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Treatment of Multi-drug Resistant Tumors Mediated
by Nucleic Acid Aptamer

ZHANG Lin, ZHANG Hui, YE Mao”
( College of Biology, Hunan University, Changsha 41000, China)

Abstract Chemotherapy is the most common method of tumor therapy. However, multidrug resistance
(MDR) is the main obstacle to the success of chemotherapy. Therefore, the strategy to overcome tumor
MDR can improve the efficacy of chemotherapy and has become an important target for the treatment of
tumors. Aptamers are short, single-stranded oligonucleotides and can form specific structures to bind to
targets with high specificity. Aptamers that target MDR cancer-associated receptors can selectively deliver
therapeutic cargo ( anticancer drugs, siRNAs, miRNAs) and drug-carriers to the intratumoral
compartment to kill tumor cells. By using aptamers to target multidrug resistance-related tumors, the
multidrug resistance of tumors is intervened or reversed. The progress of nucleic acid adapter-mediated

intervention and reversal of multi-drug resistance in tumors are summarized.
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AR RRA iR SO B AR £ 2 2 1k 1Y R
R FESHEMER BN, 58 A9 4 Ak e R 40
x| R g oA G R DA B g N R AR i — 2B R T
251y 1] JI IR (35 3% T 3 2ok 328 A0 1 0 24 ) 5] R 1
INATFROR 27— RV RIVE R . R, FF A8
AR SRR ) o R 2 24w R e TR A i A Y
Z 2y 2P A EEA IR E X

&A@ﬁﬁ@ﬂﬁg(aptamer) JEH4E DNA 5% RNA, i
Fese R 545G — RPN Ik R A
JRAAIAL, B F /N (<30 kD) 41815835 fiE 775, fi%
BEE RS I, B TR R, XA H AT 8
BEVE R VAT 70400 3 g P Rk R S e
R A R 3 TG A S 1o b e Gl B 53 e 98 200 i ¢ 1o v
FEARMZ YNSRI T At g SR B - 3
DL SR 6 R YT E miRNA 45, 1T LU 250 B ke
L R () 22 2T 21

1 ZEREHEE

L1 #ZERBEEEH &89 SELEX H#AR
BRERAEER g EE TR T, EEA
DNA I RNA P2 38 3 1o 45 20 42 1 T 1R 3%
45 14k ( systematic evolution of ligands by exponential
enrichment, SELEX ) 4 A& 7& {4 4 i % fif 5% 0
SELEX i AR BYIEAL IR Fig. 1,
1.2 ZEREEAKEZE
P AES PC A AN T S b 2 52 30 A DAL A TR Tl ) e

Unbound aptamers

Bound aptmers

Target

Small-molecules
Proteins
Cells

SELEX

Proteins
Cells

Bound aptamers

Fig.1 Scheme of systematic enrichment for aptamers

iR LA B SRR LR 43 T 3 A ) 2 TR 2
HL A, T D B A R AR R 4T — S B A8 1 LA
PEm AR R 2 1, e 2 R S Y 5
b, WAEIRIE Be AR B A8 G 32 BLAE B IR h/ A b
I ) £ PR TR T (AR 4 1 DG 7 0, LA 1Y)
BTJTEUTE (Table 1)

2 ERGENSHERMESHWZER
"I

Z 25 245 (MDR ) 5& A Il 96 200 1 xf — Fif 4k
SRIT 57 A T 2P 8 TR B B A B AR
[) 225 44 VR T AL 09 Ak 97 25 9 57 2E 28 SC Y Tif 24
PENP S — ERE 40 i 2 B 22 2T 2 I8 A4k
2 0F g 200 4 1 S 23 R AR, 3 B IR 7 1Y
KW, Table 2 4223 1 M 22 251 25 AR SC AL

P R 35 AR A 3 IR IT TR 4 6 25 (1)
B e Jie TR I PR B (2) B 25 ) A HERE; (3) B 1A
CSCs; (4) FE ) Ies i B S5 53 5 (5) 9/ DNA &
SZRETT; (6) VAT IE miRNA HIH%,
2.1 EREEEMRINE

