 B -
tubulin(|&2C).

2.2 hESCs 5kiE MKMPs I E &R X F

XA RAS 1 MKs 17 175 5 B AR A8 & 3, 7F
21 B JE] BB A7 E K A 4 ) ) 2 R o (R
3A). 2R G ER 417k & 4 CD61"MKs I 1L
S HRR O 0 BB T 25 4 , 45 3R 1B % MKMIPs &
[ HHA B2 R 4544 (1 3B) o

MKMPs [1 ki 42 5 50~500 nm, - £ ki 1% Ky
(164.3£14.0) nm(#1 3C) , = THEF# LiEH & FH
5x10°4> MKMPs, H MKMPs fE % [a] i} % 75 MKs
TR AE B 11 CD41 L K 2 9 Y 4 AIE 45 H 2 B
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Fig.3 Characterizations of MK microparticles (MKMPs).
A: representative transmission electron micrographs of hESC-
derived MKs on day13; B: representative transmission electron
micrograph of MKMP; C: aerodynamic particle size (APS) distri-
bution of MKMPs measured by nanoparticle tracking analysis
(NTA); D: digital Western blotting analysis of the expression lev-
els of CD41, tumor susceptibility gene 101 (TSG101) and CD9
in MKMPs.

TSG101 #1 CD9( ¥ 3D) . % W] hESCs 731k 1) MKs

R A eV, A5 LAY ) 3 v B 1 R IR AFRRAIE

2.3 #FEBX HUVECs BB KT 8L T RIS IE
HUVECs 1 MKMPs 43 5l #5ic CD34 fi1 CD41a

CD41a CD34

100 pm 100 pm

100 ym 100 um
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Fig.4 Live-cell immunofluorescence analysis of HUVECs uptake of CD41" MKMPs. HUVECs were cultured in confocal dishes
and labeled with CD34 antibody. After labeling with CD41a, MKMPs were added to the confocal plates. Live-cell imaging was performed 3 h

after co-culture.
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Fig.5 Effects of MKMPs and PMPs on tube formation capacity of HUVECs. HUVECs were cultured in 96-well plates and
treated with varying concentrations of MKMPs and PMPs. After 5 h of culture, microscopic images were captured, and the number of
nodes was calculated. A: microscopy images showing the effects of MKMPs and PMPs on tube formation in HUVECs; B was the quanti-
tative result of A. x+s, n=3. **P<0.01, compared with the normal control group (0 mg-L~" MKMPs or PMPs); #P<0.01, compared with

PMPs group at the same concentration.
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Fig.6 Effects of MKMPs and PMPs on migration of HUVECSs using the scratch healing assay. HUVECs were cultured
in 6-well plates until reaching 80%—90% confluency. Scratches were performed before different concentrations of MKMPs and PMPs
were added to the suspension. After 6 h of incubation, microscopic images were acquired, and the scratch widths were measured.
A: representative images showing the effects of MKMPs and PMPs on HUVECs migration; B: quantitative analysis of HUVECs migra-

tion in response to varying concentrations of MKMPs and PMPs. x+s, n=3

**P<0.01, compared with the normal control group (0 mg-L™"

MKMPs or PMPs); #P<0.01, compared with PMPs group at the same concentratlon

300—

£33

200—

100—

Concentration of VEGF/ng-g™*

PMPs MKMPs

Fig.7 Contents of vascular endothelial growth factor
(VEGF) in MKMPs and PMPs by enzyme-linked immu-
nosorbent assay (ELISA). x+s, n=3. **P<0.01, compared
with PMPs group.
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Microparticles from human embryonic stem cell-derived
megakaryocytes promote angiogenesis

TANG Xuan'?, WU Xuming?, CHEN Keyi'?, HU Liang?, LI Jisheng? LIU Chuanli?, QIN Jinhua?,
ZHANG Bowen?, LI Yanhua®
(1. College of Chemistry & Materials Science, Hebei University, Baoding 071002, China;
2. Academy of Military Medical Sciences, Beijing 100850, China)

