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Characterization of fibroblast growth factor receptor-binding DNA aptamer
and its biological applications

B IETER T Z RIS T % DNA 7 79 v — DN L 2 DEYENIEH)
ISR, 37-187120, LIT5%5A

H1E S

PHELF AN R -2 254 (FGFR) 1%, MRAESHINIESEIER T (FGF) DOffaric & b ZEM b LisMd %,
FGFR O B LIZHIENOF s v ¥ F—E F AL v 20838, ZOBEACY VRS E 2, 20
D) UBAGIC K D TRDO Y ZFMBESY V87D 7 )V — b ETEVELDFE S 1, HhH -l - b ERk4
AINIBERE TS X LB (Figure 1a), FGFR 1 4 DD 7 7 Y — A ¥ N— (FGFR1-4) 25K XN, FGF
122 D7 7 Y — X N— (FGF1-14, FGF16-23) 2> 5S4 %, FGFR O B X £ 13 3 DD
7a 7 YRR XA Y (Ig-like domain I-IT) 235%235 7:H§i&i%2 L TH D, FGFRI1-3 I Ig-like domain IIT 354
BRHIIY VK-> Ta—FEINLIDb & Mllc EFHEND 2DODAT T4 > v FEREZRFD .

FGFR 3HE4 03 A2 B W GREFRBIPERD Ao N 2 DA BHUE{E T Tb H % >4 FGFR 77 3 — X
YX—=D 1 DTH 2% FGFR2b 1ZE b HPAMMEME KATO-II (2> THID THIEDHER S 23 A 8
NIBETHY, HOA, MDA, WHEBA, HADBAK EDHL LBAICE W GEREFRECBEFRBIR S
N5, FHITHDAITE W TIE 4-9%DEFNIC BT FGFR2b DRI 5415 2 L2365 T\ % 24 FGFR
773N = RXRUN—RFZNETNRERN R Z AT 2720, o7 73 — XN ICEB2 5231
FGFR2b % RIS T 2 2 &£ 2% FGFR2b Bl D DIABRHRICE W TMO THEETH L. ZNF TIC
AZD4547 % BGI398 7% £ FGFR 12X 3% dF u v v ¥ F—XIHEADBIF S KRB Th T 5
D36, 25 DHANE FGFR D ¥ F —X N X A ¥ OEER BB ISR T 2 Fe ORI & D, fihod FGFR
7730 =X N—OEHLZAELTL £ I MERH 5. ZD7®, FGFR2b R HEA DT X
RELBELBFE LN TV S,

DNA 7 7% = — 3tk & FSF O W BIATEL R R —
MBI E T 20T Th Y, BMNICKETH S 2 ke domain 11— ﬂ‘ )
LRI TH A Z LKL LAl EZE T lg-fike domain mj’{f/({\' \‘ -
22 E0ohikofEWmE L QEHINTWS ', %

<200 o S O
Tyrosin kinase *\”%;:7’% F‘Z‘(I N\H‘%} %gFRSZ@

(STAT

72, SELEX (systematic evolution of ligands by exponential ' '\
enrichment) 7512 & ) ZHRZEENICH§ %2 DNA 7 7°% iy ity pthwny

< — D HUFHRETH 5. AWIZETIZ FGFR2b Hie {1k b rormi FGERS FGFR4 S

DNA 7 7°% = —DHfF 21T\, % D FGFR2b iR FE &} ‘ﬁ} &} 2N (UYI‘S

B3/ TP FGFR2b ¥ 7' F VIt 2 fEICE T 5 \ \ \

Wa 1757 (Figure 1b). & ﬁ VIS

% 2 B FGFR2b &M DNA 7 7°% v — DHUEE & Aberrant signaling

O i} Figure 1. Targeting FGFR signaling. (a) FGFRs are dimerized and

2&%‘@@, FGFR2b fxuéllﬁ DNA 7 7% < —DOHifS phosphorylated by the binding of FGFs and transduce intracellular
signaling. (b) FGFRs consist of four family members and each has

ATV N, 7 7Y - @%ﬁ% X N FGFR2b 12§ % =] specific role in multiple cellular functions. The aptamer only inhibits
é%’lﬁo) SEMiZFF o 72, 1Z U ®IC SELEX B2 kD the signaling of one of the family members, FGFR2b.