M 5% 25 55 (tumor microenvironment, TME ) J&
It IeA 4 L A A B R TR R T el i TR 200 i % A i A i
J5t ( extracellular matrix, ECM ) A1 5.4E H J5 BT 12 W,
%R T A5 0 B 1) b 3 SR S5 3R T, 2 B A 0t
I Ie I ZR G IR ot S IX sl LA K e 240 i A i o

(1) 52w ebdgg 145 R 558

i 96 10048 S PR 1 245 ) AR SR RCR , 5 R

Clone and sequence

Nucleic acid library
ssDNA/RNA

The ssDNA/RNA library was incubated with negative target to remove

nonspecific sequences. The unbound ssDNA/RNA was incubated with target for positive selection, then eluted and amplified by PCR

for next-round selection. After enrichment, DNA/RNA cloning and sequencing was performed to obtain aptamer candidates
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2 25T 25 PE R ARG . Ak sl PC A B M 5 VoK
TR TRV S P 3ok % 2 R o e BRI AT B T 5k
BT R P TG, BF ST SR B R B T R LR
(polylactic acid, PLA ) %) 1 ] §ij 271 Jig 45 5 B e Jit
(prostate specific membrane antigen, PSMA ) & fit /&

Table 1 Aptamer modification

(A10) 24825 W 85 £ ( doxorubicin, DOX) , # [a] Jf:
RS DOX 35 3% 233Kk PSMA (14 Jiigd AH 5G4 1
AR, LA SR IS R A LA 3R 4G, B0 B 20 R
(1) 335 sk /0, 38 i DOX 7 1A Ah T A& P 1) 4 i B
PEDT IR B R e P 0 X 24 BURR

Function

Aptamer modification

Replacement of terminal group e.g., substituting

2'-hydroxyl of ribose sugars with 2'-fluoro ( F')

Modification of pyrimidine groups of sugar components

Overcoming nuclease
degradation in vivo

Spiegelmers

at 2’ or 5" carbon site e.g., adding NH, at 2’ carbon site

Phosphorothioate bond modification
Introduction of LNAs

Evading rapid clearance

Increasing molecular weight

of kidney system e.g., adding polyethylene glycol (PEG)

Enhance binding affinity
of target

Adding groups at 5" or 3'site of aptamer
e.g., introduction of biotin

Table 2 The major regulatory mechanisms of MDR in tumors

Types Mechanisms

Non-cellular mechanism Micro-environmental stress

Discharging cytotoxic agents from tumor cells: overexpression of ATP

Classical multidrug
resistance mechanisms

binding cassette (ABC) transporters

Decreasing intra-cellular drugs accumulation; reducing drug binding sites

and the surface transporters in target tumor cells

Cellular mechanisms Non-classical multidrug

resistance mechanisms

The emergence of cancer stem cells ( CSCs)

De-regulation of apoptotic or survival signalling pathways

Active DNA repair ability

Dysregulation of miRNA

Regulation of cell detoxification mechanisms

(2) B X fiebgeg e S 1 o

AHXT R AU IR TR B8 1) 2R [RRRAE 5 L5 e
A2 SR 24P s 5 DDA O B
F-la(hypoxia inducible factors-1 alpha, HIF-1a ) E#%
JRSZ IR TR 58 0 5t SR A, DR L7 £ B 2B 800
FE M HIF-1o FIEIAR, 5 Mo (1D B 19 REYE Fe,0,-
PEG-NP #1188 & , MU BBTEAR EL IR T 8 S PR 1]
JER T ARR AR, Ty LT LAA R0 R SR 7 i ot 4 IX S
FATRE 20 EE 70 336 126 3] e SR A0 O F 1 s Ak 7
UML) 5 — b A R
o AR A 7 R 8 Bl A X sk R 4 PR R PR AR DR
B AL iR B S XV T B n, f EGFR
(epidermal growth factor receptor) i AR%E A g B 1A 44
KBURL, T A 2 44 VR AS UKk ( perfluorooctyl-
bromide , PFOB ) 1 EGFR -l %2 i % it 7 11l 771 ( EGFR-

TKIs ) JEI8H & (W01 0 7% A A /N0 i A 8 1) — 2k
TRITE5H)) T AR PE LK i S SR e
TR GFB GRS TAL | TR S A P 30 e i 4
| I A O] [ERT = Ik I N A

