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Identification of Human Umbilical Cord Mesenchymal Stem Cell Exosomes and Bioinformatics Analysis
of Their Effects on Pulmonary Hypertension
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ABSTRACT: OBJECTIVE To explore the potential molecular mechanism of human umbilical cord mesenchymal stem cell
exosomes(hUCMSC-Exo) in alleviating pulmonary hypertension(PH). METHODS The hUCMSC-Exo were high-throughput
sequenced after extracted and identified. PH target was searched in GeneCards. PH-related chip GSE53408 and GSE113439 were
downloaded from GEO databases and screened for the differential genes after batch correction. The target genes in GeneCards
and GEO databases and the target regulated genes predicted by miRNAs contained in hUCMSC-Exo were used for intersection.
The protein-protein interaction network was constructed to screen out the key targets of hUCMSC-Exo acting on PH, then went
for GO and KEGG analysis. RESULTS Forty-three high expression miRNAs were collected after hUCMSC-Exo sequenced. A
total of 17 miRNAs might affect PH through prostate cancer, HIF-1 signaling pathway, PI3K-Akt signaling pathway,
proteoglycans in cancer and pathways in cancer. CONCLUSION This study provides a new idea for exploring the role of
hUCMSC-Exo in alleviating PH.

KEYWORDS: pulmonary hypertension(PH); human umbilical cord mesenchymal stem cell exosomes(hUCMSC-Exo); exosome
sequencing; bioinformatics

i 51k &5 JE (pulmonary hypertension, PH)J& DIRECAR , o | e i i A5 BH At 3l bk s T
LR IR A E R R R S B E Ef ey Ak R R RUN A DI RE R, WS 2EMN, HAT,

HEWH.: BEAKRPBILELTH (81370242); TR ER A S2RHI H (45SG21229GDGFY01, 4SG21008G); J™ AR BE R K2 4 K2 A
BB I ZRTERIT H (GDMU2021117, GDMU2021156); | ZR R} K 2Rt s B2 Be T 40 M I R 3T 285 H (2018PSSC006) 5 HEVL TR 455 B
(2021B01145); " ARERIRAHFAERIE: F 455 H(GDMUQ2021011)

TEE BN RWERE, £, WA E-mail: 289992322@qq.com BIEEE . MR, U, B, EAEER E-mail: jychen271@126.com
ROR, B, WL, diw E-mail: dengshaodong@gdmu.edu.cn

rf E BN FHZG 2 2023 4E 2 A5 40 255 4 1) Chin J Mod Appl Pharm, 2023 February, Vol.40 No.4 -433 .



PH M &bl i AR 5 IR, ¥ 2. 40 .
ST GR A SE R S AR, 5 A N A
J LIS LA AR L T 2 A B AN 3 P A
Y0 45 22 Fh AN AR G IBE . PHL 5 | il 1t 8- 9 LI
WagE . EHA, WNERIE R ML, 7R TR
I, ¥ & miRNA ., BT IREIE R T GTP
A EASZMILHE Y IR, HET PH {75845
ZABEbREYP, 1GYT PH 25 £ E A
5 Bl A B R . AT R . R AR B
TR Tl o I A ) T T R AL B L
i, XLy Rl DR S R B R . AR R
RN Al LVRAEA , (HU2E A @ PH HL A K
SRIRZE

i) 70 o T 40 R — 2R BA A IR E dlRe £
0] oAb v BE 1) AE 1 A A0 AL, v DA 20 43
ok, IR 4 R A I E B S 5 s
THVER, CAAH 5 ) 78 5T T 41 iz H 2
PERRIGIT I o I, (A S T T Al M B 2 a4k
fIMkRE, T FE T4 A PH K EUR , TEi414L
TR RIS A S R B N AR A, AR
Kgahpg. R, TSR IR
ARG, RN, BRI T ) 72 5t
T 20 B A T AR A IR RN, IR A T E
JEH I AP UAMA o AN IAAR 38 3 i AR S TR Rl S
A 4D R 5 TR A — B BoRE, AT Sk 2 i
5O 2 (B 58 AR G, A% 2 A Pl EL AT Ok R 20
MBI RS>, W mRNA ., miRNA . 3R T M IfE
EH% ., SNBAPIE A miRNAs 7] GE4T 2K
Y — RIS 0 A ), DR g A G
FEAMRIE, BEITE RS AT AR BRI MB AR
A LA I R 2R - A R KR R G K R
L WUAEZERT,

miRNA Z—J& 1 19~25 MEAFBR 4 Ay /N
A% RNA, 75, 5% 5 i@ ) mRNA 845 5L
ek, AT miRNA 784 A% N 4ead i s ik
B, it 5 mRNA PHERIEXAEAER, TREE
FEH ] mRNA 381k, el i B AR LR mRNA
S B R e e s SR R B Kk . AR R
B, miRNA Z 5 PH i3 # h i% fili 3 ik o9 Kz 240
I 0 A 5t Jk Y- e UL 200 S P ) B D T 52 Wi f ot 7 o
¥ o AEVE T T Bl Bk K 20 BT BE T, miR-98 ] LA
Bl 3k E A B A S 5 ) S 1 2 ARy R, JRDR
55 P8 2 2R -1 1 R A ot A R Y o s i B ik

