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Abstract

Objective: To investigate the protective mechanism of piperine on retinal pigment epithelium (RPE)
cells under conditions of high glucose and hypoxia. Methods: An in vitro model of diabetic retinopa-
thy was established using the D407 cell line, subjected to high glucose (25 mM) and hypoxic condi-
tions (5% O for 24 hours). The experiments were primarily divided into a control group, a high
glucose and hypoxia model group, and a piperine intervention group. The expression levels of long
non-coding RNA (IncRNA) H19, microRNA-29b (miR-29b), and vascular endothelial growth factor A
(VEGFA) mRNA were measured using reverse transcription quantitative polymerase chain reaction
(RT-qPCR). VEGFA protein expression was assessed using immunofluorescence techniques. The mi-
gration ability of D407 cells was evaluated through a scratch assay. Results: Compared to the control
group, the high glucose and low oxygen group exhibited increased expression levels of IncRNA H19
and VEGFA mRNA, decreased expression of miR-29b, elevated VEGFA protein expression, and re-
duced cell migration. Treatment with piperine partially reversed these effects. Conclusion: Piperine
may mitigate high glucose and hypoxia-induced damage in RPE cells via the IncRNA H19/miR-29b
pathway, offering a novel potential therapeutic strategy for the prevention and treatment of dia-
betic retinopathy.
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1. 5|15

B R (diabetic mellitus, DM)J& — i H T+ i & 2 AH X B85 AN A2 51 2 B 3G s 9 REAE B4 PR AR 1T
P PEAhiTh, SERERTLA 3.87 (IR L3, WirhH] 2035 ¥ A 5.92 {2 A\ [1]. FREKZH 9200
JiEEEF 1S ACWEIRATIAAMA, DM K HAH I RORE R IT 48 B X AkE 2 ok T BRI B 40 [2]. 6
W 1 BUE R (type 1 diabetes mellitus, TIDM)i& 2 2 ZHE JRIG(T2DM), RFEEM & MUARRRAS B 28 7] 350
YL RE R o, BRI AR (diabetic retinopathy, DR)& F R 5 & W B2 RO 3 IF &
fiEZ—, PR EE T, o A A I RCE K. AT RR A, EIRIE R 10 RS, 4
H 50%f] T2DM 1 70%[] TIDM &4 K &N DR [3].

DR [RIGIRNE 44, 17BN DR BIUGEHIA 2R, g IR X R0 X e 1k LA A I A R S oA 13
AR AL SO AL & K P2 W) i (advanced glycation end products, AGEs). 5 1) S Ak e B i 8 Ak
ARG AT R A K 2 R G . H il /B B C B R (protein kinase C, PKC). IME 57K &
ZYi(reninangiotensin system, RAS)FIILE UK R e B0 [4]. (HE—IHLHIFFARE 56 &R DR 1K
TRALER, R 75 s — B i AL
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KA IE4mAY RNA (long non-coding RNA, IncRNA)Z —Fiiid 200 MZH R I HE S A g i 5% 724,
IR FRIL, IncRNA 25 T2 500 e, SRR, OISR KR EER[5] [6]. LncRNA
H19 j2—FuE i T A2 11 S QAR pEpid L, HAEMBE Sl KERIL, HEEEFR I KmRAS
Fl'FFE[6]. AWK DM B SMNE M) H19 & EEEm, RWUHE DM MR EA X7, [F
i, AR, £ DM EEEHALT I H19 SR A, FEmitizm i 5 i i i 5 2506
B EHEPU8]. MFE DR 1, HI19 EEXF IR RIBIERTI AR, TilE—S5[9].

H AT DR VAT 3 Z2 50 2 250E AL DD R ARSI A0, VR 9T T BB 8 SR R A vE S B & Y
B KR F A (vascular endothelial growth factor A, VEGFA)FIE K B BE IR S 2590 DL A A0 S it
WA TARLE . RS X EIGYT RS FOUIESE DR HIEERE, (BASRASHE 58 45T B F1 3 5% i AU o T
HPt VEGFA JRITIBAAA/E—SeS s, Qi DN s fa N B0 Coliod i S i S50 25 4 S s Rl EH
PR AE VEGFA #RI ) I 34 FEAL A JE 85 (3]0 [RIEE, b3l vy 6o 6 B 0 o 2 (19 {38 5 291 DR (nonpro-
liferative DR, NPDR)FH-AIE G, BRI XS W3 KT B3R5, HETAI T NPDR (W24 £ 24 315
SFRIRTEIRES , Y m] 0P A R B A R DR MR, FL b B IR IR S P e o 9/ AW R R A o T A
EJREE . b AR RESSIRAIRIT DR, AT ZRIER, Wk, BHERN. B2, LR
B2 AR A0 f sk ZESF[10], Bk, BT HREEEAELE T 2 FH 1L NPDR #EfE . £F%1 355 DR (prolif-
erative DR, PDR)¥) 2 88 s 25 ) (JU 2 BIE F /N 245 4) i BELLE DR ik g B A3 0 ha v) .

