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FhH, [HiE] H HUVEC £ F 33.3 mmol/L S 4E3E A P9 F 72 h, KA RT-qPCR # 0l piRNA-823 #9484
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823 £ L i T iA4% TGF-B1/Smad2/3 125 B L FEAER, [4R] piRNA-823 mimic 2 F 374 &4 54 HUVEC
& A AR A AR F £ R, piRNA-823 mimic A% % 37 %] & #5549 HUVEC EndMT, BRI A LA A
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piRNA-823 inhibits high glucose induced endothelial-mesenchymal transition and an-
giogenesis in human umbilical vein endothelial cells through TGF-f1/Smad2/3 signa-

ling pathway
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[ ABSTRACT ] Aim  To investigate the biological function and molecular mechanisms of piRNA-823 in the
phenotypic transformation of human umbilical vein endothelial cells (HUVEC) induced by high glucose. Methods
HUVEC were incubated in high glucose (33.3 mmol/L) culture medium for 72 h.  The relative expression levels of piR-
NA-823 were detected by RT-qPCR, the expression changes of endothelial cell markers, mesenchymal cell markers and
proteins related to transforming growth factor-B1 (TGF-B1) signaling pathway were detected by Western blot, the changes
of cell migration ability were evaluated by scratch and Transwell assays, the formation of new angiogenesis were assessed
through angiogenesis experiments.  piRNA-823 mimic ( overexpression of piRNA-823) were transfected into HUVEC to

analyze their effects on high glucose induced endothelial-mesenchymal transition ( EndMT) and angiogenesis.  Further in-
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tervention was performed using TGF-B1 activator (SRI011381) and inhibitor (SB525334) to verify whether piRNA-823 ex-

erts its effect by regulating the TGF-B1/Smad2/3 signaling pathway. Results  piRNA-823 mimic significantly
The piRNA-823

mimic inhibited high glucose induced EndMT in HUVEC, characterized by upregulation of endothelial cell markers and

inhibited the viability, proliferation, migration and angiogenesis of HUVEC induced by high glucose.
downregulation of mesenchymal cell markers.  Scraich experiments, Transwell experiments and angiogenesis experiments
further confirmed that piRNA-823 mimic could effectively reverse high glucose induced HUVEC proliferation, migration a-
bility enhancement, and increase in the number of new angiogenesis. ~ Mechanistic studies revealed that the TGF-B1 acti-
vator partially reversed the protective effect of piIRNA-823 mimic, whereas the TGF-B1 inhibitor enhanced its effect, sug-
gesting that piRNA-823 exerts its regulatory role by suppressing the activation of the TGF-B1/Smad2/3 signaling pathway.

Conclusion piRNA-823 significantly inhibits high glucose induced EndMT, proliferation, migration and angiogenesis in

HUVEC by suppressing the activation of TGF-B1/Smad2/3 signaling pathway.

[KEY WORDS] piRNA-823;
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] ;Smad2/3 HL K  PCNA i A Snail LA W B %
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Western El 75 & 4 # DAB ¥ & % [& Thermo Fisher 2
& ;TGF-B1 # 7% 7| SRI011381 W B #* [E MCE 4 4
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HIRAF, RT-qPCR T A 85l 3 g4 T 4
o T ARG R A E] A K,
1.2 ‘ApaiEsEingbIE

¥ HUVEC & T4 10% 4+ mEf 1% 5%
£-HBEENHN DMEM 8 R £ v #H T8 5, A
EH 5% CO, IFEFRBFEFHFEIT CHHET,
E#FERLNEEHERE N 5.6 mmol/L, & HEH &K
HEOE T HERE K 33.3 mmol/L, ER —EF4E P
BRT2h, %— %, W@l H N IEF X EA(NC
4) EAEL(HG 4) , 8 piRNA-823 # 5% 3k ; ¥ 4
A8 4 1 HG +piRNA-823 mimic 41 . HG + piRNA-823
mimic-NC 41, # /M piRNA-823 mimic By # %4 3% &
F_ b WmshEEEA FEL HG+
piRNA-823 mimic 4 1 HG + piRNA-823 mimic-NC
#4115 it piRNA-823 mimic £ & By T % # & %
S EndMT fefu & A R, B=F, (@M o N
HG+piRNA-823 mimic 4l . HG+piRNA-823 mimic +
SRI011381 #1 HG + piRNA-823 mimic + SB525334
41, % % piRNA-823 mimic /& % i 3¢ TGF-B1/smad2/3
T B 4| EndMT F2 i 4 4 5, SRIO11381 By 2% &
# 10 wmol/L,SB525334 By 2k & % 6 pumol/L,

