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(=] H§9 5 & 4 K IR 732K (EGFR) B PCIR4AT 16 2 1 B0 3E e Hi A4 ( Cetuximab ) -
IRDye800CW , 1+ H 78 Ji It £ 40 Jf 98 (GBM) F R AL R M E, FiE W E Cetuximab-
IRDye800CW DGR ;8 I G B BN I ( Western blot) 36 1F Cetuximab-IRDye800CW 5 GBM 4 f{d 4%
B IR 300 o THREERR G028 W FRHI 2 ( ELISA ) S 4 25 A vA B TIE 4R B 2 75 1 45 & EGFR fe S8 B 7
b, K GBM #RER U TR 3 58 4= BE LI 4y SO A RN HRAH (45 3 1), 43 i S B e i
Cetuximab-IRDye800CW F1 IRDye800CW , - T 5f/5 5 min .24 h 48 h.72 h 1%, L4 2 41 fe 744
DI EE (MFL) FIP I 5 8 B SR E W L (TBR) 25 5%, W GBM # BB AR (6 1) | 47 MRI
FARANGEN T, I 5B AR L, SR P FEA ¢ K A P EHE . R Cetuximab-
IRDye800CW At R & B A 820 nm, IR IT£L AN G AR 1 #5422 U8, Western blot JIESE Cetuximab-
IRDye800CW {5 GBM #HiffiAH4S &, ELISA 3 4+45 G ¥A1IESE Cetuximab-IRDye800CW i@ i1 5 EGFR
SEA SR AP VESTEEYEMRLE 5 min 24 h 48 h 72 h, SCISZ R MFI 4> 5104 109.00+3.81 .
73.36+9.93 55.24+8.82 37.71£6.11, %f HRZH Jih 88 MFT 4351 7 91.32+4.17 42.91+5.39 .25.08+6.05
8.33+1.00, S5 4 iR MFT 45755 (¢ 1H.4.36~9.40, P {5 .0.011~0.049) ; VEGT)E 24 h K 48 h, SCEs41 i
94 TBR 72 T-XF HRZH (24 h,2.40+0.28 5 1.57+0.07,:=4.94, P=0.039;48 h,2.07+0.12 55 1.22+0.08,¢=
9.85,P=0.010) , MRIESE GBM JEAAR B A4 2 i ) , 76 2 61 £ T g vl 4k, HE 3 (o fifrygg
AT SEOCRUEARE . %18 Cetuximab-IRDye800CW H. £ 556G BARBE J1 , 76 GBM AR S
Ry U R A A L AR I R R FE A
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[ Abstract] Objective To prepare a fluorescent probe Cetuximab-IRDye800CW targeting epidermal
growth factor receptor (EGFR) and investigate its application value in surgical navigation of glioblastoma
(GBM). Methods The fluorescence properties of Cetuximab-IRDye800CW were determined by fluores-
cence spectrophotometer. The specificity of Cetuximab-IRDye800CW bound to GBM cells was verified by
Western blot. The competitive binding method of enzyme-linked immunosorbent assay ( ELISA) was used to
prove whether the probe could achieve tumor targeting by binding to EGFR. Subcutaneous models of 6 nude
mice of GBM were divided into experimental group (n=3; injected with Cetuximab-IRDye800CW ) and
control group (n=3; injected with IRDye800CW ) , and images were obtained at 5 min, 24 h, 48 h and 72 h

after injection. Differences of mean fluorescence intensity ( MFT) and tumor to background ratio (TBR) be-
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tween experimental group and control group were compared. In situ models of GBM nude mice were estab-
lished (n=6), and MRI and intraoperative navigation were conducted, which were compared with patholog-
ical distribution. Independent-sample ¢ test was used to analyze the data. Results The maximum emission
wavelength of Cetuximab-IRDye800CW was 820 nm, which could be received by near infrared fluorescence
imaging equipment. Western blot showed that Cetuximab-IRDye800CW was only bound to GBM cells. The
competitive binding of ELISA showed that Cetuximab-IRdye800CW could achieve tumor targeting by binding
with EGFR. At 5 min, 24 h, 48 h and 72 h after injection of fluorescent materials, the MFI values of exper-
imental group were 109.00+3.81, 73.36+9.93, 55.24+8.82, 37.71+6.11, which were higher than those of
control group (91.32+4.17, 42.91£5.39, 25.08+6.05, 8.33+1.00; ¢ values: 4.36-9.40, P values: 0.011-
0.049). The TBR of experimental group was higher than that of control group at 24 h and 48 h after injec-
tion (24 h: 2.40+0.28 vs 1.57+0.07, 1=4.94, P=0.039; 48 h: 2.07+0.12 vs 1.22+0.08, 1=9.85, P=0.010).
GBM in situ model was successfully constructed and verified by MRI, and the tumor was visualized under
the fluorescence device navigation. Pathological distribution of the tumor with HE staining was consistent
with fluorescence imaging. Conclusion Cetuximab-IRDye800CW has fluorescence imaging capability and
can identify tumor boundaries in intraoperative navigation of GBM, which has potential clinical application

