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Study on pH Sensitive Tantalum Oxide Nanomaterials for Tumor Targeted Imaging and Therapy

LIU Bin', XU Xiaona?, TANG Wengiang', TONG Hongjuan', ZHU Zhoujing', TANG Chu*"(1.Collaborative
Innovation Center of Green Manufacturing Technology for Traditional Chinese Medicine in Shaanxi Province, School of
Pharmacy, Shaanxi Institute of International Trade & Commerce, Xianyang 712046, China; 2.School of Pharmaceutical &
Chemical Engineering, Xianyang Vocational Technical College, Xianyang 712000, China; 3.School of Life Science and
Technology, Xidian University, Xi’an 712046, China)

ABSTRACT: OBJECTIVE To synthesize pH sensitive tantalum oxide nanoparticles with cetuximab(C225)(TaOx-C225 NPs)
as target molecule for targeted diagnosis and treatment of lung cancer. METHODS (225 was chose as EGFR ligand and
connected to the surface of tantalum oxide nanoparticles(TaOx NPs), which further modified with the photodynamic drug
dihydroporphyhene e6 and chemotherapeutic drug doxorubicin hydrochloride through the amino-carboxyl reaction to produce the
EGFR-targeted pH sensitive nanometer drug carriers TaOx-C225 NPs. The morphology and spectra were characterized by
transmission electron microscope(TEM) and UV-visible spectroscopy, respectively. Drug release rate of TaOx-C225 NPs under
different pH conditions was tested by HPLC. Subsequently, the targeting and imaging effects of TaOx-C225 NPs were evaluated
through the in vitro cell and in vivo imaging experiments using confocal laser microscopy and fluorescence imaging. Finally, the
model of subcutaneous tumor was constructed to evaluate the therapeutic effect of the combination of photodynamic therapy of
TaOx-C225 NPs with chemotherap. RESULTS The in vitro imaging results showed that TaOx-C225 NPs were specific uptake
by HCC827 cells. In vivo imaging, TaOx-C225 NPs also showed specific tumor accumulation with high tumor-to-background
contrast on HCC827 subcutaneous tumor with high EGFR expression. Furthermore, the in vivo tumor treatment study revealed
that the therapeutic effect of the TaOx-C225 NPs combined xenon lamp group was significantly better than that of other groups.
Moreover, the TaOx-C225 NPs showed no significant toxicity to healthy tissues. CONCLUSION Targeted molecular probe
technology and fluorescence imaging technology are used to achieve accurate diagnosis of tumors, the combination of
photodynamic therapy and chemotherapy can overcome tumor drug resistance to achieve precise killing of lung cancer. The
TaOx-C225 NPs may have certain reference for future cancer diagnosis and treatment.

KEYWORDS: tantalum oxide; pH-sensitive; molecular target; combinational therapy; multimodal imaging
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T3 B AE T (121 A v ] B A il 98 34 99 191 3k
e T ST e B A B 17300, FE I PR 3R
JP TR EEAIT . BOT A RFARGIT . gk
BRI 22 Ay v i 3 DA e e 1) 22 24 it 24 1 e 1 K
I R AT S S 2R R B4, KRk, BHFA
BB T R AR ) K PR AT, B
HFAR LB R WPELL, B4 67 7 Aok se
it (R A SR YT

G B ARBEAZ m HET, BET
EAEWAMEFARESL, B EEREHEN
THUEE . AT LR N T2 L S S5 AN,
A L4 T B ELA I R R AR AR A 1

P8 % E FPi (cetuximab, C225)J&— i &1k
HriREBUR, 53R KA K T 52 1K (epidermal
growth factor receptor, EGFR)E A JE 5 5k £ 1 )
(FENTEPERC AR 5~10 £%), T HBA TR R4 5
PE, PIBERSHE ] EGFR 1 363K A s 40, X
H2xh EGFR o 3635 1 a8 4 it (a2 W F 3y e s
SRAR KA HE BHUZ14, Rk, ARSZHG L €225 1A
o3 1% 42 B A AL B 9K R T (TaOx  nanoparticles,
TaOx NPs)ZK i, [FIRT7EHREE T pH BUskifb
SRS RO Re M oy T AN HAA SRS ) W
RCR ) AWy e6 . fb T 25 Y R B A R
(doxorubicin, DOX), 75%I|#[n] EGFR /¥ pH gk
B4 KB T TaO,-C225 NPs, WLIK 1, C225 HyisdE
2 8 T AN RO TSI ) e A P R,
A R B e g &R & 4, SR JE st CT ok
SRR B GRT IIR EATI2 W, H IR A AR
pH M IAEE FEULI T 25 RGBT 258 — S by e6

