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Abstract: Redirecting immune cells to the tumor cells and enhancing its anti-tumor immune response is a
very promising cancer treatment strategy. AS1411 aptamers have high affinity for malignant tumors with high
nucleolin expression, and cytotoxic T lymphocyte associated protein 4 (CTLA-4) aptamers can specifically bind to
CTLA-4, which is expressed by T cells. In this study, a dual-affinity aptamer targeted liposome (Dat. Lipo) was
constructed based on AS1411 aptamer and CTLA-4 aptamer, and its immunotherapeutic effect on T cells was
studied. After the aptamer was modified with cholesterol, Dat. Lipo was prepared by instillation method; its effect
of redirecting T cells was determined by confocal micrographs; its T cell immunotherapy effect was evaluated by
cell counting kit-8 (CCKS8) and T cell penetration was evaluated by tumor spheroids. The results showed that
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compared with liposomes loaded with one type aptamer, Dat. Lipo could effectively promote the redirection of T

cells to tumor cells; Dat. Lipo had good biosafety and immunotherapeutic effect on MCF-7 and HepG2 cells in a

concentration-dependent manner; Dat. Lipo could also promote T cells to infiltrate into the tumor spheroids and

enhance the immunotherapy effect of T cells in different dimensions. In summary, Dat. Lipo can use the high

affinity of aptamers to redirect T cells to tumor cells, enhance the effect of immunotherapy, and has a promising

application prospect in tumor therapy. This study was approved by the Examination Committee of Cancer Hospital

of Xiangya School of Medicine, Central South University, Hunan Cancer Hospital.
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B rRNA I T mRNA 58 e 2 2 Bl 72, i ik
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SRS AR A, 2 CD28 5 BT K4y T 45 Ak, Ty
R 33E 4 B IR 1 48 A 35 -2 (IL-2) ) mRNA & IA Al
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1% A% 43 Dat. Lipo W] #2 [ 22 Fh i3 41 i, B A 38 F 1% .
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JlZ (CLS-PEG-NHS, it 5 A2219353, bR+ T 44k
BHE I 4 A B A 7]); Cy3 (cyanine 3) #7ic 7 5" NH,-
AS1411 (5'-NH,-TTGGTGGTGGTGGTTGTGGTGGT-
GGTGG-3').5' NH,-CTLA-4 (5'-NH,-TCCCTACGG-
CGCTAACGATGGTGAAAATGGGCCTAGGGTGGA-
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Figure 1 Scheme of dual-affinity aptamer targeted liposome

(Dat. Lipo) retargeting cytotoxic T-lymphocyte-associated protein 4

(CTLA-4)-positive immunocytes to nucleolin-positive tumor cells

CGGTGCCACCGTGCTACAAC-3") (J5 M U135 A=W+
RA B A A, ALK TP AE (hydrogenated soybean
phosphotidylcholine, HSPC, #t*5 C00257, I 3 fHi4h
B= 25 BHHA IR A W), IH[E B (k5 P1880718,
Adamas-beta 23 7]); H 3£ -PEG2000- — Fifi /I ik 3 i i ik
LT % (1,2-distearoyl-sn-glycero-3-phosphoethanolamine,
DSPE, #t*5 9IRURSIR, i BAL 24 R A R A A));
ToK B (L5 20180930, b ik 5256 = 2 44 4y
A B2 F]); Ficoll kB4 43 B5 9 (L5 10316369, Hi
& Cytiva Sweden AB 2 7]); A F1 41 /it /v 3 -2 (HIL-2,
it 5 021812-3, 2 [H Peprotech 24 7); i A CD3 #i #&
(FIt 5 B284044, 3 [ BiosLegend 2 ); 2 it 1% 5 - %
P & W3R 7 & (cell counting kit-8, CCKS, #it =
22153558, b5t == A5 41 BHE A B A #]); HBSS (Hank's
balanced salt solution, it 5 14170112). 41 ffu 1% 5% 3= (it
5 C11875500BT). fifi 4 IfiLi75 (fetal bovine serum, FBS,
#t*5 C0235).MitoSpy Red (it 5 424801) (FEER K /R
BEEL A #]); W (5 PB180120, I ¥ i 78 4 f R}
Hi H MR 2 7]); CFSE (5, 6-carboxyfluorescein diacetate,
succinimidyl ester, fit 5 GC14056, i#F 7 M A Y Bl £
AIRAF]).