value.
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Jig S BE 40 998 ( glioblastoma, GBM ) %M B4R
L, EIRIEMERIEAE K 5IEW NH UL A, T
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ARH MR 2 S0 R 9t S AT $2 3 GBM
IR (HPIBR AR ALY S 43 F 9O E 2
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RS5O BUBER , 7T LASE i 524 e RS U3
iR 1 SO AR g K B 1) 3R AR KR T 2 A
(epidermal growth factor receptor, EGFR) % P4 %
PR 55 B UK ( Cetuximab ) 5 3T 21 4F 22 Y6 ¥ i
IRDye800CW &5, il 7 [ If A 4 ) 1521 il 4
PERERI BT AR £ Cetuximab-IRDye800CW , 1 5% 1 14
BEXT GBM YD AR AE J1 , WA O 75 T LASEI %E
AL B AL U R B R E IR
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LRSS SRR, (1) REANAS, BEIK
WiA% 53 M1 22 55 W H 32 [H Protein Simple A iy Bl 244X
ar il iE A ) 5 CO, THIRIE FR AW A = 45 Hs ) B A=
Wy BT Bk 45 B A R 2 ) 5 A I 2 0 LI A 26
Thermo Fisher Scientific 23 #] ; KB-800 & fE i 6.5 PR
W T T AR DL R ASCR A A PR ) 5 1 R AR
IE BT LB BRI H H AR Olympus
A PR F] ; PerkinElmer LS-55 %¢ 643 Y66 1H I H

5 [ 30 4 IR AS AT FR A W) 5 3 AR RR T L
e H 32 [E Dwyer [ AR H3E A F]; 3.0 T MRI X
(Magnetom Trio Tim) 4 F| 7 & Siemens 2\ A ; i £
HNPECIRAB B (7 B S DPM-1) iy L U7 A
BRI R IR A Fl S At oL K (785+5) nm,
(2)IXFBE, GBM UST 4 fid , N &I i 5T (human
astrocytes,, HA)?HE@W%%FHJ\E@%T‘??}:&P%’H%
At 3 S be S H Z A B RIS IR A P
FHEA R R DMEM 0 Jf 5% 37 W | i 4 L 7 %%
R RV PN F 22 [E Thermo Fisher Scientific
O] ELERR A M TE S W B T B 2R 240 AT
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2590 S, S5 T A IR AR (specific-
pathogen free, SPF)Z¢ BALB/c # 5 (HEME:,30 H 4~
6 JElWE PR 16~20 o) I T M R SO 52 46 5 )
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1. Cetuximab - IRDye 800CW (1) ] £ . 41 Cetuximab
IRDye800CW 41 v [E Bl 2% Be A 2l A ifF 52 fir 42 1t
# 100 pl Cetuximab 1 3 mg IRDye800CW 435117 T
100 pl — H 3£V M ( dimethyl sulfoxide, DMSO) )&,
WP RE FERZEIEIRE (25 C,12 h) 415 &
D (B02E4212.7 em, 800 r/min, B 0> 5 min) 775
BT 3% R T AL B R T -20 CH AL
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2. Cetuximab-IRDye800CW £l IRDye800CW [ %¢
JEHERERAE, 2L 66 B THIEAT G I i,
il FHARERER 7T 50 SRR % Cetuximab-TRDye800CW il
IRDye800CW , IRAT 543 IHEA T 2 , & I 1 808 nm,
WesE DT 4 nm,

3. EN IR ( Western blot) SE 5, Bf UST 4l
JRLAT HA 4053 51 LA 1.5% 10° A 5 40 i 55082 7 T 85
FRILH RRAHIAE A 2 90% Rl & BE IS AR A, T 1¢
107 4RI 1 ml 25 24# (radio immunoprecipi-
tation assay lysis buffer, RIPA lysis buffer) ,JR~JUK 54
fi# 20 min, B0 (4 C,Z0F42 12.7 em, 12 000 ©/min,
B0 15 min) JF RN BiE BHEOE D, R
H —=F Al 12 ( bicinchoninic acid, BCA) & & & H
Jv R, B O 5x AR ZE wif (S AR
PRBIRY 25% ) AW AEVE, B AL EFE 20 pl, 22 N6 Tt
JHe i AR 109 1Y+ o0 7 IV A 3R VA 4 T v
JiE ( sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis, SDS-PAGE) HLJk &5 5% % 2 T M — 90 & M
R, FH % BT 3 43 B0 5% FB6 G 5 453 1) 1% 4 2 L (s
buffered saline with Tween, TBST) ¥t/ 1 h,—¥$i 4 °C
IR AR YCH TBST Bk 3 UK, I 10 min, ITA
ZHUERPERIRE 1 h, TBST ¥ 3 %K, %K 10 min,
Heoi KOk R T B AR AT B