1.3 Western blot il

HI 4 PMSF 89 RIPA 24 8 i xt 4 i o 4T 34
AR E & E ., HJE,# 1t SDS-PAGE ik A
HERGEAFLHTIE, KELSTFENTRE
EAQt, x5, kB mEa NEK %Y 3
PVDF JE b, £ 5% AR 2 £ 08 T4 H 2 h,
ZjE H—HESCEREBFIR, F-_K, A
ZHi4k S E 2 h, Al TBST 9% 3 %K, % X 10 min,
mEMA2EHINFR LRGN A RH#ATE
¥, F Image J %047 B AR & oy &4
98 E
1.4 RT-qPCR #&il

A H TRIzol 7 M 48 f F 2 B & RNA, B & &
J| NovoScript Plus All-in-one 1st Strand ¢cDNA Syn-
thesis SuperMix ( gDNA Purge ) ¥ RNA & % 3t &
c¢DNA, 7 3t 4T RT-qPCR #f, 1# Jf NovoStart SYBR
qPCR SuperMix Plus, 5Z 3 74 # it ABI Step One
Plus real-time PCR ¥ ¥ 2% T &, U6 E£E H K
%, %t CD31.,CD144 .a-SMA FSP-1,COL1A1 #7 piR-
NA-823 X F#HATHREN, LHEL 3 K, XA
DM HEREE N REE, AR E N Y
FHILE 1,

x1. 519F5

Table 1. Primer Sequences

5924 R ERFEHI(5-3")

I FH1(5'-3")

CD31 GTAGGTGTGAGTCTAGAGAG

CD144 GTACCACCTCACTGCTGTCATTG
a-SMA AGGAAGGACCTCTATGCTAACAAT
FSP-1 CCACAAGTACTCGGGCAAAG
COL1A1 TGGCAAAGAAGGCGGCAAAGG

u6 CTCGCTTCGGCAGCACA
piRNA-823 GTGCAGGGTCCGAGGTATTC

TGGGTGGCATTTGAGGTCATTTG
CAGGCACGGACGCATTGAAC
AACACATAGGTAACGAGTCAGAGC
TGGGCTGCTTATCTGGGAAG
AGGAGCACCAGCAGGACCATC
AACGCTTCACGAATTTGCGT
ATCCAGTGCAGGGTCCGAGG

1.5 REWRN

KRk mpaErmz o Ly, BTHERETRE
o K E BB % piIRNA-823 mimic, 3 7 T i &
BhREPER2UN, FRTHA% S RFEEZH
830 min, R ROGE AR ERE A1 h, B AR
CD31(1 : 100) #2147 a-SMA(1 : 2 000) T 4 CHE#H
AW, REA Cy3 &4 ML F & 16 &KL :
400) TEBRBABE 1 h, &E, & ZETA DAPI
B OLARIE 4 MAZ 5 min, R K OL B B S4T30 R
WE,

1.6 #HEXIIREEIE

BHLRWABEMNT6 LT, FaHlAEK
F 90% L& B, F 100 w46 3k 72 7Lk &) — 4 £
ETHAHGWESL, WRXKE, ME, L PBS &
MEEHE3 K, BF, WAL F WAL 1% B+ D
7By DMEM #: 55 # % 6 3L & T 37 °C .5% CO,
WERE R MG R, 2 HEXFE 0 h 24 h A
48 h,fEH BB A E X £ EW G, &0 E
B AR IEAT X AT, AT AR i RS B D
1.7 Transwell SEI&

B, FRE B B 4 e A AT AL
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W JE A N T R T e kAT E B, IR E
R 28 B TE BRAR XT 4 B 3R AT R B 1E 2k, ¥ Transwell
INEEF 24 AFARRF , BANER EERERIL T e
N300 L A7 2x10* AN 48 A B T v 3 ok 3t B i
ETERFLF AN T00 pl 2 F 20% i 4 i i 1y
ERFE UMNEDRIT OB ERE, $EANE
F37C 5%CO, hiEF P HEHR24 ~48 h,
GRE, AR AN EFHNERL, &
HEZRTHA% 5 R\ A RIHATEE, B E
40 min, ZJ&, 7 E & TH 0. 1% 4 % L5 Rt 4
HATE Lt e s 20 min, F AR BB E RN
ERNMS B, LERATHENEH, REHEH
FARERARERE KR AMEEER T, ¥
NEFWAREETREAF L EAEHENE,
FEXTIE M R T R H IR I 40 i 3R AT I B, DT e
JiN:hE a2
1.8 mEEMLE