(3) B g 240 i /D Jo

iR R P FER Y AR A ML BT (ECM) 25 1 i
i CD44, B & 3 A i 4 TR K 9 (matrix
metalloprotein-9, MMP-9) 45 Z Ff B it A+ A AH AR,
TEA-F b K 4 - 8] 72 5T 4% 4k ( epithelial-mesenchymal
transition, EMT) (L5 A= BRI i 0 245 14 7 11 & 452 2
HEAEA, FHXT ECM 2 B RNA SR (G0, 4
JEEEE 1 periostin, E-¥EFE 2 ) fig 2 & T4 CD44 % &
% o B, . MMP2 ( matrix metalloprotein-2, MMP-2) &
HORRAE T e IR AR BT A, DT 00 a4 b e A A A
N A
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2.2 #H3EMIMERBTT X

ATP 456 & (ABC) ¥z AR RN £k, 2
7| ES g 4 L A HE 25 W 1 Iy E 2R A, ABC #%
15 B R B A I RSB 1 T, A T IR 4 G 45
3} (nucleotide binding domain, NBD) &4 & Fl 7K fift
ATP, FF1 FHRE 5 R 1) il 2 396 Vi 5 6 32 Fp 45 45
PR o, A B e B A A 2 ) (A
MiHER MY ERMF) ™, ABC B2 EHRK
R 3 B PR ( P-glycoprotein, P-gp, P-
gp/ABCB1/MDR1) | £ 2 ifit 25§ A )¢ & 1 ( ABC
transporter C family member 1, MRP1 / ABCC1) F1%L
Hﬁﬁgﬁﬁ%*ﬁ%% El ( breast cancer resistance protein y
BCRP1/ABCG2) 55 i1 2 24 Tif 24 1 2 DI AH G, &
S IRAT A S N Y A% R IE AR T
A 2N E R IR R EAA LU 2 A (1) Kb
VRIS N B e A 80 2 B B AR
IR LA K JoURL NPs o, Bk o3 % 7 i) ABCs %%
i I AMEE R, A s seat 2 25 251

TS ABCs %1z 8 H 194 3K, Alibolandi 55
fifi FH 1 41256 (1 Z2 D) HE DNA 44K 46 (NFs) |, 5435140
[F] {4 100975 0 2L 9 400 ) 335 48 KK1B10 (KK) Al
sge8 MEATEE A I 128 Dox, MIEEI A W] A 5UR:
1 DOX, Kk 25 85 (1 S i AN HEME T . XFPE 2
T P L9 R 7L 9 200 P ) % A 8 S J 2 i -l
A DOX A TIRITIIRER

9T 4l ABCs §% iz 85 B 19 AR, il LU A
(TR 245 28 1 Jo 41 o 7] 503 HE siRNA Ty 91 3647 3 1T
PR A& M, B G, fF S ) A% R R R 1S L A
(AS1411) fHERGIK-F b A S50 ok R L 2R
(P-gp EEFHMEIF) | SR F5 FH A SROME A 40 A 2% 1T A3
s LA YIRS E R 2 G W e S A 1 2L g 20
b 22 s IR b B 25 B A A I A i
P,

(2) I FHEAT 88 ) 22 24T 24 28 11 Joi A % R 32 T
RHEATIRYT , t2 v IR M 2 2t 25 P i) — A~ T %2
HEIT F-BL, ln, R peptide-cell SELEX §ifi % H
R ) 22 245 T 2540 G HE 1 1 (MRP1) /9 DNA 3 A
A, 5¥0 ) CD28 Wil Bk i 1145 &, i EE Y MRP1-
CD28 XURRS 1 3 FL A, AL RE WS 55 57 PR 45 & /D R
PR MRP1 5 3R 3K 1Y i@, i ELREFF CD28 il A%
5 158 2 T e 122 T A 2L 400 B, DT BB 08 34 i A7 T
24 g 1) o SRR, 4R R /N BRI A7 32
2.3 EEPhETHRE CSCs BTk

