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Targeted Imaging of Metastatic Colorectal Cancer Based on Aptamer L4
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Abstract To investigate the targeting and binding characteristics of aptamer L4 and evaluate its potential as a
molecular probe for targeted imaging of colorectal cancer tissues in clinical samples, this study aimed to provide a
novel tool for targeted diagnosis of metastatic colorectal cancer. Flow cytometry was employed to assess the binding
specificity, affinity, thermal stability and cellular selectivity of aptamer L4. Enzymatic digestion assays were
performed to determine the biochemical nature of the target molecule recognized by aptamer L4. Based on the biotin-
streptavidin interaction, aptamer 14 was conjugated with quantum dots (QDs) to construct 1.4-QD probes, which
were subsequently applied for targeted imaging of colorectal cancer tissues from clinical patients. The targeting
specificity of the probes and their correlations with clinicopathological features were further analyzed. Aptamer
L4 exhibited strong and specific binding to HCT116 cells, with a dissociation constant (K, nmol/L) of (10.4+1.7)
nmol/L, and demonstrated favorable thermal stability. Aptamer L4 preferentially bound to tumor cells with metastatic
potential, indicating that its target is likely a membrane-associated protein. Imaging of clinical specimens showed

that L4-QD probes enabled specific visualization of colorectal cancer tissues, and the fluorescence intensity was
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significantly positively correlated with American joint committee on cancer (AJCC) stage and poor patient prognosis.

In conclusion, aptamer L4 displays high specificity and affinity for metastatic colorectal cancer cells. Its conjugation
with quantum dots allows effective targeted imaging of colorectal cancer tissues, highlighting its potential as a
molecular probe for evaluating disease progression and as a novel tool for the targeted diagnosis of metastatic
colorectal cancer.

Keywords Metastatic colorectal cancer; Aptamer; Targeted imaging; Quantum dots

S5 H e R BRVE N K L T8 FE i 91 (RGP IE , F A 2 R AR T R L g
geit, 2990% W25 W B A WA SCAE T 5 M e B B UIAH O , S Re el i BB W S AR E AP R 8
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L4-QD ¥R EF 515 55 8 56 EAE B A 2 5122 (American joint committee on cancer, AJCC)434] & it
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TRFRFE ] A SOl 45 B 200 A (HRec-Ade 180Sur-03) I [ 1 V0588 A R AT BRAA ]
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L1 RXFI S

BERE A R0 B BE T 605 (QD-SA) , DU T B R AT LAY ° 5 RRRIE VRS | 5301
(Library) e S0 FIARBERF AL, _EIEA: T A2 )5 DMEM B JR 360 RPMI1640 35570, 2618 Gibeo 24 )5
2 L7 (FBS) FEEE 11 , 36 [ HyClone 23 7 ; 4% 2258 B O 43 80295% ) Rl 47, 6-— RS -2- 2 3
W (DAPL, Jht 3 40298%) , 13 = RAWIHAR A Al 5 el 7 bl s 5256 K b die
K (B 18. 2 MQ-cm).

