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WE BH WS EEE BT DNA-RNA 7 F1E 0 2238 F A 1) e 40T 5 ATRErE RNA /- FHE AR A %, LA
KRt s . A% WA MUE M ILAN DNA, RNA T+, 2% /% DNA-RNA 28 455 %4 AS1411 38 B A A 4 i)
F, FEREp21 saRNA I TIGIT siRNAE N 25450 F, 2 P21 saRNA Il TIGIT siRNA, FALZARAC A, 18 50
4 AS1411-DNA/RNA-sxRNA; Kl AS1411-DNA/RNA-sxRNA FE7HE [ 4545 Ik A st 4 i b Hoebig 4n il 47 . 1088, 12
FRPAT M, R BT 28 RSB G IRIMAZ S G AR R TR IR A1 RIS, TBM RN EEIG S
T2 HL K AG M E) AS1411-DNA/RNA-sxRNA JEINZ%E ; AS1411-DNA/RNA-sxRNA 2432 48AKTE 10% IMLTH 4510 Tt Bos H BLAFIY
Pikfmraett; 700 B AMOE LR B TS T WL, SKOV3 4R M ESk (0 KB IEGIE S, A8 3k ik
AWM. 2488 E G . £ mRNA K- I, p21 FEHFRIE (2.14+0.25) EXFHEA] (1.02+0.10) 2750 [, P<0.05;
TIGIT ik (0.63£0.09) {ETXFMZH (1.09+0.15), P<0.05; fEEMAMKY b, p21 FPFFEE (1.57+0.16) ZXf B4
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W T (P<0.05); RIJRSLIARER, P21 saRNATFBEAM AR (42.53£2.90) %. TIGIT siRNAFH A M AR (36.23+
3.43) %, WEAKRTZEANMBAH (76.47+3.64) %, P<0.05; Transwell eI # e /1 & : P21 saRNAWEE 4 (128.25+
5.36) . TIGIT siRNA ¥ 5 41 (119.50+8.79) Ik T X} MR 40 (186.5£8.56) ; {272 HE /1 : P21 saRNA JF 4 (145.5£9.45) |
TIGIT siRNA B 5 41 (112.25£5.63) 1 W & 1% T X B4l (202.50£10.12) , P<0.05; 4L T-% . P21 saRNA I F 41
(11.74%+2.47%) . TIGIT siRNA F HH (17.12%+2.04%) W& T XA (5.66%+1.44%) , P<0.05. Z5it  Frifil &0
AS1411-DNA/RNA-sxRNA %232 38 AR G805 A RO m) IR 401, #5747 T RE /)N RNA S 1] 52 A 40 i 04 B 93k R Rk
R AN A B . RZERTERLRE 152 2] 5 1%45 B N DNA-RNA I AS1411 & Bl A # i T HAY LA ik, 1
] A5 22 1T 22 75 NCL 2 [ 04 i 40 M S A 1 5 55 ki
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JHI PN 45 A IR ZH B . TIGIT A] LA i NK 20 B350
U/ NK 20X g i A o R, AER AR AE R
o7 s A PEBT IR A S R P, T 4T RE G A
oI L EHVFZ Rtz ik (IRs), AR
FEPEAIMIAET 24K 1 (PD-1) FIAA Sy Bk 4 F Al
ITIM Z5 #4385 1) T M o e 324K (TIGIT), s 24
N 40 (APCs) TEMYRfAEE (TME)
HRAR IR AR, DT (5 e 200 A L 2% 1 b sk f 2%
WEMRIIRE ST, DRI, 25 B SRR 40 B8 TIGIT
HEIRYFRIK B AT R R AR b I8 40 AR 1) B 2 Tif 57 o
p21 FEPE—Fp g SE A Y, SR A AR 1
T 70 SR P ) R R 22—, p21 2 AL
pS3PEEE L AER M R AR R ER s p21
S DR L iy 0 B PN 6 38 4 R AR AR I KO T
AT e 20 B ) A KA SR T, Ak 55 b
MR BT RERE 1. AN, p2I HS 5T
ARG AL T RN SR G RN O, R R
PER G IR A AR . BRI, e s
HE IR A0 A 1Y p21 FE PR SR Sl TIGIT 5K (1 35
ik, AT R R A R R AR, IRZGY)
JrkRIREGE, IR/, SR . #
PEAR G P 05 4 32 75 Bk, X o/ T 4 RNA
(siRNA) . /IM#I% RNA (saRNA) . mRNA % 1519
St E AL TR 25 o