FGFR2b fi &1k DNA 7 7°9 v — OS2 1T > 7. 6 %A 7 )LD DNA 7' — )V O IERFSI T 2 7> 7 &
2 A, 76 HHH 5 7 5 FGFR2b #5451 DNA 7 7% < —"Apt 76" 2 Fl%E 417z (Figure2a). Apt 76 DHELFIIC
3EHE T 5 77 = VA (Gtracts) S BEEFNT WA s, V7=V IHEE (G4) BEZBKT 5 2
EDIRMB I NI, % 2T GAREEDIE Z PR aMIE I X D #EER L 72 (leftin Figure 2b). PRS-tk
AR PV UMD A ) 7 DA F ARFENE L, 265mm ICEWTIEOE—=2%, 240nm ICEWVWTHDE
— 7 BRLIEZEDPS, Apt 76 1337 LIVHEIO G4 &G ZTERT % 2 L BRI r,

RIZ, 2D 76 FHHED R TREAICBIG T 2 /NS ORFEZ HIE L 72, % { D DNA 7 7'% < —»3 G4 Mt %
Fit, ZOMBEIHAICEL TEETH 2 2 EBREINTVE I D6, HHEILL % Apt 76 ICBIL THIfE
HEMEHIE S & O FGFR2b ~DOfE G OFHIi 217> 72, Z DFEHR, Apt 76 ND 46627 79 <=7
Apt 46" (Figure 2a) »% Apt_76 & [FRD IRl A X2 F )L & FGFR2b «@%ﬁéﬁ%%ﬁﬁ%d\%ﬁﬁﬁ
%5 EDMER I L7 (right in Figure 2b). 236 OFEHR LD, DBEOWIFEIZE W TIE Apt_46 % FGFR2b fi
HEDNA 7 7Y <—L L THWAZ LE L.

Apt_46 DFEARFEME XA FGFR-Fc % [E7E L 725 € — XISRT 2 Apt 46 DfGGZFHIETT 2 2 &1k D
fIo7., ZN6DE—X% 5 -FAM &fifi Apt 46 8 X X Apt_46 DIELS (Inv 46) & A v F 2 _X—1 L, FAM
DHEE 70— A4 F X FY =k hiERL 7% (Figure2c). 2 DFE, 2 TPD FGFR IZA54 7 % FGF1 % HiLyte
Fluor 647 fak L, HBIRE L-THWA, ZORE, FGF1 32T FGFR IZFEGT 52 DITH L, Apt 46 X

Name Sequence
Apt_76 ATCCAGAGTGACGCAGCAGTTGTTGGGAGGGGATGGGACGTATAGGTAAGGGCGGGGGTGGACACGGTGGCTTAGT
Apt_46 TGTTGGGAGGGGATGGGACGTATAGGTAAGGGCGGGGGTGGACACG
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Figure 2. Characterization of FGFR2b-binding DNA aptamer. (a) Sequence of Apt_76 and Apt_46. The underlined sequences are predicted to form
G4 structure by QGRS Mapper. (b) Circular dichroism spectrometry measurement of Apt_76 and Apt_46. The aptamers were folded in 20 mM
Tris-HCI (pH7.6) containing (solid line) or not containing (broken line) KCI (100 mM). The measurements were conducted in the same buffer at
37 °C. (c) 5'-FAM-labeled Apt_46 (100 nM), inversed sequence of Apt 46 (Inv_46) (100 nM), or HiLyte Fluor 647-labeled FGF1 (100 nM) was
incubated with FGFRs-Fc-immobilized magnetic beads for 15 min at ambient temperature. The fluorescent signal from bound molecules were
measured using flow cytometry. (d) Isothermal titration calorimetry measurement was conducted in Dulbecco’s phosphate-buffered saline (DPBS)
at 25 °C. The titration curve was obtained by sequential titration of Apt 46 (80-100 uM) to the extracellular domain of FGFR2b (4 uM). (e) The
mutants of Apt_46 were folded in 10 mM phosphate buffer (PB) (pH7.6) (left) containing or (right) not containing NaCl (140 mM) and KCI (5
mM). The folded samples (3 pmol) were applied to Native-PAGE using Tris-Borate-EDTA buffer containing or not containing NaCl (140 mM) and
KCI (5 mM).



