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HAET, ZIREHKEEHFLEH T 24
P A g O, Hep ) P B JoR 4R 4 2% 22 T g 4 KO
& SR B A T R 2 — P02 T 4 i s A 2
¥ B DI fE B ARARL I, B T A A Sk 2 24 3o 126 A A
AR 52—, T AL &R &R0 /Ny
TR, EEGOROR T, SHAME R RS
g AR B DL A AR A M L AR AR L Bk
B RT AT 45 R0 2% 1 D) B8 AL 45 45 5. Kostarelos PR
A P SR B 2 B A ) QD s 2% 7 I R A K A
W HEATIRIE IR, JF R T IR R T B ) B Ak &
MR G AR, IR A S S0 — 20 UE I, 5 ol
QDs ¥R PN 1 5 41 H 1R & 0k S B0 88 41t Y 26 e e
o . SR, R BT A Bk gl ) JC L X A IE R
i SR aniE. Ban, e R R ST
A 1w Jieh 928 210 B R A AV o o 6 T ok R v Y B IR
WIFAR . BUdk A AR s Fl ik 4. o, Wang%E AP
it T 71 2 UCNPs S MC540 ) - % 16 1 14 BE 514
JFH 80 g A 28 2L R A0 B 1) 26 e 1% B NTROYE 3 &
BB I 2436007 . R BRI B A 2 A 48 B0 R R
R G AL (SELEX) A8 tH i v 58 [ i L ik
Y. APV TSR 45 A U DNA B RN AR iR
751 2028 A H T R R B, A% R B AR B
Ve AR E A, HHRIE . 5T A B
AR RR . FoE Ym0, TEAED S PT | BR2E 12T
FEW A TR A E) 2R AP AW
I, DA% PR I TC AR S 45 A 9 A o 44 R 2R AR A A 4
KA B ) 2R AT Bh TR R I R 5 2 54 Ak

TEARWF G, TATIRGE T R TRNER(PAA)E
i 1Y) NaYF,: Yb/Er/Nd@NaYF, : Nd | 5 ¥ 4 >k 5 ki
(UCNPs) £ %% F AS1411 4% R i& Bt AR 15 1 1Y g i 14
(Apt-Lip)H, My T —PNIRYGHEL & B2 A% K 4
] R 51 4E 1 B UCNPs @ Apt-Lip Z L) e 91 K F 5. —
D71, FENIRGI A ™ I b 48 49 K J0RE % 5 AT D,
SeAE R AR5 75— 5 i, AS14114% R & B A& i
[JUCNPs @ Apt-Lip X} i 3% [fi = B R A E I 5L
JiR 988 (MCF-7) 40 it 2L A5 50 1 4 S e IR 1 45 A Re
A% R IS B AR B M 1 2 DI Re 48 oK B VR D T 7 1 24
R e e W S8 s VA 3 B =R ARt R ) BU At
W R b A AR AR S R RE TR YT R
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(1) RFHIUEE.  YCl-6H,0(99.99%), YbCls-
6H,0(99.99%), ErCl;-6H,0(99.99%), NdCls-6H,0
(99.99%), i 2 (OA), #x + /\ /& (ODE) ¥ Il 35 T
Aladdin; B, HC ki, &5 . Z HEE(DEG)E T
H 25k =X R A BRA Rl 1,2- A Wk -sn- T i -3-
Pk AE B8 (DPPC) . IH [ B 1 1,2- A JS Bk -sn-H i 3E-3-
W W2 £, B M -N-( 5 Ok ik I % -( 3R & — B%)-2000)
(DSPE-PEG(2000)-Mal) Il & F Avanti Polar LipidsZy
Al SR AL AN (NaOH) . 36 Ak 4 (NHLF) 1 2R 179 0 iR
(PAA, My=1800)I] H Sigma Aldrich/\ #]. SE56 F/K
¥y gk, a5 B 2 A DNA S I 3K F 4 T A4
Y TR (L) ey A BR A R, HARGE L F S an
AS1411#; /% 1& B 4K (SH-Apt): 5-GGTGGTGGTGGT
TGTGGTGGTGGTGGTT-C6-SH-3"; FAM #% i ¥
AS1411#%23E B /& (SH-Apt-FAM): 5'6-FAM-GGTGG
TGGTGGTTGTGGTGGT GGTGGTT-C6-SH-3"; FifiHl
J¥ %1 DNA%#E (SH-Ctrl): 5'-GAGAACCTGAGTCAGTA
TTGCGGAGATT-C6-SH-3"; FAM & i () Bt #1L ¢ %)
DNA%# (SH-Ctrl-FAM): 5'6-FAM-GAGAACCTGAGT
CAGTATTGCGG AGATT-C6-SH-3'.