A SR IAE B 2B PR B AL R AR, H19. miR-29b K. VEGFA X [I7EAEAH L & [11], (H
FLAE DR HIE FNLEIT) AR 56 Az B o BRItL, ASHF T4 3 — S0 FOAE TR FALA, {80 BAARR T T3,
LU DR I RYA T OB R 2R R A (R B A 5 S5 LAl .

2. R
2.1. ‘ApEiESE

D407 400 20 A S A AR (L, E), R TR AT T S 1(A). 4
BEFE T8 10%8 4 17 & 1%XU37i(vol./vol.; Gibeo)ft] DMEM (% 5 mM D-#i%i¥#, Gibco, CA, USA)f% 37
W, R 37°C, BT 5% COx M HIRREFRM . HMIAE 10 cm ReFRILF IR I4 2 R, RIGHHE
Rl P AR A R ML AT JE 425256 . PSS 25 mM D-A &8 ) DMEM 5383+ 5% O, I 744 Fh 5 5% 24
ZINH 2 ST PR ALK B AR A AR A, DLE 5 mM D-7E &5 FE ) DMEM B3 380N 1IEH BT IR, L& 5 mM
D-#i % % 20 mM H & BEH DMEM B3R EE X 8. L, Raifuscie s 8 41, EH R e
(normal glucose control, NG), 1EH&H + K& 4L (NG-low oxygen, NG-LOy). @miE + KA A
(hyperosmosis-LO,, HO-LO,). =ik + K4 B 24 (high glucose-LO2, HG-LOy).  ZFE ¥ 7% I 2H(HG-LO,-
alcoh). 1 uM AR (piperine, PIP1). 10 uM $HHHZE(PIP10)F1 100 uM EHARBHZL(PIP100) . FC AR
AV A o E R AR THEE R AR (R, T E).

2.2. HHRRFEME S

WA P SR L 1 SR I0 D IR, N FH 40 M F 2507 £ (cell counting kit-8, CCK8; Liff £, Lifg, H[E)
fiff 5T BH AU (MedChemExpress, NJ, USA). A EL K B EE R 940 i i tE . R ERFE W R . AKIEAH
RISREGESR, 5 x 103 cells/ALIEMT 96 FLAR, SRJEIIAAS [ BE I AR ERAIC AL + =rbd 20 il 35 97 24
B 48 /N . B RIS, WAL 10 pL CCKS iRXGFIFF4h 81 77 1 /N o W E — 5 4 B 72 54 i 50t
HE A FHBEARCAE 450 nm K R RS- FLITI 6% (Optical density, OD)E . 435 P4 4% DL N A5
[(ODgurg — ODvackground)/(ODsolvent — ODpackground)] X 100%.
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2.3. SLREE PCR &7

FAEFE R EREIRURE, D407 405 RNA {ii ] TRIzol (Thermo Fisher Scientific, CA, USA)#ZHL;
miRNA {# ] PureLink miRNA 43147 &5 (Thermo Fisher Scientific, CA, USA)EHL . i F 3 30 4 5% 571
EE(HEMERR A, mE R, EDBELZEFRE MicroRNA 18 5kl @ (Bitd A=, |0, o E) R 55 &1 RNA 8
55 cDNA. f# ] StepOne Plus Real-Time PCR % %i(Thermo Fisher Scientific, CA, USA) X %¢ ) PCR ik
FIECEMERE DY), Fa, HE), 1E 20 pL AR A2 RGP R X cDNA BT 35 5L 1 A
TR 2 BIERIREIRMEN: DNA AW 95°Ciltk 20s, 43T 95°C 3s K& 65°C 30s i K K ZEfH, 3 40
AIEIR . B8R M A AR 2R WAL . B-actin B U6 /E 4 H AR RNA 5 miRNA IS, F08 F A
Ct fH (2 22CE T BRE i B R R Sk

