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T (2nd CVPYAL T ZEHE I LA K 35 (8] F&

Figure 1 The cellular origin of coronary endothelial cells (CoECs) during heart development. A: Sinus venous contributed to CoECs of the
embryonic ventricular free wall, and endocardium contributed to CoECs of the embryonic interventricular septum (VS); B: there are two distinct CVP
in the postnatal mice heart. 1st CVP located at the outer myocardium. 2nd CVP located at inner myocardium and VS
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) 7 PR I A #E 200 B 1) A 1) DA B2 AN ] 14 23—~ 15 AL
DA 25 Al 428 (R B0 40 SR 5 75k — 2D R AL,

fEBC R R M R G, kT e
R A SR AR KT 5 E kA RSB T
(4K BCXCLI2P 5 VEGFCPY, IR, ## k2 (s
5% 3d(Sema3d) iz, 53k SEIE @Y BB R
MR RS, MRS MG, B3 M
N, TR IUE 23 AT B8 NI T BB & Bk ik DA
BB A A () 0 P A A P 2% . A5 BRI A2, Red-Horse
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7 BRI — SR 5 5 — B A A BRI
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CEAPAE R IAE PN B, i JE A e 4 B A 23 ) 3% A B S 1)
Jﬁf"%ﬂi[%].

(2) M AN, A i SRR ) IS H 41 (en-
dothelial progenitor cells, EPCs)#4 8 BE % 71 Jaj {8 Sk 1l
(RIS A A AR A B A I3 A A s T s,
B 2R RIR, B BER IR 140 i ] LA 8245345 55
PR P B i, TR TR i A i S EPCi & B
SRS S A 3 I A AR T T AT AT R T SR
SR, RTEPCREEBES 5 & # A & 8 it 7 WA g
e KR TR AR B L T AR IR AR A, R
FLARM, TE ML AT R A7 TE At e bR 15 P R A A
) (HIX e R B R RSN BEAT Y, EA I
PR XT LA A PO P R B AR A st R 7. T
Y (pericyte) 7E L BE h K EAFAE, FF7E4ERR I (1)
IEH IR RIEFEEEER. Kk, AR,
JE 400 B A2 22 REARL 4T L BB 10155 175 0 e gt i A i
A0 BRI IR A (R A 3 R S 55 )
W SLHLA ™,

(3) LA O PSR I LB A o R
M Bk 2 — PP e, HRFRR RS, LW
B o TR I A 1) 3 SR, A A 18 Y Cx0-
GFEPI)/IN B 28R 980 IE 453495 I et 4R 3l ik 1 1o 725 2 28
/N BRURAE TR B BRI 1L P9 % P 3R IA GFPAR 67 s
A, R, R AL A0 P B AL BT B B TR
KA, AATIFRZ et WK Z 487 (endocardial  flow-
ers). IXh &5 FI A AR AT Bh K 1R (Cx407, VEGFR2',
endoglin™), 1M J& & AT 0x P B 40 ff U] 2 Cx407,
VEGFR2™, endoglin’. Ffijm, fthi14di ] CX40-CreER-
RFP;R26-YFP/INRHAT T /RERFRRSLIG, 45K, X
bl PN I 22 467 45 K6 = Cx40 ™ )0 PN R4 O DL B2 LA

611



SREA RS SR BN K 5

A /\f" \

HEARNBRME AR

( '///
¥/
i 4
sy
/

7\ X ’ﬁ BT

— - hREan

< —L— FBNBROSHE

i @ PREIELEH

AR EHBXFE AR T
B RBKERY

HEXEYS

< B
- K

— EAMmE

® NEXARZABIE

B2 R E R A A SRR SRS, BTSRRI Y B T ORI T R A D AR KRR I A B2 B:

=RUE B K B (KA R

Figure 2 The regeneration of coronary vessel after heart injury. A: New coronary mainly derived from preexisting coronary endothelial cells