4. K A0 228 W I 5 ( enzyme-linked immunosor-
bent assay, ELISA) e 425 A, B 100 wpl 41 fig 24
fER S M E) ELISA Mz B9 RA AL, 4 C TR
& PBS P 3 WA, A 250 wl 35 AR (75 5 ft 43
B0 3% 135 2B F1 PBS) 3544 2 he HI PBS FHK
VERJE CRHRET AL, S 24 YI1E 37 C T I
72 ho I PBS ¥ 3 Wa, 44> FL b oin AR
1 E ALY (horseradish peroxidase, HRP) bric B —
LA TREWE N 0.5 pg/ml) L 1 h, I PBS ¥k
IR EFLINA 100 pl 3,37,5,5 -0 HJEEC R (3,
3’,5,5 -tetramethylbenzidine, TMB) , DA3K4% 450 nm
BB - BT AR FAE O BEAE

5. GBM #f 5l He T B B i 4y 2 R St g .
EATRBUI L 10% i 2 35 FA BG40 19 75 R 5 -
HERE R Y DMEM }EFRBERE IR UST 40/, K 40l B T
37 C MR 5% CO, MRNRE B R4 T, 1§
1 6 el il 1 25 LIS E 20 70% HLA KRS RAFHT, ff
it T A L ) 2 LR, B0 (OB AR
12.7 ¢m,800 r/min, 0> 5 min) J5 W Fi KA
DU BAHE 2x107 ~/ml, R S U0 SRR I
PRETFAEFIRRE , 1) R BRUZE DU RRCES I S MO 1 JEk 2 A8 T

SRR 100wl , 2 WURER AR FRUSREARBL . A R
T RO £ g B B IR B8l il sk e K AR S e
12 A (V=K BixTEx0.5) TR AR,
AR 2—EWRE (BRAY 12 mm) $%58 2Rl
RIERE 6 HAERRIRE R Ar HIg AR AR I # B, 40
SR AR R (R4 3 R, SER AL R A
Cetuximab-IRDye800CW , %} BB ZH 7E 5 TRDye800CW ,
LRI ST 100 pl, B W E 0.5 mg/ml, 5353
T4 5 min 24 h 48 h 72 h Wi 5EE S %%
KRG RESB G 2 ms, W55 33, KIEH A
44 JRJE 15,196, i Image J 3RAFXF 298 G 3t
74307, A3 R ROT ~F- 3428 638 B ( mean fluores-
cence intensity, MFI) VAR 5 R L R 1) {5 T
Lt (tumor to background ratio, TBR)

6. GBM #REUs 7 B8 iy 4 1 &% MRI, % GBM
F T RERLR v A5 EE B D 2% 107 N/ ml 1Y
GBM 2 i 2, B 4 53 %50 1.59% 1% L L % B4
i 0 SRR AR B, ARFREMOE [T 5 J , B B2, moi £, T
A 5wl GBM 4 A i it 13 55 d e A, R IR
3.5 mm,ﬂf%fﬁﬁ)ﬁl% 0.5 mm, Ll 1 pl/min F) o i 2%
6 1 ST A AR, TS SR HE S A B S min, R AN AR
WS NS IRET , & w8 B L, TH s TR, 48
Ak B T MR I 2 . AR ERR 1] 58 e 57 o 0
SEH A IRAE Ak, 38 3 MRT XS 51 P Jif s A
&L, FH 5 ST T, AL (weighted im-
aging, WI) ' T,WI K T, WI #8558 . Hr T, WI 3.
1 & 5[] (repetition time, TR) 1 900 ms ., [7] % B [A]
(echo time, TE) 57 ms J#%Hf[0] (inversion time, TI)
816.3 ms, B AR 120°, JZ)E 1.5 mm FALEF 50 mmx
50 mm; T, WI FF%1. TR 3 000 ms.TE 70 ms,ﬁ“%ﬁ
B 1200, 2 1.5 mm ALEF 50 mmx50 mm, 34584
I 28 2 i I 3 S X LR L M e

