g EEZG 2 2026 45 60 %55 2 B Shanghai J Tradit Chin Med, Vol.60,No.2,Feb. 2026 <77 ¢

BiEBRA A AEEEEIREIMMELncRNA ZFAS1
FEAME R 20/ m e 4 KBS0

ZER X B L,BALT' ZBRKIE',KIMNE", 5K '
1. 1 VAR A2 38 K2 = 2 e B i M B 1= B b P B 25 A B (9 200030) 5 2. 1 i 38 3 K 27 B2 22 B iF 57 A B
(i 200025)

[(FE] 8@ HTEEmL A EERE Eca-109 A1 ISR RIS T A Ik PN K 40 (HUVECs ) U4 A= 5 i)
. & 20 B SD KB, BEALS R B 188 45 7 & 24 g 2 A0S 1 BRVE 24, A2 10 2, 4351 LL 51.3 o/kg BLIE
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Tongjie Formula on angiogenesis of HUVECs induced by
exosomes derived from Eca-109 esophageal cancer cells.

Methods Twenty male SD rats were randomly divided into
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were respectively administered 51.3 g/kg of the Shidao Tongjie Formula and the same volume of 0.9% sodium chloride solution by gavage to
prepare the drug serum. Eca-109 cells were treated with 20% exosome-free blank serum or 20% Shidao Tongjie Formula drug serum (volume
fraction). The exosomes derived from Eca-109 cells (Eca-109 exosomes) as well as the exosomes derived from Eca-109 cells that had been
treated with the Shidao Tongjie Formula drug serum ( Shidao Tongjie Formula exosomes) were isolated by ultracentrifugation method. The
exosomes were identified by electron microscopy, nanoparticle tracking analysis (NTA) and Western blot. Real-time fluorescence
quantitative reverse transcription polymerase chain reaction (RT-qPCR) was used to detect the expression of long non-coding RNA zinc finger
structure antisense transcript 1 (LncRNA ZFAS1) in exosomes. Exosomes were co-cultured with HUVECs, and the uptake of exosomes by
HUVECs was observed using immunofluorescence staining. The effect on the angiogenesis of HUVECs was evaluated by 5-ethynyl- 2’
-deoxyuridine (EAU) and tube formation assays. LncRNA ZFAS1 and Vascular endothelial growth factor A (VEGFA) mRNA in HUVECs
were measured by RT-qPCR, and VEGFA protein in HUVECs was determined by Western blot. Results The results of electron
microscopy, NTA and Western blot for the marker proteins of differentiation cluster 63 (CD63), tumor susceptibility gene 101 (TSG101),
and calnexin indicated that both groups of extracts were identified as exosomes. It was observed that both groups of exosomes were taken up by
HUVECs under fluorescence microscope. The expression of LncRNA ZFASI in Eca-109 cell derived exosomes was significantly decreased by
Shidao Tongjie Formula (P<0.01). Compared with the control group, the proliferation and tube formation of HUVECs induced by Eca-109
cells derived exosomes were significantly promoted (P<0.05, P<0.01), and the expressions of LncRNA ZFAS1, VEGFA mRNA and VEGFA
protein in HUVECs cells were significantly upregulated (P<0.05). While Shidao Tongjie Formula could significantly reduce the ability of
Eca-109 cells derived exosomes to induce the proliferation and tube formation of HUVECs (P<0.05, P<0.01), and significantly downregulate
the expressions of LncRNA ZFAS1, VEGFA mRNA and VEGFA protein in HUVECs cells (P<0.05). Conclusions Eca-109 cells derived
exosomal LncRNA ZFAS1 can promote angiogenesis in HUVECs. Shidao Tongjie Formula may inhibit esophageal cancer angiogenesis by
reducing Eca-109 cells derived exosomal LncRNA ZFAST1 expression, downregulating LncRNA ZFAS1 and VEGFA expression in HUVECs,
and suppressing HUVECs proliferation and tube formation.
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PR G BB L5 . KS(Y) 21025,

112 a5 EEES T HES 15 g Ak
T 15 g BEFR 9 o A1 W% 30 g il KEFA 15 g. 30 T
15 g i 15 g (54351 20231224-1,20231007-1
20231230-1, 20231211-1, 20231223-1, 20231209-1
20230806-1) ZH 5, 410 - 1 A2 3 K2 s 2 B Ff I
MR ERE 255 . IR EKA A 10 5 &K, 2
30 min, B 1 h; U8 J5 B0 A 8 5K, B
40 min; B 2 IR WRAR ), We i 24224 2.6 g/ml., 4 °C
A5 .