¥ Matrix-Gel K E T 4 CokH 74005
MR LM B e, KB, NkA PR
A B 24 FLEERR, MENILF MmN 25 pL EFE
fLH) Matrix-Gel 3 Tkt e, &, FELRNE T
JVCHEAFFHEF L h, FRABERT2BE, PR
EAMBEBER LT E RN ZEERHE, 25,
MELEWARIATRE AR E ML, BFH LML
HEREE L WM, R 0T BB i e B
B ERAATRE R, RETHER, Fak
BRAEREAERE, FREI N 2x10" M,
¥ 2 f B R 34 47 4 T BB [ By Matrix-Gel £ % IR
R, R 3R E 37 C 5% CO, B354 +
B4 ~6 h,F 40 M A A% et A 2R B AT
FHITETREREMN, ERERE, EABE LT
DG M g R L, AL A A
WS AR REAE AT R, BRI A h 4 A
AEHREME,
1.9 SIESR

5 JF| SPSS 20. 0 2 14 %t #4347 4L 3 Fn 4 47,
SIS BAE U xxs R, WA LR X F ¢« 3, £ 4
] bk A B E & 7 = 4T, P<0.05 & 7 F 4
I E

2 % R
2.1 EEXNANERMAMF piRNA-823 FTikBIHHI1E
ARELYMERIIE

SIEEXT AL, =i E2 40 b piRNA-

823 mRNA 7KV F PR (P<0. 05) , R W] Eh #h b
AENS I | piRNA-823 [ 1k, TEFE Yt piRNA-823
mimic H P 2 40ME T, piRNA-823 mRNA 7K i 2
fn, 5 HG +mimic-NC ZHAH It 22 5 W 3 (P<0.05) .
DL F 25 SRR, piRNA-823 mimic %5 e BUAS T A
Iy, BAE SRR IR0 N B 4 e v, piRNA-823 [ 336
FE(ETL)

A B
1.5~ 1.5~ P<0.05
<<
§ P<0.05 %
€ =
§ 1.0+ § 1.0+
< <
£ z
a | = |
g 0.5 ;— 0.5
5 b
¢ 2
0 0
NC  HG $ .\@0
RY <&
&
& AQg
N
QX
N
B 1. SR K MM T piRNA-823 RiLH
HIHI4E P R AR S R IEIE

A} RT-qPCR #:ll piRNA-823 mRNA /K3,
B} RT-qPCR K344 4L f5 piRNA-823 mRNA /K-, n=3,
Figure 1. The inhibitory effect of high glucose on the
expression of piRNA-823 in endothelial cells

and the validation of transfection efficiency

2.2 piRNA-823 1% 545 S8 HUVEC EndMT

EJIEF R FRATAR L, w2 p Ak 2 4 2 {2 1 EndMT
kA, BARFR B A B 40 il AR & 9 CD31 Al
CD144 1) 3% 35 b 25 BEAK, 11 8] 75 51 40 A i ) -
SMA FSP-1 1 COL1A1 (363K i 2 7+ (P<0.05)
A, kA PR 2 Y EndMT 554 Snail Fig
@Tﬂ??ﬁ%i@ﬁéﬂﬂﬂ@ﬁﬁﬁ)ﬁi(proliferating cell nuclear
antigen , PCNA) i35 (P<0.05) , i — 25 UE 52 = A
X EndMT BYfEHEFEH

TEF BEAL A 4H AL, piRNA-823 mimic REfE T
{5 CD31 1 CD144 {3k, FEAK a-SMA FSP-1
COLIAL AY#iA(P<0.05), LAk, piRNA-823 mimic
i S E I Snail AT PCNA 19355 (P<0.05) , X3
] piRNA-823 7E Sl 45 F 7 X} HUVEC EndMT HA
BEMIHRAVER . 75 mRNA K b, b i 5 os
5 E B &KX — 2Bk, CD31 i CD144 1Y
mRNA 7K - & ik, a-SMA . FSP-1 fl COL1A1 [
mRNA 7KF T (P<0.05) , piRNA-823 mimic g
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P<0.05

& 2. piRNA-823 #5515 54 HUVEC EndMT

, { P<0.05

Relative protein
expression of FSP-1

P<0.05 P<0.05

Relative mRNA level of COL1A1

pP<0.05 P<0.05

C N RT-qPCR Kl CD31,CD144 ,o-SMA \FSP-1 Al COLIA1 #J mRNA 7K, D Fl E A GREETICYL(E, n=5,Bar=300 pm,
Figure 2. piRNA-823 inhibited high glucose induced HUVEC EndMT
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2.3 piRNA-823 # &l S #5155 S8 HUVEC 8%, F
BN MmE £

AR IR S 40 45 R R, 5 1E H O B2 A E
AL P SR HUVEC B35 BE 7, piRNA-823
mimic {2 2 0 6 EOH A S R BB AR J) (P<0.05)
Transwell SCHR45 BB 7R | 5 155 XF B AR L, = b
Ab PR P 3 B % HUVEC MR RE T, 28 3T Transwell
/INES () 240 M A5 i T S 3 0, 1T piRNA-823 mimic i