FACScalibur B A AL (FCM) , 22 BD A Al 5 CX41 BIDOERHEE (FM), HAS Olympus A A .
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1.2 SCIEFE
12,1 40 M 2 A0 48 0 5 o SEUR BT N 45 B 9 4 il &R HCT116, CL187, SW620, SW480,
COLO205, Clone A, HCT-8 FTHT29 , JEM &M B AT 44 i bk COS-7. NIEH B F R4l GES-1., [
G ERIP SRR CHO . AR 21 itk HEK293 | A Mz 4n bk A549 . A B B diiikk BGC-823 . AZLAR
I A LR MCF-7 1 JH 963 20 Ak SMMC7721 35 0y A 52 56 25 41 M JE R A7 . Hovb, CL187, HEK293 Fl
BGC-823 4t Jfi i FH A 45 352 350 & 10% (AT 43450 FBS F1 100 units/mL 5 55 2 -4 25 2 19 25 0 DMEM 15 35
e HAYM AT PR IR 205 109% (K FR 2350 FBS F1 100 units/mL 75 55 2 55 85 2 19 RPMI 1640 55751 .
FIT A U4 7E 37 °C, 5% CO,&1F FEs3%.
122 FF 0 RS R AR SCE RS b RA T AR TRA RA R A K, BRRIE R 14
ssDNA JFUSCJE (Library ) £ 55 FAM 2¢ 563 A R 4= 47 28 (Biotin) 184 2 FIE 0. J5 2237 =X 40 i AR A7 ' 52
0 BT A% TR 35 1R FAM A3 9c, QD 4541 T A% R 35 1A H Biotin A7 12 . Ji SC % Library 19 )3 51
5'-AAGGAGCAGCGTGGATA-45N-TTAGGGTGTGTCGTCGTGGT-3" , H:H 45N X3 45 % R A BEHL
FEA 5 MR L4 41 5" -AGAGCAGCGTGGAGGATATCGGGCGGTTCGGTATCTTGTCCTTCGTTC -
GGGGTAGTCTGC-3'.
123 HEBREKRIANGESFREST  BOHECERIA HCT116 F1CL187 41, FIFHAERSIH L ik
2 Y60 7 S B2 B, LA 1000 r/min A5 S BS.0 5 min, FEE FJRT 20 000 A FAM-14 8 FAM-
Library (23 & 250 nmol/L) T 4 “CH% 5 30 min; LA 1000 r/min B9 % 8 8505 5 min, 325 FJ2W W8, H
300 WL BERRER (PBS) 2% thif F A A 5 A1 FH i At L ASCRS I A 4 40 ML 1Y) FAM 5[5 5 . FAM BOTOR
K4y 488 nm, WL FL1EIA [ (530+15) nm JMYZOGES . BRI 1x10* 40, R CellQuest Pro
BRAFHEA TR R AR 5 03T

HF 510 XHEUAE A 9 HCT116 F1 CL18T7 A g 280 F IR /NI, K557 12 hy A FAM-14 5§
FAM-Library (24 i 250 nmol/L) F 4 “CHEIEI T 30 min; F PBS 28 M e 3 7K JINA 4% 2B W T
251 85 30 min, FHPBSZEpPVEL 3 U ; A DAPL T2 Y4 €4 10 min, JH PBS 28 M i 3 ¢ it
5 BB AR
124 HEBREERLAWFAELN B FAM-L4 TH S E 2 00K (35 1 mg/mL BSA+0. 1 mg/mL & fi 4
DNA (1) PBS 2 M ) Vs IR B 2 BRI B0 1 umol/L. i3t 2 4% oA Bav: IRAR G ), AR UK I ok g
0,1,2,4,8,16, 32, 64, 128, 256 1512 nmol/L ) FAM-L4 TAEW . ¥ HCT116 4 it 15 2. 20 Ml 2k
IMAARFEHSE (0, 1, 2, 4, 8, 16, 32, 64, 128, 256 F1512 nmol/L) ) FAM-14 T/EW , T 4 ‘CIH 30
min, KT AEA S BT AS R A B FAM 256155 . FIH Sigma Plot B HE A2 V=B, XX/ (K+X)
THRAS B IRIE 1A L4 B 25 0 4 (K, nmol/L) [ HeHr, B, (MFD) ARAZS & 55 YIMEFD 2GR AL ;
X (nmol/L) Ay id A & 1.
125 HEBREKRIAWEERZELN HZRIEIAFAM-L4 5 HCT116 41} 5 5I7E 4, 25 F137 ‘CT ¥
B 30 min, 1 ARSI R 4B Y FAM 286 (5 5
1.2.6 ZEBRERLAZE GBS TFINER S BOTEAE KB HCT116 20 M il 5L 40 i, 43 5ImA
0. 5 mg/mL Y JBEAE FIBEAN 0. 1 mg/mL & MAREK, T°37 ‘CA9WEM 2, 5810 min, FHAIA FBS 28 mifi 4
1EVEAE RN, LA 1000 r/min B ES 0 5 min, 5525 FZWEW; A 100pL G L5 1 FAM-L4 T4 CiE &
30 min; 1A LSRN AL AR 1) FAM 25155
127 HEBREBERIAGARLFESN BT K B HCTL16, CLI8T7, SW480, SW620, Clone A,
HCT-8, HT29, COS-7, GES-1, CHO, HEK293, A549, COL0205, BGC-823, MCF-7 1 SMMC7721 4iff1 ,
HIA 100l 75165 B FAM-L4 T 4 “CHFF 30 min, 18 5 3 2040 M SO AS [R) 40 £ FAM 28155
128 HEEERIAGHET AH K L4-QDIF 4 1840 o o B ot BOSEAE K I HCT 116 40 i
IR0 B, HEAD TR B AR/, 555 12 hy 43 910 A Biotin-L4 5 Biotin-Library ( 243k Ji 2 250
nmol/L) T4 “CHFF 30 min, F PBS 22t R4 2 I 5 N ABE R SR FIZ AR L B i 5 QD605 T3 il
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FE 20 min, 1 PBS ZE MR AIIO2 Vs [ T BIRE RS BAL, 1A Biotin-Library , DAPFA % 191

