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[ Abstract ] Objective  To investigate and compare the angiogenesis ability and transplantation safety of
mesenchymal stem cells derived from umbilical artery, umbilical vein and Wharton’ s jelly. Methods We isolated and

cultured human umbilical cord artery perivascular stem cells (UCA-PSCs), umbilical cord vein perivascular stem cells
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(UCV-PSCs) and Wharton’ s jelly mesenchymal stem cells ( WJ-MSCs). Flow cytometry was used to analyze the

expression of cell surface markers at passage 3. The multipotency of cells was analyzed by adipogenic, osteogenic and

neural-like differentiation assays. Immunofluorescence was used to detect the perivascular stem cell markers. Angiogenesis

ability was analyzed by tube formation assay. Stem cells were transplanted into nonobese diabetic/severe combined

immunodeficiency ( NOD-SCID ) mice to test the biological safety. Results

UCA-PSCs, UCV-PSCs and WJ-MSCs

expressed mesenchymal stem cell markers that showed multi-lineage differentiation potential. UCA-PSCs expressed

perivascular stem cell markers and had stronger angiogenesis ability in vitro than UCV-PSCs and WJ-MSCs. At 3 months

after cell transplantation, hematoxylin and eosin staining showed no obvious morphological damage or abnormality in the

organs. Conclusions UCA-PSCs had stronger angiogenesis ability than UCV-PSCs and WJ]-MSCs. The transplantation of

three kinds of stem cells into NOD-SCID mice result ed in no tumor formation, and appeared to be safe and feasible.
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Note. A, Human umbilical cord (UC). B-D, Human umbilical cord
arteries (UCA) , umbilical cord vein (UCV) and Wharton’ s jelly
(WJ). E-G, Isolation of umbilical cord artery perivascular stem cells
(UCA-PSCs) , umbilical cord vein perivascular stem cells ( UCV-
PSCs) and Wharton’ s jelly mesenchymal stem cells ( WJ-MSCs ).
H-J, Cells at the third passage showed fibroblastic morphology.
Figure 1 Isolation and culture of UCA-PSCs,
UCV-PSCs and WJ-MSCs
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Note. A-Z’ , UCA-PSCs, UCV-PSCs, and WJ-MSCs were positive for CD13, CD29, CD73, CD90, CD105, negative for CD34, CD45 and
HLA-DR. The expression of CD146 in UCA-PSCs was higher than UCV-PSCs and WJ-MSCs.
Figure 2 Flow cytometry analysis of UCA-PSCs, UCV-PSCs, and WJ-MSCs surface markers
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Note. A-C, For adipogenic differentiation, UCA-PSCs, UCV-PSCs
and WJ-MSCs were cultured in adipogenic induction medium for 14
d. The formation of lipid droplets was confirmed by Oil Red O
staining. D-F, UCA-PSCs, UCV-PSCs and WJ-MSCs were
cultured in osteogenic supplemented ( OS) medium for 28 d.
Calcium deposition was confirmed by Alizarin red staining. G-L,
Differentiation of UCA-PSCs, UCV-PSCs and WJ-MSCs to
neuronal lineage after 24 h pre-induction and 36 h induction was
confirmed by immunofluorescence staining of neuron-specific
enolase and neurofilament medium polypeptide.
Figure 3 The differentiation of UCA-PSCs,
UCV-PSCs and WJ-MSCs
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Note. A-C, Representative images of co-staining for the CD146/
PDGF-RB in UCA-PSCs, UCV-PSCs and WJ-MSCs. D-F,
Representative images of co-staining for the CD146/NG2 in UCA-
PSCs, UCV-PSCs and WJ-MSCs. G-I, Representative images of
co-staining for the CD146/a-SMA in UCA-PSCs, UCV-PSCs and
WJ-MSCs.
Figure 4 The perivascular markers of UCA-PSCs,
UCV-PSCs and WJ-MSCs

WA I A8 A= o PR T LA O A A s I 1S R
FRRETE A A THSUEE

WFFE R W, R IR TN [ ZH 4L Y MSCs B
AR R D REAEE , [) 78 50 AH 40 i ] DA Ifi 47 Jid T 0
2, B A8 5% Al M E L R Ar ARG ) R G %
SE B BIE 9T 2% W i TR LAY O AR 55 An e
(pericyte) & MSCs B RGHA , 2 +5 1145 19 45 44 58 46 %
AT KAL) M A ml i o B 5 i 2
Wi 2 B 2 10405 41 S 200 ML T A3 10 HP A
HURSE 1Y 33 3 B S80S, PR 4 M G B8 | 3 58 A3
A A e P R A B A A 1Y ot A 5% 4 A 2
BT ZRORIE MSCs BR T 2046k P Bz 4 i b,
I R 2ok 55 43 WA L A PR, 55 0N B A AR AR
FHVMR R I A A2 B AR AT 5 4830 A 7 1
3 [ e ) 3T S5 240 B A T 5 = 6 200 I A5 ) I S 45 4



50 o [ AR B 2 2 2020 4F 2 H1 47 30 #5452 ] Chin J Comp Med, February 2020, Vol. 30, No. 2