CEF  FL VKA S B AR A OB N 3 Bio-Rad 2
F]); WE BRI FAEE (18 E TKA A 7)); CO, R 778 (1
Binder 2 A); By /R SCWOG KL B X (% [H Malvern
Instruments A 7); =1 IR R RS (36 [E PerkinElmer
A F]); B G R A AY [FEBRR /R (i) (XA A R
AT BIE BB (E 12wl AR A F); i
A (3 [ 35 PRy 28 PR A 7)) o

EEA-BERENS & K5 A2 -NH, 1)
AS1411 M1 CTLA-4 3& Bt #& T 95 °CHn#4 5 min, 0 °C¥#
110 min 2 & M, P& BCAR L CLS-PEG-NHS 1% 1:5 JiE
IRECIR A, =i B 10 h, i) 75 A [ R - A A, B
CLS-PEG-AS1411 fl CLS-PEG-CTLA-4. i A i il

Fe 3 I FC AR - IR R AR AS 141138 e 441 1 11 Fig 5 14
(AS1411. Lipo)~ CTLA-4 & i {4 & 1 ) i i3 & (CTLA-
4. Lipo) FH XL AP 3% Bic 44 i 5T /& (Dat. Lipo). f% 4k
T & (R 1) #EMRFRICE RS, I 6 mL Tk L BE,
IR LB T 50 °C e 4 ¥ i, 19 I PR . # 6 mL
7 i PBS (phosphate buffer saline) fill # & 65 °C, %k
J& 4 i 5T AR i V0 In N G g PBS L 65 °C L 120~
200 rmin B HE VAR R, SOV 1~2 hEfF k. RR&
P50 75 3 min, & HT 48 h 4i4L 724, 19 20386 B k-
JE A o

Table 1 Formulation of aptamer-liposome. HSPC: Hydrogenated

soybean phosphotidylcholine; CLS: Cholesterol; PEG: Polyethylene
glycol; DSPE: 1,2-Distearoyl-sn-glycero-3-phosphoethanolamine

Composition AS1411. Lipo CTLA-4.Lipo Dat. Lipo

HSPC/mg 5.4 1.8 72
Cholesterol/mg 2.7 0.9 3.6
CH,-PEG2000-DSPE/mg 0.9 0.3 1.2
CLS-PEG-AS1411/nmol 2.81 / 2.81
CLS-PEG-CTLA-4/nmol / 0.93 0.93

MpmE TR MR AN SRR E AN (AS49).
N LRI 40 (MCF-7) A 40 (HepG2) H & 1%
XUAT (100 u-mL™ 7 3 & F1 100 pg-mL" 855 %) 1 10%
525 LT (FBS) ) DMEM 158 3L 85 9% . A IE % )
B2 A g (IOSE-80) A T bk I 4 i J 48 i (Jurkat)
1% APLAT10% FBS [ RPMI1640 15 57 3L 85 9% . B
HY B AEEDEAR (L) HRAFR . A549,
MCF-7. HepG2 1 Jurkat 4fl Jifd & 2 K £% 1K, IOSE-80 4
JI4F 3 RALAR . K4t il B T 5% CO, fHif 37 °CHE 7746
HiRE 7R
PBMC (peripheral blood mononuclear cell) B2
EVRHGE B0 4% 5 mL A I, 2 000 r-min” &
£ 10 min Z2 BRI %, 2.5 mL HBSS £ M 40 e b o
5 mL Ficoll 73 B ¥ N 28 &5 .0 v, S8 4% i N I 240 1 VR
B . 2000 r-min” B0 20 mine A M T HL 9
JZ 40 A & 0E 250 8, I 10 mL HBSS 78 2 T R
A7, 1 500 r'min” B 0> 10 min, YT ¥ N PBMC. I A
RPMI1640 58415 72 5= 78 40 TR 2, 1A 100 ng-mL™!
CD3 HTA 1200 ng-mL" HIL-2 |3 PBMC i% 1L 4 T 41
J o A FEIRAT T U0 e A e = Bt R e R S R 2
e PR et ik 8 2 o o 23 1 2> AR B M
I o H Cy3 4 br id AS1411 3& FiE 4k
CTLA-4 & FL A&, 28 J5 A & Cy3 % ) 1 Con. Lipo
(CTLA-4 Xt & A% W8 il % (1) fI5 J5i #4%) CTLA-4. Lipo Al
Dat. Lipo. 435l 2x10° 4 Jurkat 4 ff1 5 Con. Lipo FI
Dat. Lipo 7E 4 °Ci# & 0.5 h; /E B MEXT B, 44 2x10° 4
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Jurkat 40 g BV EZ R, T4 °CHEE 0.5 he 77
FKE 4 B KN 2x10° A ) AS49 . MCF-7 F1 HepG2 41 il
% H 5 CTLA-4. Lipo #1 Dat. Lipo 7£ 4 °Ci¥ & 0.5 h; 1
B IR K 2x10° 4N AS49. MCF-7 F1 HepG2 41l Jiid
FHBEFEEMERT, T4 CHEOSh, MHELK
Jei, FH AL 2K PR AR I % 4 2H b R S 4 R ) 2
1H .