7. GBM #REUS AL R I AR th 90 M, 4% 58
EREPLEERE 6 HARFRIRAS R i B R B 1)
PRER, 1 FE # I TE ST Cetuximab-IRDye800CW ,24 h
Je BB AR ZH 2, ) FH 3 21 A1 9 D't 1 5 1 8 T ik 24
LU TR 5 LB I W G ROCR . kIR
GRESH B 2 ms, 25 33, KL A 44, K
25,196,

8L HE Y@, Kt GBM B2 T A< Y [ K
GBM Ji {07 5% 704 114 2 < fii 2L 28 11 2 F b W R 9
o AR EE CBEOKS  A kS DR (5 wm) .
Fw BT IEIEAT HE e LR i o B2 o0 A
I

ieso
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43548 IBM SPSS 18.0 Fl Graphpad Prism 6.01
BAFAT G E i R 2 18 . AR A RS Y
SERGORH xs FR RPN A ¢ K:50534T 2 41
BRI 225, P<0.05 A2 3AH Gt Em L,

# =X

1. Cetuximab-IRDye800CW £ IRDye800CW F4j7 3t
PEREFAIE,, Cetuximab-IRDye800CW Fil IRDye800CW EL
A IOCHAR AL RE , e K A A 820 nm, 4k T
LT MR 28 AT HEGIE T (820~ 1 100 nm)

2. Cetuximab-IRDye800CW [ i i 4% & EGFR
Frse k1 5 GBM 40 fifl, Western blot 3 6 UE 52,
GBM U87 4 fifirf EGFR BYZRiAE: HA 4H I HH B3 2
(Kl 1A); ELISA 3% 4+ 45 & 15 UF 52, Cetuximab-
IRDye800CW X GBM US7 ZH i it J1% HA 40
B @ 3sE (& 1B) .

3. GBM #f B FHR A D g (B 2) o 1k
Tty GBM B BBz T B A S 55 20 i o7 A RS
(693.10+158.88) mm”, X REZH s R FHH (618.29+
199.34) mm*,2 Z# R MR R E S G4 R
X (t=0.51,P=0.638) , {FEHZOEHAELE 5 min 24 h,
48 h .72 h, SCH 4L bR MFT 43531 2 109.00+3.81 |
73.36+9.93 55.24+8.82 37.71+6.11, Xf B 41 i 98
MFT 435 4 91.32+4.17 . 42.91£5.39 25.08+6.05 .
8.33+1.00; S H A AR FRUIE 5 min 24 h 48 h 72 h
) MFT 75 T %) B 2H MFI (¢ {H:4.36 ~9.40, P {H.
0.011~0.049) , H: )5 5 min 24 h 48 h 72 h, 5256
MR8 TBR 43514 0.73+0.12.,2.40+0.28 .2.07 =
0.12.2.07+0.19, X} B 20 i 88 TBR 43 5% 4 0.74 +

us7 HA

Cetuximab-
IRDye800CW

®

0.06.,1.57+0.07 ,1.22+0.08 ,1.41+0.92 ; S5 20 fithJ3
24 h J2 48 h (%) TBR & T-XF BR41 (24 h:1=4.94,P=
0.039;48 h:¢t=9.85,P=0.010) ,

4. GBM # FRUJF AL AR R A MRT & AR o e 7
i, HERDARMD 4 S, MRI 78 GBM J5 A5 044 2 i
TI(EI3) . PRI AR BUR 2 2 UME L) 2 o e
FLE (K 4A) 5 TAESO LR R A TR S T, I &AL
LB ERTEW AT UL (& 4B) s HE Y (0,7 [ i B2
1 526 REATT (K 4C) .

o

KB4y GBM iR & £ 78 EGFR @ % k7Y,
Cetuximab 1E M EEF-PEM ] EGFR MHIhm 254 |
A FE K AFFE EGFR ZEH9 3419 GBM B A A7, 42
SRR LT A 2 A R
HEE TR Y7 Sk S0 g 1 AR T e R Y
IRDye800CW ' UG ) 2 A & H B 45 i e e A=
FET LA, H & 0 & S 2B T2
Yy 5 15| W 25 4 (indocyanine green, ICG)'™ | &% Bhilfs
PREUA 10048 15 52 150 4 W nT J TF g Y, 8¢ S-S
f2 ( 5-aminolevulinic acid, ALA) 4519 %¢ 6 4 7
B BRI B 2 B HA TR AR R
ARWFFEH4 Cetuximab 5 IRDye800CW 1815 | ] 45 i
e FLARE S 1) M 5 9 O B R M I R ) B OB R &
Cetuximab-IRDye800CW ,