JiE T2 L ( CSCs ) BN b 2 I v 97 2R B

i S R EE RN 2 —, ORI, A i fkyT
BT HRE A SE P 1 B Y S A, X CSCs etk
. B, RSP 1) CSCs A 43 5 e 40 i, 78
Wil Z2 25 245 P TG R 7 4 R T Tl HAT AR R
TS M CSCs 3R I AR A, ] W EpCAM
(epithelial cell adhesion molecule) Fl CD133 19 idi fic
KRG RS0, W EpCAM 3 B4 4 5 H AT 200 e i
DOX 255 Survivin-siRNA 3 3% % P 4141, 33
DOX ok siRNA e 78 L A5 F1 45 o £ 6 200 6 PA)
FRAAC I TE], H CSC 4 L 2 b IR 9T RCR B
EHR

H1 T CSCs 1Y 5 B Pk, AU AL B X B — SR 1T A 3
PIRTREAS I LAY B CSCs BEAA, {145 33 Bl 5 1A A I
IR B2 8 Jm bR, 5Ttk fe i F & T LA ] B
A 1] FIBE T 95 Flt CSCs #7354, B CD44 Fil EpCAM
ABURE e MEE O, SR CSCs —Fbr 5 4 13
TCAAAH Lb 330 FiOUURE S 1 305 C AR 587 1 6] B 5698 1)
R BT SR AR T L 2452 B05E M (n
I7) J5 ,CSC R AR CSC HYFR AT LA T 3l
AU AR AL ) csc IR Csc, It FLBLWE
X RER 2 [] ) 2 20 4 48 78 i ed i 2 i 97 b )
FEEZE, I, TR MW R IR R T8 Al
TR CSC HE [ BIRTTHE
2.4 EREYEEEIRBNE S BT IE

JURRE 538 I 19 57 S5 , W0 Wt /B-catenin |
Notch .Hedgehog( Hh) \IL-6 / STAT3 .NF-«kB #l1 PI3K
/ AKT, B & S BUMR i 25 M i R
PRI | 25 T TR A B ) 3 6 3R A2 i AT 45 25 TR T R N
ISCTERYHRRL i, o 3 1o i A8 P B A A P
(vascular endothelial growth factor, VEGF) Y DNA i&
BLfRE 2 DOX 254, fE . E ] VEGF / Notch {5
%5, 3 T Notch BLA Jagged-1/2, 72 DOX &
S5 W R PR RO R MR i £ 2
T AN T B — 2 ] (0 i 42, i) HLAL 9 K
PN 2R HF S R R Z M X HAE, HI,
[ Fof 08 ] 22 25308 [ 1A TR 97 711, %o 300 2 i e 22 24 T 24
PR AR I B 2K 1 ( B-arrestin) P [l
A R EUR R AR I L, ik RNA 38 e 4 BH 6
B-arrestin g W% I ] Wnt/B-i% ¥ & 1 Fl Sonic
Hedgehog ( Shh) {55 53 %, B E £ XF B-arrestin [Y
IR AT BE 2 — A AR H A T S R R IE 25 W B
g
2.5 EJ DNA 18£8 S1H9T %

VFZ AR YT RN L 2 48 33 (onizing radiation,
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IR) #5155 DNA #4453 & 45 PR 7 1 a2
fih J 45 P AL DNA & 5 AL 0K 2T 2500
Ku £ [ F1 DNA A& 5 14 &% (1 3% % ( DNA-dependent
protein kinase, DNAPK) 2% DNA JF [] I R vy 1%
% (Non-homologous End Joining, NHEJ) &5 A% JC
HAy . FFRF Ku 8 1 (Ku) B9 RNA 36 244, BE 0 1
Ku G HEFDNEE DNA B 2448 52, I (1 1 1 s 240 %
DNA 557K FCIA 5 8O A 5 — I 5%
i3k PSMA RNA 3 fic 14 (A10-3) ¥ HT DNAPK
shRNA 5 siRNA 2 1% 2 Fi 91 Bt 98 20 i, e o w571
A 2 X A R P 9 A RS
FWIHL M 5 DNA B2 2% UM G m) o0+ ¥ A B T8
ifr 96 A X A 2/ TR 7 i AR
2.6 miRNA BB ETT