-434 . Chin J Mod Appl Pharm, 2023 February, Vol.40 No.4

i LA AR, R IR ) miR-let-7b i@t
AP o) 00 A B e R T A -2 SR I 2 T T L2
i ) 388 7 AT R 1Y

S, ASBIFSE R FH N BT 18] 8 5T 240 i
& (human umbilical cord mesenchymal stem cell
exosomes, hUCMSC-Exo), Xf#2H)7h AR 17
KEMEEENT, S HSAE RS REDN
miRNAs, Jf454 PH $LEEK 47400, R0
hUCMSC-Exo 3% PH BT TE 5> FVEFHBLEI
1 MREHEE
1.1 R

NovoCyte 260R Jit AL CCARAE Wb A
FR 2% @] ) ; Optima XPN-100 # 55 i 2 .0 Hl
(BECKMAN); 1658033 AIHi k1% (3% [E Bio-Rad);
JEM 1230 i i fiL 7 5 S H A i kX 2t 5 4
W (TED pella); ZetaView K42 (5 [F Particle
Metrix) ; Hiseq2 000/2 500 = i@ & W 5 1Y
(IIlumina).
1.2 35

o-MEM 35 355 (Gibeo, #1t5: C12571500BT);
Nt (] 50 5T 1 4 M i 75 = AR & (5
HUXUC-90031) ., A 6] 78 o1 -4 M i B 15 5 0
i F & (525 . HUXUC-90021) ¥ 1ty A 56 [
Cyagen; HLA-DR FITC(%2%5: 327005). CD105
APC(#%%5: 323207). CD90 FITC (435 : 328107).
CD73 FITC(%2%5: 344015). CD45 PerCP(#25 :
304025) . CD34 PE( %% 5 : 343505) ¥ iy H
Biolegend ; 2% MR A (L st RS ERMHE A BRA
", $95: G1871); CD9 Hifk(5%5: ab263019).
CD63 Bk (555 : ab134045). calnexin Hiik (5 .
ab133615), HSP70 Hii{A (575 : ab181606). TSG101
Pk (525 : ab125011)H15 H Abcam; TruSeq Small
RNA Sample Prep Kits(Illumina, San Diego, 575 :
RS-200-0024).
1.3 SMBRRERIL . % 5500
131 ABFw I Tam iR 5 5E B
IR T AR ERER M E BB ™= 0, AR SC5 bt
5% 38 3 5 B A B 22 L s b HE R S T (LS
YJIYS2021062), AN 10 M H K m 3% ANE R
HAv . BOE s A, ] PBS WEVE 2~3 Ik, £
s M0 I B A R BT REZ) 1 mm? Bz, 45 10% FBS
H 1% WHTHY ao-MEM 3552 2E7E 37 °C. 5% CO2 5%
PFEFR . FRAITE 80%ITEAT/&10, 25 3

R E R FH 252 2023 4F 2 4R 40 B4 4 1]




o BER 3 ACABFA R FE BT T4 LL 2x10* -cm™
AN BE R T 6 FLAR, ARSI o fe s
FILFEFE, ML O FIpE R4 e (o A%
WLEE, S5 N (] 8 5T 1 40 M st sAg 1) o34k
AE 1o 1z FH I = A0 R AR ARG N J A i) 7 51 & i
FMF5EY HLA-DR .CD105.CD90 .CD73 .CD45 .
CD34l°1,