Ji6 4 LW RPMI 1640 85 35 5 . DMEM 15 3% it
(4IL5 23 91 A 10099141, 8121680, 11320033) , 3
Gibco 28 F) 3 TCAMBA LI (41t : EXO-FBS-50A-1) ,
5% [5] System Biosciences 23 7 ; 2 Jifl [ 2% €5, 2 571 &%
(PKH26) (41t5 : 410E513876) , 3 [i Sigma 23 ) 5 4
JHL3E 3 A IR & (CCK-8) \5-Z B dk-0 - Jid 48 IR 1
(EdU ) 2 i 38 5 A I3 55 & (HHE 543 51 R C0037
C0071S) , L3 = RAEWH ARG BR A A ;40 405% 63
(CD63) i Ie 5y AL ] 101 5 (1 (TSG101) 5Bk &
I (Calnexin) | I8 W 2 A K F A(VEGFA) H
it -3l 1R M I ( GAPDH) U4 K AR 1 484k 47 il
(HRP) Fnic L EHt S =40 (45 73 51 ab134045
ab125011,ab265603 ,ab51745 .ab128915 ,ah205718)
Y& [ Abcam 23 A ; AR (BCA ) &8 1k B Ao ik
& B 9 2% (PVDF) i TRIzol it RNA 42 HU
R & (A5 5 9 A55860.88518,15596018) , 5
Thermo Fisher Scientific 2\ 7] ; 190 5 5% 57 & . TB
Green 52 I 2¢ )6 & 7 PCRAXH & (#5209 K
AJ60795A \RR4208), H 4 Takara /A # .

113 EEMNHE MMM (RS 3141), K H
Thermo Fisher Scientific 23 5] ; #8 3 & .0 #L (5 5 .
Optima XPN-100 %Y ) , 32 [#] Beckman Coulter 2\ 7] ; 44
KR R R o BT AL (B S . ZetaView Y ) | 18 [F
Particle Metrix 23 7] ; 175 5 L 8% (45 . HT7800 % ) , H
A% Hitachi 24 A 5 0% 2 2 £ W 058 (A5 LEXT
OLS5100 ) , H 7 Olympus 23 7 5 8] & A 22 95O
il (F45 : CKX53 1), H 7R Olympus /A 7 5 fb2F &
YR R S8 (K15 . Chemi DocMP %) | 3 [# Bio-Rad
O B PKAY (35 . PowerPac Universal ) |, 35 [H
Bio-Rad A 7] 3 5 IEAY (15 . Mini Trans-Blot %! ) , 38
Bio-Rad 24 7] ; SEI 525 5E i PCR X (BL45-: 7500
Fast 1), 32 [F Applied Biosystems 23 Fl o
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A EC9706 , Eca-109  TE-1 % & K50 10% i
A0l 3 L 1% T - 85 5 R 1Y RPMI 1640 55 5% 2 |
HUVECs 2R FH & AR 8 10% Ra2F 175 9 DMEM £
Ft, UL EA M E T 37 C AR 5%C0, 15 55
FERE SR

1.3 HUVECs 445 F3 HUVECs 4> M 44, 5
S EA T AR R 9 2 R BE AL AR 43 20% TG
HNIMAR LT A HUVECs "R A7 40 i 15 % s Eea-109
G bR 21 B R FR 43 B 209% TG A1 Wb AR 1L T Ak B
Eca-109 45 , $EHCRAT 1AM IN A HUVECs HY
PEAT AN IR -HUVECs 315 5% 5 25 (1 BUIML i AP W 1A
A, ¥ 20% TAM AR S BRI A0 3 Eca-109 20l
Je B BUAR A5 19 21 3 44 in A HUVECGs b #F 17 4 i
TR-HUVECs L5737 5 € 1838 45 7 iR 41, 5 20%
JC AN WA A B 3 3 25 7 25 1% Ak B Eca-109 41 ifg
J& B IO AT A A WA A i A HUVECS H k47 4h Wb
1K-HUVECs 2:35 5%