FGFR2b IZDAFEGT 5 2 L DMER I e,

FEEBAPEOME TR ER A 7Y X P Y =2k DT, EEEEIE 79.7 £ 16.7 aM TH > 7 (Figure
2d). ‘?Eﬁfﬁﬂiﬂfﬁ%b)%cijigtw:‘/&)l/t"—@%f% (AH= 202 + 0.5kcal/mol) & =¥ FPrE—DIEK (-TA
S =10.5 + 0.6 kcal/mol) 2RI N, KEMAPCEEMAERHOIRIRB I N, 0o DMHAEERD
FGFR2b c:ﬂ?%%ﬁﬂ@&fﬁém%’—?tfw% EEZoND,

FGFR2b A IS B 2 i R OMEIE DRI %2, Apt 46 ZEAKDMRNTIC X D175 72, ZBEE AN O

BB L Tl Apt 46 28 G4 REIEZTE L T 2 RUCHEH L, G4 MEEIZRICEE G L1552 0L 28 0E L 7. Apt 46
DOFFNFIZ 1T G4 BEET G DM TH 5 G-tracts VX8 DIFEL TV 5728, £ Gtracts IZEHFNS G % A

ICIEHE L 72 8 DL RMAEZ AR L (Figure 2a, ZFE AN A b MICHEHEF SR, £HREAIC K 5 Aptamer
W& D2V O FGFR2b ~ D fE 88 % 3Hilli L 72, Aptamer 538 D VI IEZ M PAGE 12 & - THFli L 7z (Figure

2e). JEZME PAGE TO NV FALEDY Apt 46 & AR E 72 28 RAEIE G16A KO G4IA DATH D, Hil L
b ZD2ODEEKDINE Apt 46 L B ZEEERIVRT 2 2 LRI NI, Apt 46 L FRIDOEZ K
T2LEEZLNS GI6A MU G41A, Z L THEED R 2 G6A MU G31A D 4 D DZEEHR%Z VT FGFR2b
EDOMEFAZSRMEM AR Y X N) =TT LLEZ 3, 42T XRTOERKOREMBICE LT
Apt 46 TR IN TV ¥ IV E—DFH LG5I 6 Ned > 7 (Datanotshown), G16 & G41 IZBIL T
&, ZERAEDIEENE PAGE & FRE kA X7 L OFER (Data not shown) 7°5 Apt 46 & RO E %
BT 2 2 LR TPRIND -0, fEAICEERSG T2 TH 2 2 LXRBIND . Z DD ZE AL Apt_46
LR 2GR, HD FGFR2b ~DFEGREDERTE R W I 025, FGFR2b “DFEEIZIE Apt 46 I
FETAREDHEDTEEDIMNETH D L, RUV6 DD G-tracts ETHREBHICEIS T2 2 EXREX
nr.

45 3 2 1 Apt 46 ® FGFR2b FEMME~DIE

a b FGFR2b-negative
Apt_46 3’-inverted dT Apt_46
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Figure 3. (a) Serum stability of Apt 46. Apt_46 or 3'-inverted dT-modified Apt 46 (2 uM) was incubated with 10% heat-inactivated feral bovine
serum (FBS) in DPBS for indicated times at 37 °C. The samples were immediately applied to denaturing 10% polyacrylamide gel electrophoresis.
(b) FGFR2b-negative cell lines (A204 and KMS11) and FGFR2b-positive cell lines (SNU16 and KATO-I1I) were incubated with 5'~FAM-labeled
Inv_46 or Apt_46 (100 nM) in DPBS containing 0.5% bovine serum albumin and 0.1% tRNA for 15 min at 21°C. The fluorescent signal of bound
molecules was measured using flow cytometry. (¢) Competition assay between Apt 46 and FGF10. HiLyte Fluor 647-labeled FGF10 (0.1 pM)
and FAM-labeled oligonucleotide samples (0.01-10 pM) were co-incubated with FGFR2b-Fc-immobilized magnet beads for 15 min at ambient
temperature. The fluorescent signal of HiLyte Fluor 647-labeled FGF10 bound to the beads was measured using flow cytometry. (d) Putative
model of FGFR2b dimer induced by FGF10 binding. The FGFR2b dimer complex model is built by superimposing FGFR2b—FGF10 complex
structure (PDB ID: INUN) on a known FGFR1c-FGF2 dimer structure (PDB ID: 1FQ9).