1.3.2 ARMARIERIC RE BT Y [E) 78 0T T 20 i 1
FREFEIL 80%J5, VIR FEILE 3% 48 h
WCEE RE FR R 3 o SR FH 25 3 B O VR SR UM AR
LI 1000xg.4 °CE.L> 10 min, ZRJ5 LA 2 000xg . 4 °C
B0 10 min, KRNI R KRACLIM . B L3R
L 10 000xg. 4 °CES.C> 20 min, BRIV 557
B EIEW LA 100 000xg, 4 °Cif = B0 70 min,
BDJE A B, WA PBS EEIUEE, HLL
100 000xg, 4 °CiHF B L 70 min, 3+ LI,
EhnA PBS HATIIE, HIF$ hUCMSC-Exol’l,
1.3.3 i 4 i T 5 AOBR K 4N K SBORL R B o A
(nanopartide tracking analysis, NTA)% 5 BU/MN
PRE 20 uL, SR AR 25 f B 4 IR A
e X AR B R Z0(>1 min), 2% R IR IR
WA YL [ E 1~10 min, JEAEWE T 5 2506 A R BET,
FEAE 035 B BB SR IR L F NTA K6
WA MARIEOR Y N, BRI . OLAERE K
THVERE AR, QAU LR IR 25 503K (100 nm) A%
s @LL 1xPBS S RIS VEFEAS L ; @OFEA H
1xPBS ZZhifiFi B 1 000 fi5)5, AR,

1.3.4 AR  SMBAE AR TED 12%
1 15% SDS-PAGE 4§, %% E1% PVDF i I,
H S%BiNs A, 4 CIEE —Piid ik, BT HIE)
FIFLAR TR, CDY(1 : 1000), CD63(1 : 1000).
Calnexin(1 : 1 000), HSP70(1 : 1 000). TSG101(1 :
1 000), #¥F Pt 1h, H ECL LR,

1.3.5  ElaEil)y AP 3 #tk hUCMSC-
Exo #4707 /0T, SEE0 L IR Tllumina 2 742
BERIARAE D BRIAT , AT ] 5 SO AT 3 52 5
miRNA U ¥ SCE il % R A TruSeq Small RNA
Sample Prep Kits, SCE# TAESERME, X 4%
U (49 SCEEAH ] Tlumina Hiseq 2 000/2 500 #E47
¥, DU e B 150 bp.

1.3.6 hUCMSC-Exo miRNAs #4715 & J 48 5L
W LI miRNA 3 28 35 3% 0 — 1k 1 i
hUCMSC-Exo miRNA (kS ER, kil

R E PR FH 22 2023 4R 2 A5 40 5 4 1)

R I mIRNAs(HRE—MEA T $ DR T
YIEA) miRNA), & miRDB (http://mirdb.org/),

miRTarBase(http://mirtarbase.cuhk.edu.cn/php/ index.
php) #1  TargetScan(http://www.targetscan.org/vert

T2NEHE FEXT 15 3 A9 miRNAs FEF7#EEER Tl , 3
B P22 T s S50 1) A 4N Ry 2 v A A R LA
1.4 PH WG et

TE GeneCards (https://www. genecards. org/){¥
R PH MG, KN “pulmonary arterial
hypertension”, M. GEO %{#} /%2 (Gene Expression
Omnibus database) 2% PH H 5 fili 2H 2 AH 5 A B
£, SCH#IESN “pulmonary arterial hypertension” 1

“homo sapiens”, %% GSE53408 & GSE113439 2
MRS, DURIERTERSE G 30 GPL6244,
A R B4R Limma F1 Sva B4 22 55 8 19
mRNAs JE 17 #E UCHF IE o 0 & GSE53408 J¢
GSE113439 2 /™ Eidl 48 i 2 [] 22 5 J A
1.5 hUCMSC-Exo fEHIT* PH BYHEEE A fifi 12

F| Hl Draw VennDiagram #X {4 (http://
bioinformatics.psb.ugent.be/webtools/Venn/) , ¥

“1.47 BURAREL PH A CHEA Y5 hUCMSC-Exo
miRNAs Fl (#0588, 3RA% hUCMSC-
Exo YEH]T PH (BRI,

1.6 GO Ffl KEGG &#H4#r

iz F DAVID(https://david. ncifcrf. gov/)fF£E1E
BLH, LA P<0.05 Rifiik 2%, 730#r hUCMSC-
Exo fEHIT PH MYAHSCAE Y I REANE 53 % o
1.7 M HAE (protein-protein interaction, PPI)[]
25 R )

e i 6 A B8 R P 4 A STRING %5 45 %2
(https://www.string-db.org/) , &% B %5 & 38 H.15 47
0.400 S 2 FEPERI(E, #+i1 PP %%, JFH] R A0k
174538, 43T PPL MIZE A F 22 RRAE , O3 1)
hUCMSC-Exo fE /17T PH Y SCHERE £
2 4R
2.1 A R] 7 5T 2 ) 4]

eF WA R W 3 U (passage3, P3) AU
) e BT A M AR R AB L, UL 1, 7E0B2E il
B N ADULEE S BT 18] 78 52 240 i s g 2o vl 4k
ML O Yeft, MBI s R LT gefn, Bl 2~3,
T AR S5 R %, CD105. CD90., CD73
FREPHME, W HLA-DR., CD45, CD34 £ik4
B, 253 L 4,