=S REMRE 4 % MitoSpy Red 1 CFSE i
AS549 4 HL AN Jurkat 20 AL HEAT e €5, FH VA IR 9% i I VDG
i 2 . # Jurkat 40 i 5 Dat. Lipo. AS1411. Lipo Al
CTLA-4. Lipo W&, B X i PBS 44, 7£ 22 il
T4 °CH?E 30 min. B0 EBRREGME, 20 5%
& AS549 41 i 7 RPMI1640 58 4= 85 72 PR &, I
96 LR, T4 °CHFE 5 h. K4HEH PBS¥E2 K, 1% (wiv)
I 2R Y [ 0 240 M, P v ORI 2R 4 0T A T g AT
J% A8 o

Dat. Lipo 12 3t T 28 B % Bt I8 20 B ) %o 3% R A5 1E
B 5K 1.5x10* AN 354k 1 T 41 #5300 nmol-L™ 1)
AS1411. Lipo. CTLA-4. Lipo fl Dat. Lipo /% PBS f£
4 °CH¥ & 30 min, 2R J5 K 5x10° > HepG2 4l g 55 - id
T 20 MR &, FE45 40 B IR & MR B P 7E 96 FLAR 1, B T
5% CO,\37 CCHEFRA T ILHE IR 40 he BEFRETH A, H
PBS BE4H A 2 Xk, 2B 2% T 48/, fI A\ 10% CCKS8 %
WK . {F 5% CO,.37 °CEFEF I E 1~2h )5, H
Pt EEK S A S AE 450 nm AL IR OE T (4,,,) 1. 1%
AT (1) THE YL A7 7% % (survival rate, SR).

SR = (4, - 4,)/(4, - 4,) x 100% (1)

Forp, A RIS HROG L, A, R IR OGFE, 4,
RS O .

N T 9&IE Dat. Lipo {2 33E T £ Jfa X firf 88 20 A Fr) 4 925
AR 2B, 7300 1.5 10° A7 1 T 44
Jitd 5 A [F) 34 & () Dat. Lipo 7E 4 °C# & 30 min, 28 5 K
5x10° 4> A549 .MCF-7 8% HepG2 41l il 4> %) 5 b3k T 40
JRIVE A, IR AR S A T 96 FLER . B T 5% CO,-
37 CCHEFRAF R ILEE 7 40 ho BEFREE WG, I PBS P4l
L2 UK, 25 BREF T 40, NN 10% CCKS8 ¥ i i
1 5% CO,.37 °CH AR F B 1~2 h )5, W& A4, .
A3 (D) tHE 2 SR

Dat. Lipo FUAIMNE R LM K 8x10°~1x10*4
A549, MCF-7. HepG2 J IOSE-80 43 % # - 96 LK -
FEMEEE I, -4 2 25 i\ PBS (5 &) 1500 nmol-L™
Dat. Lipo. & T 5% CO,.37 °CH% 374 Hh 3L 5% 9% 45 ho
FI PBS VE4H L 2 ¥k, I\ 10% CCKS ¥ Wi i . 7
5% CO, 37 CHFRM I E 1 ha, WE A MH. EA
3 (1) THE 4 i SR

BB IkSIERE ST K 2% BUIRRE A T T
96 FLAR R, B 1L 80 nLo 4o Bt i b Jse ek [&1 )=, 4L
2x10°~3x10° /> A549 5 MCF-7 4 s, 2 ffs 2 70 5 FLAK
FR 200 uL, 5K 7c A7 B AT A 5% 21 BH S (1) 40 AR 5] 2K .
56 R, B iRk L R IR FE, #5405 BN\ PBS.
2 Y6 hRic i) Con. Lipo A1 Dat. Lipo, 4 °CH#¥ & 3 h )5, H
51 YR AR FR G0t R ER B AT AR