JEM-20103% 4} L ‘2 il 55 (TEM, JEOL, H A);
B CHUF GKALE L (Malvern, Fe[E); F-4600%¢50
366 T (Hitachi, HAR); FV100030'% 3 548 Wi
B (Olympus, HA); X 4iig{(BD, 3£HE);, XG4k
i 4L (XRD, Bruker, f&[E); 980 nmzL /Mt s (K
RS AR PR A A).

(ii) NaYF,: Yb,Er,NdR & . 5T i A0 i
D7 PV 175 5 HHNaY R, : Yb,Er,Nd_b 545 44 K J5ok
FE50 mLIY = F R KK N A83.3 mg YCl;-6H,0,
46.5 mg YbCl;-6H,O, 0.8 mg ErCl;-6H,O, 1.4 mg
NdCl5-6H,0, 3 mL OA, 7 mL ODE. 7EEZ5 &/ F,

PR AR B IR A WA P = 150°C, IR IR SR
TN h, AR ZR R N B T R 2 I
Y. SRR EEE, m ERBER T IMA6 mL
1.6 mmol NH,FA11 mmol NaOHM F BEAR, TiHE 2
N0.5 h. iS5 R SR TR T 5 2100 °C LABR 25 5 i
YRR EE. IR, KRR SR T
O MHAE]290°C, FRFFIIRE R V1.5 h. J2 R 45
JG HARA N E R, IMALI20 mLZEE, fii 409 K ik
DUENT L, BOoaBE, HOBEMACERIREY
(ARFLLE, 10 )R A5 B B 98 K BUR R I 3R, B im0



IR ).

(iii) NaYF,: Yb,Er,Nd@NaYF,: Nd#%7e 44 K ik
A . TESAMERG mL)FGER /(7 mL)#Y50
mL = FB 0 i A97.2 mg YCls-6H,0 . 28.7 mg
NdCl3-6H,0. 1EE%5 5%, ¥ Fr i3 2] iR & Wi
TER ZURE T M ZE 150°C, FH 10116 B R 5 bk 52
U h, 42 2R e 8 S 0 3 i O I 2 8 SR 1 B o
REEER. W ERBERPRKMA4 mLE A
NaYF,: Yb,Er,Nd_F 4 K 0kE 4 2R CL e W . 6 mL
% 1.6 mmol NH,FA 1 mmol NaOHR FF ELIA K, 50°C
T PESN0.5 he Bl R SO i TR AR 100°C AR &
RN IRA YA B A5 ks LA, R N A R
AP REUINAAE]290°C TN 1.5 h, W45 W5 B
SRS HI B, IMAZI20 mLEE, fi 40K Bk Ui e
Mrit, B0 Bia, M OBEMIECEERIRA Y (R
Ho, 145 20 0 90K BRI VR I3k, e Ja B0
3304

(iv) UCNPs-PAAZ K BURL A il 45, 7E£100 mL
=B I A30 mL DEGHI300 mg PAA, KI5 7E
B &M F A 110°C, #4100 mg iR 15 F)
NaYF,: Yb,Er,Nd@NaYF,: Nd#% 7% 44 K Woki 4 87 i
R, AW RMEAD IRA R AR L, 3:1)5
B, PR IR TR R B I Z A AR, R
SRS ERINA R = ORI N1 h SR
IR ZE240°C, W15 h, BHIEEE. ITAZ20 mL
LEEB DAY B I, B A5 2 A 9 K 0k 20 B R K Ay
BAVRBLL, 1DPRER3K, a0 5 515 3
UCNPs-PAA, FFH B 5 #F 100 mLK .