FESEEZE A 4% Z R P BETZ IR EEAMS , A DAPLYH T2 I 10 min, #1756 85
WMEL QD-SA (LTG5 FEFFAARE s B QD-SA 488 nm P KOG % , W dE 585~615 nm & 5155 K5 DAPT
405 nm P KIEHUA , WEE 420~480 nm & $1' 5 BEGETH]4E—1% B QD-SA i iH 500 ms, DAPI#IA 100
ms; A EUGAEARIRI ZECN AL, IEH Image] BAFHEA 72061 1 40 AT

129 LA-QDAEA XTI K4 H 78 A& 4 S m R & o BA2UE B (HRec-Ade180Sur-03) F
60 ‘CHEIE 4 h, FI4E —H 2L (15 minx2 %K) 3 FJG/K L8 2 <10 min, H195%, 90%, 85%, 75%
F150% (IRF3H0) S FEAS W E S ming FH PBS 15U 3 X5 min; K] 7 & T 0. 01 mol/L ¥4 FR 4N 1E 52 W
R RAE S 100 s, HARR N R F PBS I 3 Kx5 min; AT A1 [ 8422 vP I +10 /L BSA+
10% FBS (T340 1T 4 “CHEE 60 min; A Biotin-L4 (2 )& 24 250 nmol/L) T4 “CHEE 60 min; [
PBSVEU 2 G, A QD-SA T RIFE 20 min; i1 %0 BB A AR . 7E 200x 1 400 .l 5%
PP N WSS PILLH  EA5 5 00 A, it L4-QD FHMER . pE— I8 s nO I RS B RE, 20 b7 H
FAES L MR MR RN L AJCCIG R 2 BASERAE LA A AF B 5 L4-QD 95 B AR DG

12,10 it 441 KM Graph Pad Prism 8 TG0t 50 07, G55 P BE bR 2230, RAEE
FoXf s Be % A Student s ¢ K 06 7 A T4

2 FHR5iTE

2.1 HEIEFLISEHCTI6 MR HES

TERTATEIEUE P, RS L4 2 Uik, DK 85 nt #4651 62 nt, H g5y nE 1(A) fF
N AT WIERAZIRIG AR L4 SERAIA HCT116 A5 S RRIE , AU AN A A T AR FR IS 14 L4 55 4 )
AL, B 1(B) AL, 5% Library A7 L, BERRIE K L4 5 ¥E 400 HCT 116 172 645 758 3 B 3
i, TS AR AN A CL187 By 2 R LT ok kAR Ak, AR R E IR 14 RENS Ry Sk 45 5 ¥R A0 i
HCT116. 950 BB WA IEST T ILES IR, TEAAIRIGIAR L4 41/ HCT116 4 F AT LAXES 2 BH 5 () ¢ (0
PENAFT, FEEN MR B 1(C) ] DA S5 SRE, BRid R L4 X HCT116 4 AT 45 545 54k