1.4 RPbtRA s i F & 20 HEMESD KR,
PR JBT 524 200 g, B AL 3R 25 11 BRI V7 20 R £ 3 45
TS MiE AL, dl 10 X Sl ey & 25 s 4l
Ph51.3 grkg(Z i R BN s 40 38 iR B B 1Y 5
) A5 RN 445 T AR 0.9% SE ik
UV, HE S L 25 R 10 mikg, B H 20K, &SR
3de FARKAZ WG, DU 280 RRBE AR R, 7
BRI, MR AEAS 2 RS 4 h 5, BB
4 °C 300 r/min B.L> 10 min, B35 ;4 °C.2 000 r/min
B0 20 min, B3 54 °C .12 000 r/min 250> 30 min,
B3 54 °C 100 000 r/min #5.0 360 min, Y 3,
B A 5 B AN AR Y 5 25 I3 , 56 “CK TG 30 min, £
0.22 pm GICFL 8 B8 L BR A TS, 23 ) 3R A5 25 1 I T
FEZIMTE , -20 CHRAFHH .

1.5 Eca-109 28 fL kR M bR ey R I K 2

1.5.1 g EE AN R R B Eca-109 41 g 535
2 20% JoAM A L3 5% 20% J6 A b AR £ 18 i 45
NG AL PR 48 h 5 U Eca-109 4 3, 214
A SCHRD, SR FH B B O IR R H A A . 4 °CER
55 F,300 r/min 8.0 10 min, B3 ; LA 2 000 r/min &5
L 20 min, B ; FLUEB EELOHLEL 10 000 t/min &5
30 min, BCEE s 285 LA 10 000 r/min B 0> 90 min,
FE FE, BIGLTE , LIS A BERR $h 92 vh i (PBS) 1
B IRAE LA 10 000 t/min B0 90 min, 35 B, i
J& P OB PBS A 500 wL HEUTE , BIARAS S s A
TRE, DL BCA L2 &, -80 CIR-AT .
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1.5.2 bk m gL E  H200 pL 2% £ R H
VA TR R AN A R 20 L3 T AR I L A
2% I8 VA W R e, T B I 3% WA R IS
W0 pl, 3 F YL 5 min, JEAER L2 A YW, H
FEMRIK TG VRN 4 K, RN TS R B 5 B
WESMIMERIE S o
1.5.3 NTA 47 4 i kb 2 & 44 LA 1 mL PBS
H AR 3 T RAR S BT A S B X B TR ELAR
50~1 000 nm AYFMIAA S SEH0 A T8 — WEL LS, 38
T A BT SN AR B KA RN A A A 0L o
1.5.4  Western blot 7& & Ml 4 W & & T Ax it & &
SR FH 5 P B 95 U UE 43t 2% O (RIPA ) £ HUAH
WA R A, BCAE E R B EAWE , R
12% |+ 5 o B 198 A - SR D A4 T g 15 e H UK (SDS-
PAGE) 7 &, B LI AZMIBMA 5 e, BEF 2 PVDF
JIES, 23 I A B I 9 CD63 .\ TSG101 , Calnexin L7
BEPLIR (R B ELAAI R 1:1 000) , 4 CIFE 02, ITA
BRAR A A AL DI (HRP) AR iC 1Y Bt (R B L 135
1:10 000) , Vel S5 ISP 4k & 5 (ECL) 5% , R H
b2 K S BAG A B A8 Tmage) KA 20 BT 45 25717
JKEEAH
1.5.5 % 9% 7% ot % 4 N HUVECs 3 B4 3 4K 8y 1
W LA PKH26 YL RBHRicAM AR . 1 mL AR AR B i
(2x10°mol/L) il A 1 mL PKH26 Y%K} 55 & 3 min, fill
AZEAR LB T 1 min &1k S0, F PBS %k 3
W K 3R PKH26 FRic B AMIMA B B TR 7R 58,
A5 5% HUVECs 1) 24 LA P L2 7 24 h J5 , PBS %
PE 5 minx3 K, 4% 22 5 W 1 W 151 %E 1~5 min, 10%
4", 6- KR 2-FE 05| (DAPD) Y4A4% 10 min, PBS 7
VE 5 minx3 Ko H A, 2R O BT B W 5
HUVECs X M A HE U Ol , R MR T 50T o
1.6 HUVECs #9384 %L
1.6.1 EdU 28 i 3§ 75 £ 3o W 4E HUVECs, 15 5% 41
v B, DL 2x10* AN HLEERD T 96 FLAR B 57, e SE 5
JrHLAb B HUVECSs, B:2H 6 & FL, MEH 24 h )5,
A 50 wmol/L EAU A DMEM 535 54085 5 2 h. AR
R G I T A0 IE 2 , DNA Yo, B Ales T MR, A 1L
BEALIEHE 3 LT, SRR MR, T3 Y 5 20 B A 5 A
N7 A B ) ET G L
1.6.2 MK EE  H Matrigel K% 50 wL/AL N
AT Y 24 FLARH, 37 CHF R 45 min, 2525404
Ab B HUVECGs 24 h J5 , 2 % ¥ 4% 41 HUVECGs L)
5x10° LI 24 FLAR , BEAH 3 N AL, 1558 h