SR, MEFRZGHI ) K J sz 3 % R Ge i = dE R
il 2, H A RNA 6 R G0 2 AR AR . BHES
TREWY . AR ATYUOR RS WA B 2k AR SRR A7
FEAMAR SR . TR A e e S e, A
U, A e A — I 2 v A A e A
RNA % R G0, FFX LR 259 19 A e A 1)
1% . DNA/RNA 258 SUHE 1] LAY TR R, L
BekasE, HXTMCHEE. s B N —Fh s
AR 22, HA RN aht, Hekmk
IPTRE A, RS A AR T, 82N
F2Wr . GORIRER . &SI AN 259 T & 25 45
B BRI, #E e, DRI RER I A
RNA A, FEHTLAE S Btk ROmTsE B/
RNA 25¥) B0 1] 36 1% . 1999 4F, Bates % 27 7EHIF
3% G- VU4 R 45 435 TiC A4 GRO29A B & 3R, 3543 i
AT B T R Ge , OFE B AR 28 e itk i
KT AR ASIAT AZFRIGE B . AS1411 38 Bt iAo
— Bl G-DUBE R S5 A A0 A, LI AR 11 2 s 4 g
T AL ZE (nucleolin, NCL), 1EK—Fh i
M RmEE N, SR REUNTESNEA

AR, JETX—ERE, AS1411 RS AR 2
7 FH 8 1) 25 40 B A RN RO ) 2R AR A R A . AR
K, AS1411 RIS BN FH & RIGE , # #AE N
Ay 6 T HAE FCARME ], Khatami 6 Y & T
—PHT AL Bk RS, B AS1411/E A ) 40+,
ffFE 2 (doxorubicin, DOX) #i&2IFL S fbrk
kb (MSN) . IR H ¢ M 35 MSN 1Y
T, YUK E A B miR-21 (1§ a3 %
Carvalho % ' F AS1411 & B AL T &S5 1088 it
B RS, A AS1411 38 Be A8 (4 B 5t 4033
ERGE, RRUELE AT Mg IR I U K R AR
&, N TESUENIGIT . IAh, AS1411 B FRIE
BCARLE R RS ) 2 R, R T I JoJed 4 1)
FRUE R B FINCL 2 H BB HERGR % B

R, A5 R FH G- DU BE A 45 F4 A% iR 138 i 4
AS1411/E R ) 43, i1 DNA/RNA 4238 AUHE
H#E/NRNA 25 p21 saRNA I TIGIT siRNA, 7545
FEZWIRRMEBI T, 4125 # AL AS1411-DNA/
RNA-sxRNA 22 A, i 22 [7] B EL4E ) M 1 25 )
Dite, JFWFIE A3 4R /N RNA 2 1) 8 ] 3 1%
PR

1 HEST®

1.1 ZHRak K& EZF

SKOV3 A B 895 40 A (A S0 = AR A7 AR
EHi RNA . siRNA. saRNA Fl AS1411 & e K 4
TAEY (L) KA RAR AR EE; Trizol,
ChamQ Universal SYBR qPCR Master Mix Il H 4 5%
W MEE A W BB 0y A RS F] 5 Monarch RNA
Cleanup Kit 14 § NEB /A w5 Tris-Glycine HL UK ¥
HL % W 1 TR 4 R A BB A BR A A
DMEM (i) 555800 A i msE m Rk s
FR /2 75 1.5 mol/L Tris-HCl (pH=8.8), 1 mol/L
Tris-HCI (pH=6.8), 10% SDS ¥ g [ It 5t &K 3k
FRH AR A SXTBM 28 ol (5.4 g Tris,
275 g MR, 0.22 g MUK & &R BE MK E % =
100 ml) ([ 254 A b2 R A R A R 5 R
EDTA {Hfbi (H 25 LA ARARAFD; &
HERZIRAMW (100x) ([ 254 HAL AR A BR 2
F]); PVDF [ Millipore 0.45 um I3 [ I A 5 8 4= 4
BHEA RN JrooeBekE /R Fhi/h -
HRPARIC=HL . FHR-HRPAric —Hilg Ak st
HamEHEARABRAE; Anti-P21 fl anti-TIGIT
B A DS e A R AT IR ED
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Fig.1 Chemical formulas of 2'-fluoro—modified CTP and UTP in DNA-RNA hybrid nanocarriers