(CoECs); B: the three models of collateral artery formation

(SR B K 9 B2 AR L R Y. BS, B A —
THRIE FL R BHAE O f5, 0o P B4 B AT DA DT ik 25 7o R if
B ABATAE F Pdgfib-CreERT21F1 /N AT 715 B3
PR SIER, 1% /0N BRUAT DA v 0hs 1 st R LA P R 40 P
TECRERSE RS o A AT R I A5 DX ) et bR AL P 2 K 24
F26% A MARIL, X R HAE MU A BRI A 17
AR CAAME ORI, RN AATTR I, TR0 P R 2
I B O WUV N RIS, T AR TR, A
TR B M B — 2538 0. AT IX RO WIS
[ A O PN B A2 SRy et R ML A P R (PRSI . (L2 DA
IR SR AR E D EEAEYE. AT BEIR AL RS
S O PN BB A Sy e R LA P R T e, A T BA A
Npr3-CreERW /N iR E FHhR10 0o P G0 I I 7R B B2 405
J5 e 3 AR A5 FE 470 JUE A5 5 58 T8 (o0 R AR
O LR I Py AR | IR A543 DA K% = B ok 46 A A
), HERRE, FRic O A B LR 2D sk 21
SR I . EAZ, 220K 00 P9 IR P A A 21O L Z B0

612

FIIFHF AN O RN O HUZ S, O AT DL DTHRSS
SR LA P B2 X R RAE AR LT, O YRR ER N
FCUZE XS T F 1 e obR 0 3 R B S L), I
WFFZRoN, AR 5 O PR L AR 2D DTk 21 etk 1
EWNE, B575 0 IS RIAVEGF-BIY, £ 31
O P LT T R 205 et bR I 1 B A3 S (R 8 O U T B 11
PR 33 g S (R AL S A (R VAT B T I
AT REME.

22 MkEEN K AT

TE— LS8 B T R AAAE IR B K B4RV & R B
R, EFEPIR FBNIKIA] R ZEAR 2 IR B k. /) B IE
O I LR G MRS I AR AE, (H R AE R ik
IO I, 7 SRR i 3 9 g A B 0
S 20 Bk e 8 A8 #e I, o3 2 I AR 1 D B8 4t I
PEeh IER A O E R G T ARD T A RO 3k
TR AR 00100 o — b <) ik A (arterialization),



P EBNE: ARl 2022 4F 52 % A5

BB A sk, 55 =P Bk A= B (arterio-
genesis), B[ SGRTAATE R/ MUEL SRS K TE BRI,
Sk M (EI2B). BI04 sh ik sk 2 40 82 437
Fricn, LA AR i i s B AR H G, {H
F T LA AR A 2 HE AR PR, TEIEAS s 22 )
BN IE Bk A2, B 8BS 3 RN B R R R R,
A A F FHApIn-CreERIFI/INER, FiA A% TE 28
55175 5 Rbrid B A B2 ApRic sk b B2, X%
INRIAT OREF ARG R, Bbsic B4 iy A
2 TTHRB AR B K P B, BPIAS 30 ik HAS 2 dd i sl ik
TR, SR, A FLA B AU R B, 7E/N RO AT
TRSAZAE PR S kAT BBk A2 B, 76 20 Fik BH ZE 45
HJE, MBS NSLTE R, JF B E Wi 2 e it
MK R ST, A —Fh R S kO
FEALEI R B, FRZ B K 2 ¥ (artery reassembly)!' .
fATTFE BT A /N BR H AR S5 28 K (postnatal day2, P2)#EAT
TR, PO MERAT A LG, RIAE R AR
SR E T (<43 KUY BT — S 3 Jhk o B G AR
KEFIRK, X AWRIREE S BRA 28 i3 kA BT
. B S fAT153 34 F APJ-Cre ERFICx40-CreER /)N
B, FEPOZ e B E S5 Ab T8 26 2) Wil bR ic B4 ML Y 2
S5k R, RIFELEP2BEAT DI, POUSHLC I 1
TTo3 0T, 45 SRR WAMIEL 2 kAR /b KI8T APJ-Cre ERFR
TC BN LA B, 1 32 ZR YR T Cx40-Cre ERVRIL T
BNk P . 38 3k EAS [F) TE] AR AT WORE AT, R BBl ik
PR 2= NSRRI A HROE % ok, RS B A N R
ERE Ry KIE X Sk, BT KEY &
B A sh k. X —id FE 2 CXCL12-CXCR41ME 5 Frif]
. S PR 1 A 2 i T B R B 5 /N BR 2R Y
FlOEF, TEPTRIGHLER T %8601, H 478 Sifk /I
BR 0 <2 AR > DX 35k A1 R VR B CXICL 1 2 ) AT i T i

S5 30k

MBI, B T H A B E AT
I RERBIE ARSI, BRI T2 A 5l KR i e A 7
BB EARRRESE. 534k, T Cx40B PR R B K T4
ANARAAEAED, X eI 7E 45 A5 ) A T B2 S
BRI R Ak, RS R R SRS 4R R AL
i PR, RARIX L Bl KT BRAL R 7E A A
TR FEREAR R, AHRX WA AR T IR AL 1R
(R PR AT RETE.

