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Abstract: Vascular wall-resident stem cells (VW-SCs) play a critical role in maintaining normal vascular function and regulating
vascular repair. Understanding the basic functional characteristics of the VW-SCs will facilitate the study of their regulation and
potential therapeutic applications. The aim of this study was to establish a stable method for the isolation, culture, and validation of the
CD34" VW-SCs from mice, and to provide abundant and reliable cell sources for further study of the mechanisms involved in prolifer-
ation, migration and differentiation of the VW-SCs under various physiological and pathological conditions. The vascular wall cells of

mouse aortic adventitia and mesenteric artery were obtained by the method of tissue block attachment and purified by magnetic
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microbead sorting and flow cytometry to obtain the CD34" VW-SCs. Cell immunofluorescence staining was performed to detect the
stem cell markers (CD34, Flk-1, c-kit, Sca-1), smooth muscle markers (SM22, SM MHC), endothelial marker (CD31), and intranuclear
division proliferation-related protein (Ki-67). To verify the multipotency of the isolated CD34" VW-SCs, endothelial differentiation
medium EBM-2 and fibroblast differentiation medium FM-2 were used. After culture for 7 days and 3 days respectively, endothelial
cell markers and fibroblast markers of the differentiated cells were evaluated by immunofluorescence staining and q-PCR. Furthermore,
the intracellular Ca>" release and extracellular Ca> entry signaling were evaluated by TILLviSION system in Fura-2/AM loaded cells.
The results showed that: (1) High purity (more than 90%) CD34" VW-SCs from aortic adventitia and mesenteric artery of mice were
harvested by means of tissue block attachment method and magnetic microbead sorting; (2) CD34" VW-SCs were able to differentiate
into endothelial cells and fibroblasts in vitro; (3) Caffeine and ATP significantly activated intracellular Ca’" release from endoplasmic
reticulum of CD34" VW-SCs. Store-operated Ca>" entry (SOCE) was activated by using thapsigargin (TG) applied in Ca*"-free/Ca’*
reintroduction protocol. This study successfully established a stable and efficient method for isolation, culture and validation of the

CD34" VW-SCs from mice, which provides an ideal VW-SCs sources for the further study of cardiovascular diseases.

Key words: vascular wall-resident stem cells; cell isolation; cell identification; magnetic separation

I8 N B 45405 J5 48 572 51 % T sl Bk ok pE s 4k
o WK S BR AR JE PP AR 55 — RPN LB R K AE AR
JE (1) B IR, DLAE B A 2 B A0 R A v g3 B )
CD34°CD31" 4HJifd [ #I\ K42 N 2 #1411 (endothelial
progenitor cells, EPCs)] 7] 74t A P9 57 41 i (i 13F 1
B AR ST R, SRHA CD34 Hifk
A S AR SRAG PR L B BESR R K CD34 ™ 2 fifd
SEREAERERR AT MV (R P N B2 Ak, AR TR BB ) 90E S
JSL AT A PRS2 I Rk T LG R R A e B
— R F o R ) Combo 3242 (A= fifk 75 H 5 2R 1k
& CD34 fifk B & 348 ) i3k EPCs th R gE AU &
T A T T AR O e DR AR A L9
CD34" 41 fitd 2 75 /2 & B K U8 (1 L 1E /) EPCs, /&2 1
A BT VE B A 2 5 E 507 5 1B SRR
KRG

M BELE M R B R TR LR L& 05
R REE EENER . IR 2 T
RIS BE FAFAE 2 P T4l . 2004 FFEARTE K
HPZ R B AR IE LE BN LS BE S BEAFAE LT/
A, XA T4 g %5 CD34. Sca-1., c-kit
M FIk-1, FESEN AT AR, 25
L7 45493 J 2B PR A R e B A 9 R B L
BE b JR 0 3E B 1) CD34™ T4l n] 2 5 sk 5 22 47
155 5 VA R A i ) A B 3k 2 o A BE T4 (vascular
wall-resident stem cells, VW-SCs) H. G £ [n] 734k, Fll 14
FEMIERE, FEIEHHOU N AR E LR, — BAEW
HURA P — 2ok e s 5, sn] A e i
VLA . P9 B 40 B RN R A A4 i &, Bl ok 5% 43 T
R R A LA D R B DA R Al L A8 T S AL i
P07 s E e E A B H A% T VW-SCs 1)