»
C225

p %u". Y pH<6.5 TaO, NPs
° =
‘#') NH;PEG0-Ce6
°
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v
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1 pH SR B 44 K 25 47 #fk TaOx-C225 NPs #) ¥ 14 1F F
ol
Fig. 1 Mechanism of targeting pH sensitive nanometer drug
carriers TaOx-C225 NPs
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ORVASE ¥ QN TD i CE 2 i) B e S & T N
FGEXT TaOx-C225 NPs [P B AR AT T —
FRYNVFRAE, IEAE M oy 9 BB TR 3PN T A4
FNAIT R
1 NS5
1.1 X8

Orion AguaMate 8100 %I 484h-1] WL -3 2140
L (£ Thermo); JEM-2100 2 5 B, 1 o i35 ( H
AHLFRER231t); DMIi8-M AUE] 4% i ius (1
3% 1); Xenogen IVIS /N # 't A4 R 50 (35
PerkinElmer); Agilent 1200 =4GR AH (A5 (3E [F
Agilent),
1.2 3

SPF 2t BALB/c #R ., I A b 5t 4k A 42 50 5
SIYWERERAF, WA =i ol iE 5 .
SCXK(5%)2016-0006 ., a4 5544 B = P 2
T (LR YE A ) #H17.
1.3 {5

C225( L A M BHECA R A, L5
04030000267); ZPEEEHAL A RBRHELABRAH],
5 :014643); E IR 2 BB —F MY e6(PH
Gt EWRHEARAF, it R-GMR095);
DOX(#it*5: D1515). AR LI (5) T 578 L ik
(Igepal®CO-520, #it*7: BD01098652), (3-Z LN
I = H A A BE[ (3-aminopropyl)trimethoxysilane,
APTES|(#t5: 281778)X04 [ Vo A% ¥ - L7 L 2y |-
A G AR
2 ik
2.1 YRR R A
2.1.1 TaOxNPs Myifil#  FREL 0.23 g Igepal®CO-
520, % T 25 mL FRC e, A 0.2 mL Jo/K L BE,
BFEIR G A, E R AL B BT G Y
75 mmol-L~" iy & A AL AR n 2 _H iR A HLAE,
PR G5, TWRUIEL, AR5 1) R L A hn
100 uL ZFE5H, $64E 5 min, BIAS2) S LRG0 K KL
5 ®E¥ 0.5 mL APTES fihn®) bR sEmE
W, SOV 24 h, Falad OB/ IE COBSR A RO T
UUvE, DIEMH kg, 2R RmaEsibn
TaO, NPs,
2.1.2  TaO.-C225NPs il & i S IA 7 sC Bk
FARUML DOX M SR £ B — SN} e6
A ER B R M E AL TaOx NPs L. piokk
T FE 1LY TaOx NPs Bl 5 50 mg-mL~" &,
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FEIA 10 mg DOX, T 58 VA o FH75 IR) pH 7]
TR . SRIE A S RFR DK BRI, =
M — B 2 AU L. inA 0.25mL
0.25% % 8K DOX 3 it & 3k 8] 11t 32 6 i 2 51
YRR TR, ZWELORRIUFER DOX, Z It
R FEEBM SN e6 43Tl i 2R s
SEEREN AL TR . 23N pH BRI
KGR EAE PBS H, BT 4 CCUKRHBOEIRAT
M. ¥ COOH-PEG-COOH N AF /il 85 1
K, BEHRA RS AR S Yy 1-G-H 2k
3E)-3- £ HE 5k — W R FRER(EDC-HC) Al N-#65E
BEIAWE fe(NHS), S0 10 min JIA_E R A Z8 KA
T, 30 CHOEIERE 24 h, ZJEW—E R 225
IR Se i RE Y 24 h, )5 B0 22 R
I AR LA S A R I B o 7, A5 5]
#] EGFR f¥) TaOx-C225 NPs, /-8 T PBS 1, &
T 4 COKFERENCIRAEREH
2.2 JEARLS T