3 H4i5RY

LR Eprd,  HAr)OERR R O R A R G
FEE AL AR IS P B BRI T bk 52, RIES— 3
JEEDR ML PAY B, T = 1] o Ak D SRER I PAY B2 3 SRR
Lo AL T A0 S B 1 S DR UL P9
FERIET LB, A O R IR A R ML Y B2
PRZ S R R A B e Bk s it V45 15 )
WA B AR ML A R A S BRI T 2 AT A AR
I P B AR, (H 2 7E O I g R VEGF-BIF A] LA
7570 WA RIS Y B, (et s g . il
Beah bk 3 2l R A C 2 A7 7E IS KA P9 B 40 1
W B 240 1. 65 A% 4 B e S 6 T R

S FLAN ) rh Rt o JULAH L P AR — L — A
BRI Bk, LT I 0 A BSox 3 M B AR 1) 2R
REEREEM. BIRH AR g B A BRI
PRAEBA e AL, R IR IMUE R BA R AR R
A RIS LK 20 BLR IR, AT DUOM A BERT AR 1
BRI AT Re M, et O R A ET AR TR
MAEFA, (EEMB BRI REE. B, RKREZ K
T EER AR M AR B 73T LA R EERE R SAT
P IRR.

1 Virani S S, Alonso A, Aparicio H J, et al. Heart disease and stroke statistics—2021 update. Circulation, 2021, 143: €254

2 Tian X, Pu W T, Zhou B. Cellular origin and developmental program of coronary angiogenesis. Circ Res, 2015, 116: 515-530

3 Potluri R, Baig M, Mavi J S, et al. The role of angioplasty in patients with acute coronary syndrome and previous coronary artery bypass

grafting. Int J Cardiol, 2014, 176: 760-763

4 He L, Lui K O, Zhou B. The formation of coronary vessels in cardiac development and disease. Cold Spring Harb Perspect Biol, 2020, 12:

a037168

5 Ménner J, Pérez-Pomares J M, Macias D, et al. The origin, formation and developmental significance of the epicardium: a review. Cells Tissues

Organs, 2001, 169: 89-103

613


https://doi.org/10.1161/CIR.0000000000000950
https://doi.org/10.1161/CIRCRESAHA.116.305097
https://doi.org/10.1016/j.ijcard.2014.07.097
https://doi.org/10.1101/cshperspect.a037168
https://doi.org/10.1159/000047867
https://doi.org/10.1159/000047867

SREA RS SR BN K 5

10

11

12
13

14

15

16

17

19
20

21

22

23

24
25

26

27

28

29

614

Mikawa T, Gourdie R G. Pericardial mesoderm generates a population of coronary smooth muscle cells migrating into the heart along with
ingrowth of the epicardial organ. Dev Biol, 1996, 174: 221-232

Dettman R W, Denetclaw Jr. W, Ordahl C P, et al. Common epicardial origin of coronary vascular smooth muscle, perivascular fibroblasts, and
intermyocardial fibroblasts in the avian heart. Dev Biol, 1998, 193: 169-181

Pérez-Pomares J M, Phelps A, Sedmerova M, et al. Experimental studies on the spatiotemporal expression of WT1 and RALDH?2 in the
embryonic avian heart: a model for the regulation of myocardial and valvuloseptal development by epicardially derived cells (EPDCs). Dev
Biol, 2002, 247: 307-326

Guadix J A, Carmona R, Mufoz-Chapuli R, et al. In vivo and in vitro analysis of the vasculogenic potential of avian proepicardial and epicardial
cells. Dev Dyn, 2006, 235: 1014-1026

Mikawa T, Fischman D A. Retroviral analysis of cardiac morphogenesis: discontinuous formation of coronary vessels. Proc Natl Acad Sci USA,
1992, 89: 9504-9508

Red-Horse K, Ueno H, Weissman I L, et al. Coronary arteries form by developmental reprogramming of venous cells. Nature, 2010, 464: 549—
553

Kretzschmar K, Watt F M. Lineage tracing. Cell, 2012, 148: 3345

Zhou B, Ma Q, Rajagopal S, et al. Epicardial progenitors contribute to the cardiomyocyte lineage in the developing heart. Nature, 2008, 454:
109-113