Dat. Lipo X BTk 1R e B R th 8E 1 1%l ik
J7 V5N AS49 A MCF-7 IR BRAE A . 26 S K, 4 il
6x10° 4™ ¥& 1L 19 T 41 e 5 PBS. AS1411. Lipo 1 Dat.
Lipo (500 nmol-L") 7F 4 °C#¥ & 30 min, W% & 45 H ),
¥ T ML R ER o 7E 5% CO,+37 °CH5 77 58 7
H 48 h, T£ 02448 h 3%t [is Bk FH 1 9 IR BRAG R Gkt i
R HEAT % . &% J5 I PI (propidium iodide) %4k} %F
iR R G, FH R PR AR 2R G 40 T S R Bk e ) 4
FETAE DL

%1+ 5 47 1] GraphPad Prism 8.0.2 #14: 43 #r, 45
RHCEYE + bR 2 (x £ 5) Row, 418350 one-
way ANOVA J5 ¥ E AT 77 2255 3. P<0.05 %~ H
AREEER.

ER
1 Dat. Lipo & FRIE

N T AR EE T 4 A R ) Z R A0 A, AT B 5 T
ST M R B B R G B R AT BE T, AR FE A T — R AL
S5 F1PE 36 T A4 S8 17 IR B4 (Dat. Lipo). 53 1&1fi-NH,
) AS1411 F1 CTLA-4 I& e & 5 & 1 NHS i 2% (1) A [i5]
P2 308 g 2 A NTHLS 6 56 ) AR R L, T R R[] 24 T
()38 O A, 1 L B8 1 3 g Ak R T Y @i 2 R E
V%345 Dat. Lipo, F %5 IR W &8 e B0k 6 & B 1) Dat.
Lipo # 47 R AE (B 2A), 57 “17 AR & 1) AS1411
CTLA-4 &R, 257527y Dat. Lipo, P& H 1) 8% Fllid
B Ak B R4 — 8. 4“2 bh 4% “17 20 W] S i),
Wi W 2 & AC 4 O 4 1133 Dat. Lipo H .

FH 3% ) B 7 A (TEM) W %2 31 Dat. Lipo %
T3 BRI (B 2B). i 5 2R SCBEOE R FE SRS TN
2% fig iU Lipo A1 Dat. Lipo /K & Hi42 (K 20), “FHki
14979 100 nm, R V8 S, Bk BE . S Tl
5% Dat. Lipo 44K K 1) £ € PE, ¥ Lipo A1 Dat. Lipo & T
10% FBS v, Ff3% 4L 5 Rl & Hpife 284k . HIE 2D 7]
1, Lipo £l Dat. Lipo 4 2K L R ~F il i 1] 22 AL 85 /0N, &5
M ka e MY
2 Dat. Lipo TS T 40 E E [E1{E M
2.1 Dat. Lipo fRRa M HGRER 28 AS14113ER
PR WA 2R B R A A R S VS R 0%, CTLA-4
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Figure 2 Characterization of the Dat. Lipo. A: Agarose gel electrophoresis to identify the conjugation of AS1411 and CTLA-4 aptamer to

liposome surface. Lane 1: The mixture of AS1411 and CTLA-4 aptamer; Lane 2: Dat. Lipo; B: Transmission electron microscope (TEM)

images of Dat. Lipo. Scale bar: 0.5 pm (left); 100 nm (right); C: The size distribution of liposome (Lipo) and Dat. Lipo; D: Size stability of

Lipo and Dat. Lipo in 10% fetal bovine serum (FBS). n=3,x+s

& T A 6 & CTLA-4 85 1 40 B A e St 1 2 F g 1,
[ FF 471 3 AS1411 A1 CTLA-4 3@ it 4 f¥] Dat. Lipo %} #H
JL 4 A B AT R SR I VE F o Jurkat 0 L2 N T itk
E 200 A 7 I 95 400, 400 PP 5 3R 0k CTLA-4 BE AP,
TERRE R, A T B A H 45 U RE 77 (1 BE AL BT 1)
R0 8 IS 5 44 (Con. Lipo). 38 e ¥ 24 o A A i
Bl CTLA-4 & B4R 5 AS1411 & AL 4K . CTLA-4. Lipo
o AS1411. Lipo. Con. Lipo } Dat. Lipo X Jurkat.
A549 . MCF-7 Fl HepG2 41 Jig (1) 52 F1 % (B 3A), 45 &
B, 43 TR A 2R A JE [l A A O A7 B B R B AR b IR A
£ 5 FLOGE 41 B ¥ B 1) BE 7, Dat. Lipo %f CTLA-4 25
1 B P 1 T 40 B A A 25 PH 1 1) g 4 B LA o
PESERN 77, D9 FCAR T 4H M 550 5 [ 228 g 4 42 ik T
LRI