Table 1. Primers used in quantitative real-time PCR amplification

= 1. XAEE PCR EASIHFT

Gene symbol Forward 5'-3’ Reverse 5'-3'
VEGFA CGAAACCATGAACTTTCTGC CCTCAGTGGGCACACACTCC
H19 AAATGGTGCTACCCAGCTCA TCCAGAGCCGATTCCTGAGT
f-actin GGCATGGGTCAGAAGGATT TGGTGCCAGATTTTCTCCA
hsa-miR-29b-3p CGGCTAGCACCATTTGAAATC ACTGCAGGGTCCGAGGTATT
u6 CTCGCTTCGGCAGCACA AACGCTTCACGAATTTGCGT
hsa-miR-29b-3p-RT GTCGTATCGACTGCAGGGTCCGAGGTATTCGCAGTCGATACGACAACACT

2.4. HRARETN

¥ D407 AN EFNT S AUMIE R 24 FLAR, #HRRRE O SEn H WAL ERAE M fE A A 2 R W
(paraformaldehyde, PFA)EEAAE 15 738 ZBREDEM, BEEREE M (phosphate buffer saline, PBS)¥ER )5,
T 0.2%[1) Triton X-100 = iH3EE 5 2048, SRJEH 10% /N5 B 60 2344, A AL IR (4 2 | (retinal
pigment epithelium, RPE)4H i3 ft /& RPE65 (ab231782, Abcam, Cambridge, England)&% VEGFA (ab51745, Abcam,
Cambridge, England) 4 CIE M & . Zf—PuIFseiR/a, MAZIEHi#11005, Thermo, MA, USA) = il i#H':
BEE 90 7r-BhfEBtdk, FIN DAPL #5GIEE 5 7085 PBS BEdk, WP KB otE . A7
B (Zeiss, Jena, Germany) W24 fil . 18 F Image] #f4-(National Institute of Health, http://rsb.info.nih.gov/ij/)
TSP T PN 34006 % B (average optical density, AOD).

2.5. EBAKRBIEEDZE(Western Blot, WB)SEI&

PRI WBVEEAT /00T o TR B0 R 40 M0 el 2 B2 1 i S B R B4 1 77 (Thermo, MA, USA)
RIPA A= RAY), g, HENIATESA . 2R S 008 B0 5 B IS 6 B0 g B R (bicinchoninic
acid, BCA)&E € &M &R EY, HiMl, HEHITEE. K5 35 ng~40 ng MEEETE 4%~12%H1)
FuturePAGE & [ Wbl IR (4D, 25, A B A FL ik 7 25 LS I A2 NC i (Merck Millipore, MA, USA)
o S%ARA IR 1 NS, LT Pk 4CEE R : AKT (#4691, CST, USA), phospho-AKT
(Serd73) (#9271, CST, USA), ERKI1/2 (#4695, CST, USA), phospho-p44/42 ERK1/2 (#4370, CST, USA),
GAPDH (#5174, CST, USA). 0.1% PBST #tikJ5, =i N LA HRP BA% £ 41 % —H1(A-11012, ThermoFisher
Invitrogen, MA, USA)I 5 1 /M. ¥eikaE, #/ WB BB Millipore, MA, USAYHTIR B B5. K%
JETE Gel Doc 1000 %5 £ 45 (Bio-Rad, CA, USA)Kll H-f# H Imagel BAFHEAT /3. vHEARAN S AR S
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Y% FZ {t (integrated optical density, IOD)31# Fl GAPDH HME #EAT A 1AL (1% IOD 14, relative IOD, RIOD).
2.6. fHREITFE LG

RIS e VB RYR SR HEAT VAL . fIERARAN T : A D407 AR T 6 FLA PGSR 2 R4
i e, A 200 pL WCKTE BRI H B 1 . PBS JE ¥ =R UL KRG, SEHON ISR 7%, Jf
RPN AHREAT AN T T 790 24 /NS SRR, A8 Tmaged BoPh-IN BRI 58 B FBEAT )€ 04T -