N
o

N
o

-
o

UCA-PSCs+HUVECs UCV-PSCs+HUVECs WJ-MSCs+HUVECs
Bralk S T4 BSR4 HEERATE R TR
+ BRI B AR +FrERBkPI BRAHER + T ERBkPI B AR

c £

=
°

FEIRE/REF
The number of tubes/field
o

E F 250

20

.
a
S

EBRELL%
Tube length %

RRRY/NTF
Branching points/field

o
Lo L
\,a;%&ﬁe@ o8
& & &
@ é@'& &

T A-C: AJFriighbkos # ks Aeim [ E) 58 T4 il 5 HUVEC 368535 3 h A2 3F IR D-F . Al shikss ks | S e a) 58
T A IR, 2 SO S R ST, T P< 0,001, 7 P< 0.01, " P< 0.05,
RN i 51l O Ot S AN I B e D 2 R
Note. A-C, UCA-PSCs, UCV-PSCs and WJ-MSCs were cultured with HUVEC plating on Matrigel in 96-well tissue culture plates. D-F, The
number of tubes, branching point per field and the total length of tubes per field were quantified 3 h after treatment by counting 6 random fields/
well under the microscope. ™ P< 0.001, ™ P< 0.01, " P< 0. 05.
Figure 5 In vitro matrigel tube formation assay of UCA-MSCs, UCV-PSCs and WJ-MSCs
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Note. A-C, The H&E staining of heart showed no significant pathologic changes in UCA-PSCs, UCV-PSCs and WJ-MSCs groups. D-F, The H&E
staining of liver showed no significant pathologic changes in UCA-PSCs, UCV-PSCs and WJ-MSCs groups. G-I, The H&E staining of spleen showed

no significant pathologic changes in UCA-PSCs, UCV-PSCs and WJ-MSCs groups. J-L, The H&E staining of lung showed no significant pathologic
changes in UCA-PSCs, UCV-PSCs and WJ-MSCs groups. M-O, The H&E staining of kidney showed no significant pathologic changes in UCA-PSCs,
UCV-PSCs and WJ-MSCs groups. P-R, The H&E staining of muscle showed no significant pathologic changes in UCA-PSCs, UCV-PSCs and WJ-

MSCs groups.
Figure 6 The H&E staining of organs in NOD-SCID mice with intravenous injection of cells
L, 5500 WA LA A PR D I AR AR MiE A2 22 5050 K 3 UCA-PSCs \UCV-PSCs il WJ-

(R, AEABIIE P GBI ASN I FILSCIAA MSCs (2 PR S1 115515 M AE /3 R ), UCA-PSCs {2



b A B A 2R 2020 4 2 A 55 30 %55 2 ] Chin J Comp Med, February 2020, Vol. 30,No. 2 51

UCA-PSCs
BrEaik S
Fui

TF4HA

UCV-PSCs

WJ-MSCs

EEBRRATRE | Brosabks
T

T A-C: BEH SRS T AU 5% 5 K 35 A0 5 30 D 6 78 57 1 0 M 2 7.0 L H&E H 85 D-F - I 3l ik 55 1 20 0 JBF 4y # bk 2% 1240
-5 3 T 1 58 5 T~ A M2 PRI T H&ES €5 G- ety SV a5 T AR A el e Ak 25 1 48 0 5 4008 [ I ] S 0 T 2 B 4L A I H&E e (2 -
Lo S 2 ks 20 S5 i bk S5 120 i 5 46 DB 18] 5 BT 140 20 il H&E J 8 M-« [ Sl K5 -4 5% i Bk 58 41 g 5 4
PR SR BT T AL 2E A B HRE e 05 P-Ree I S kS5 1 AL e i bk 55 T 20 -5 i PR ) S BT AR IR 2H A LY HRE 2,
B 7 NOD-SCID /U B IA BT A T AR 3 F H&E B
Note. A-C, The H&E staining of heart showed no significant pathologic changes in UCA-PSCs, UCV-PSCs and WJ-MSCs groups. D-F, The H&E
staining of liver showed no significant pathologic changes in UCA-PSCs, UCV-PSCs and WJ-MSCs groups. G-I, The H&E staining of spleen showed
no significant pathologic changes in UCA-PSCs, UCV-PSCs and WJ-MSCs groups. J-L, The H&E staining of lung showed no significant pathologic
changes in UCA-PSCs, UCV-PSCs and W]J-MSCs groups. M-O, The H&E staining of kidney showed no significant pathologic changes in UCA-PSCs,
UCV-PSCs and WJ-MSCs groups. P-R, The H&E staining of muscle showed no significant pathologic changes in UCA-PSCs, UCV-PSCs and W]-
MSCs groups.
Figure 7 The H&E staining of organs in NOD-SCID mice with transplantation of cells through the skin in the inguinal region
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Note. A-B, The transplantation of human embryonic stem cells generated tumor in NOD-SCID mice. C-F, there were three embryonic tissue layers

in NOD-SCID mice.

Figure 8 The transplantation of human embryonic stem cells to NOD-SCID mice
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