J& WA N AR RAEHTEIZ
1.7 B RKEFHEHFZRESEE XA (RT-
qPCR) ikt 49 % K B #9 k& R ] RT-qPCR ¥
I Eca-109 4H i 4 Y5 S A4 LncRNA ZFAS1 1Y 321k
K HUVECs H' LncRNA ZFAS1, VEGFA mRNA 1 %
ik, B 137004, ANTR] Eca-109 40 i Sk Y5 2w A
K5 H AL 5755 48 h i) HUVECs, F TRIzol i 577 $2 Bt
Eca-109 4 Jifd % J5 4h WA & 2 HUVECs [N £ RNA, %
190 Bt SR 5 U B A5 3 % SR A ¢ DNA L B 2B T
A TR A BRAE G, 51975 L& 1.
FLI 464295 °C 105,60 ‘CIB K 30 s,72 “CHEH 30 s,
J0MEIR, LI EE 3. LA GAPDH NS, R H
2881 H Y 3 AR X 8

1 HFIK

P E

| S1FS b
p

LncRNA i#7:5'-CGGGCCTGGACAACTACTA-3'
ZFAST  F¥.5'-AAGATGGCTTTCGCACCT-3/

E4#:5'-AGGGCAGAATCATCACGAAGT-3'

VEGFA 118
Ft:5'-AGGGTCTCGATTGGATGGCA-3'
3 :5'-GCTCGAGAACGGGAAGCTTGT-3'

GAPDH 195
FW#:5'-GCCAGGGGTGCTAAGCAGTT-3'

123

7 : LncRNA ZFAST WK 8 11 Z5 1 RNA B 48 45 W e LG EA 1,
VEGFA J3 il P B2 A4 R A SE R, GAPDH g H 31l - 3- B It L
B
1.8  Western blot % # M HUVECs # VEGFA & &
FA ARBRREEUSEA,BCAENEE AT &,
P UL . 10% SDS-PAGE JE i fL ¥k 2 B & 1, 1l
FHAET IR, 43 5 L St A VEGFA Al GAPDH
SeREBUAR S —HT(1:1 000 F B , HRP FRic B9 1L E4t
B lgG P (1:1 000 7 B , BIRFEIRIFE 1 h, &
it 3 -20 (1 Tris-HCL I W (TBST) 3£ 7 10 minx3 ¥,
ECL &t 52, 2k FAk 22 AL g An e, i
Image] 1A 3B 5 25 R BEAA
1.9 %5k i SPSS 21.0 A4 T 85 4
B, I 208 LA s 2R, 21 0] S B0 L AR H ¢ K 3
8 ANOVA 7 22501, LA P<0.05 678 22 5 AT 581t
2 #R