Table 1 Components and sequences of AS1411-DNA/RNA—-sxRNA hybrid nanocarriers

Component

Sequence

AS1411-b
NC-b (2'-F RNA)
P21-a (2-F RNA)
P21-c (2'-F RNA)

TIGIT-a (2-F RNA)
TIGIT-c (2'-F RNA)
NC-a (2'-F RNA)
NC-c (2'-F RNA)

5'-GGATCAATCATGGCAAGGTGGTGGTGGTTGTGGTGGTGGTGG-3'

5'-GGATCAATCATGG -3'

5'-fUfUGFCCATUfUGAfUCICAAfUATCIUfUGGAGAAfUGAGIUfUGGfUfU-3'
5'-GGGAAFCFCAATCIUFCATUfUCIUFCFCAAGIUATUfU-3'
S'-fUUGICfCATUGATUfUGAfUfCfCAAAGICIUGFCAfUGAfCIUAfCIUfUfCAAfUGTUfU-3'
5'-fCAfUfUGAAGIUAGIUfCAfUGFCAGICfUfUfU-3'
5'-fUfUGFCCATUGAfUfUGAfUfCCIUfUfCIUCFCGA AfCGfUGFUfCAfCGfUfUfU-3'
5'-AfCGfUGAfCAfCGfUfUFCGGAGAAfUfU-3'

All fluorinated ribonucleotides are prefixed with fin front of their bases.

Kot SHN I a, cBESEERIRS, A K
FIMgCL 2258 22 v (2xPBS, 2 mmol/L MgCl,),
T HE B AL AN 4 80°C 3 min, 50°C 5 min, 25°C
15 min, 4°C 20 min, 5% /% DNA-RNA 7% 32 2k (& 11
il 25, A8 4 1 2 28 FAR FTAE T 4°CAR IR A 58

#“H .
1.2.2  AS1411-DNA-RNA-sxRNA 4 > 7% 4 (1 41 5%
T

DL HE A P21 saRNA 19 22 22 84K (i A P21
saRNA) Rfd], HEHF TIGIT siRNA 2258 #4k (id

4 TIGIT siRNA) ZHBEDBRAAIR] . 4 IR 45 2 70 P
HEFVA AT, e —4h =S5 BER A
RWARZ, %R : P21-a (a). AS1411-b (b).
P21-c (¢c). P21-a+P21-¢c (ac) . P21-a+ASl1411-b
(ab) . ASI1411-b+P21-¢c (bc) . P21-a+AS1411-b+
P21-c (abc), TIGIT siRNA 1 AS1411-NC %432 #;
TRFIRIRE R T IR 425 . 3248 0 BT HAE AL
R, RN G TERASAR R NI # DNA/RNA
ERZ . Hd, KA EBILE2, BT
DNA-RNA Z8 38 55 I WS AE R 8 28 ti R R T B R ]

Table 2 Consumption of each component of DNA RNA hybrid nanocarriers

ssDNA/ssRNA a/ul b/ul c/ul ac/pl ab/ul be/ul abe/ul
P21/TIGIT-a (20 umol/L) 5 5 5 5
AS1411-b 10 10 10 10
P21/TIGIT-¢ (20 umol/L) 5 5 5 5
Hybridization buffer 5 10 5 10 15 15 20
RNA/RNA loading buffer 2 4 2 4 6 6 8
Total volume 12 24 12 24 36 36 48
Loading volume 6 12 6 12 18 18 24

a, P21/TIGIT-a; b, AS1411-b; ¢, P21/TIGIT-c.
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5, DR 2B ] 8% TBM B A 4 ok e 888 e 311l FH)
TBM HLVKZEPIR (1x) SEFTHIYK. BERSEL T L3 3,
FEAE 100 V1 R A Yk, UK ST RS BUT B
B, BT IAGE SR AL 2 5E R TBM KR e fa,
AR, O SRAHEEE L.