2.7. Gt ot

KA SPSS 25.0 K AH(IBM, USA) B TSt it 704, tH R ZRSRHIIE + F5ifEZ (mean = SD)EIR,
ANSEIHEET 3 Ko K-S IFFA IS M ETRL, 242 [0 S HCR B K 3 7 % 53 1T (One-Way
ANOVA)J5 Fi DL /I f2 25 11 2 52 (Least Significant Difference, LSD)iE H A & 427, 7 ZASTFIHE
One-Way ANOVA NEEJ Z % NI Tamane’s T2 £536 . AFFE& RS20 (I ZERER FIRR AR S . P < 0.05
B 2 56 et 22 e

3. 8
3.1. SRERIESEX D407 AREAIT I

BB 5O Y Xt DA0T AUMIEAT 2, SR B R HARIA RPE R PEAREY) RPE6S, HIESEI
AL 5 2 L (RPE)AIAR(FE 1(A)). & CCKS VAW S Al iEtE, A 1 uM BISAMIRAEIRA +
R 24 /NI T ER A IE T, (AR 100 pM I EIABIRAEAR L + EobE 48 /NN, AR 0
ARG ms B m IR 24 /NI AR RS PETE B R, S R B T R AR 48 /NI TR 4
TS HECE 1(B)). HATIEHE LA BEQ2SmM D-HIEIHE) + 5% O, 3597 24 /N B8 PR AN AR AL [12] [13]
RILEE + (RET{EA0AE H19 2 VEGFA mRNA [ 3800, miR-29b (550814 2(A)); f# p-AKT
HEREI I, {f ERK1/2 J AKT HEAMRIERFD(E 2(B). ¥ 2(0)), FB{E VEGFA & HIZRIEE N
(K 3), 1BX} p-ERK1/2 A MZFRIETLHE 2(B). K 2(0)). #E— B LIRS R, il + AT E
AT R (14 4).
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Figure 1. Immunofluorescence identification and activity detection of retinal pigment epithelium cells. A. Immunofluores-
cence staining of RPE cells. RPE, retinal pigment epithelium cells; CY3, Cyanine 3; DAPI, 4’,6-diamidino-2-phenylindole;
scale bar, 50 pm. B. Cell viability assay. "P < 0.05, *"P < 0.01 and **P < 0.001 compared to the values of HG control, respec-
tively. LO2, low oxygen; NG, normal glucose; HO, hyperosmosis; HG, high glucose; PIP, piperine, the congiguous number is
concentration (umol/L). Data are mean = SD

[ 1. RPE 4R ER I EE RIEMHM. A. RPE @GR ERI R E . RPE, MMEERZ LK ; #xR, 50 um. B. CCKS
ERURE S 5 HG MERAMLL, P <0.05, “P<0.01, P <0.001. LO:;, &% ; NG, EEHE; HO, &i%;
HG, EfE; PIP, #AHIE, BEMNMFRTREmolL). FHEMINHE + FUEZEFR/R(mean + SD)FRR
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Figure 2. Effects of piperine on the transcription and expression of related genes in D407 cells. A. Effect of piperine on mRNA
expression levels of H19, miR-29b, and VEGFA. B and C. WB images and statistical results of the influence of piperine on
AKT/p-AKT, ERK1/2/p-ERK1/2 protein expression. “P < 0.05, *P < 0.01, and **P < 0.001 compared to the values of NG
control, respectively. *P < 0.05, #P < 0.01, and *#P < 0.001 compared to the values of HG-LO2 control, respectively. LOa,
low oxygen; NG, normal glucose; HO, hyperosmosis; HG, high glucose; alcoh, alcohol; PIP, piperine, the congiguous number
is concentration (umol/L). Data are mean + SD

= 2. SARNRRT D407 4BRRIAE X R E R R RIEMFM. A, HHEERT H19. miR-29b & VEGFA mRNA FRikKFEH)
0. B, C. #ARIBAXT AKT/p-AKT & ERK1/2/p-ERK1/2 EAFRIEMFM, BIFEARMN WB BERESSTER.
5 NG xtBeE#EE, "P<0.05, "P<0.01 B™"P<0.001; 5 HG-LO.4A#8tL, *P<0.05, #P <0.01 B**P<0.001.
L0y, fK%; NG, IEE#%E; HO, &i5; HG, =%E; alcoh, ZFF; PIP, #AMIEE, ZEEMHEFRITKE(umol/L).
BAIH + FREZERR(mean + SD)FRIR