(A) 100 _(B) Library 100 _(C Librﬂr} ) 50 _(D) SRk
o | ]
%c2l0 soow _ 80F / 5 80F \ 8 4ot
%05 %0 00y ¢ © Q \ D \ 8 z
tcdc C%Gcc —’é 60F | ‘\ g 601 \ ,_§ § 30L
GG@ 'i’c. ; 401 l = 401 \ 3 = 20k
‘e%n 3 \ S 5
%.; 20p) \v 201 DTZ 10F
G.C 0 1 I 1 0 |\ 1 L 0 ooy
10 100 102 10® 10* 100 10" 10> 10* 10* 2\ \\b
Apt L4 . . M eS
PSR Fluorescence intensity Fluorescence intensity ¢ ‘?»C
(E) CL187 HCT116
DAPI Merge FAM DAPI Merge

Library

FAM
..

Fig. 1 Analysis of binding specificity of aptamer L4 to the target HCT116 cells

L4

(A) Secondary structure of aptamer L4; (B, C) flow cytometry analysis of aptamer L4 binding to HCT116(B) and CL187(C) cells;

»»»»»

binding to the target HCT116 or non-target CL187 cells.
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FEPR A RIS 1A LA X SR M ) R S 25 A 05, E— 20088 T XS AR M i 25 5 2R A . =R A i
AREERLE2(A) [BoR, B LR IE VR LAV EE (3G, X0 ) 4 I 2 ' o B 20 i o 5 A% IR IG 1K L4
W EEHE N 16 nmol/L B, SR LG IR B AR /1N, S 5 S TR . [FIEE, Library 2000 40 i 0%
FEREINE > ARIETE S SR AR e A i, TSR K. hE2B) AL, BRSE R 14 K (A
7(10. 4+1.7) nmol/L, HAT RAFIZEFAT], X AL TRIE R L4 1 E— 25 15 PRIV RS T 520k 4t . )
RS R THEH F IR RS W A2 D TR 2, A ST M5 20 21 P4 J2 TR SE T AR TG 14 L4 1 1
WIS FEANAR)Z T, BRRIE IR L4 SR M 25 B 40 HCT 116 I = AR 45 G, K=(10. 4+
1. 7) nmol/L, J& Ty £ A EmE ; xd AR5 RV ESS BV 40 M CL187 W JCHA i 4551 7k .

Library Aptamer L4 ©) 50
A [ B)[ . o A L4 k=
y 0 nmol/L VN 0 nmol/L E ptamer K=(10.4%1.7) nmol/L
1 nmol/L 1 nmol/L € yol° Library
2 nmol/L 2 nmol/L %‘
o [ 4 nmol/L 5 VN 4 nmol/L =] |
el 8 nmol/L 2 8 nmol/L g 3
E 16 nmol/L = 16 nmol/L B sl
3 [ A 32 nmol/L = A" 32 nmol/L 5
© [ 4 64 nmol/L © # . 64 nmol/L 2 |
128 nmol/L 128 nmol/L 5 10
AW 256 nmol/L 0,256 nmol/L £ 0 &
A > 512 nmol/L ., 512 nmol/L 0 100 200 300 400 500 600
10° 100 10° 10° 10¢ 10° 100 10° 10° 10*

Fluorescence intensity/a.u. Concentration/(nmol-L~")

Fluorescence intensity/a.u.

Fig. 2 Affinity analysis of aptamer L4 binding to HCT116 cells
(A, B) Flow cytometry histograms showing the binding of different concentrations (0—512 nmol/L.) of aptamer Library (A) or
aptamer L4(B) to HCT116 cells; (C) saturation binding curve of aptamer L4 to HCT116 cells with increasing concentrations of

aptamer L4, and calculated K, value, data are presented as mean+SD(n=3 independent experiments ).