(V) UCNPs@Apt-Lipf A . 322 1 K
FEFRAEEO. FIEAIRUNT . 7E10 mLAY IR B %
2:1:0.1 8 /K H AR Y FR BUDPPC(7.3 mg), JIH [ i Al
DSPE-PEG(2000)-Mal, fil A3 mL#& {5 fifi Ho¢ &
fite. BHJSE T 40°CKIH, e 7% %30 minfiif g 7E
BRI B — 2 WA, 2 mL 5 mg/mL
UCNPs [ ¥ 1 37 CoK & ThoK A il BB IS, 28 1R i
¥, 0.22 umYRKFREELE ., 4000 r/mings.0>10
min 2 B R 11 %% i UCNPs, L) 3543 UCNPs@Lip. HX
1/2ARFREY F3R VWM 2 ul 100 pmol/L ¥ SH-Apt/Ctrl-
ApUAT, 4°CRCIEH 24 h13F|UCNPs @ Apt-Lip.

(vi) Bg AR TH Apt I ER A AT 2. I A [
e BEFAM-Apt 26 G BE (U I 490 nm, &5
WK 518 nm), HIFED IR JE 5B (I-Cramap) b1 ifE

M4k . 4% B S A Ry ¥ i & FAM ¢ % A id 1
Apt-Lip, 181 9 600 5 45 4 2 18 i 14 2% 1 i FAM -
AptH D EIREE, TR S FAM-Apt) 2¢ St 5 BE A of i
LR IR B AR e T Apt i IR B, dE— 2B AR PRI ALY
SR RS E A5 20 R TR 2 T Apor) (R K .

(vil) AT, I i BRI BONR  SE
h13.0x10° 4™ 4 A 7L A8 20 i (MICF-7) s AR i 5 400 i
(HEK293) 5 FAM#5ic () UCNPs @ Apt-Lip fiIl UCNPs @
Ctrl-LipfiE i (500 ug/mL)sMHI7E4°C 200 LSS & 2%
MR HIFE 4 h. 800 r/minfZ (>3 min, FIDPBSZE Wk
YUK, 100007k F 431 7 = A0 AR 43

(vii) 0L S 1) 4% . #4500 uL UCNPs@Apt-
LipFIUCNPs @ Ctrl-Lip 1 % ¥ (500 pg/mL) 53 5] il A
F44 MCF4 i1 (1x10° >/mL) Ay 3L 8 /N, 7640
M3 349 37°C T Rmi4 hiE, BE2YK, A0.5 mL
DPBSZZ thif i, B HOG 5 48 W s T ge.

2 g5

2.1 R BURE Ak S RAE

NaYF,: Yb/Er/Nd@NaYF,: Nd_I- %% ¥ 40 K ik %
FH 5 R ik (0 T 2 A Y 1 R FH TEMERAE T
Frifil & FUCNPsHYTE S . an& 1(a) T/, UCNPsHL 5
B R, TSN H KN —, SRR 4
(13.7£1.8) nm. H T & B UCNPs K [ 78 75 b 7K P
F14) Y1 TR R EL S 1K, DA BR ol 17 7 A 9 A 3R
e g . FR AT o A 5 4 T X LR AT 3R I
Potk, MG AL T 3£ 7K M UCNPs-PAA. PAAE i 5
1) b 2 3 0 KBRS DR 5 I A B 36 HL SR A3 HOIE R AT
S EAE N14.0 nm(E 1(b)). K 1(c)/2UCNPs-PAAF
XRD/MHTEE S, it 5 bR F PDF#28-1192%F HerT
PLE H, AR S50 25 i b 2 35 48 oK JURE A 75 T A B
A, HAm S S5 hR R A0 & 58 R FF—3. LAk,
FATHE— 2 D6 O E B THIEA T UCNPs-PAATY
R R OEERE. WE 1), 7E808 nmfYIEOL
51K, UCNPs-PAATE409, 520~570F1650~690 nmAk
B RS, T H, 7E808 nm IO, UCNPs-
PAALL KR L4860 . VU 45 R R B UCNPs-PPA H.
A R0 43 EHE B F AR R 21 S e 1 4 k.