A

D

80
Oh
o mmmm
v mm-m
NC HG

HG+mimic-NC HG+piRNA-823 mimic

EREANE A AR RE T, 2Rt /N i 40 i Ak
WEWD(P<0.05) , MAEARERERER, 5I1E
WO R 2 M Ee, R bR Ak PR SE G HUVEC 7
Matrix-Gel F& 57 %t 8 1B B 09 45 Ik 45 4 80, i
piRNA-823 mimic 53U 55 = A 75 5 14 I 45 A4 A B
1,98 BB R G F4 550 W S ek /b (P<0. 055 181 3)
P 45 B HT | piRNA-823 X B S0 HUVEC 1
BaFE R AN A R 0 AR E I

los}

C
100 P<0.05 P<0.05

P<0.05 P<0.05

§ %\f 80
(0] (0]
kS s 60
c [ =
2 L 40
o o
= k=l
g 220

3 ‘ 5

HG+mimic-NC HG+piRNA-823 mimic

3. piRNA-823 | S #E1%F S K HUVEC 155 R0 M & 4 M
A CHAIRIRSIE B S A RIR SC55 24 h AHMGTE RS AR GE T A B, C g IR S5 48 h AT R ARG T oy M R
D 3 Transwell S22 40 ML TR, B A U8 AR IS 30T 8 BIE ORI 43 34, n=5,Bar=300 pm,
Figure 3. piRNA-823 inhibited high glucose induced HUVEC proliferation, migration and angiogenesis

2.4 piRNA-823 #J &l TGF-B1/Smad2/3 15 5 1& B
BiE T

SIEF R RRAAAL, m e 4 TGF-B1 Al
Smad2/3 FFIREE FIH(P<0.05) , X F I ERES
AREIE TS TGF-B1/Smad 155 FR AL EndMT (1)
KA, TEEPHL BRI ANAE T, piRNA-823 mimic {5
I TGF-B1 F1 Smad2/3 #35(P<0.05; % 4) .
2.5 piRNA-823 & it TGF-B1/Smad2/3 {5 & il &
HI % = 4% S HUVEC EndMT

Western blot 2% H i 75, SRI011381 + Fil J5

TGF-B1 F Smad2/3 (¥ 3K ik W & F+ &, CD31 F
CD144 )3k i 3 AKX, a-SMA | FSP-1 Al COL1A1
B2k 3 FHE (P<0.05) . IAh, Snail F1 PCNA
Bkt B3 FiH (P<0.05), £ mRNA /KF |,
BOER TR SR b S E A RE -8 (P<
0.05) , 3 —1F 52 TGF-B1/Smad 1553 #% 1 6 45
EndMT () CSEVE T, S 98 Je (A 25 2R Wi
SRIO11381 T J5, CD31 Ay ik W E W A, M a-
SMA 263K B E N (P<0.05) , 538 7 i 7
AR, A M 137 SB525334 T 15, b 3A B 8 54
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S EndMT FHOCARLIAHE B 30005 (P<0. 05;1815)
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— ol =3

GAPDH | S
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Relative protein expression
of TGF-B 1

Smad2/3
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N
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Q\
&

-
)

P<0.05 P<0.05 P<0.05 P<0.05

of Smad2/3
o o
o ©

o
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Relative protein expression

4. piRNA-823 %] TGF-Bl/Smad2/3 {5 S8 B A E M
A F1 B N Western blot ¥5ill TGF-B1 1 Smad2/3 By 52k LG H 4K, n=5,
Figure 4. piRNA-823 inhibited the activity of TGF-f1/Smad2/3 signaling pathway

2.6 piRNA-823 i it TGF-B1/Smad2/3 {5 5 if 8§
& S¥EE S HUVEC 158 iR #0084 5

21 1) IR 52 56 A1 Transwell 52 56 25 SR 7R,
piRNA-823 mimic i 35 1) il & #4355 5 1) HUVEC 1
W AT REBE 11 (P<0.05) . 4RI R 5256 45 51
7, SRI011381 i), WJK 24 h #1148 h ZHHLY T
Fefie 1 W0 A S, SB525334 T 1) , 40 i i) i
WRE 1 i E 2 3 (P<0.05) , Transwell 3556 45
AR SRI011381 THil)5 , ML rY i #2 fie ) i 5 1
5% 5 AH I, SB525334 1), A iR e ) B A2
FMH (P<0.05) o M4 A LS IAS R o piRNA-
823 mimic fEH% 2 Wk 0 = WS T 10 20 IOE 1 A
REEFECE ; SRI011381 T 15 , 41 MIE Ak 8K 245
M W E N A Rz, SB525334 T Him , 4 M ik
AEDIR A B W& (P<0.05; K1 6) . DL B4
LW, TGF-B1/Smad2/3 155 18 % (1) 34 1% =5 10 i
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Figure 5. piRNA-823 inhibited high glucose induced HUVEC EndMT through TGF-31/Smad2/3 signaling pathway
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