23 ZEIEFL4ERSAREREEANES

H I 1(C)RT I, AZBRIE 1A L4 W45 & FEAE MMM |, A 1B A SRR 0 BT, 1 e
it R 1 it K AL PR AN [N ] , 62T 7 i AR A . i3 AT 0L, ST BRmE A BRAH AR L, JefitE st
P2 min J5 4N DE G50 B I B R R, ALFE S F 10 min (4RI 5E 645 A 16 T LF- S5 %60 B8 Library L84, M
JE AL TS AN 2R K T S RIRIE IR LA G5B IR T, SRR ILIRIG K LA 255 iU AR 3 1 BE A% 1 JER Tl
fiff . TRVAE, FHAR 1 K A 30 o I E B AR [R) 45 2R . AR DL 45 SR, RIS 1K LA 455 Y REAR 3
TR RE AN R T

@) /:\ Library | (B)] 4 Library &
- - 8 ¢l© o Aptamer L4
o | [ \Aptamer L4 | Aptamer L4 QE) ’ N 2 min
2 2 S 45l ©5 45 min
g Trypsin| ' Proteinase K 8 %1% 10 min
E 2 min 2 2 min 2
= » = = 30} %k
il : A . <
O 5 min O 5 min ﬁ 5L s
i + . g dededede ek
a 10 min 0 10 min s 9 i e
10°I l(r)>l 162 1(l)3 104 105 161 1(.)2 1(')3 10 w Trypsin Proteinase K

Fluorescence intensity/a.u. Fluorescence intensity/a.u.

Fig.3 Flow cytometry analysis of aptamer L4 binding to HCT116 cells before and after trypsin/proteinase
K treatment
Histograms of trypsin(A) and proteinase K(B) treated cells with 2, 5 and 10 min; (C) quantitative analysis of mean fluo-

rescence intensity (MFI) showing the relative binding of aptamer L4 after enzyme treatments; data are presented as meant
SD, “P<0.01, “*P<0.001, " P<0. 0001, n=3.
24 ZEEE L4 SRAMSESHREREE
TEGH AL BRIE AR , 1 57 (R A0 IR A BR B B N A VR, SRR R B 4 °C, RTTREAIG 1l
FVELE G . N T b PRI R I LA TER N I TR FT R , AR A B ARG I T A% RIS A L4 78
(25 C)BURNIREE (37 C) T SHAMEHLEGROL. 47T, 5% 88 Library AL, 7E25 CEY
37 CHFE I, AMIZOLIEREE RIS IR RE 5 4 CIYJLP—HE, SRIIARZTRIE TR L4 75 % I s A IRLEE 1 475 £
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@A) e =)
/\ ] Library s0l N
1\ Aptamer L4(|4 °C é ns
E — § g 40+
' .. 1) =
g ' Library § = 30t
ks \ Aptamer L4 |[25 °C =
/\: Library = ok
- : 4
! Aptamer L4 ||37 °C p
160 lbl 162 163 1I04 4°C 25°C  37°C

Fluorescence intensity/a.u.
Fig. 4 Flow cytometry analysis of aptamer L4 binding to HCT116 cells at different temperatures

(A) Histograms; (B) quantitative analysis of mean fluorescence intensity , P>0. 05, n=3.
SR ZS 5 RE D), HARN ] .
2.5 IZERER L4ESHBEMEA RN TR
R T 2D WAL R R LA A A I BE PR, ERREE V98 L T A0 M R T (R 1 S UK U5 %) T # 2
RN A A T T ARG AR L4 WA ZE A 5200 . TR ARZE R s, BTG AR 14 5 4 IE 5 4 i
% COS-7, GES-1, CHO FTHEK293 ¥ ARLE & [ 5(A—D) |, $&/n R A M Ss &R e . Ieoh, i