¥ TaOx NPs Fil TaOx-C225 NPs B 1) 2=
BTk, BU10 pL % InAE 400 Bk S HpE R AR )
I, BT R N s TR N TS, TS
SR, EMHEBER 100 kV BT
SRERE SR A o
2.3 EHN-A] LT LLANETE AT

KR BTN A IR, SR e
FERFIRE S FL i — e VR R, BT A
LA, BEFEFIHEYE RN 400~900 nm, XF4E S #E T
i, 0SSR AT WSO
2.4 fLEERFIZZY EE

KB FREL 2 mg TaO,-C225 NPs B RO h i
%, H 0.5 mol- L' b FRVH 1T W pH=5.5, HlE
48h J&, 15 000 rmin' B0 1h, B EHER, &
0.22 pm FRALIEREL U8, BOIEH , R FH HPLC W&,
A FIFW P IEE DOX 50 &gy e6, 100
Wo, JfiE T H AKX IHE YA E R
(entrapped efficiency, EE)MI#kzyE(drug loading,
DL).

EE(%)=(Wo—W1)/Wox100%;
DL(%)=(Wo—W1)/W:x100%.

Hdr: wo i DOX 5l — &My e6 E A2t
Wi A TaOx-C225NPs Wi B 259 & ; Wi A
TaOx-C225 NPs {5 Tt .
2.5 DOX &FHillE

KRR —E i DOX, -

o E AR 22 2022 4F 3 A4 39 45 5 )

2) e A [R) ¥R B Y DOX I ¥ o fff Ff HPLC XA
F1 g DOX & & A7, W& 45 : Shim-
pack VP-ODS Cis #:(4.6 mmx250 mm, 5 um), Ji
SIAH A - 2 -/K (4 500 mL /K35 1.44 ¢ -+
FEHRIRENA 0.68 mL BEFR)(S : 50 : 40), M
k233 nm, HRFGIREBE N 25 °C, HEAAFD
10 uL. BAMHERELLE R 3 K, idIHHR
WET AR, DAWR B A As bR, U TE AR A AR A ol
DOX itk .

bt DOX Y5 i[RI FH iR A5 Ak A il
i, JPRIEREM Lt A A
2.6 TaO,-C225 NPs 241 B M WF5%

WY DK 25 25 R GEE T BT I (R
B2y 1-E 8 000~12 000 Da) T 37 °C &4 F ki TR:2y
R, RRE—E R, 7RSSR — e WA,
FEANFEFIFEA TR A B 2500, IR BB ZG IR RBUR
A%, dEid HPLC Ak 25 it & i, s i
1A A 2 P ) R RS TIGH E (cumulative release
percentage, CRP):

n—1
Vezci + VOCn

CRP(%) =—!
DOX

Hrr: CRP N DOX W RFUREHCE ; Ve IR
I B AR (mL) 5 Vo FREHUA R RS T
RF(mL); G A5 @ IR E BRSO T DOX
PIHREE, Cu A n IRE IR B A T DOX
IR, Hfi(ug mL™); Mpox AT RENEREEL
DOX WAL KR T H DOX Wi E (ug); n N
BRI BT IEL
2.7 AIMEEEHUS IR

RN B A K 5 80%KT, F 0.25% 1 i g T
37 CCEAF R IHAL 2~5 min, ZRJG A G2 4 B 5 L 24
1EVEARTF TR, B ETE 6 fLAnMsE TR
7 20 M N BE F5 , o 355 77 4 1 &5 A B ) pHL
&I TaOx NPs WUXEFR3E, WEE 4 h J5XHEm T
Yeangg,
2.8 MR AR Y )

¥ H23 F1 HCC827 4 fb 5 #7115 BALB/c
HE(Q, 5 AW, 15~18 o) Fik, K&y 2~3 HEIE
BRI, T ARRLT B BUR FNEYT
2.9 YRR FERTIRE /NN Y 4 AT