Norden J, Grieskamp T, Lausch E, et al. Wtl and retinoic acid signaling in the subcoelomic mesenchyme control the development of the
pleuropericardial membranes and the sinus horns. Circ Res, 2010, 106: 1212—1220

del Monte G, Casanova J C, Guadix J A, et al. Differential notch signaling in the epicardium is required for cardiac inflow development and
coronary vessel morphogenesis. Circ Res, 2011, 108: 824-836

Wessels A, van den Hoff M J B, Adamo R F, et al. Epicardially derived fibroblasts preferentially contribute to the parietal leaflets of the
atrioventricular valves in the murine heart. Dev Biol, 2012, 366: 111-124

Kolander K D, Holtz M L, Cossette S M, et al. Epicardial GATA factors regulate early coronary vascular plexus formation. Dev Biol, 2014, 386:
204-215

Merki E, Zamora M, Raya A, et al. Epicardial retinoid X receptor is required for myocardial growth and coronary artery formation. Proc Natl
Acad Sci USA, 2005, 102: 18455-18460

Cai C L, Martin J C, Sun Y, et al. A myocardial lineage derives from Tbx18 epicardial cells. Nature, 2008, 454: 104—108

Acharya A, Baek S T, Banfi S, et al. Efficient inducible Cre-mediated recombination in Tcf21 cell lineages in the heart and kidney. genesis,
2011, 49: 870-877

Katz T C, Singh M K, Degenhardt K, et al. Distinct compartments of the proepicardial organ give rise to coronary vascular endothelial cells.
Dev Cell, 2012, 22: 639-650

Cano E, Carmona R, Ruiz-Villalba A, et al. Extracardiac septum transversum/proepicardial endothelial cells pattern embryonic coronary arterio-
venous connections. Proc Natl Acad Sci USA, 2016, 113: 656-661

Vrancken Peeters P M, Gittenberger-de Groot A C, Mentink M M, et al. Differences in development of coronary arteries and veins. Cardiovasc
Res, 1997, 36: 101-110

Bennett H S. The development of the blood supply to the heart in the embryo pig. Am J Anat, 1936, 60: 27-53

Tian X, Hu T, Zhang H, et al. Subepicardial endothelial cells invade the embryonic ventricle wall to form coronary arteries. Cell Res, 2013, 23:
1075-1090

Chen H I, Sharma B, Akerberg B N, et al. The sinus venosus contributes to coronary vasculature through VEGFC-stimulated angiogenesis.
Development, 2014, 141: 4500-4512

Zhou B, Wu B, Tompkins K L, et al. Characterization of Nfatc1 regulation identifies an enhancer required for gene expression that is specific to
pro-valve endocardial cells in the developing heart. Development, 2005, 132: 1137-1146

Wu B, Zhang Z, Lui W, et al. Endocardial cells form the coronary arteries by angiogenesis through myocardial-endocardial VEGF signaling.
Cell, 2012, 151: 1083-1096

Zhang H, Pu W, Li G, et al. Endocardium minimally contributes to coronary endothelium in the embryonic ventricular free walls. Circ Res,

2016, 118: 1880-1893


https://doi.org/10.1006/dbio.1996.0068
https://doi.org/10.1006/dbio.1997.8801
https://doi.org/10.1006/dbio.2002.0706
https://doi.org/10.1006/dbio.2002.0706
https://doi.org/10.1002/dvdy.20685
https://doi.org/10.1073/pnas.89.20.9504
https://doi.org/10.1038/nature08873
https://doi.org/10.1016/j.cell.2012.01.002
https://doi.org/10.1038/nature07060
https://doi.org/10.1161/CIRCRESAHA.110.217455
https://doi.org/10.1161/CIRCRESAHA.110.229062
https://doi.org/10.1016/j.ydbio.2012.04.020
https://doi.org/10.1016/j.ydbio.2013.12.033
https://doi.org/10.1073/pnas.0504343102
https://doi.org/10.1073/pnas.0504343102
https://doi.org/10.1038/nature06969
https://doi.org/10.1002/dvg.20750
https://doi.org/10.1016/j.devcel.2012.01.012
https://doi.org/10.1073/pnas.1509834113
https://doi.org/10.1016/S0008-6363(97)00146-6
https://doi.org/10.1016/S0008-6363(97)00146-6
https://doi.org/10.1002/aja.1000600103
https://doi.org/10.1038/cr.2013.83
https://doi.org/10.1242/dev.113639
https://doi.org/10.1242/dev.01640
https://doi.org/10.1016/j.cell.2012.10.023
https://doi.org/10.1161/CIRCRESAHA.116.308749