2.1 RE @Mk LncRNA ZFAS1 #9 k& &%
I 4 il Bk EC9706 . Eca-109 .\ TE-1 ¥ LncRNA ZFAS1
() 221k 7K I 2 R T IE % N L 40 Het-1A
(P<0.01), H. Eca-109 40t LncRNA ZFAS1 i) k7K
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JE B 38 45 5 A 24 1075 20 Eca-109 240 i A735 R 0
TR (P<0.05,P<0.01) . THl48 h 5 ,20% £ i 45
J5 E5 245 1ML 4 Eca-109 41 JAF 15 R 42531 50% , O
20% B W 45 5 5 24 L35 e BE AR A ARk B b A 7 he
2.3 ShBsAR AR HLUBE TSR TC AN MAMA I I T
J&i 19 Eca-109 4l L 4 5 A1 WA A (Eca-109 A b4 K
1 IH 457 & 25 1L T HUS Eca-109 21 i 1 35 42 5L
AN (BT B 45 5 SNIMA ) , B # T S 1 4T
FERFAE (& 3) , K42 434 7E 50~200 nm Z [H] (& 4)
SERIRIAR AT 5 13 nm 2 145.3 nm. Western blot
G50 R AR SN IAFRIC & 1 CD63 . TSG101 3
S HMEEIR, Calnexin EFHTEERIA(E5), LA 4
FEOH L A0 - T LY B T AR X R AN

= 24 h
mmm 48 h
mmm 72h

* %k

10%iEEL;  20% i

Ji & s

25 AN BRZH LU # , #P<0.05, #%P<0.01;n=3 , ¥*s.

A B
T AN Eca-109 40K IR AN AL, B b £ 358 45 )7 S A4 .
B3 Eca-109 %8 e L& kR SRk 69 75 25 (X1 000)

2.4 HUVECs 3 sh b4k 69 3 B oL PKH26 bric
B I 2 AN A 23 1) 5 HUVECs 225535 48 h &, 96
M N MEZ R HUVECS A 405 b i BRAT (2,758
Fric i A A , FE B HUVECs B] LA I Eca-109 4b
WA K BB AE T AN . TLIE 6.

R
B2 REREARIEE L A2 i R R B S Eca-109 48 7 7y 69 % 0h

K H RT-qPCR 35 £ 4% 41 41 W6 44 1 LncRNA
ZFAST B FRIRIK . 5 Eea-109 FM AL Fl %S 1 B
IMLYE AN AR B, £ 30 30 25 5 A AR 2H A0 i A
LncRNA ZFAS1 1) 3 15 7K °F B & B Ik (P<0.01) .
ULE 7,

25 Shasikx HUVECs 378 R B #4551 EK
B, 525 A0 BR4H L3, Eca-109 ZM A BE 5 5 4 1
HUVECs ¥4 %8 | %8 1) 2 A (P<0.05, P<0.01) , T &
T 38 45 7 AP IMA BB HUVECs B4 %8 145 1Y fig 7 B
A2 (P<0.05,P<0.01) . WLEIS,

2.6 $Fik4k 2 HUVECs ¥ LncRNA ZFAS1, VEGFA
mRNA &k 69 ¥a 525 X IR AL, Eca-109 4b
WA 4 HUVECs H LncRNA ZFAS1, VEGFA mRNA
(e 1k K44 B 2 T (P<0.05) 5 5 Eca-109 ZM A
R, i A 7 AN 4] HUVECs H LncRNA
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B 7 Aa9MR P LncRNA ZFAST 89 £k

ZFAS1 ., VEGFA mRNA () 3 ik /K ¥ ¥ i 2 [% {i%
(P<0.05), UL 9,

2.7 4hab4k 2 HUVECs %9 VEGFA & & & ik 89 %

w5 as PN IR AR, Eca-109 M iMA ZH HUVECs
H VEGFA 2 [ 1 22 5 KB 2% FiE(P<0.01) 3 5
Eca-1095MIMARL LR, s ss 77 /MNBALL HUVECS
t VEGFA 85 FI R IA/KF 1 25 NI (P<0.05) . I
K10,
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TE : PKH26 2R 92 S AR 10 (19 FM B A, 47, 6- - Jpk e -2- 2% Jk s ik
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