ARFETIE, MIFEFRMEICFHEILT 2 FGFR2b DZEEN XITT Apt 46 DIEFHZ3HII L 72, 12U 012 Apt_46 Dl
Hass BB CORENE Z MR T 5 720, MIETEDFHIiZ 17> 72 (Figure3a). Z DFGHE, Apt 46 1% 10%7
SRRV CRZ SRS 2 b DD, 3 KD inverted dT Efi 2179 2 & TLEMENA LT 2 Z LAVRE
N7z, RICHINE RICFEBL L 72 FGFR2b ~ D& HgaTAli 217> 72, FGFR2b FaEMNERk SNU16 ¥ X OY KATO-
111, FGFR2b EEVEMIERE A204 & X OV KMS11 % 5°-FAM 35k Apt 46 £ 4 ¥ 2 _X—1+ L, 70—4%A b X b
V=% HWTT7 7y =D& EME L, Apt 46 2% FGFR2b BHMEMIErRic o AfEA T2 2 L 2R L 72

(Figure 3b).

Apt 46 DY b —7ICBAT 2R %25 % 72 &, FGFR2b D KR A F FGF10 IS T 2 iE&HmE T vk A
#4172 > 7 (Figure3c). Z DFHHE Apt 46 DIREEMKFFN 7 FGF10 DFEERIKT 23R 54, Apt 46 £ FGF10 D
IV h—=7DEAINCELE > T 5 2 EAVRBE N7, FGF10 & FGFR2b DM ARSI IC X % &, FGF10
1% Tg-like domain IT & TN 725 L F—7"%2H LT3 (Figure 3d). Apt 46 23 FGFR2b IZDAFEA L,
Ig-like domain 11 DECHIAEEZ 5 FGFR2e IZI3FEG LAV E W) IR ZHEE A 5 &, Apt 46 (3 Ig-like domain
HEF5 ISR T2 2 LRI LS, Apt 46 23 FGFR2b DKIRY A K FGF10 LT 52 L0056, 2D
TYIIZAMNEEE YIRS TRy T4 Y I K DML 2. Z DREE, Apt 46 [ FGF YAV Ptk -
THETR X415 FGFR2b DY Y {b% FHE L 72 (Data not shown) .,

2B 43 : Apt 46 1C & B FGFR2b ¥ 7' F VEHESIR B & U 2 DIERSF D #H

ARFTIE, DAMBUC BT 5 FGFR2b O NHEPEIEIEICRTT 2 Apt_46 DBHEXNR & BHERE O T 2 17 -
7-. FGFR2b i FIF B A MR TH % SNU16 & K& OV KATO-IIT TlE, Y A FIERMZEFIZE VTS FGFR2b
DY VLB EL S ("Vehicle” lane in Figure 4a) 5, Z OMIAEIC Apt 46 ZIFM L7z & 25, ZOWENLEZY »
LI ES D 2 & DER Z 17z (Figureda). Apt 46 O FGFR2b O NIRIEIHEALIC R T 2 HED 2 A =X
Lz MRS 272 0121E, 2 s OMIIEKRIC B 1T % 55 4 FGFR2b IGED#RIE 2 B E T 2 45035 5. FGFR 1%
UAY FIEFETICBLTY ZRBEEZBHT 2 C

ERREIN TR I L5 % Apt 46 D FGFR2b @ SNU16 KATO-II
) W @ w
D NRHETEPE ISR 2 BHEEIZ ) A FIREK & - SF
D | R ]
e BB OHEICE 2D DTH 5 LK :
. Y- - pFGFR
#3LC7z. 2 ZCSNUI6 g% Apt 46 DFELE T T % &k i : (Y656/Y657)
S S - < 1) > —
AV FaxX—rLEDE, FIAHANITOUARY VA "I T L LT "
BS3 ZFHI ST 28 v 7 HALOGE% FaFR2
i, vx2xyv7ay 74 v 7k aEE%E17)
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Figure 4. Effect of Apt_46 on FGFR2b aberrant signaling. (a) Western