Abstract: OBJECTIVE To establish a preparation system for megakaryocytes (MKs) derived from
human embryonic stem cells (hESCs) and MK microparticles (MKMPs), and to assess the pro-angio-
genic efficiency of these microparticles. METHODS (1) hESCs were induced to mesodermal progenitor
cells via monolayer culture with the first-stage induction medium for 2 days before the cells were
induced to hemogenic endothelial/ hematopoietic progenitor cells by culturing with the second-stage
induction medium for another 3 days. Then, the cells were dissociated into single cells, seeded into the
third-stage induction medium, and cultured using the suspension method for 8 days to obtain MKs. The
specific characters of differentiated cells were identified through morphological observation and flow
cytometry before stage-specific marker proteins in different periods were analyzed [hESCs: TRA-1-60,
sialyl glycolipid stage-specific embryonic antigen4 (SSEA4)]; mesodermal progenitor cells: brachyury;
hemogenic endothelial/hematopoietic progenitor cells: CD34, CD43; MKs:CD41a, CD42b), and immu-
nofluorescence staining [B1-tubulin, von Willebrand factor (VWF)], [friend leukemia integration 1 (FLI1),
CD42]. 2 MKMP collection and verification: MKMPs were collected via differential centrifugation. The
concentration and size of these MKMPs were determined by nanoparticle tracking analysis (NTA), and
both the morphology and ultrastructure were examined by transmission electron microscopy (TEM).
Besides, the MKMPs-specific proteins [CD41, tumor susceptibility gene 101 (TSG101) and CD9] were
detected by Western blotting analysis. (3 Biological function of MKMPs: MKMPs were stained with
CD41a-PE antibodies and co-cultured with human umbilical veinvascular endothelial cells (HUVECS)
labeled by CD34-APC for 3 h. Live-cell immunofluorescence was employed to find out whether
HUVECSs could absorb MKMPs. To find out whether MKMPs could affect the role of HUVECs in angio-
genesis and cell migration, platelet microvesicles (PMPs) were used as positive controls. The experi-
mental groups were added with different concentrations of microparticles (1, 5, 10 and 20 mg-L™") while
the control group was given no microparticles (0 mg-L™). The number of nodes that formed the lumen
after 5 h of incubation in Matrigel was counted, and the size of healing of the scratch area was analyzed
after 6 h. To elucidate the mechanism through which MKMPs impacted angiogenesis, ELISA was used
out to quantitatively detect the concentration of proteins in microparticles. RESULTS (1) A three-stage
differentiation cultural system was established to develop hESCs into MKs. Flow cytometry
revealed progressive loss of pluripotency markers SSEA4 and TRA-1-60, while the mesodermal
progenitor marker brachyury peaked at d 2. Subsequently, hemogenic endothelial / hematopoietic
progenitor markers CD34 and CD43 emerged at d 5, followed by megakaryocytic markers CD41a and
CD42b at d 13. Immunofluorescent images further demonstrated that MKs expressed specific proteins
CD42, B1-tubulin, von VWF and FLI1 at d 13. @ Microparticles were collected via differential centrifuga-
tion. Transmission electron microscopy revealed that their substructure exhibited a typical double-layered
membrane. Nanoparticle tracking analysis indicated that the size was (164.3+14.0) nm. The result of
WB demonstrated that the microparticles expressed specific markers, including TSG101, CD9 and CDA41.
(3 MKMPs were absorbed after being co-cultured with HUVECs for 3 h and enhanced the ability of
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HUVECs to form tubes and migrate. Notably, the treatment of 5 mg-L" MKMPs was more effective
than 5 mg-L" PMPs treatment. The results of ELISA showed that the content of VEGF from MKMPs
was higher than from PMPs, which may be the key factor in regulating endothelial biological function.
CONCLUSION MKs derived from hESCs can generate functional microparticles which can promote
angiogenesis.

Key words: human embryonic stem cells; megakaryocytes; megakaryocyte microparticles; human
umbilical veinvascular endothelial cells; angiogenesis
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