miRNA JEJEZAS Y 18 ~24 nt RNA | 3 1 5§13t
PR 37 B 2 X 45 4 ok 18 47 30 5 R 1) R
miRNA 35 1 2% I 28 8 W I g i) 25 4 propk
miRNA 7] DL 7 5 22 2451t 245 1 B AE O 1 25 P4 19
Fik 40 ABC %%z #5 1 (40 MDR1 1 ABCG-2) i
JAM I 7 (41 PS3 AT PTEN) P8 T2 2 X (4n
BCL-2) FZ5 Q3L A (An4m i (. % P450) >,
U, ZEMREIATT ORHA YT PE miRNA et i 1% 5
RN, FLRETE VR P VR 30 o AN Bk P g, 73 %
S 2 2im 2t B SR . TNF MG TIA S
fii {4 ( TNF-related apoptosis-inducing ligand, TRAIL)
JE—FPA FTE BB 73, (H o T HXT A B
AR, (i 22 I FH 32 BB, A Sl i — I 5
A 1] il g % SR U AZ UK Ax1 ) RNA I B4R
(GL21.T) , BE¥F miR222 (— b & &% it Jeg 41 1 A 1
miRNA ) 3835 45 i 987 20 ., A 2Hb DT ER B 0 T 2 A
polo FEFLHE ( polo-like kinase, PLK) B 31k, Jf- 1455
TRAIL fHTEER

RIS B AR T 04 v IR g 2 25T 251 1
TRIT IR IUAE WAL T S SE 56 K- B A AR K
- AR R AL T B AR A T 19 IR YR YT 7 AR AR R R
UL, E 2016 4F 5 H A 10 FRE FCARSEA
e RIS AR, e i 1 A3k A8 T 2 E B 25 5
BAE )R (Food and Drug Administration, FDA) A4t
W B NIk A 2 AT IS B R E R R
g i ged 27 11t PRI 36 ( AS1411 F1 NOX-A12) , i A —
S LA A [ P 4 A RS A 8 280 A ) BB A 3
Bep TR A R A AR v PR AR ORE 14 2 2l it
PR T I A SR B R T — A AR R T
HIERSE A AT RE

3 HABERE

JiiIRg 14 22 2 it 25 1k B A7 A, f A AL T 4 i
T A MELIS B IR YT BB, 105 v A
T 10 22 25T 21k — EUR AT IRTFE A FA e, T
Z AT PR BOHILR , B X FAE S 3 B el AR S o0 1
AR A S INAS S0 IR R 7 SR G R R T 2 2
TS 2514 o e P v s ) B

i M AT PR IE BC A S 103607 2 25 Tt 25 1R i
TR, REA ORI ik B 2 00 2 FRe 1) 22 245 i 244, 394 i
e 290 Xk 290 M 1 25 ) Y RS, B T R DI R
TR (R [ i 25 78 2 Bk . (1) 38
i AN SELEX J7 74 358 4% (9 A% IR 165 IS 1A mT BE TG 1 1
PR S AR B B, O AT S8R PN R S B iR 2
FUSE, S BRI RCR A, L 2 23 ok — LU R
PERT, BHATIX— i, E LA B HIA N SELEX J7
T R SCRe sh MR D BRI A TR 10 | AR A 0 A TR I
R PP A P ZH 21, H B S A [ 5 52
PSR HE S (2) F T IR 40 K HL TR 24 L )
e BE S B T H AT T A R 97 S0 ) sh P
PTG 52 M S T S X S B MG B R, fi
T E AR T D7 1% i s R A9 5 A 18 31 B Rk
i, PRI, S HERR PG IR RCR T A S 2 i PR A
HEARSCHY Sl R B K A B T 2 IC AR A9 i PR % A
(3) RZBAGE R T RROE B R B L & )
S X — T B — F) iR 25 AL 36 L 58 4 v AR AR 1Y
Z NG PE R L . DRI, 5 0] T A R E e
AL 25 251607 R GUREAT O3, DA i ) e S
M ZANA I r G IRIRE ST . (4) —LEFRHIZ IR &
P PRBE A 4 BR 0 B0 5K L R RS T 365 4 B2 9
KIS,

A AFAE X LE P A, (H G T iR 22 24 Tk 24 11k
PLHIAR BB A | LR AR 8 BRI A& B Y
AN A% R 1k I MR 390 PR 2 245 T 24 52 B
Il PR AR ) A 2R AT H Al
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