PEBNE: ARl 20224 2% S5

30
31
32
33
34
35

36

37
38

39

40

41

42

43

44

45

46

47

48

49

50
51

52

53

54

55

56
57

58

59

60

Coultas L, Chawengsaksophak K, Rossant J. Endothelial cells and VEGF in vascular development. Nature, 2005, 438: 937-945

Potente M, Gerhardt H, Carmeliet P. Basic and therapeutic aspects of angiogenesis. Cell, 2011, 146: 873-887

Yancopoulos G D, Davis S, Gale N W, et al. Vascular-specific growth factors and blood vessel formation. Nature, 2000, 407: 242-248
Plein A, Fantin A, Denti L, et al. Erythro-myeloid progenitors contribute endothelial cells to blood vessels. Nature, 2018, 562: 223-228
Hoeffel G, Ginhoux F. Fetal monocytes and the origins of tissue-resident macrophages. Cell Immunol, 2018, 330: 5-15

Gomez Perdiguero E, Klapproth K, Schulz C, et al. Tissue-resident macrophages originate from yolk-sac-derived erythro-myeloid progenitors.
Nature, 2015, 518: 547-551

Schulz C, Gomez Perdiguero E, Chorro L, et al. A lineage of myeloid cells independent of Myb and hematopoietic stem cells. Science, 2012,
336: 86-90

Ginhoux F, Guilliams M. Tissue-resident macrophage ontogeny and homeostasis. Immunity, 2016, 44: 439449

Feng T, Gao Z, Kou S, et al. No evidence for erythro-myeloid progenitor-derived vascular endothelial cells in multiple organs. Circ Res, 2020,
127: 1221-1232

Sedmera D, Pexieder T, Vuillemin M, et al. Developmental patterning of the myocardium. Anat Rec, 2000, 258: 319-337

Bernanke D H, Velkey J M. Development of the coronary blood supply: changing concepts and current ideas. Anat Rec, 2002, 269: 198-208
Muiioz-Chapuli R, Gonzélez-Iriarte M, Carmona R, et al. Cellular precursors of the coronary arteries. Texas Heart Inst J, 2002, 29: 243-249
Tomanek R J. Formation of the coronary vasculature during development. Angiogenesis, 2005, 8: 273-284

Tian X, Hu T, Zhang H, et al. De novo formation of a distinct coronary vascular population in neonatal heart. Science, 2014, 345: 90-94
He L, Tian X, Zhang H, et al. Fabp4-C1reER lineage tracing reveals two distinctive coronary vascular populations. J Cell Mol Med, 2014, 18:
2152-2156

Tian X, Li Y, He L, et al. Identification of a hybrid myocardial zone in the mammalian heart after birth. Nat Commun, 2017, 8: 87

Olivey H E, Svensson E C. Epicardial-myocardial signaling directing coronary vasculogenesis. Circ Res, 2010, 106: 818-832
Pérez-Pomares J M, de la Pompa J L. Signaling during epicardium and coronary vessel development. Circ Res, 2011, 109: 1429-1442
Sharma B, Ho L, Ford G H, et al. Alternative progenitor cells compensate to rebuild the coronary vasculature in Elabela- and Apj-deficient
hearts. Dev Cell, 2017, 42: 655-666.¢3

Arita Y, Nakaoka Y, Matsunaga T, et al. Myocardium-derived angiopoietin-1 is essential for coronary vein formation in the developing heart.
Nat Commun, 2014, 5: 4552

Zhang Z, Zhou B. Accelerated coronary angiogenesis by Vegfrl-knockout endocardial cells. PLoS ONE, 2013, 8: 70570

Rhee S, Chung J I, King D A, et al. Endothelial deletion of Ino80 disrupts coronary angiogenesis and causes congenital heart disease. Nat
Commun, 2018, 9: 368

Bogers A J J C, Gittenberger-de Groot A C, Poelmann R E, et al. Development of the origin of the coronary arteries, a matter of ingrowth or
outgrowth? Anat Embryol, 1989, 180: 437441

Ivins S, Chappell J, Vernay B, et al. The CXCL12/CXCR4 axis plays a critical role in coronary artery development. Dev Cell, 2015, 33: 455—
468

Chen H 1, Poduri A, Numi H, et al. VEGF-C and aortic cardiomyocytes guide coronary artery stem development. J Clin Invest, 2014, 124:
4899-4914

Aghajanian H, Cho Y K, Manderfield L J, et al. Coronary vasculature patterning requires a novel endothelial ErbB2 holoreceptor. Nat Commun,
2016, 7: 12038