Negative
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Figure 3. Immunofluorescence staining of VEGFA in D407 cells. The effect of piperine on the expression of VEGFA in D407
cells was represented in pictures (A) and statistics (B). CY3, Cyanine 3; DAPI, 4°,6-diamidino-2-phenylindole; LO2, low
oxygen; NG, normal glucose; HG, high glucose; PIP, piperine, the congiguous number is concentration (umol/L). “P < 0.05
and *"P < 0.01. Data are mean + SD; scale bar, 20 pm

[E 3. #AREEXT D407 48 VEGFA RIAMFI. ERA VEGFA RIEMRRMEEIRARITERB). LO2, KE;
NG, EHPE; HG, =%E; PIP, #IME, HENBFRTRE(umol/L). "P<0.05 K"P<0.01, HIBUIH + R
#(mean + SD)FTR. xR, 20 um
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Figure 4. Effect of piperine on the migratory ability of D407 cells. Representative images of the cell migration in (A), with
corresponding quantitative analysis in (B). ***P < 0.001 compared to the values of NG control. ##P < 0.001 compared to the
values of HG-LOz control. LO2, low oxygen; NG, normal glucose; HO, hyperosmosis; HG, high glucose; alcoh, alcohol; PIP,
piperine, the congiguous number is concentration (umol/L). Data are mean + SD; scale bar, 200 pm

4. BAHRERIXT D407 MREREBRENIINT. ERAMMTIHRBHRRUEE (A RFEITERB). 5 NG XHEREHE
EE, ""P<0.001; 5 HG-LO»4B#8EE, #*P<0.001. LO2, {&%; NG, IEE#E; HO, &i€; HG, &#E; alcoh, ZF;
PIP, #AHIEE, #EERIFRTRE (umol/L). BIELIIH + FREZE(mean + SD)FRR. R, 200 um

3.2. HAHIEEXT D407 ZRREAYIRIPER

ek + RESM T, 5 HG-LO, 1AL, 10 uM A2 100 pM AR AT 2 2 30H] H19 mRNA K%
S 1 uM K 10 pM (F)SHARER AT 2 2 0] VEGFA mRNA 655, (H SIS miR-29b %% 5670 5 mi (14
2(A)). WBSEERERH, 1pM. 10 pM I EAHEH AT S35 19 0 AKT. ERK1/2 J p-AKT & HH)FRIE, (HEH
BXt p-ERK1/2 2 FIRIE T M(E 2(B) K 2(0); AR esLiGHIERE, 10 pM 1S4 AT & 2 9>
D407 ZHf)ii VEGFA A & &=(& 3). H—PHRIESLIRERM, 1uM. 10 uM K 100 uM [ SHERS AT
TR D407 4T (] 4).

4. Whig

AT, A b AR SR A 155 RPE 4 O AADUNE R0 400 o0 55 A8 40 M AL AR , - A AL AU i it 411
il H19 (%%, 1 VEGFA [k ik T, FFmidgin AKT. ERK1/2 & p-AKT [ F/K I #RiE
i1k RPE 4R T H .

DR IR A, {E4 DR MILEAIRZ, i 0 S ML AL 645 . AGEs TR/ 3581
A RS BT E A= AR G R R DA R 22 oo iE % . PKC JEE% . RAS. I UK R Seiios &
4% S T-1/VEGFA BB 0525 [4] [14]. RPE 1E RNV GERE, W] LIRS VRS B R MI50 L
WL, M 4ERFAR SN IR IFRAS[15] [16], [RIL, ABFFTWTIT RPE 400 I DA sl AR SEAE 4
AMEAL DR BIFREE AT S R AL o

VE NS R VR KR — 1, VEGFA 7EHRN T H RPE 4HA. A 94 B 1M P 52 2110 (retinal vascular
endothelial cells, RVECs)% & B e 73 ih[17], 5 2 Mgk & & W B AKE T4k 1 (vascular
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endothelial growth factor receptor 1, VEGFR1)#1 VEGFR2 454, H VEGFA %5 VEGFR2 45 &g ikt
M A e A VEGFA 1 N4 T e T 3 Ik 4 iR o B 0787 o 389 00 1 378 1 38 4 & ==, RAEAREE T e
KT =1 VEGFA, R AR P Rz 200 o 110 5 %85 32 02 1 R a0 D) S8 0L V8 U (4] 5 HA I 724U,
AR, EhE AR 218 VEGFA MRIABE I, 16K L XEHT VEGFA Zi¥)7E PDR JGJ7 H 1) M
FABIESE T VEGFA HIEZ(ER[18][19].