W 5% £ ZE T Sca-1" T4, 1 X T CD34" F
S (1 A A ) 2R 1 DL R 2 5 R A I B 4 ) &
5 al E ML R IE A X > . RSB AR —Fp
FesE W SE AR AN VW-SCs HIREF% 51k, Flid i B
CD34" -4 Hi 1) 5 A A5 4 27 R P4 RO 240 P P9 95 45 5
fiE, Rk BRI FCAE BRI DR A T VW-SCs
(1130 B8 S LR FE AL SR AL S A

1 M55

1.1 &% 6~8 A CSTBL/6 £ EE/NEL, MEHEAS
1, PR 18~20 g, W H BHAIAW SIS S YA IR A
"] [ YFA[ES « SCXK( )1])2020-030], 3% T i rg
B Rl K 225256 sh W) p O [ W ATAE S« SYXK()I])
2018-065], =56 X Eh) () Ab B4 G (SEER N 1)
FFEBAET IR FRAEPAT, RIS S5
IS B A ER (e F LS : swmu2020664).
1.2 FERF  FM2 555550 H ScienCell, EBM-2
RS H Lonza ; DMEM ikl 32 5406 5 ATCC ;
JiG A4 3% B s 40 i B 7 (leukaemia inhibitory
factor, LIF) I H Millipore ; 2% FH B RIE H Sigma ;
B O BEN H Gibeo s H bt CD34 Lk, Rt
Vimentin §i4&. %$i PDGFRa ik, it SM MHC
ik, bt SM22 Fl i Flk-1 %0 FH Abcam ; %
$1 Sca-1 Hii A& Fura-2/AM I H Invitrogen; 21 c-kit
PR Pt Kio7 uik 3y | CST 5 b £ $1 CD31
Jui&lE B R&D 5 #fit VWFE $i4£& 1 B Novus ; Nu-
cleoZOL X F| W H MN ; ¥ #4540 77 LA & q-PCR ik
7 $4 ) 1 TaKaRa ; FITC 7 12 /N B CD34 $i 1.
REAfinity Clone REA383 #1 Anti-FITC MicroBeads
MACS 5 Miltenyi ZE¥)RHL A 7] .



L5 /NRINE BECD34 Al 70 1 . B9 e

1.3 ARRBILEERN/NRIPKME CD34" F
MRRRIDTR 3% SR RIS B ST I
FIAbSE, FHRF BT AIEE TR T R s, R 850
WEFA I PRIEORE 32 B0k % W 55 R ok D 6L g 7
B, R Rl RS K 4% 2 5 B g [E
%€ 15 min, PBS %t 3 min % 3 X, 0.5% Triton X-100
8% 30 min, PBS %% 3 min x 3 %, 5% L
$H 1 h (0.5% Triton X-100 BCH ), % & %fit CD34
Podk. Pt c-kit k. et Sca-1 Piid (ARIE Bk
UL TRARE ), 4 °C 1A%, PBS ¥ 3 min x 3 %,
FIRWE Pt 1 h, 0.005 mg/mL Hoechst 34580 4t
#% 10 min, H PBS ¥t % 2 R A 456 4R ¥ i
EIEREI O b, AERR RS SRR
BRI, WINPT R E RS A, &AW
H IR F 24 h JE R ABOCH LR £ RIS (Zeiss
980) HEAT IR