Su T, Stanley G, Sinha R, et al. Single-cell analysis of early progenitor cells that build coronary arteries. Nature, 2018, 559: 356-362
Chang A H, Raftrey B C, D’Amato G, et al. DACHI stimulates shear stress-guided endothelial cell migration and coronary artery growth
through the CXCL12-CXCR4 signaling axis. Genes Dev, 2017, 31: 1308-1324

Raftrey B, Williams I M, Rios Coronado P E, et al. Dachl extends artery networks and protects against cardiac injury. Circ Res, 2021, doi:
10.1161/CIRCRESAHA.120.318271

Luo W, Garcia-Gonzalez I, Fernandez-Chacon M, et al. Arterialization requires the timely suppression of cell growth. Nature, 2021, 589: 437—
441

Sharma B, Chang A, Red-Horse K. Coronary artery development: progenitor cells and differentiation pathways. Annu Rev Physiol, 2017, 79: 1—-
19

615


https://doi.org/10.1038/nature04479
https://doi.org/10.1016/j.cell.2011.08.039
https://doi.org/10.1038/35025215
https://doi.org/10.1038/s41586-018-0552-x
https://doi.org/10.1016/j.cellimm.2018.01.001
https://doi.org/10.1038/nature13989
https://doi.org/10.1126/science.1219179
https://doi.org/10.1016/j.immuni.2016.02.024
https://doi.org/10.1161/CIRCRESAHA.120.317442
https://doi.org/10.1002/(SICI)1097-0185(20000401)258:4&lt;319::AID-AR1&gt;3.0.CO;2-O
https://doi.org/10.1002/ar.10139
https://doi.org/10.1007/s10456-005-9014-9
https://doi.org/10.1126/science.1251487
https://doi.org/10.1111/jcmm.12415
https://doi.org/10.1038/s41467-017-00118-1
https://doi.org/10.1161/CIRCRESAHA.109.209197
https://doi.org/10.1161/CIRCRESAHA.111.245589
https://doi.org/10.1016/j.devcel.2017.08.008
https://doi.org/10.1038/ncomms5552
https://doi.org/10.1371/journal.pone.0070570
https://doi.org/10.1038/s41467-017-02796-3
https://doi.org/10.1038/s41467-017-02796-3
https://doi.org/10.1007/BF00305118
https://doi.org/10.1016/j.devcel.2015.03.026
https://doi.org/10.1172/JCI77483
https://doi.org/10.1038/ncomms12038
https://doi.org/10.1038/s41586-018-0288-7
https://doi.org/10.1101/gad.301549.117
https://doi.org/10.1161/CIRCRESAHA.120.318271
https://doi.org/10.1038/s41586-020-3018-x
https://doi.org/10.1146/annurev-physiol-022516-033953

SREA RS SR BN K 5

61

62

63
64

65
66

67

68

69

70
71

72
73

74

75
76

77

78

79

80

81

82
83

84
85

86

87
88
89

616

Red-Horse K, Siekmann A F. Veins and arteries build hierarchical branching patterns differently: bottom-up versus top-down. Bioessays, 2019,
41: 1800198

Shi J, Yang Y, Cheng A, et al. Metabolism of vascular smooth muscle cells in vascular diseases. Am J Physiol Heart Circ Physiol, 2020, 319:
H613-H631

Greif D M, Kumar M, Lighthouse J K, et al. Radial construction of an arterial wall. Dev Cell, 2012, 23: 482-493

Arima Y, Miyagawa-Tomita S, Maeda K, et al. Preotic neural crest cells contribute to coronary artery smooth muscle involving endothelin
signalling. Nat Commun, 2012, 3: 1267

Jiang X, Rowitch D H, Soriano P, et al. Fate of the mammalian cardiac neural crest. Development, 2000, 127: 1607-1616

Chen Q, Zhang H, Liu Y, et al. Endothelial cells are progenitors of cardiac pericytes and vascular smooth muscle cells. Nat Commun, 2016, 7:
12422

Lupu I E, De Val S, Smart N. Coronary vessel formation in development and disease: mechanisms and insights for therapy. Nat Rev Cardiol,
2020, 17: 790-806

Mellgren A M, Smith C L, Olsen G S, et al. Platelet-derived growth factor receptor 3 signaling is required for efficient epicardial cell migration
and development of two distinct coronary vascular smooth muscle cell populations. Circ Res, 2008, 103: 1393-1401

Sinha S, Iyer D, Granata A. Embryonic origins of human vascular smooth muscle cells: implications for in vitro modeling and clinical
application. Cell Mol Life Sci, 2014, 71: 2271-2288