100 M(A) Library 100 r(B)u Library 100-(C) Library 100r(D) Library
. 80F Aptamer L4 5 80+ Aptamer L4| _  80f Aptamer L4~ 80f Aptamer L4
Q [l R o Q
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/ E 3
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\ O Q
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=
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Fluorescence intensity/a.u. Fluorescence intensity/a.u. Fluorescence intensity/a.u. Fluorescence intensity/a.u.
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3 1 3 ’ 3 ‘
g 60F g 60F = 60
2 E E
E
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S S S
201 20 20F
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8 5 5 0 5 oof
< 60 2 60 3 - 2
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3 =] = =
S 20f S 20t 3 20- 3 20¢
0 L . L 0 It 0 | L 0 1
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Fig. 5 Flow cytometry analysis of aptamer L4 binding to various normal(A—D) and tumor(E—R) cell lines
(A) COS-7; (B) GES-1; (C) CHO; (D) HEK293; (E) CHT116; (F) SW620; (G) SW480; (H) HT29;
(I) COLO 205; (J) HCT-8; (K) CloneA; (L) MCF-7; (M) BGC-823; (N) SMMC7721; (0) A549.
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ERLARR T SAMHCTII6 456 248, W52 MR 3 SW620 1 COLO 205 454 [ E S(E—K) ],
1155 FL B 45 E 9 A 2 RS [ A SOR IR R L IR IR A Z5 A [ B S(L—0) ], DL 25 R, #
FROE R LA HAT XA M 25 e 0 45 A R S, HLR R HRR [ R B AR O 2 I A I ) “ e A e T
ARREE L LURIE , X — P L2 O | RS A5 1 Mg L 1) 4 A0 2000 Sl ) 4 v
AROE 2 R S BEYES S, SREIS W S:, SXRA BROE AR B AL S R AR S P 1 28
ez —b23),
2.6 HERIEHL4BEE T SSIMIMAMMR G

RS R T YOG A RSO TR K SR A R, S A 1 B 2 AR AU 1 B
TR . AN SR (VR A5 A5 5 L W is R AR TR () SR o7, R RV Avg L g 12
EIRYT ISR T RS AR S BT REMAE M, ORI AR RS B Ja RRAE A 5 2 ) AR 1Y
R, IHE S IG AR W et . PP RIS IR LAVE R o TR A TR ) BRI T A5, AR
RTEYR - EMRERGK EYRERICAZIRIE R 14 5 QD-SA B, MHE T L4-QD 2 644
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Fig. 6 Targeted imaging of HCT116 cells by L4-QD probe
(A) Schematic diagram of 14-QD probe; (B) fluorescence images of HCT116 cells attained by L4-QD probe.
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Fig. 7 Imaging analysis of colorectal cancer tissues and adjacent normal tissues by L4-QD probe
(A) Fluorescence imaging of L4-QD; (B) comparison of L4-QD positivity rates.
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Fig. 8 Representative immunofluorescence images of 1.4-QD probe staining in colorectal cancer tissues

(A) Negative; (B) weak-moderate positive; (C) strong positive.

Table 1 Correlation analysis of clinical and pathological characteristics of 90 patients with colorectal

cancer and fluorescence intensity of L4-QD probe”

Feature L4-QD fluorescence intensity, n(%) Spearman’s correlation
Negative Weak-moderate Strong r P-value
34(37.8%) 34(37.8%) 22(24.4%)
Age <70 22(39.29) 19(33.93) 15(26.78) -0.02248 0.8353
>70 10(31.25) 15(46.88) 7(21.87)
Gender Male 26(44.8) 21(36.2) 11(19) 0.2170 0.0400
Female 8(25) 13(40.6) 11(34.4)
Tumor size <S5 cm 21(38.2) 19(34.5) 15(27.3) —0.03909 0.7145
>5 cm 13(37.1) 15(42.9) 7(20)
AJCC clinical stage I 7(77.8) 1(11.1) 1(11.1) 0.5675 <0.0001
1 23(61.5) 13(30.8) 3(7.7)
I 4(10.5) 20(52.6) 14(36.9)
v 0(0) 0(0) 4(100)

* A statistically significant(P<0. 05) ; age information was missing for two patients in the original data.
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Fig. 9 Representative immunofluorescence images of L.4-QD probe staining in non-metastatic and

metastatic colorectal cancer tissues at different magnifications
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