2.2 Dat. Lipo " SHTHMEEEME Dat. Lipo
R I o PR ) 9 P RS T BT X 7R P T S R R S
SEAN Ty, AR ITH B IR RAR RG24 T T Dat. Lipo &
HET 40 M 55 1) 2 R A0 BRI RE JT . N IR R AR 4 R
27~ (Kl 3B), Dat. Lipo % & it Y] Jurkat 41 ffd (CFSE 4
) Bl 2 (R B 7E AS549 4 i (MitoSpy Red %+ t8) Jf
I, H 5 A549 i o 55 % #H 4% 17 Mix. Lipo (CTLA-4.
Lipo 1 AS1411. Lipo HJ¥E & #) W% & i 1) Jurkat 4 i
o K 2 B e s, RIS SR A e B 0 AN 55 A 549 4t it A
o M 34N 4 b Jurkat 20 0 o5 A 4 1) B AP AT S0
(E13C), Dat. Lipo 1] A 2 i & CTLA-4 JEE & ¥ T 48
Ul IRl R W L g S W OB O 7

Dat. Lipo 950 FPE A Jurkat 41 il 5 A549 41 il 5 %
gEEE ik, X —45 4 Dat. Lipo %F T 41 il it 42 4 9%
BITVE R E— B R TR .
3 Dat. Lipo X M 4HAE AR e & 1A 1E A
3.1 Dat. Lipo {83t T £ B 3t B J88 40 B B T 2 SR AR 4
F3 T 40 25 5 1 2 g 40 B mT 6 2 5 30T 40 B X i
Jed 20 P G e R A VE I B . O T B IEIK A, AR A
# 73 5] 5 AS1411. Lipo. CTLA-4. Lipo 5% Dat. Lipo ¥
BT 40 A HepG2 A0 i L5595 . #3 HEAG I 45 S
Kl 4A JIi 7R, Dat. Lipo 43 ()4 T 48 il % 72 % 473 4 H i
#, H 15 68.24% HepG2 4l Hu ik SR A7 35, B Sy Rk A
W B IL 31.76%; CTLA-4. Lipo /S A Ui4E H JLF N
;1M AS1411. Lipo 4 X} HepG2 4 g 38 I th — 72 %
6, 3X AT S 2 AS1411 38 I 44 % HepG2 41 il it A
fIFEVEVE ] . 1X % B Dat. Lipo i 12 3t T 40 i & 52 (1]
&2 SR AN MO, B B T AN i G R 4 A I G g R
YEH

N T ¥R 7T Dat. Lipo {2 2E T £ o X e 40 B 1) e 2 4%
PifE 5 FORBE I 6 &R, A LA FH 5 AN R & Dat.
Lipo % & 22 J& (19 T 4H M A0 AS ) fif o3 40 P 36 0 9%, 45 51
W 4B i . i35 Dat. Lipo W (0 7, T 40 M i)
95 % A0 1 R A 32 1 e, 24 MR 298 1 000 nmol L
i}, MCF-7 41}l ) 47 1% 2 N 72.42%, HepG2 4 il [ 47
TN 58.1%. %45 Bt W Dat. Lipo {2 a5 X 5
A F 6 AN [ 2 7R ) 8 A i 2 7= AR S TR FAD 9T 2R
3.2 Dat. Lipo RN EI RSN 1EN—FiGIT .
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A Jurkat I A549 MCF-7 | HepG2 ‘
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Figure 5 Immunotherapeutic effect of Dat. Lipo on tumor spheroids. A, B: The specific affinity and permeability of Dat. Lipo to A549 (A)

and MCF-7 (B) tumor spheroids. A kind of liposome synthesized by disordered aptamer was used as control; C, D: T cells incubated with

Dat. Lipo or Con. Lipo were co-cultured with A549 (C) and MCF-7 (D) tumor spheroids for 48 h to detect their immunotherapeutic effect in

3D dimension; E: PI staining was used to detect the cell death of MCF-7 tumor spheroids after co-culture for 48 h. Scale bar: 200 um
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