1.4 ¢AERBRNEEE % 53 ERAn s 7r 54X I 25 5E 40 Al

A A b E /N RS B B O E R, I R PO 4
F Bk e RSN K-S L2, = sk K i &
JELZNI Ik % 7% 21 & A X0 PBS S8l 1) 6 cm ~FILHT
Ve IR Z J5 e 8 B v & PR R AR R /NG
S0 e 1007 ) BB 0 I I AN 5 AL 2, 2 i A A e
FIFEBh bk, PR 2 = Bk AN E R 5 —
AN 0.2 mL B IR 3.5 cm IOl , A
FRBY % 0.5 mm® (1 /N R (Rl R B 3 ke 4, b
JEHE LA B, B R 4 B A I i R S K B s
B ). ARG M 7% 2 158 H 0.04% B Jie Bk 1)
BRI, TRNEEFR4H (37 °C. 5% CO,) H 157
FrE 3 hib 4l BB, B S B RN 5 mL
DMEM & # 55 7% 2 (& 10% s 48 . 0.2%
LIF. 0.2 mmol/L —%i% 4B, 1% &/ #H R ),
HorP IR 4 M 12 3 VW-SCs 951, LIF F1 -5 2
B Al 30 A 4 U Y, 3 h B RCE R IR, —
f 3 K JE TR Sl Be 1 WL 2 2B ) ] 24 M TE L 1
B

1.5 MEE CD34" THMMAMEFLEE B
A KW, ) TrypLE™ Express J#5 4k 4L 28 5
A IEZEME (2 2 mmol/L EDTA H1 0.5% FBS) WK#T
1l F R4 A, TR I N — BT (FITC A 7 &
CD34 #i /&, REAfinity Clone REA383, 0.2 mg/mL)
4 °C 0¥ H 30 min, 4% 100 pL 24 B & A 2
mL Ji NG B e 1 Ik, 2 J5 1 000 r/min 2§
0 5 min, FF_EIEW. I 200 pL i sy 2% piik

207

Hoa M, — & b U4 i A (BD FACSVerse)
BEATARLIN + 00 40 M = i 225 1 W I A B
RFR B BEER (Anti-FITC MicroBeads MACS) 4 °C i
JEWEE 15 min, FIFTESLEESE, M 1 mL 2
WE BN, 2 55F 9000 43 1% & St (magnetic
activated cell sorting, MACS) HA:7dim i, WedEsE:
T BB (7 CD34" 4 fd. N 1 3R A5 T Al )
CD34" 4l ffg, A - METESZEE. W
MACS M 770 [ AL, #7247 W N4 g AR A
I CD34" 40 iy 4l FE . AR A0 T 1056 H 0.04%
B JR: B4 ) S SR P R SR R TR

BT gy BN EER R S, ERREEIREE
22 PBS ¥t 3 min x 39, BHJG 4 4% £ 5 e[
EJ€F 10 min, PBS & 3 min x 3 &, 0.2% Triton X-
100 (PBS MC 1] ) = ¥ 18 3% 41 ig &£ 5 min, PBS ¥ 3
min x 3 %, FEFT LN 5% FPiEE A 1 h, o)
BITE 4 °C W H i (CD34, Flk-1. c-kit. Sca-1.
CD31. SM MHC A SM22 Fip 4k, & fi ik i i 1
FikE ), PBS ¥ 3 min x 3 Ik, ZiRF & FHMN ) P
(1:200) 1 h, PBS ¥ 3 min x 3 X, DAPI 4% J5 &
FAESOGCE G T,
1.6 MEE CD34" THMEMIESTHEE W
M EE CD34" T4, WESEHEE, 7
BT3B 6 fLIR, ZHE NG S 7 R B S
Ha oy Ak U2 Sy TR F P9 R A0 8 9% 2 EBM-2 £
Fe 1, BET4EAN IR TR FM-2 K5 9% 3 R 341
M Ak, XTHRAHONIEH B R . raimE,
AHMINE Fy FEAT oo m e e, il A B2 Al s 264
(CD31. VWF) fl % £F 4k 41 fg b5 & ¥ (Vimentin,
PDGFRa) (315, R H NucleoZOL i ] 4 &5 4l k.
6 FLH h &% 4L40 L 19 5 RNA, HR 4 TaKaRa i 7 £
e 4F U W] K RNA 30 %% 3¢ 05 ¢cDNA, £ [} TaKaRa
TB Green” Premix DimerEraser (Perfect Real Time) it
A EEEAE 4T q-PCR, S N ARFR 20 pL, H
/1 TB Green Premix Dimer Eraser (2 x) 10 uL, ddH,O 6.4
uL, Rox Reference Dye (50 x) 0.4 pL, F. N5l
) (10 umol/L) £ 0.6 uL, 100 ng/uL ¢cDNA 2 uL.
PCR = i 26 A1 9 = AL % 95 °C 3 min ; 40 Mg IR
[AZE (95 °C 20 s), iR 4K (60 °C 30 s) FHLEAH (72 °C
30 5) ;s ARG R WA IE (72 °C 5 min). K 274
P AT S P R GE bR &4 Pecaml (CD31), Vwf
A HE 4 Mo by W) Vimentin. Pdgfra '] mRNA %
KAF LT AN EE M. TS 51 P s A& 1,