Apt_46 DI X D @MDY R DOFREED S
VI 2 EDHERI N, Apt 46 5 FGFR2b DY A
¥ FIMEAIN BRI R 2 BLE T 5 ARtk 237R
X7 (Figure 4c).

blotting of the cell lysates of SNU16 or KATO-III incubated with Inv_46
(2000 nM) or Apt_46 (16, 80, 400, and 2000 nM) for 15 min. (b) Western
blotting of the cell lysates of SNU16 incubated with Inv_46 (1 uM) or
Apt_46 (1 uM) for 1 h on ice, followed by the incubation with BS3 (500
uM) for 1 h on ice. (¢) Suggested inhibitory action of Apt_46.



Apt 46 2 & 2 BHERNS 2 5EM IS T 3 5 2%,
FGFR2b DA F X £ > D) v LA
DIEAIRIEZ, LC-MS/MS Z 272 7 )L 7 ) —7E
BT 2 F\ TR L 72 (Figure 5a). FGFR2b fllfit
WEXA DY VBIEY A FD ), Y586/Y588,
Y656/Y657, £ XU S780 D 344 23 Apt_46 {EH
K% & O vehicle fEFIRFD £5 6 DEMFICE VT
ERMH S, Y656/Y657 I3FrY v ¥ F—LF
AL v OIEHEALV— 7TNEICALEL TED, 2D
U vigfhidFar vy —EiEEiciE 5T %,
Y586/Y588 (X Tt 7 TNy vV ED Ry ¥ v
79 A b ELTHEBEL, S780 X FGFR2 Diftfk
ZHETAHEAZH> TS, EREH I L3
DDRTF FETITEWTY VLRI
541, Apt 46 73 FGFR2b D F 1 ¥ ¥ % F — i,
FOZc X 2N F X2 4 v oG gtz
FHET 2 2 &3 I ik, FyFr7v A +T
b5 Y586/Y588 DY YIRILIHEDSHER S N2 L
25, FGFR2b D Ny 7 F AT 2 2% R
7o, TR 7PNy w0 TH % Akt LU Erk D
Y UBbE YIRS 7y T4 v I kD T
L 72455, (Figure 5b), Akt OV Erk 1251 % JEEE(K
F 7 ) VIR EH D3R S 17z,

Apt 46 O FHEBEAE O B 1%k % 3R 3 2 %,
FGFR3 MRAFMEMINER KMS11 (2% LT Apt_46 %1k
&R HEM R ORIl %2 175 7. KMS11 Tl
FGFR3 25BEIFBIL, U 4Y FIEGFEET T
LT3, Apt 46 % KMSII (ZHANL 72 BRI
FGFR3 B X N2 D T 7' F L DiGHEL~ DL E
SIS 5 N2> 7 (Datanot shown), F 7z,
SNU16 £ X TN KMS11 % Apt 46 {7+ N T 3 HIEE:
BLUMIEAEEREZRE L2 E 25, SNUI6 2B
T O ARG S N2 2 LRI Nk

(Figure 5¢). Hi%tE LT, Apt 46 %5 FGFR2b D
RIETE AL 2 RP R AYICBHE L T 5 2 EAVRIR S
nr.

Apt_46 O FGFR2b ~D WG R R 2 Z & §
% L, FGFR2b MFIFEHLI A MBI R L & 0 #IRW
WIER T 2 LRSI NS, 22T Apt 46 &

b snute (FGFR2b +)