Table 3 Components of 8% TBM polyacrylamide gel

Component Volume

40% Acrylamide (19 : 1) 2.4 ml

5xTBM buffer 1.2 ml

RNase-free ddH,0 4.8 ml
10% Ammonium persulfate Sul
TEMED Sul

1.2.3  AS1411-DNA-RNA-sxRNA %4 >k 544 (1% 1fin 375
Fa e PR

145 1 nmol 22 45 i) AS1411-DNA-RNA-sxRNA
TR, I 10 %24 035 A 58 e hs IR 5,
37°CHEIRMFE, JEAEO0, 1. 2. 4, 8, 12, 24,
48, 72, 96 h HUFE, g R 04 5L L R A
DNA B RNA [ F£ 2% il T A7 T -80°C IR i 1K
A HEAT TBM PN 4 Bk e B8 e L vk, %R, IR
ek
1.3 4 #7AS1411-DNA-RNA-sxRNA 44 > 2 {2 3
NRER
1.3.1  SABER I 4 K 3 A A B Bl

N BN SKOV3 A0 IE # 559%, Ffif54%Fh T
24 LA (29 1104 f/AL) o I FAM BRiE R
P21-c (2'-F RNA) #f TIGIT-c (2'-F RNA) A
INHEFEHRICHY RNA HiBE, 412 DNA-RNA 2258 %
R IMARE RN ELUKE 1 pmol/L, fHIREEFF
48 h, JHPBSZE Pk e I VE 3 K, J-fii F DAPI
Yu@ IR A MEAZ A TGt i PO IE B R
BERNOG ISR £ R AR A IR
1.3.2  CCK-8K LR Z AN A A= A7 R A5

BORAS R A9 A BP S5 SKOV3 4l iy, F =4
FliF 4 4~ 96 FLANME KRG SR M 45 5% . SC I 2l 422 /b
P21 saRNA . TIGIT siRNA 2458 844, Yeial ) 52
Y HFE YL p21 siRNA . TIGIT saRNA (i 4 TF-P21
FAITF-TIGIT) ; BAMEXT BEZH %0 NC Z25c 2k (A
2b) . 75 AS1411 3% FL /AR B /N RNA A9 7 58 1k
(€M AS1411-NC, [l 2¢); FhYeialixf B2 4% e
25 H/NRNA (30N TE-NC) 5 Hor L el 35 41 78 5
P12 h G AT R AR B . #2024, 48172 hiHy
i T A R B 24 o IBUHE — B 96 FL A i 4% 5740

fLINA 10 pl CCK-8 W, BRI RIRS), IFTE
i CO, }5 F2 46 37°CHF & 1 h; {8 JH B A5 00 &
450 nm AL FWEREME , 0 SR EEEI I TS T
1.3.3 2R 92 %G BEPCRKG I P21 . TIGIT mRNA
K-

SKOV3 i g f% 70T 6 FLANME B TR ML G 5%
YRR R4, A N 30%~40% I,
AS1411-DNA-RNA-sxRNA 232 AR5 55 40 . %
W SIS ZH B 7 P21 saRNA ., TIGIT siRNA 2458 # 44
(U1 umol/L ), BHMEXT BRZHIF 7 NC 4248 3%
M (AU PE M 1 pmol/L) FiT AS1411-NC 2452 344k,
25 PN BRI AE B 5553, W& TR 48 ho Bl
Je 5 20 M B B A O PBS whik4nii, AEfFLAINA
1 ml Trizol 24 24 4n A, HEATANAE B RNA 1Y
PEEC, PEMCERUS, M PRI RNA VR, FiE
17 [t 5% PCROFISE B 265 1 PCR, Kl 8 P21
saRNA K TIGIT siRNA 24 K 2 4K J5 H i) 5 19
mRNA /K F2E1E
1.3.4 I EENIE % (Western blot) 4 | P21,
TIGIT&HE 7251k

SKOV3 4 fd #5707 6 FLAN MU B F2 b (%5 A
2x10°4L) JEk SR, R RRSC R F A A
P21 saRNA. TIGIT siRNA 4% 52 # /K (&M i Ny
1 umol/L), BAPEXTHRZHMF & NCA4xc gkl (k)i
1 umol/L), 25 FIXf AL A IE # 5 FR5E, WEFE
48 h i B A2 AR G AR IR S 24 he HH
PBS 2% M T VAN, RIPA ZH 23 40 it 4 W 4 i
AN . (] BCA I & A ok, 45
WIE FAEE ARG FRAL,  BAEE 15~20 WAL,
HLVK . HL S FH 5% BSA I £ 2~4 h,
TBST £ % Mt PVDF i, & B-actin/P21/TIGIT
EH—Piad s, TBSTMEE/EME —Hi1h, TBST
PR PR S , RGBT ECL ZOGH, T A
RIFE R
1.3.5  RPYRSCEKINISKOV3A BRI FLHE