208 HE B AR Acta Physiologica Sinica, April 25, 2023, 75(2): 205-215
&1 514075
Table 1. Sequences of the primers

Name Primer sequence (5'-3") Product (bp)
rwf F: CTTCTGTACGCCTCAGCTATG 125

R: GCCGTTGTAATTCCCACACAAG
Vimentin F: CGGCTGCGAGAGAAATTGC 124

R: CCACTTTCCGTTCAAGGTCAAG
Pdgfra F: GGAGACTCAAGTAACCTTGCAC 179

R: TCAGTTCTGACGTTGCTTTCAA
Pecaml F: CTGCCAGTCCGAAAATGGAAC 218

R: CTTCATCCACCGGGGCTATC
Gapdh F: AGGTCGGTGTGAACGGATTTG 123

R: TGTAGACCATGTAGTTGAGGTCA

F: forward; R: reverse.
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Kl 1. CSTBL/6/IN R = B ik AR g 2 RS fik A7 75 1L BEC D344 Mg
Fig. 1. CD34" vascular wall-resident stem cells (VW-SCs) in mesenteric artery (MA) and aortic artery (AA) of C57BL/6 mice.

A: Whole mount en face preparations of MA and AA from mice combined with immunofluorescence staining showed the location of

Sca-1", c-kit" and CD34" cells. Scale bar, 50 um. B: Immunofluorescence staining showed the CD34" VW-SCs in adventitia of mesenteric

arteries (scale bar, 50 um). The inserted are magnification images (scale bar, 20 um).
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Fig. 2. Harvested CD34" vascular wall-resident stem cells (VW-SCs) by tissue culture and magnetic activated cell sorting (MACS).
A: Tissue cultured vascular resident cells at different days and CD34" VW-SCs obtained by MACS (scale bar, 100 um). The inserted
are magnification images (scale bar, 50 um). B: The MicroBead-purified CD34" VW-SCs were identified for purity by flow cytometry.
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Fig. 3. Expression of surface markers in CD34" vascular wall-resident stem cells (VW-SCs) measured by immunofluorescence staining.

A: Immunofluorescence staining of stem cell markers CD34, c-kit, Flk-1 and Sca-1. B: The cell proliferation marker (Ki-67), endothe-

lial cell marker (CD31) and smooth muscle cell markers (SM MHC, SM22) were determined by immunofluorescence staining. Scale

bar, 50 um.
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Fig. 4. Detection of multidirectional differentiation ability of CD34" vascular wall-resident stem cells (VW-SCs). 4: The expression of

endothelial markers CD31 and VWF in CD34™ VW-SCs before and after differentiation was detected by cellular immunofluorescence
staining (a, b) and q-PCR (c). B: The expression of fibroblast markers Vimentin and PDGFRa in CD34" VW-SCs before and after

differentiation was detected by cellular immunofluorescence staining (a, b) and q-PCR (c). Scale bar, 50 um. Mean + SD, n = 9-10,