Moore-Morris T, Cattaneo P, Puceat M, et al. Origins of cardiac fibroblasts. J Mol Cell Cardiol, 2016, 91: 1-5

Christia P, Bujak M, Gonzalez-Quesada C, et al. Systematic characterization of myocardial inflammation, repair, and remodeling in a mouse
model of reperfused myocardial infarction. J Histochem Cytochem, 2013, 61: 555-570

Davis J, Molkentin J D. Myofibroblasts: trust your heart and let fate decide. J] Mol Cell Cardiol, 2014, 70: 9-18

Moore-Morris T, Guimardes-Camboa N, Banerjee I, et al. Resident fibroblast lineages mediate pressure overload-induced cardiac fibrosis. J Clin
Invest, 2014, 124: 2921-2934

Zeisberg E M, Tarnavski O, Zeisberg M, et al. Endothelial-to-mesenchymal transition contributes to cardiac fibrosis. Nat Med, 2007, 13: 952—
961

Ubil E, Duan J, Pillai I C L, et al. Mesenchymal-endothelial transition contributes to cardiac neovascularization. Nature, 2014, 514: 585-590
He L, Huang X, Kanisicak O, et al. Preexisting endothelial cells mediate cardiac neovascularization after injury. J Clin Invest, 2017, 127: 2968—
2981

Asahara T, Murohara T, Sullivan A, et al. Isolation of putative progenitor endothelial cells for angiogenesis. Science, 1997, 275: 964-966
Jujo K, Ii M, Losordo D W. Endothelial progenitor cells in neovascularization of infarcted myocardium. J Mol Cell Cardiol, 2008, 45: 530-544
Kwon S M, Eguchi M, Wada M, et al. Specific Jagged-1 signal from bone marrow microenvironment is required for endothelial progenitor cell
development for neovascularization. Circulation, 2008, 118: 157-165

Takahashi T, Kalka C, Masuda H, et al. Ischemia- and cytokine-induced mobilization of bone marrow-derived endothelial progenitor cells for
neovascularization. Nat Med, 1999, 5: 434-438

Rehman J, Li J, Orschell C M, et al. Peripheral blood “endothelial progenitor cells” are derived from monocyte/macrophages and secrete
angiogenic growth factors. Circulation, 2003, 107: 1164-1169

Bautch V L. Stem cells and the vasculature. Nat Med, 2011, 17: 1437-1443

Klein D, Weisshardt P, Kleff V, et al. Vascular wall-resident CD44" multipotent stem cells give rise to pericytes and smooth muscle cells and
contribute to new vessel maturation. PLoS ONE, 2011, 6: 20540

Tang Z, Wang A, Yuan F, et al. Differentiation of multipotent vascular stem cells contributes to vascular diseases. Nat Commun, 2012, 3: 875
Psaltis P J, Puranik A S, Spoon D B, et al. Characterization of a resident population of adventitial macrophage progenitor cells in postnatal
vasculature. Circ Res, 2014, 115: 364-375

Ingram D A, Mead L E, Moore D B, et al. Vessel wall-derived endothelial cells rapidly proliferate because they contain a complete hierarchy of
endothelial progenitor cells. Blood, 2005, 105: 2783-2786

Psaltis P J, Simari R D. Vascular wall progenitor cells in health and disease. Circ Res, 2015, 116: 1392-1412

Kelly-Goss M R, Sweat R S, Stapor P C, et al. Targeting pericytes for angiogenic therapies. Microcirculation, 2014, 21: 345-357

Katare R, Riu F, Mitchell K, et al. Transplantation of human pericyte progenitor cells improves the repair of infarcted heart through activation of


https://doi.org/10.1002/bies.201800198
https://doi.org/10.1152/ajpheart.00220.2020
https://doi.org/10.1016/j.devcel.2012.07.009
https://doi.org/10.1038/ncomms2258
https://doi.org/10.1242/dev.127.8.1607
https://doi.org/10.1038/ncomms12422
https://doi.org/10.1038/s41569-020-0400-1
https://doi.org/10.1161/CIRCRESAHA.108.176768
https://doi.org/10.1007/s00018-013-1554-3
https://doi.org/10.1016/j.yjmcc.2015.12.031
https://doi.org/10.1369/0022155413493912
https://doi.org/10.1016/j.yjmcc.2013.10.019
https://doi.org/10.1172/JCI74783
https://doi.org/10.1172/JCI74783
https://doi.org/10.1038/nm1613
https://doi.org/10.1038/nature13839
https://doi.org/10.1172/JCI93868
https://doi.org/10.1126/science.275.5302.964
https://doi.org/10.1016/j.yjmcc.2008.08.003
https://doi.org/10.1161/CIRCULATIONAHA.107.754978
https://doi.org/10.1038/7434
https://doi.org/10.1161/01.CIR.0000058702.69484.A0
https://doi.org/10.1038/nm.2539
https://doi.org/10.1371/journal.pone.0020540
https://doi.org/10.1038/ncomms1867
https://doi.org/10.1161/CIRCRESAHA.115.303299
https://doi.org/10.1182/blood-2004-08-3057
https://doi.org/10.1161/CIRCRESAHA.116.305368
https://doi.org/10.1111/micc.12107