TE 6 FLARET S, i R AR AL S AR
¢k, Migidfl, WNEFLS KLk, JFEERNE A
Moo SEEr has HXT R . BT B AL AL g a .
S 2H 35 B P21 saRNA ., TIGIT siRNA 4% 52 2 14
(ZORIEYIN 1 pmol/L) , BT BRZLIF B NC 2438
ik (K2b) FIASI411-NC 2524k (Kl 2c), 28
XTI IEH 95, WH 48 h)5, & Asc ik
(3G F AR EEE 24 he FH 10 Wl B Wk 1 H
BRI TG WBELRIE, HPBS S ik vyt
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M3k, FEAVEERI T4, AL DMEM
REEdt ) IR AH IR CO, 55 3746 37°C 411 F 1553
BRI 0, 24, 48 h IR P4 IRiC %, H
Image Jill & A0 A RIR AL A%

1.3.6  Transwell Kl 41 fifif= 22 HE 11

B4, AT 1 d X Transwell /N 47145 T
V£, ZERIN BN S5 SKOV3 4 i it 12 22 fig 1 i 451 f
FHIEFTE o I B e Y 50 B 7E Transwell /NE %
M, 35 ul/AfLo Kl I 5L T 1 Transwell /N2 JiCTE
37°CIE I CO R FRAH h i A% 5% W H (TR Ak
ST, SRR REFLINA 60 pl T I i 15 579
Ki R AE 597 40 min; YA DR 55955 SKOV3 41 il 1)
ERHeIm, AR .

HEAD MR 6 FLAR , R A M5 R 7S G RRA
BP0 HEZH RN S 56 2H o S50 2H 45 B P21 saRNA |
TIGIT siRNA 2422 A, BAPEXT BRA1IE & NC 2438
ik (KE2b) FIAS1411-NC 4258 #hik (Kl 2¢), =%
P IRZHE #3555, AbIR48 hG, & Zesciiik
(IR SRRk S 24 he WESEMUS, HI DMEM
TCIMIE 55 IR YV ALFE 12 hy 0] Transwell /NE |
ZFHIA 200 pl 400, B EPINA 600 ul
10% i 4 L35 i DMEM R 558, Hodp, /6 0 e
LA IERS RE I FERG FRAR 5 FR 4 h, KD i e 2
MR (2 ZERE I TERE R A v 5 5% 24 by fHIRIG RS
PBSTHPE3 X %, HIEERE 20 min, 0.1% 45 Mm%
et 15 min, PBSVEVEFREALSMEE, Wit FEMLLE
S AMILAEEE (100%), 76 BAEE P TaniEit4k.

@

1.3.7 A S I 240 A iy A T

Y amp R 2 6 LAk, 2 2s G BRZE RSB
ZH . SEICZHAERN P21 saRNA . TIGIT siRNA 2458 %
&, BAPEXT IR T NC Aesc ki (K 2b), =5H
SRR 5% . W E 48 h)5 B4 & 4 s A i 1%
FRIEURLEIE SR 24 o B i AT M TS )
VLR B AT AR 525, I S S g 58
14 Sit=EFE

& I GraphPad Prism v5.01 # {4 (La Jolla,
CA, USA) #Ef75rHrER, K H] SPSS 12.0 4
PG4 AT, Bds ¥ LA ST 3 Yk 8 S ER Y -1
fH+Ar iR (SEM) Fon. R MBEE T 20T
(One-way ANOVA) s B YR Lo PRALIR] AR
R IR ST A ¢ 5 B FAE DG AT o BRI AG 30 7K M F
a=0.05F5E, P<0.05 NEFAGHHE XL,

2 g B

2.1 AS1411-DNA-RNA-sxRNA Z* 3z # 4k 4
o8y

DL 41 %% P21 saRNA 2% 52 8 AR R 1), 43 591 4
DNA FEEFII A RNA H4E, ic hbsE fa, i,
FEERMAF—R RN, 58RI % MR IR
&, BE, R T TBMEERBIK (K2d)., K
2a k1 AS1411-DNA-RNA-sxRNA 2252 4k {4 (1) 52 # 2%
¥, 1 2b k245 AS1411 38 it 745 B % B8 NC 2%
LEARP LR, B 2 R 4557 PR X B/ RNA /Y
DNA-RNA Z448 #5414 . TBM BRIk (K 2d) M
/¢ & 47 4 50 bp DNA ladder. AS1411-b. P21-a.