2.2 UCNPs@Apt-Lipl) &K 5 #4E
FH % R 3 B0 A & 15 110 T RE Ak 4 K A B E A= )
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Figure 1 (Color online) Characterization of UCNPs-PAA. (a, b) TEM images and particle diameter distribution of UCNPs; (c, d) TEM images and
particle diameter distribution of UCNPs-PAA; (e) XRD analysis of the UCNPs-PAA; (f) upconversion luminescence spectra of UCNPs-PAA in aque-
ous solutions recorded by a fluorometer using a 980 nm laser as the excitation source

A 8% i 20 B S L S L [ 2 90 3 i S L P T
BARS MR, BT DA SO o # A5 K i e % 2k -
b R P IV i A2 A E0C 5 g A5 1A% IR T A4 Dy e Ak 1
UCNPs@Apt-Lip. i# i TEMZ fift UCNPs @ Apt-Lip i
ghEf, 2@ PR, 1TLLE X E A9k R AT
HI AT BRIE 2546, UCNPsEN K FUkE A 2l 1 67 28 T % ik
TE PO A A IR AR P, L 4K B0k LA HOPE R AT
[#12(b) /2 Hi Image JHX 448 11 UCNPs @ Apt-Lip i) ki 42
Iy A, AT DL HUCNPs @ Apt-Lip k7 42 3 54 o
TE118 nm ZE45. 458 TEMSE T AN AR -1 11 25,
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Figure 2 (Color online) TEM images (a) and particle diameter distribution (b) of UCNPs@ Apt-Lip

FL(0.65 nm?), hERIEFOWUZ B (3.43 nm). 4
3131% UCNPs @ Apt-Lip % UCNPs ) 77 4% 4 62.80%.
BEAh, RPN FAM#E Yo AR i B9 Apt-Lip 4 9% 6
558 5 S FAM-Apti) 7 0 B 5 1 B2 1 s o il £ T 0,
23470.073 nmol AptiEEFIEFARFK M. Kk, Apt
I T 2 18T A I 2K 4 36.5%..

% % 3 e 1415 1 1) UCNPs @ Apt-Lip i — 4 9 34
kL BE A (DLS) R 1iE, 435l M % T UCNPs@Lip F1
UCNPs @ Apt-Lip 7K & ki 12 K Zetafi i, M & 3(a) ]
PIFE W, JOR IR E PR 181 i UCNPs @ Lip - 34 7K & 41
#8165.6 nm, ZAAL T E T TEMSE T 1 ki 42 43
Mrad . R IR I I PR 184 Ji (1) UCNPs @ Apt-Lip ¥ 7K
ARARH1165.6 nm7ZE 4209.5 nm, %R 5 H 4 I 1)
RURTR MR LA — B0 R 7 A0 A2 PR 3 AR X6 g o
PR T B R, DT AR RE A Zeta . A0 &
3(b)Hi7~x, UCNPs@ Apt-Lipf Zetat {1 (=22.7 mV){&
T UCNPs@Lip(-20.5 mV). [ iR/KE kK12 K Zetats
I B AR — 2 UE I T AS1411K% R 38 Bc AR © i 3 i

—— UCNPs@Lip @
2091 —— UCNPs@Apt-Lip
154 209.5 nm

165.6 nm (PDI=0.200)

(PDI=0.209)

FIEZBBLH (%)

10 100 1000

d (nm)

10000

#F|UCNPs@LipFIfi.

R T 2P IR R FOAR D RE AL B A ok
MBI S5 4, il £ T Ok ROBE 9 UCNPs @ Apt-Lip.
i W37 0 2 B RO R LUIE 52 UCNPs @ Apt-
Lipfy 5t se sk, iniEl4pin. R e2a - R BoR
UCNPs @ Apt-Lip R R ERE 11 45 # ##1E, UCNPsH 1
BB AT BN NE TR 2549 . 16306 F OB LR &
(808 nm)i & N, UCNPsk I i 92156, i
1488 nmi KM A T, FAMARICH Apt-Lip4H K
MRk & SRR, S mE AT, UCNPsi#
B35 G FIFAM 2 )6 3 AT i 28 6 I i &, B
UCNPs 5 #% R i& R 7EBR iR EA W iy dtef. -
R 4E AR FAMPRIC A AS 141 1R R 38E B 1A il 2 %
B Ng A b LSRR oA 171 281 T UCNPsH KSR

2.3 UCNPs@Apt-Lipi#B a4k 1%

R TG AL RS BB i 1) 2 DI RE R A 9K MR
AIEE R AIARE 71, AT UCNPs @ Ctrl-Lip iTUCNPs @

—e— UCNPs@Apt-Lip (b)
—— UCNPs@Lip

3%10°4

-20.5 mV
-22.7 mV

75 50  -25 0 25 50
ZetadEB 2 (mV)