WA A 2% 5 e AR EA TR, 1%
PREE TRRBRIRES S, B T/ N ig &
G B IO CBUR S BRI K 660 nm),
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PR RE T /NRIAA A 2% 05 e TR IR R
Jii . SR i R FR kT 5 TaOx-C225 NPs(7 55 i
100 mg-kg™), FHHIFICT/N BAERE S ESTHTLA
L5 JE AN RIS T] S B BN
2.10 TaO,-C225 NPs BEA AT RIS

ek 35 K HCCR27 i Ja R4k FE AL /341
B JEI 43RS, 7 2. AFRERKA . UiFES DOX 41 ., i
BANMY e6 4. AKRRITAL L RS AN e6+
TR . GoRE -+ 0T B2 L AR B KR
KTIRGTAL, Bl s N, ey =(h Bk g,
PRFR 100 pL, UK RSB 10 min, SREEN
1 W-em™2,

Jigeg sk R A AR

S 2H (1) 357 g8 AR AR

ngﬁ%#kigﬁmimizﬁggﬁ
3 Z#R5R

3.0 YKk TR AE

3 3 375 S L B A A AT T U TaOx NPs LA
J¢ TaOx-C225 NPs & —Fp SO a5 ks, UL
K 2, Hirp TaO HORIAE A (11.8+1.7)nm, H:Z /3L
F88(polydispersity, PDI)A 0.089+0.016, BB
RT3 2 5 49 K KL (TaOx-C225 NPs) ki 45 A1 PDI
AR, Ao (15.2+1.3)nm Fl 0.097+0.035, 45
UL 1, FWH &5 2 ARk 7K E
A ARG 1 3T

)x100% o

2 TaOx NPs(a)# TaOx-C225 NPs(b)i% 4 . 4% /&
Fig. 2 TEM images of TaOx NPs(a) and TaOx-C225 NPs(b)
nanoparticles

F1 SEBWEERESH(TLs, n=3)

Tab. 1 Main characterization paramters of nanoparticles
(xxs,n=3)
FE b FifE/mm PDI
TaOy NPs 11.8+1.7 0.089+0.016
TaO-C225 NPs 15.2+1.3 0.097+0.035

3.2 TaOx-C225 NPs 24K ik

TaOx-C225 NPs [ 454h-1] U3 21 A ot 1%
B 3, HE 3 AT, TaO,-C225 NPs £E 669 nm
PhJe 480 nm AL IR T W, AN e6 TE
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665 nm LA FFAE UL, DOX 7E 480 nm A A5 R AE ML
W, LR Sy e6 F DOX I 2 2 4K kL
TR, AN e6 MIMRISIERA T, Al
S TR SR B RS A i B

1.0
—— Ta0,-C225 NPs
08— TaO, NPs
°r — & Mre6
TaO, NPs + —& I ¥e6
0.6 -
e
¥ 04|
2
0.2
0.0

450 500 550 600 650 700
K /nm

3 TaO.-C225 NPs ¥ 4 i i
Fig. 3 UV spectra of TaOx-C225 NPs

3.3 DOX fEA[E pH &4 K25 ke

ik HPLC X DOX 17 it , HARHEIZ A
y=7.73x-4.06, R?=0.998,

I IR TR I AR B ML R AR A AT
pH=8.0 I}, TaO NPs K25 DOX i i)
Feok F IR 2 T BHEMR AN e6 4> TR Y
RIRAE EAFAE R A B R A 380k, TE it
BRI R PR, S8 DOX s —AAh
W e6 43 R REA, SIS HAE DOX A1 S Wy
6 MELER 43 51K (80.043.2)%, (76.5+2.5)%, #%
2548 }(4.00£0.13)%, (10+£0.32)%.

M T 28I B AT pH SR, %8 T
TaOx-C225 NPs ZEA[R] pH 4548 F 25 B 1 e
SR 4, MWEE R AT LIE I, TaOk
C225 NPs 7Ef& 1 pH(pH=6.5) %+ F DOX Bl
FEFRERIR, 20 h WEBRZ W #>60%, 50 h PR
T2y 90%254); SRmAE M pH(pH=7.4) 44 T,
2t I Z2/NHUA 60%2545 1 DOX B
AR T EH A, B DOX MREA pH
B, XA T EAISER T AR Hil&—Fh
pH BURM SRR R . T APy e6 M5
J 5 DOX 2, PRI LR AW, IR
MRS . AR NI I DL S S K551 pH 340
fig PR U221 R AR S5 R T B AR KL F TaOx-
C225 NPs 11 pH U8, 4 B4 50 e
SRR UL T A AR
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Fig. 4 Drug release curves of TaOx-C225 NPs at different
pH conditions