Chin J Mod Appl Pharm, 2023 February, Vol.40 No.4 -435 -




T W) T

e L A 7

1 (;oo e\ 40\\ id(;um
A0 ] I 200% .=t

1 AJBFH IR 7 BT 40 M P3 R
Fig. 1 Morphology of human umbilical cord mesenchymal
stem cells(P3)
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Fig. 2 Adipocytes differentiation diagram of human
umbilical cord mesenchymal stem cells

B3 AR A 7T 48 A kB 1L
Fig. 3  Osteogenic differentiation diagram of human
umbilical cord mesenchymal stem cells
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Fig. 4 Flow cytometry analysis of the surface markers of human umbilical cord mesenchymal stem cells
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Fig. 5 Transmission electron microscope diagram of
hUCMSC-Ex0(30 000x)
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Fig. 6 Nanoparticle tracking analysis diagram of hUCMSC-Exo
Concentration of exosomes detected by nanoparticle tracking analysis
was 4.4x10° particle per mL.
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Fig. 7 Western blotting of hUCMSC-Exo
Positive expression: CD9, CD63, Hsp90 and TSG101; nagetive
expression: Calnexin.
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1 AJFA E 7T AT 40 B84 AR B miRNAs
Tab.1 miRNAs in the hUCMSC-Exo

miRNAs Genome ID FikIKF-
hsa-let-7f-5p chr9 =1
hsa-let-7i-5p chrl2 [
hsa-let-7g-5p chr3 =1
hsa-let-7f-5p X =
hsa-miR-10a-5p_R-1 chrl7 =1
hsa-miR-21-5p_R+1 chrl7 [
hsa-miR-21-3p chrl7 =1
hsa-miR-22-3p chrl7 =
hsa-miR-23a-3p_R+1 chrl9 =1
hsa-miR-26a-5p chr3 [
hsa-miR-26a-5p chrl2 =1
hsa-miR-27a-3p_R-1 chr19 =
hsa-miR-27b-3p chr9 =
hsa-miR-29a-3p chr7 =
hsa-miR-31-5p_R+1 chr9 [
hsa-miR-99b-5p chrl19 =
hsa-miR-100-5p chrll =1
hsa-miR-103a-3p chr20 [
hsa-miR-103a-3p chr5 [
hsa-miR-125b-5p chr21 =
hsa-miR-125a-5p_R—1 chr19 [
hsa-miR-125b-5p chrll [
hsa-miR-127-3p chrl4 =
hsa-miR-143-3p chr5 =1
hsa-miR-145-5p chr5 [
hsa-miR-146a-5p chrs [
hsa-miR-181a-5p chr9 =1
hsa-miR-181a-5p chrl [
hsa-miR-186-5p_R+1 chrl [
hsa-miR-191-5p chr3 =
hsa-miR-199a-5p chrl =1
hsa-miR-199b-3p chrl [
hsa-miR-199b-3p chr9 =
hsa-miR-199a-5p chrl9 =1
hsa-miR-199b-3p chr19 [
hsa-miR-221-3p X [
hsa-miR-222-3p R+3 X =
hsa-miR-320a-3p chr8 =
hsa-miR-370-3p chrl4 [
hsa-miR-423-5p chrl7 =
hsa-miR-423-3p chrl7 =1
hsa-miR-4448 R-2_1ss6CG  chr3 [
hsa-miR-4488 L+1R-1 chrll [

TE : Genome ID F78 miRNA JRZAXT LY miRNA Hi {47751 B 7638
H G AR AR,

Note: Genome ID referred to the chromosome name of the genome where
the miRNA precursor sequence corresponding to the miRNA mature body
was located.
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Fig. 8 Heatmap of combined analysis of differentially

expressed genes in GEO databases

Blue represented control groups; purple represents disease groups; light
green represented GSE113439; pink represents GSE53408. Right Y-axis:
differentially expressed genes. X-axis: samples names.
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Fig. 9 Venn diagram of target genes

Intersection of GeneCards, GEO databases and target genes of miRNAs
obtained from exocrine sequencing come to 17 targets.
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Fig. 10 GO pathways enrichment analysis of target genes
Y-axis showed the GO terms. Green: molecular function. Orange: cellular

component. Purple: biological process. The number of target genes were
in the circles.
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Fig. 11 Bubble plot of KEGG pathways

Y-axis on the left represented names of KEGG pathways. The color and
the size of the plot represented P value and the number of genes.
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