“P<0.001.
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Fig. 5. Intracellular calcium signal of CD34" vascular wall-
resident stem cells (VW-SCs). The intracellular Ca’* release and
extracellular Ca® entry signaling were evaluated by TILLvi-
sION system in Fura-2/AM loaded cells. [Ca’"]; was calculated
by F340 nm/F380 nm. The curves in colors indicated different
cells recorded. 4: Representative curves and statistical analysis
showed the effect of caffeine (10 mmol/L) on intracellular
calcium signaling in CD34" VW-SCs (n = 18). B: Representative
curves and statistical analysis showed the effect of ATP (100
umol/L) on intracellular calcium signaling in CD34" VW-SCs (n =
14). C: Representative curves and statistical analysis showed the
TG (1 umol/L) induced intracellular Ca*" release from endoplas-
mic reticulum (ER) stores and the subsequent extracellular Ca**
influx triggered by Ca®* depletion was observed after re-addition
of 2 mmol/L Ca* (n = 19). Mean + SD, " P < 0.001.

a4k B L BE CD34" T4 4515 S Th it & 65
W AT IR ATP. WinHERIFD TG A I 28 A

213

PYAS JE Ca®" BETR M 41 Ca®" W15 L. ATP [ T
TE MY P IR B AR AL, b2 — P EEE 5
T, —UiHES S P2Y SRS AR, WS
WEREEE C, S (1 W% AE B C ¥ 5% e e LI — o 1R
(PIP2) %4y — It £ H i (DAG) FIBERR ULEE (IP,),
IP; 5 7 I IPRs £54 5, 512 P 5 pY ) Ca®
B, BLAh ATP ik B8 5 40 f 5 | P2X 2 4k 45 4,
YR AN Ca®" Wi WM XT ATP () 52 B 1 7F —
SERERE AT DU B R T Btk A& ¥ SOCE &4y
SHush Ca® NG EEBIE —, FAETK
ZHAE w A RN S M B A B
Ca® Y/l P Ca®" I P B2 2 5L TR B4
A 4> T (stromal interaction molecule, STIM) A& “E#] %
ARA, T P o Y R T 4 B R A T R
HUlREE M, 454 10 Orai 3@iE, 54 Ca¥
g U i TG 0 Py 5N E Ca’'-ATP B, FE
SE 4T AT J2E P B Ca™', BRI % SOCE ™, W 7T ik
A, e R S R M - RyRs 454, 5l
PIBR XY Ca® R, 3E T 40 M A Ca® PR 45 i
TEAWEFE A, ATP AN R 35 B VI {4y Ca™
SERI, THERIRAN Ca’ 7EZ) 1 min N8 BRI
FIERARA 5 TG 5IERMLHAR A Ca® S5 IIAH X Z A1,
Hahn s 4e R =K IRES, LR T B, ATP,
TG. WHHEPE % 45 BE CD34" T4 fuffl iy Ca® (15
Wi 5 LA F FE 4008 1 B Al g FE A — 3 %, R
AHIF T4 B RS 3R 10 1M BE CD34" T4 il B A 1E % 1
FEL PN A5 BE TBORN A S N RS 5 RFIE . AT Tty
HE— B IR NER T AR BE AR HEDRAS T L& BE CD34" +
N A5 S AL T R AR

AR FE LA AT A FeAE, BTl o B ARG 7
T /N 3 B ORI i 2 R 50 ik L BE CD34" 4 g,
I HARFL T ATP. WIHER. TG X I BE CD34"
YRR Ca® MIRLNE ., ASSZIGHE T T RS B A
FUIMEBE CD34" T4 ik, VI T T e e
CD34™ T4l i) — Lo A= 224

SEH

1 Asahara T, Murohara T, Sullivan A, Silver M, van der Zee R,
Li T, Witzenbichler B, Schatteman G, Isner JM. Isolation of
putative progenitor endothelial cells for angiogenesis.
Science 1997; 275(5302): 964-967.

2 Sethi R, Lee CH. Endothelial progenitor cell capture stent:
safety and effectiveness. J Interv Cardiol 2012; 25(5): 493—
500.