3.4  TaOx-C225 NPs {44 Py SN ] A 5T

MY TaOL-C225 NPs HI4ASN EGFR # i)
PI#ES ) DOX DL S AE#E ] () TaOx NPs S Jif,
5 HCC827 4iMu(EGFR = 3RiA A 5 )i 5 — Bt
i (R J5 X 20 A e et A T AR, R LI 5. A
R LLE Y, 5 DOX LUK AR 1) TaOx NPs
FHEE, HCC827 4% TaO,-C225 NPs {45 it & 5
K, ¥ DOX &5 TaOx NPs i - HEFTH#E )15
MiJs, ROREEE T HCC827 4Rt ah Kk 1145
B, BLUIHI 1S B9 KR F TaOx-C225 NPs H
AREFHY EGFR $RalE, w] LASE A s 20 i
I E S, R RRE Ry 289 & .

DAPI DOX -y

TaO,-C225 NPs

TaO, NPs

DOX

5 HCC827 48 fi % DOX #1 TaOx-C225 NPs 2 TaOx NPs
B # BL

Fig. 5 Uptake of DOX, TaOx-C225 NPs and TaOx NPs by
HCC827 cells
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TaO-C225 NPs MR USSR A TIEMY, S5
Kl 6. MIEIFFATLIE L, Rk S [ 9 oKk
24 h 5, AITERPIRE /N BUMRE O A 2 I 0 oY
sRfES, AT LLBIRG 5 R R AU T IX gy, (H
JiheR 20 ML HCC827 A2 B b 2 e T iRd 4 A H23,

Bl B ] A I, H23 iR 51w 2ot 2 5
TS, 1 HCC827 Mg 5 1E # 429t
Z ARG TS 72 h AR 103 .3 . teAh,
SR TaOx NPs fHE, 1 4F TaOx-C225 NPs J&
JiIRg L 2 e 5 1 A SV S X 3, U B 1) A KR
TREMEAR L M ) IR 2 HLR B I B, AN S
X IE# AU A7 . 3= 415 2 9 4 KR 1
TaO,-C225 NPs HA TR F S8 ) .
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Fig. 6 In vivo fluorescence images of nanoparticles in
tumor-bearing nude mice(Left: H23; right: HCC827)

3.5 TaO,-C225 NPs fHi R 2R A5

TR IR R, 2 25 U
MBI AP HAEFBETS — K2, TaOk
(225 NPs HYZ5 255750 100 mg-kg™!, DOX AY45 2
FE N 4mgkeg!, ANy e6 WA ZFE N
10 mg-kg™, PR RIS . A farsgd /N B
JAAE 21 d WA KM R aT IR 1, 7E0T 18 d,
TaOx-C225 NPs kG im kT HE S 21 iy Jiebgg 4100 1) 23y
(10042.4)%, TaOx-C225 NPs 2. — 5 1MNG} o6 BE4
AT FREF2H D) K Bt — SNy e6 2 Al g4 1
BAR(92+3.9)%, (88+4.3)%F1(86+2.9)%, il
% DOX ZH FA: BER K2 DL K A= PRER /K IBE A TUT R
SR MR R BAEIRIT S 5 18 R K T
251%, 249%F1 123%, Z55ULE 7. YT E5 R
A[LLF Y, TaOx-C225 NPs SR AT IAI T IIAYT
ORI T HABL B, BEHTE 25942 3 9 K b
TG I IR T 2R TR, B s e
FRI7 2 FPO5 LB AR YT RENE f 2 R 005 IR 20 B ik
DR
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Fig. 7 Effect of different treatments on average tumor
volumes of HCC827 xenografts
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Fig. 8 Average body weight of HCC827 xenografts after
different treatments

TEVRIT LI A5, F S0 /)N B o W 3 4k
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YIRA3H7 , WP TaOx-C225 NPs 7EVAY T i F 215
PR L= AR B s, WLIE 9. MIEHT]
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T HE G 5 R AN S50 A B b IR 6 /N B IE
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R
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Fig. 9 HE staining of the heart, liver, spleen, lung, kidney

of HCC827 tumor-bearing mice after 21d of different
treatments
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