B3 (ML (5)UCNPs @LipFTUCNPs @ Apt-Lip#3 K A4 i) K& kA% (a) F Zeta 037 (b)
Figure 3 (Color online) Hydrodynamic diameter (a) and Zeta potential (b) of UCNPs@Lip and UCNPs@Apt-Lip
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BEiH UCNPs FAM &

Bl 4 (M40 0)UCNPs @ Apt-LipfSOE TR A2 L . () UCNPs@Apt-Lipfy % (b), (¢) UCNPs@ Apt-Lipfse G4 &, 41t
SSRGS MIAIET 808 nmift % T FUUCNPs, 488 nmifi & FFAMARICAYApt-Lip; (d) UCNPs@Apt-LipfI 35 55 EEMIEL HHIRA 4 um
Figure 4 (Color online) Confocal microscopy images of UCNPs@ Apt-Lip. (a) The bright field image of UCNPs@Apt-Lip. (b), (c) Fluorescence images

of UCNPs@Apt-Lip. The red fluorescence signal derived from UCNPs irradiated by 808 nm lasers and the green fluorescence signal derived from
FAM-labeled Apt-Lip under the excitation of 488 nm laser, respectively. (d) The overlay of the bright field and fluorescence images of UCNPs@ Apt-Lip.

Scale bars, 4 pm

Apt-LipZ> %] 5 MCE-7/HEK293 41 Jfd T4 °C 454 F 3 [
BEE4 h. NEIS5@FT LIA ), FAMARICH UCNPs@
Apt-Lip% & MCF-741 i, WL 229860 ) 3181 i 1)
%, X2 B UCNPs@Apt-Lip 5 #5840 Jifd it EL A7 1R 58
LZELSEM S, BRI, FAMARIC B UCNPs@Ctrl-Lip it
MCF-7 40 Jifd 22 31 55 2% A Ty, 3l 98 b0/ N 6r 7%
WESZ. #HHZ F, UCNPs@Apt-Lip Al UCNPs @Ctrl-
Lip SHEK293 41l BE & 4 hJ B WL 3 56 G5 7 7
(E5(b)). Bk, #HFHEK29341ffl, UCNPs@Apt-
LipX ish B 8 15 40 3 B (1 1 MCF-7 200 Jifd 22 30 11 B 5
(25 R T, 3% 236 BZ 2 DI RE AN K M RE S 2 9 38 7%
RG] T )

N T AR 2 VIR YIK 5 A R X 20
JitL By L R S M U Y B8 f1, UCNPs@Apt-Lip I
UCNPs @Ctrl-Lip/4) ] 5 MCE-7 40 Jifd 37 °C 4t [7] 55 5%,

“MCF-7+UCNPs@Apt-Lip
MCF-7+UCNPs@Ctrl-Lip
[ | —MCF-7

T

0 10° 10° 10* 10°

i 3 HL IR A BRI B R X R A 1 R S
PERIARE 1. SR g AN K 6T n . ML 3R A 1 B
5375 v Al AR B AEMCE-740 i rh /G AR 5 A 21 (2,5¢
A5, FI M GRS NG &Ik e 55 %
FEAE TMCF-741 M g 4 vh, s R BB S A 5L
PEAMCE-741M8 N, Ui AS 141 1R BRIE Bic AR RE AL 1R &
151 7 UCNPs @ Apt-LipiH A il . 11 UCNPs@Ctrl-
Lip 20 K A4 b 28 i) 40 i A AR 35 i 2 S, X i
S v 2 AY BE HL T 51 DNA B i /9 &2 & 1 Rt
MCF-74i i TCRE 1 255 1 e ). 28 L, % ir s
U0 I AS 141 1A% R 35 P 1A BB Al K M 48 = % 2 T RE AN
KA AR MCF-740 i i) 8 1) U3 R4S & BE .