214

10

11

12

13

Jakobsen L, Christiansen EH, Freeman P, Kahlert J, Veien K,
Maeng M, Raungaard B, Ellert J, Villadsen AB, Kristensen
SD, Ahlehoff O, Christensen MK, Terkelsen CJ, Erik Botker
H, Aaroe J, Thim T, Thuesen L, Aziz A, Eftekhari A, Jensen
RV, Stottrup NB, Rasmussen JG, Junker A, Jensen SE, Hansen
HS, Jensen LO. Randomized clinical comparison of the
dual-therapy CD34 antibody-covered sirolimus-eluting combo
stent with the sirolimus-eluting orsiro stent in patients treated
with percutaneous coronary intervention: The SORT OUT X
trial. Circulation 2021; 143(22): 2155-2165.

Hu Y, Zhang Z, Torsney E, Afzal AR, Davison F, Metzler B,
Xu Q. Abundant progenitor cells in the adventitia contribute
to atherosclerosis of vein grafts in ApoE-deficient mice. J
Clin Invest 2004; 113(9): 1258-1265.

Jiang L, Chen T, Sun S, Wang R, Deng J, Lyu L, Wu H,
Yang M, Pu X, Du L, Chen Q, Hu Y, Hu X, Zhou Y, Xu Q,
Zhang L. Nonbone marrow CD34" cells are crucial for endo-
thelial repair of injured artery. Circ Res 2021;129(8): e146—
el6s.

Tamma R, Ruggieri S, Annese T, Ribatti D. Vascular wall as
source of stem cells able to differentiate into endothelial
cells. Adv Exp Med Biol 2020; 1237: 29-36.

Patel J, Seppanen EJ, Rodero MP, Wong HY, Donovan P,
Neufeld Z, Fisk NM, Francois M, Khosrotehrani K. Func-
tional definition of progenitors versus mature endothelial
cells reveals key soxF-dependent differentiation process.
Circulation 2017; 135(8): 786-805.

Chen K (B£7JF), Xu QB. Roles of stem cells in vascular
remodeling. Chin J Cell Biol (1 [E 404 424k) 2021;
43(7): 1352—1361 (in Chinese).

Zhang L, Issa Bhaloo S, Chen T, Zhou B, Xu QB. Role of
resident stem cells in vessel formation and arteriosclerosis.
Circ Res 2018; 122(11): 1608—1624.

Wu Y, Shen Y, Kang K, Zhang YH, Ao F, Wan Y, Song J.
Effects of estrogen on growth and smooth muscle differenti-
ation of vascular wall-resident CD34" stem/progenitor cells.
Atherosclerosis 2015; 240(2): 453—461.

Tang JM, Wu Y, Zhang RN, Sen Z. Isolation and culture of
vascular wall-resident CD34" stem/progenitor cells. Cardiol
Plus 2019; 4(4): 116-120.

Yao Z, Yang Z, Chen F, Jiang Y, Fu CZ, Wang Y, Lu R, Wu H.
Autophagy is essential for the endothelial differentiation of
breast cancer stemlike cells. Int ] Mol Med 2020; 45(1):
255-264.

Sang P (Z/), Liu Y. Scleraxis combined with basic fibro-
blast growth factor promotes the differentiation of human
amniotic mesenchymal stem cells into human ligament fibro-
blasts in vitro. Chin J Tiss Eng Res (" [E 202 TR )
2021; 23(29): 4644-4650 (in Chinese).

HE B AR Acta Physiologica Sinica, April 25, 2023, 75(2): 205-215

14

16

19

20

21

22

23

24

Ling S, Ma Z, Teng Y, Jiang X, Cheng J, Li R, Zhang M,
Luo H, Chen Y. Adventitial progenitor cells of human great
saphenous vein enhance the resolution of venous thrombosis
via neovascularization. Stem Cells Int 2021; 2021: 8816763.
Lei M (7 BH), Zeng XR, Chen GL, Liu ZF, Yang Y. The
establishment of an intracellular free Ca*" concentration
measuring system. J Southwest Med Univ (7473 [ R} K22 2%
i) 2010; 33(5): 477481 (in Chinese).

Jung HS, Seo MS, An JR, Heo R, Kang M, Han ET, Park H,
Song G, Son YK, Jung WK, Choi IW, Na SH, Park WS. The
anti-diabetic drug alogliptin induces vasorelaxation via acti-
vation of Kv channels and SERCA pumps. Eur J Pharmacol
2021; 898: 173991.