LncRNA H19 & —FE i T A9 11 S YR e R R, HAAEMBE R KRERIE, AR
(3G T FR ok SR R (6], H19 3@id 5 miR-29b 454, MM #HKTH miR-29b X VEGFA mRNA [ 5141
FIER, HE A4 VEGFA FIFRIEM . S AMBEFERMBA11][20], ABFFEHEAI, mbE LA %
T, H19 PGS R EH N, miR-29b 5 B R/, $RHAE DR g EEMEH, B—MEEMR
IR e

B (piperine, PIP), /& HEER . SR SREUH 1 = 2 208y, HAa iz M2 BEER, aFehui
BR. $ist. PO . PR, PUEAEMAESER[21]. Choi Z5[22] & BLEHHIN(50 me/ke) ] &2 FRARFIF H
=T W NR TR S R R i, (R S 3G N R RS2 AR Y 1 (insulin receptor substrate 1, IRS1)¥
PR RN B R AP, Pon T RE N TR IRIE BT« AE N —Fh 2 & & IR BUR s A, SR
BEA 2 E AR BB RE 77, DRI T Rl I 4x B ST V6 T 7 IR, BEAEFRATA T 70 LR sSE 7 HAERE
PRI /N A B R ITAE I [23], AW — 2 K0, SRR AT @ H19/miR-29b i# k- RPE 4
VEGFA 1315, VEGFA (B ZU R BRI, BRIV e 38 Ik 9/ R0 o 8 P )0 2 1003 TR RO DR
EM; AR, HEd s hn AKT. ERK1/2 & p-AKT [FERA T {23t RPE 4T, $emHnl v sl &K
ASKAE I ORYFE RPE 4UM a1 . BARIGIR HHR YES T VEGF Z5%)7E DME #1 PDR V97U T R
U730, {H VEGFA A& —FilE K& LR AELRE T, fEP0UETRE T BUNLE K& it 5]
M FHZE. MmN fett, Wik, FAER DR 16T RIS 2@ 282 T mRALE, R
FEARMEIE RS . BEAERATIRE SR8, SAMER AT 7R8> (B A 1 R 7 VEGFA RIAM[FIR, 3%
TR A 1 A R 7 e & AR 40 R 7 € 3R b B A7 A2 R 7 (pigment epithelium derived factor, PEDF) 3R IA, 2
N H A VR R I B S A R W AR T [23], E SRR, BRI AT BE 1N —RiA ST DR R LE ZHE
Mo AR A2

K FRMAFAE— LA B2 Abs 5, AT IR AT {23 RPE 40MI RS, (H A X 41
FET-ARSCIIREIR, N — 5 Sk 3 — 0 R 70 A A0 BRI T B T S 730 M S TH s [ 24 HLk, A
WEFEARBAT RN 25, AR —WURIRE R 5T, AR sbseae g R ese gt Ty pgnl & 07w, HIRATHT
H B 70 AR IE ST A RSB CE B PR S BRI R ) GR B PE I (23], R — A — 2P ST H19/miR-
29b/VEGFA @S /ER N SEIR i sgme . H =, AROFTAER 7 AR AM o7 B 220 4t e RPE AL
il [ B T ARG RPE 40 VEGFA 70 DI RE RS20 , T — il i e Fp S5 s itk — B 98 H19/miR-
29b/VEGFA il ## %} VEGFA ) £ 2N H 2 —— M R UL ——HI S il . B s, ASBIEFE AR RN
WL H19/miR-29b/VEGFA 8 #% (PG AT, 5 ST FOke 30 i 00 e 25 B 15 25k DR S0 Fi) — 2%
4Gk AR, 12 F Y pm 7 se o e 22 AL RIAFE N, JRiliE RNA TR AL REFE, #— D
H19/miR-29b/VEGFA 18 I X AH 56 72 7 38 B DR (1) R 45 FH S FLI EEATL A o

R ARIATIED, AT E DR T SR = A AICE S5 T RPE 40/l H19/miR-29b/VEGFA
AL, PP R T HoXF RPE AMRAIORY ER, MR/ DR it R A4 7 SR i0 LAt .
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