At

@ 1 2 3 4 5 6 7
P2lc ASI411b ASI411-b + £ & ¥
5'-FAM-CCAACUCAUUCUCCAAGUAUU-3' 5'-GGATCAATCATGGCAA—GGTGGTGGTGGTTGTGGTGGTCCTCG-3'  P2i-a + P +
NNRRRRARRRARRAAAnY NRRRRRRARRANRR P2l-c PR P
3'-UUGGUUGAGUAAGAGGUUCAU CCUAGUUAGUACCGUU-5"
P2l-a
() P2l-c NC-b

5'-FAM-CCAACUCAUUCUCCAAGUAUU-3' 5'-GGATCAATCATGGCAA-3'
CLLELELLEEL LT ARNNARNARUANAN
3'-UUGGUUGAGUAAGAGGUUCAU CCUAGUUAGUACCGUU-5'

P2l-a
(©)
NC-c AS1411-b
5‘—/l\Ci(i.Ill(}l/\ICi/\lCi(‘il{I;Ci(i,(i./}(il}ll\l]l1-3' 5 -(f(f/?’{(iti.jl\'{(lltl\]l‘(l}(l}(lltl\jl\— GGTGGTGGTGGTTGTGGTGGTGGTGG-3"
3'-UUUGCACUGUGCAAGCCUCUU——CCUAGUUAGUACCGUU-5'
NC-a

Fig. 2 Structure and assembly of DNA—RNA hybrid nanocarriers
(a) Taking P21 saRNA nanocarriers as an example, the structure of the entire hybrid nanocarrier, in which the black is DNA, the red is RNA, and the
5" end of the RNA short chain has FAM green fluorescent label. (b) The structure of NC DNA-RNA hybrid nanocarriers without AS1411 aptamer.
(c) The structure of AS1411-NC DNA-RNA hybrid nanocarriers. (d) TBM polyacrylamide gel electrophoresis to test the assembly of DNA-RNA

hybrid nanocarriers, it can be found that the three chains successfully assembled together in equimolar.
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P21-c. P2l-a+P21-c. P21-a+tAS1411-b. AS1411-
b+P21-c, P21-a+AS1411-b+P21-c, 45 £ Ui B
AS1411-DNA-RNA-sxRNA Z4A8 A4 () 2H 25 12
2.2 AS1411-DNA-RNA-sxRNA 2% 35 # K AT HE 51
Al

WAL H 2 B TR B R R, bR i se ik
W, KL, AHFSEiE D RNA H ) CTP Al UTP
PEAT 2-F 186, JF%F DNA#% ATP #EA TR A&,
DIRTHRAZ R P ARRE 1. DL P21 saRNA 44382k
M), BUAERE /R AS1411-b, P21-a. P21-c, Jf
ZH2%% 1 nmol YA AC AR, 101K Z NS I G 2F 1l
£ 10%, 37°ClHIR/KH , % E] B 53 0 BORE JF
—80°CRIEIRAT, Hi—I T TBMEEICHLTK ., 4558
/N, TEAR[RIETH], DNA-RNA 2% 28 #ARTE M3 i
PURESR, 48 h G A sCMR TR E A7, fE72h)5
TG B SRR AR, 24 AR AR BE I BB 7 B
ABAETETE W 557, DNA-RNA 2258 4K B4 B
IpTkEfaE 1 (E13).
2.3 AS1411-DNA-RNA-sxRNA Z% 35 #§; & §E % [
P25 2 e

K AS1411-DNA-RNA-sxRNA Z% 58 14 &
HREMS ML M 25 A MR A, TEZ S8R L In T
FAM Z 58 6hnic (Fricf & WK 2), bRl
BEAF I DO EhR 10 42 2 AR 5 SKOV3 4 ift H 3% 5%
48 ho WLLEI, 288k E 5, 5 AS1411
KR IE A ) 225 8K P21 saRNA B EI45 4 U S0
SKOV3 4L, 2 M A IR 4 55 5,
FF X BE 2 22 40 MR NC A BB 45 A SKOV3 4 fift (&
4). WOt RAERMERA (FS) xR, 4%

DAPI

P21 saRNA
(FAM)

50 pm

NC
(FAM)
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Fig.3 Serum stability of DNA—-RNA hybrid nanocarriers