3 &k

FFPAABMiNaYF,: Yb,Er,Nd@NaYF,:Nd |-

HEK293+UCNPs@Ctrl-Lip
HEK293+UCNPs@Apt-Lip
——HEK293

0 10° 10° 10° 10°

THEE

B 5 (MR ()R A1 AR UCNPs @ Apt-Lip 5 MCE-7 4l ifi(a) FIHEK 293 41l i (b)y45 &
Figure 5 (Color online) Flow cytometry analysis of MCF-7 cells (a) and HEK293 cells (b) after incubation with FAM-labeled UCNPs @ Apt-Lip
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UCNPs@Apt-Lip

UCNPs@Ctrl-Lip

Bl 6 (M%7 ()UCNPs @ Apt-LipFIUCNPs @ Ctrl-Lip43 A0 F A MCE-7 40 i 2 58 45 A BE K%, D965 S 3R I T UCNPs K ik, iR

A 20 um
Figure 6 (Color online) Confocal microscopy images of MCF-7 cells treated with UCNPs@ Apt-Lip and UCNPs@Ctrl-Lip, respectively. The emis-
sion signal is UCNPs. Scale bars, 20 um

R o AR BORL, AR SOMPI A T UCNPs@Apt-LipZ  [a 41, %40 K 2 & 48] IR %5 %) i A MCF-74
R G AR R ZE S WK EAEKE R MHBEARSRNTOUES. 82, FATUEW T il &
BUME R4r HAE L ZDAM MRS T R 8 B 2008, RURIRIE I A i 1 22 D RE 5245 4 K 4 R HE D v 7
HeAh, ATBRR T ZZ NN KR E M EAEAY B2 b k-1 5 A Bt — 0 0T 2152 e A i gl
AR TT R, SRR SR R WA TARRE A S b B s S AR IR T A

5% 30k
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Aptamer guided liposomes loaded upconversion nanoparticles
for targeted imaging

Shehua Xiao'?, Ling Liang®, Dan Li*, Yuanye Su'” & Quan Yuan®’

" College of Life Sciences, Hunan University, Changsha 410082, China;

2 Molecular Science and Biomedicine Laboratory, Institute of Chemical Biology and Nanomedicine, College of Chemistry and Chemical Engineering,
Hunan University, Changsha 410082, China

* Corresponding author, E-mail: yuanquan @whu.edu.cn

During tumor treatment, effective imaging diagnosis can monitor the biological distribution of nanomaterials in vivo, so
as to reveal the therapeutic effect of nanomaterials and provide comprehensive information of tumor tissue. In conven-
tional cancer therapy, nanomaterials that fail to distinguish between tumor cells and normal cells often lead to adverse
side effects and higher systemic toxicity. Therefore, more and more attention has been paid to the development of multi-
functional nano-platform for a variety of biomedical applications. Aptamers are single-stranded oligonucleotide that can
specifically recognize their substrates, such as metal ions, small molecule, proteins and even cells. Owing to their high
specificity, aptamers can endow the delivery system with robust targeting ability and enhance the enrichment of drugs
and imaging agents in tumor tissues, holding great promise in molecular diagnosis and cancer therapy.

Here, we designed a NIR-activated optical imaging and target-recognition multifunctional nanoplatforms by the cap-
sulation of poly(acrylic acid) (PAA) coated NaYF,: Yb/Er/Nd@NaYF,:Nd upconversion nanoparticles (UCNPs-PAA)
within aptamer-guided liposome (Apt-Lip) to form UCNPs@ Apt-Lip. Transmission electron microscopy (TEM) images
showed that the composite nanomaterials had a uniform spherical structure, and the UCNPs nanoparticles were success-
fully loaded into the liposome modified by AS1411 aptamer, and the monodispersity of nanoparticles was good. The
Dynamic light scattering (DLS) detected that the hydrated particle size of UCNPs@Apt-Lip modified by AS1411 ap-
tamer changed from 165.6 nm to 209.5 nm, and the zeta potential (-22.7 mV) was lower than UCNPs@Lip (-20.5 mV),
which further confirmed that the AS1411 aptamer was successfully connected to the surface of UCNPs@lip. Flow cy-
tometry and targeted cell fluorescence imaging experiments show that UCNPs@ Apt-Lip nanostructure has strong ability
of target recognition and fluorescence imaging to MCF-7 cells. With the unique properties of movable cores, interstitial
hollow spaces, and the functionality of shells, we believe that multifunctional nanoplatforms will have great potential for
application in various fields, such as photocatalysis, nanoreactors, drug delivery and tumor treatment.

upconversion nanoparticles, aptamers, liposome, tumor-targeted, fluorescence imaging
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