PEBNE: ARl 20224 2% S5

an angiogenic program involving micro-RNA-132. Circ Res, 2011, 109: 894-906
90 Chen C W, Okada M, Proto J D, et al. Human pericytes for ischemic heart repair. Stem Cells, 2013, 31: 305-316
91 Miquerol L, Thireau J, Bideaux P, et al. Endothelial plasticity drives arterial remodeling within the endocardium after myocardial infarction.
Circ Res, 2015, 116: 1765-1771
92 Dubé K N, Thomas T M, Munshaw S, et al. Recapitulation of developmental mechanisms to revascularize the ischemic heart. JCI Insight, 2017,
2
93 Tang J, Zhang H, He L, et al. Genetic fate mapping defines the vascular potential of endocardial cells in the adult heart. Circ Res, 2018, 122:
984-993
94 Résdnen M, Sultan I, Paech J, et al. VEGF-B promotes endocardium-derived coronary vessel development and cardiac regeneration. Circulation,
2021, 143: 65-77
95 Red-Horse K, Das S. New research is shining light on how collateral arteries form in the heart: a future therapeutic direction? Curr Cardiol Rep,
2021, 23: 30
96 Khand A, Fisher M, Jones J, et al. The collateral circulation of the heart in coronary total arterial occlusions in man: systematic review of
assessment and pathophysiology. Am Heart J, 2013, 166: 941-952
97 Seiler C, Meier P. Historical aspects and relevance of the human coronary collateral circulation. Curr Cardiol Rev, 2014, 10: 2-16
98 Seiler C, Stoller M, Pitt B, et al. The human coronary collateral circulation: development and clinical importance. Eur Heart J, 2013, 34: 2674—
2682
99 Helisch A, Schaper W. Arteriogenesis the development and growth of collateral arteries. Microcirculation, 2003, 10: 83-97
100 Simons M, Eichmann A. Molecular controls of arterial morphogenesis. Circ Res, 2015, 116: 1712-1724
101 Faber J E, Chilian W M, Deindl E, et al. A brief etymology of the collateral circulation. Arterioscler Thromb Vasc Biol, 2014, 34: 1854-1859
102 He L, Liu Q, Hu T, et al. Genetic lineage tracing discloses arteriogenesis as the main mechanism for collateral growth in the mouse heart.
Cardiovasc Res, 2016, 109: 419-430
103 Zhang H, Faber J E. De-novo collateral formation following acute myocardial infarction: dependence on CCR2" bone marrow cells. J Mol Cell
Cardiol, 2015, 87: 4-16
104 Das S, Goldstone A B, Wang H, et al. A unique collateral artery development program promotes neonatal heart regeneration. Cell, 2019, 176:
1128-1142.¢18

The development and regeneration of coronary artery vessels

ZHANG MingJun & ZHOU Bin

State Key Laboratory of Cell Biology, Shanghai Institute of Biochemistry and Cell Biology, Center for Excellence in Molecular Cell Science, Chinese
Academy of Sciences, Shanghai 200031, China

Cardiovascular disease is the leading cause of death worldwide, and the coronary artery disease (CAD) is the main factor leading the
cardiovascular disease. However, there is still leaking efficient clinical treatment to CAD until now. An in-depth understanding of the
formation of coronary vessels during development and regeneration after heart injury will provide more ideas for developing
treatment strategies of coronary diseases. Recently, with the development of the genetic lineage tracing technology in vivo, scientists
have gained some new insights into the cellular origins and molecular mechanisms of coronary blood vessel formation during
development and regeneration. These mechanisms provide new possibility for improving heart repair by targeting new vessels
formation. Here, we highlight these recent finding about the development and regeneration of coronary vessels and discuss the
possible application value in the treatment of ischemic heart disease.
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