By sampling in the time gradient, it was found that after 2'-F
modification, a large number of hybrid structures still existed in the
DNA-RNA hybrid nanocarriers, which showed excellent serum
stability.
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Fig. 4 Fluorescence microscopy verified that aptamers successfully bound and entered the cells
P21 saRNA: the cell bound P21 saRNA nanocarrier with FAM fluorescent label; NC: the cell bound P21 saRNA nanocarrier without aptamer.
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Fig. 5 Confocal laser microscopy verified that aptamers successfully bound and entered the cells

The green fluorescence is the DNA-RNA hybrid nanocarrier, and the blue fluorescence is the nucleus. It can be seen that the green fluorescence is

evenly distributed around the nucleus and inside the cell, which proves that the hybrid nanocarrier can enter the cell.
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Fig. 6 CCK-8 detects the cytotoxicity of DNA—RNA hybrid nanocarriers

(a) Cell viability after using transfection reagent and hybrid nanocarriers. It can be found that the DNA-RNA hybrid nanocarrier has lower

cytotoxicity than the traditional transfection reagent, and the 4, is significantly higher than that of the transfection reagent group, and the difference

is statistically significant (*P<0.05). (b) After incubation with P21 saRNA and TIGIT siRNA, the cell viability decreased significantly compared with

the control group at 24, 48, and 72 h, and the difference was statistically significant (*P<0.05, **P<0.01).
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Fig.7 Relative levels of p2] mRNA and TIGIT mRNA after hybrid nanocarrier treatment
(a) The expression level of p2/ mRNA was significantly up-regulated in P21 saRNA treatment group; (b) The expression level of 7/GIT mRNA was

significantly down-regulated after TIGIT siRNA treatment.
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Fig. 8 Expression of P21 and TIGIT in tumor cells after treating with AS1411-DNA-RNA-sxRNA nanocarriers
(a) Western blot results of P21 and TIGIT in SKOV3 cells treated with AS1411-DNA-RNA-sxRNA nanocarrier. The expression of P21 was

significantly up-regulated and TIGIT was down-regulated in the experimental group. (b) The gray value analysis of Western blot results in SKOV3

cells treated with hybrid nanocarrier, which showed that the expression of P21 was significantly increased(**P<0.01), and TIGIT was significantly

decreased (*P<0.05, **P<0.01).
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Fig. 9 Scratch assay to detect cell migration ability

(a) The migration ability of cells after treating with P21 saRNA and TIGIT siRNA. (b) The migration ability of cells treated with P21 saRNA or
TIGIT siRNA was significantly decreased compared with the control group, and the difference was statistically significant (*P<0.05, **P<0.01).
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Fig. 10 Analysis of migration and invasion ability of cells by Transwell

(a) Cell invasion ability after treating with AS1411-DNA-RNA-sxRNA. (b) Cell migration ability after treating with AS1411-DNA-RNA-sxRNA.
(c) Analysis of Transwell assay results, the tumor cells treated with P21 saRNA and TIGIT siRNA significantly decreased their ability to invade and
migrate, among which TIGIT siRNA had a more significant effect (*P<0.05, **P<0.01).



2214+ EMUEEEYIEER

Prog. Biochem. Biophys. 2023; 50 (9

J, BhRaniaiRZE (K 10a) MiITBEESH (K
10b) & FFE, SKOV3 4ot /Nas il gce i i
Wb, ERASEEE L (P<0.05),
2.9 AS1411-DNA-RNA-sxRNA {2 i# Bt J&& 28 B
AT

¥ AS1411-DNA-RNA-sxRNA 242 244 Fi1 A B}
B SKOV3 AL s 37 )5, X SKOV3 4 (i 1=

R SG  Z5 & B, P21 saRNA Al
TIGIT siRNA &b 38 J5 i J83 200 B %) 0 12 3 Wk 3% 1 F
(E11), S2=AXEAM, 252055
X (P<0.05, P<0.01), HH TIGIT siRNA &b fif
JEANAE A AN TR KT P21 saRNA LbFE 5 i 4
ME TR