AHFIE LR AE GBM B R I 98 Esm iz
W26 RS 5 min 24 h 48 h 72 h, Cetuximab-
IRDye800CW 4 (% MFI & T IRDye800CW £H (¢ 1
436~9.40, P ff.:0.011 ~0.049) , £ ¥ Cetuximab-
IRDye 800CW 7E 1A N HA Fa e P b7 W bR 4414

[ - Cetuximab-IRDye800CW(U87)
Cetuximab-IRDye800CW (HA)

0 10 20 30 0 50 60
CetuximabfEIRE/ ug-ml1

B 1 PO B s SR ( Cetuximab ) -TIRDye800CW 3 it 45 A 3¢ B2 A4 K 732 1R ( EGFR ) 4 57 1 1R e J5t B 40 88 ( GBM ) 4t
(n=3)MEIE, APiAS GBM UST A AL I Mt (HA ) 40 A9 558 B3l i ( Western blot ) SEHR45 R, 7 WL UST 4iiffih EGFR
TR HA 4 B34 % (GAPDH NS &) ;B. Cetuximab-TRDye800CW 5 U87 1 HA £l Jifd S5z Ji A} A1) 1 it 25 45 il 2%, mT 0l
Cetuximab-IRDye800CW X} U87 4HAf4, £ 6E 148 HA ZHMIHA 8 35585 ;* hy 450 nm P AR E (i
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B2 S 2H R IR ZH A AN TR] st P B R AR ( GBM) R SR R IR 2 e R Bl (n=3) o SEERZH (A) RIXFRZL (B) 43 A 5o et bt
PYZ A PR TEREDTIA ( Cetuximab ) -IRDye800CW 7l IRDye800CW , TS5 A ELG 5 min 24 h 48 h 72 h #EATEIGCR AR | Al UL A5 B ] 25 S0 21
Ji R SRR (MFL) 85 T BRZH 5905 24 h K 48 h, SCUb2H g 15 7 BBl 5 A5 ME LL ( TBR) &5 T 0 B 2H

B3 GBM US7 # RURAAE R i MRI(n=6) K, 3A. T, IAUSAZ (WD) 5 ﬁleTHfFFzééIﬁ/m{n%?;,sB T, WL 31 7 2 52 25 5

ARSG S5 53C. T, WI MR F IR iR 2 B oAk, _EIRETRSER GBM UST #R BUS (LA EL A4 1 2y
VB RG2S HAEO G S AR (n=3) [, 4ABRELES I ST DL IR R 4B AR BLES N 4L ZU5OL IR 1B %

B4 GBM US7 #f R E AL
P 5 4.C R BB AR il 41 17

JGHE HE e ( x100) 8, AT WL IRDye800CW I [ 3¢ Y454 AT St 5 A Fifsg 35 o7 R a1 e g i

BORE S B RS IG 72 b 5 51
TR, MY, 1CC WIFFAE I8 5 o fifk Kk
Ttk 22 MR R W SR PR Bk,
J& 24 F1 48 h, Cetuximab-IRDye800CW 4H Y TBR &
T IRDye800CW 41 (24 h:2.40+0.28 5 1.57+0.07;
48 h:2.07+0.12 5 1.22+0.08;¢ {#:4.94 #19.85, P
{E:0.039 1 0.010) , $&/R 70 FHRET IR S Mgt 1
GBM #R U A5 AL 1) g 2 S0 AR RE 7, AT 4 5
THkk TBR, 1CG fEA& K 2 820 nm B@%;“ﬁ,,\
AR AL B, v H T B 42U
gt m&%MmﬁﬁFﬁWﬁ@%%Q% PERR
il 7 = PRI A 5 110 Cetuximab-IRDye800CW £ ## i,
GBM LA ASE TR v mT L WA o4 ) S8 7 A 0 e g o7
HA BRI RS G 1 . TEDOLIRE T
T NG A R T INE  CEL S e W T
i eE DX SR B R 2 9Ok, S A HE Y tarh 2
LA o 4 DX B AR A, DA T 5 B 4~ )2 T ) e
NFFE 8 AR TR AP,
ZE L RBEA A T 1 MrE SRS R EGFR 1Y
H AR 4 Cetuximab-IRDye800CW , 7 GBM A H1 5%

OGS AT 3 B A2 07 AR, R bR 2 B 6 GBM
AR PIBREA R 58, AR RATELE GBM IR A
ST T AR R

FlRME AR ORI 5 e
EETIAER RS PSS GE SURS KB BT S S K
SRAERIUF BREE A BRI S AR B BT R R &
PSR S BT AR 3 RSB
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