Y586/Y588: Docking site ©
(G2 o L e o
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S ASEENS _——
& (—} > o S$780: Regulatory site S
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Figure 5. Effect of Apt 46 on FGFR2b aberrant signaling. (a)
Phosphorylation of each tyrosine residue of FGFR2b intracellular domain
was measured by quantitative LC-MS/MS measurement. FGFR2b was
immunoprecipitated from cell lysates of SNU16 incubated with vehicle
or Apt_46 (1 uM) and applied to SDS-PAGE. The protein was extracted
from the gel and digested by Lys-C/Trypsin, followed by LC-MS/MS
measurement. The bar graph shows mean + SD (N = 3). An unpaired two-
tailed t-test was performed between two conditions. The illustration of
the kinase domain of FGFR2b is depicted using a data from the Protein
Data Bank (PDB ID: 2PSQ). (b) Western blotting of the cell lysates of
SNU16 incubated with Inv_46 (2000 nM) or Apt_46 (16, 80, 400, and
2000 nM) for 15 min. (c) Cell growth assay of SNU16. The cells were
seeded in 96-well plate at the density of 5000 cells/well with Inv_46 (1
uM) or Apt 46 (1uM). After 72 h incubation, the cell viability was
measure using cell counting kit-8. (d) Stable isotope labeling by amino
acids in cell culture (SILAC)-based phosphoproteomics analysis. The
SNU16 cells cultured in heavy medium were incubated with Apt_46 (1
uM) or AZD4547 (1 uM) for 15 min at 37 °C and lysed to extract proteins.
The SNU16 cells culture in light medium were incubated with vehicle
and lysed. The lysates were mixed at the mass ratio of proteins 1:1 and
subjected to quantitative LC-MS/MS measurement. Three independent
SILAC samples were prepared and phosphopeptides that were quantified
in more than one sample are plotted as “Quantified” in scattering plot.



AZDA4547 73 FGFR2b FBMIED U vt 71 74 — b2 52 B2 ik #1772 - 72 (Figure 5d). ASEBRSE
RIZB W TIE 2,386 DY VBLR7F Fo3E &M S 4 ("Quantified” inFigure 5d), Z D9 HD 89 fD Y v
LR 7F FOHEAOFEICL D 2 U EFEEREPET 2 7F FE L THES 17 ("Regulated” in
Figure 5d). 2D 9 5D 31 DY VLR T7F FTlE, Apt 46 HIFSEM: & AZD4547 ISt DT 2 5D
EDOEEDE DR 54172 ("Changed (Apt vs AZD)” in Figure 5d). Z OfEHIZ AZD4547 23N D F 1
X F—LICHEML 9 52—777T, Apt_46 DRHEMEMSHINEZRE D FGFR2b KR AICE) < & v ) E T K
hFHI N 3.

BsE: S

AWFETIE, FGFR2b it DNA 7 7°% < — DRi¥E, M U'Z D FGFR2b EFIFEHIH A MMk~ G 2 5 2
B L CTif%E %2 T2 > 72, Apt 46 |X FGFR2b IZRFERINICHS A L, FGFR2b KGN Zfifies 7 F v 2 fHE T %
Btk H> 2 L 2SI L7, FGFR IDSABIRICE T 2 BEAENTH 50, BEHREINTHEF
0y ¥ F—CHEATIIRAEOEIBIEE 2> T3, FREIERORMEIC B TR b B A
FD—DOTHD, Apt 46 3 FGFR2b IZEWIERIETHA T 2 2 LIFFSHICEE L TRELRMETH 3.

7, Apt 46 IITER TR ) Ay FIEEFNZ: R EIET 2 2 L 2VRB S N/, SELEX % il
AL TINFE % O FZEERE AN DNA 7 789 =i SN T E . ZOHFITIERAERITH L
TPV YA AMEREZTRTHIDLH B, 777 ~<—030 4 FIFMREFN 22 B 152 &k o 8% 1
ET I L InFoRFEIN TR, YA Y FIHMREFN L ZEEREEE, PAEBICET 2 EE R
BHEEENTH 5, Lo L, VAV FIHMREN R ZER R ORSEEE O RFIIRZHO DIC R > TE ST,
DAY RIS R 2 B & L 7 BHEAIRGEFD L TRE AR > T 2, BIEDOFER T A
> "Cld SNU-16 %> KATO-III (2% 1 % % 7 FGFR2b iEMEALSA — + 7 ) VAT TS Z - T 5 AJREME 2 58421
FHERTE R W EICHETRETH BN, A%z 4y FIMEEN 22/ ik BiLZHET 2 DNA 7
TI—%ETE50THY, SHIDMEHOMEEBELHO»ICT 22 & T BIWZRAEREEN L L
BHERIR RSO —BI £ % 5.
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