Sehgal P, Szalai P, Olesen C, Praetorius HA, Nissen P, Chris-
tensen SB, Engedal N, Moller JV. Inhibition of the sarco/
endoplasmic reticulum (ER) Ca’*-ATPase by thapsigargin
analogs induces cell death via ER Ca’* depletion and the
unfolded protein response. J Biol Chem 2017; 292(48):
19656-19673.

Chaumonnot K, Masson S, Sikner H, Bouchard A, Baverel V,
Bellaye PS, Collin B, Garrido C, Kohli E. The HSP GRP94
interacts with macrophage intracellular complement C3 and
impacts M2 profile during ER stress. Cell Death Dis 2021;
12(1): 114.

Sidney LE, Branch MJ, Dunphy SE, Dua HS, Hopkinson A.
Concise review: evidence for CD34 as a common marker for
diverse progenitors. Stem Cells 2014; 32(6): 1380-1389.
Prasad M, Corban MT, Henry TD, Dietz AB, Lerman LO,
Lerman A. Promise of autologous CD34" stem/progenitor
cell therapy for treatment of cardiovascular disease. Cardio-
vasc Res 2020; 116(8): 1424—1433.

Rotmans JI, Heyligers JM, Verhagen HJ, Velema E,
Nagtegaal MM, de Kleijn DP, de Groot FG, Stroes ES,
Pasterkamp G. In vivo cell seeding with anti-CD34 antibodies
successfully accelerates endothelialization but stimulates
intimal hyperplasia in porcine arteriovenous expanded
polytetrafluoroethylene grafts. Circulation 2005; 112(1): 12—
18.

Yu B, Chen Q, Le Bras A, Zhang L, Xu Q. Vascular stem/
progenitor cell migration and differentiation in atherosclerosis.
Antioxid Redox Signal 2018; 29(2): 219-235.

Tang J, Wang H, Huang X, Li F, Zhu H, Li Y, He L, Zhang H,
Pu W, Liu K, Zhao H, Bentzon JF, Yu Y, Ji Y, Nie Y, Tian X,
Zhang L, Gao D, Zhou B. Arterial Scal” vascular stem cells
generate de novo smooth muscle for artery repair and regen-
eration. Cell Stem Cell 2020; 26(1): 81-96.

Tao J, Cao X, Yu B, Qu A. Vascular stem/progenitor cells in
vessel injury and repair. Front Cardiovasc Med 2022; 9:
845070.



L5 /NRINE BECD34 Al 70 1 . B9 e

25

26

27

28

29

30

31

32

33

34

Yang F, Chen Q, Yang M, Maguire EM, Yu X, He S, Xiao R,
Wang CS, An W, Wu W, Zhou Y, Xiao Q, Zhang L. Macro-
phage-derived MMP-8 determines smooth muscle cell
differentiation from adventitia stem/progenitor cells and
promotes neointima hyperplasia. Cardiovasc Res 2020;
116(1): 211-225.

Wang X, Karamariti E, Simpson R, Wang W, Xu Q. Dick-
kopf homolog 3 induces stem cell differentiation into smooth
muscle lineage via ATF6 signalling. J Biol Chem 2015;
290(32): 19844-19852.

Karamariti E, Zhai C, Yu B, Qiao L, Wang Z, Potter CMF,
Wong MM, Simpson RML, Zhang Z, Wang X, Del Barco
Barrantes I, Niehrs C, Kong D, Zhao Q, Zhang Y, Hu Y,
Zhang C, Xu Q. DKK3 (Dickkopf 3) alters atherosclerotic
plaque phenotype involving vascular progenitor and fibro-
blast differentiation into smooth muscle cells. Arterioscler
Thromb Vasc Biol 2018; 38(2): 425-437.

Ma HG (5 #4#), Liu HQ, Liu SD, Tang YY. Primary
culture and identification of rat glomerular microvascular
endothelial cells. Acta Physiol Sin (ZEH2%4R) 2021; 73(6):
926-930 (in Chinese).