a
@ Control: P1 NC: P1 AS1411-NC: P1
JQI-UL 2.09%)] QI-UR (0.72%) JQI-UL(135%)] QI-UR (1.35% JO1-UL (437%)]  QI-UR (1.89%
w0 e i T 104 10%]
m. E . . I. E E' E| (b)
£ o] £ s 20 -
10% 104
103; o L P
JQI-LL O6.15%) QI-LR (1.03%) 3QI-LL (9536%) QI-LR (1.94%) 3QI-LL (93.07%) QI-LR (0.67%) 2
oo o Tor T Tg 1o Tor T T0r o o 2
FITC-H FITC-H FITC-H §
P21 saRNA: P1 TIGIT siRNA: P1 5
106-Q1—UL (9.73%)  QI-UR (8.21%) 10°JQ1-UL (3.03%) |  QI-UR (1.86%) Lo
10°]
T
[5a] i
=% 1043
103%:
R (1.52%) JQI-LL (82.58%) -LR (12.53%)
104 10° 10° 10°  10* 10° 10°
FITC-H FITC-H

Fig. 11 The apoptosis rate of tumor cell was detected by flow cytometry after treating with AS1411-DNA-RNA-sxRNA
(a) The cell apoptosis rate of each group. (b) The statistical analysis of the apoptosis rate, the apoptosis rate of the P21-saRNA or TIGIT-siRNA group

increased significantly, and the difference was statistically significant (*P<0.05, **P<0.01).
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Abstract Objective To study the effectiveness of DNA-RNA molecules linked with aptamers as hybrid
vectors to target tumor cells and introduce functional RNA molecules into cells, as well as their effects on tumor
cells. Methods Design and synthesize short complementary DNA and RNA molecules, and assemble them into
DNA-RNA hybrid chains; connect AS1411 aptamer as targeting molecule, and then connect p2/ saRNA and
TIGIT siRNA as drug molecules, denoted as P21 saRNA and TIGIT siRNA , constitute a hybrid vector, the
general structural formula is AS1411-DNA/RNA-sxRNA; detect whether AS1411-DNA/RNA-sxRNA can target
and enter tumor cells and its effect on the survival, migration, invasion and apoptosis of tumor cells.
Results Equimolar parts of the designed hybrid vector were added to the hybridization buffer system and
incubated at a specific temperature. TBM polyacrylamide gel electrophoresis detected the successful assembly of
AS1411-DNA/RNA-sxRNA; AS1411-DNA/RNA-sxRNA hybridized carriers are also showed good anti-
degradation stability under the condition of 10% serum; observed under fluorescence microscope and laser

confocal microscope, there were a large number of green fluorescent signals on the surface and in the cell of
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SKOV3 cells, and the hybrid carrier successfully entered the tumor cells. After the hybrid carrier incubated, at the
mRNA level, the expression of p2/ gene (2.14+0.25) was nearly 2 times that of the control group (1.02+0.10),
P<0.05, the expression of TIGIT gene (0.63+0.09) was lower than that of the control group (1.09+0.15), P<0.05,
at the protein level, the expression of p2/ gene (1.57+0.16) was more than 1.5 times that of the control group
(1.1040.09), P<0.05, the expression of T/GIT gene (0.61£0.12) was lower than that of the control group (1.01%
0.07) , P<0.05. The CCK-8 experiment showed that the proliferation ability of ovarian cancer cells decreased
significantly (P<0.05) in the P21 saRNA (3.10+0.13) and TIGIT siRNA (2.9140.13) groups, compared with the
blank control group (3.67+0.15); the experimental results showed that the healing rate of P21 saRNA group
((42.53£2.90)% ) and TIGIT siRNA group ((36.23+£3.43)% ) were significantly lower than those of the blank
control group ((76.4743.64)%), P<0.05; Transwell assay showed that: P21 saRNA group (128.25+5.36), TIGIT
siRNA group (119.50+8.79) were lower than the control group (186.5+£8.56), P<0.05. And the invasion ability:
P21 saRNA group (145.549.45), TIGIT siRNA group (112.25+5.63) were also significantly lower than the control
group (202.50£10.12), P<0.05; apoptosis rate: P21 saRNA group ((11.74+£2.47)% ) and TIGIT siRNA group
((17.12£2.04)% ) were significantly higher than the control group ((5.66+1.44)%), P<0.05. Conclusion The
prepared AS1411-DNA/RNA-sxRNA hybrid vector can effectively target tumor cells, carry functional small
RNAs into tumor cells, regulate the expression of target genes, and inhibit the proliferation, invasion and
migration of tumor cells. The results provide an experimental basis for using DNA-RNA conjugated AS1411

aptamer as a hybrid carrier as a targeting tool to target and kill tumor cells expressing NCL protein on the surface.
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