Liu WH (X1|4Ef§), Wang P, Yang J. Isolation, culture and
identification of rats hairfollicle neural crest stem cells. Chin
J Neuroanat (#£2fif5] 5% 48 &) 2019; 35(2): 207-211 (in
Chinese).

Shen Y, Wu Y, Zheng Y, Ao F, Kang K, Wan Y, Song J.
Responses of adventitial CD34" vascular wall-resident stem/
progenitor cells and medial smooth muscle cells to carotid
injury in rats. Exp Mol Pathol 2016; 101(3): 332-340.
Ahmed TA, El-Badri N. Pericytes: the role of multipotent
stem cells in vascular maintenance and regenerative medicine.
Adv Exp Med Biol 2018; 1079: 69-86.

Kumar P, Garg N. Flow cytometry approaches to obtain
medulloblastoma stem cells from bulk cultures. Methods
Mol Biol 2022; 2423: 87-94.

Haroon MM, Vemula PK, Palakodeti D. Flow cytometry
analysis of planarian stem cells using dna and mitochondrial
dyes. Bio Protoc 2022; 12(2): e4299.

Catchpole T, Nguyen TD, Gilfoyle A, Csaky KG. A profile

of circulating vascular progenitor cells in human neovascular

35

36

37

38

39

40

41

42

43

44

215

age-related macular degeneration. PLoS One 2020; 15(2):
€0229504.

Wang G, Yu G, Wang D, Guo S, Shan F. Comparison of the
purity and vitality of natural killer cells with different isolation
kits. Exp Ther Med 2017; 13(5): 1875-1883.

Moore DK, Motaung B, du Plessis N, Shabangu AN, Loxton
AG, Consortium SI. Isolation of B-cells using Miltenyi
MACS bead isolation kits. PLoS One 2019; 14(3): ¢0213832.
Khasawneh RR, Al Sharie AH, Abu-El Rub E, Serhan AO,
Obeidat HN. Addressing the impact of different fetal bovine
serum percentages on mesenchymal stem cells biological
performance. Mol Biol Rep 2019; 46(4): 4437-4441.

Kirsch M, Rach J, Handke W, Seltsam A, Pepelanova I,
Strauss S, Vogt P, Scheper T, Lavrentieva A. Comparative
analysis of mesenchymal stem cell cultivation in fetal calf
serum, human serum, and platelet lysate in 2D and 3D
systems. Front Bioeng Biotechnol 2020; 8: 598389.
Patergnani S, Danese A, Bouhamida E, Aguiari G, Previati M,
Pinton P, Giorgi C. Various aspects of calcium signaling in
the regulation of apoptosis, autophagy, cell proliferation, and
cancer. Int ] Mol Sci 2020; 21(21): 8323.

Jiang LH, Mousawi F, Yang X, Roger S. ATP-induced
Ca’'-signalling mechanisms in the regulation of mesenchymal
stem cell migration. Cell Mol Life Sci 2017; 74(20): 3697—
3710.

Ong HL, Subedi KP, Son GY, Liu X, Ambudkar IS. Tuning
store-operated calcium entry to modulate Ca**-dependent
physiological processes. Biochim Biophys Acta Mol Cell
Res 2019; 1866(7): 1037—-1045.

Meissner G. The structural basis of ryanodine receptor ion
channel function. J Gen Physiol 2017; 149(12): 1065-1089.
Garcia-Carlos CA, Camargo-Loaiza JA, Garcia-Villa D,
Lopez-Cervantes JG, Dominguez-Avila JA, Gonzalez-Aguilar
GA, Astiazaran-Garcia H, Montiel-Herrera M. Angiotensin
I, ATP and high extracellular potassium induced intracellular
calcium responses in primary rat brain endothelial cell cultures.
Cell Biochem Funct 2021; 39(5): 688—698.

Reggiani C. Caffeine as a tool to investigate sarcoplasmic
reticulum and intracellular calcium dynamics in human skeletal
muscles. ] Muscle Res Cell Motil 2021; 42(2): 281-289.



