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Research Progress of Photodynamic Therapy Based on
Cherenkov Radiation for Tumors
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Abstract Photodynamic therapy based on Cherenkov radiation is a new type of photodynamic therapy without
external light excitation. Cherenkov radiation produced by radionuclides can activate photosensitizers nearby to
produce reactive oxygen, so as to damage target cells and tissues. It overcomes many limitations of the traditional
photodynamic therapy, such as limited tissue penetration and dependence on external light. It is a promising new
field and provides a novel direction for tumor treatment. The weak Cherenkov radiation, the attenuation of
Cherenkov radiation by tissues, the lack of corresponding photosensitizers, and the poor tumor targeting are the key
factors limiting the further clinical applications of Cherenkov radiation. How to enhance the efficacy of
photodynamic therapy based on Cherenkov radiation is the future research focus. Increasing the intensity of
Cerenkov radiation and combining with nanotechnology to modify the surface of photosensitizers can improve the
therapeutic effect. Meanwhile, the mechanism of photodynamic therapy is still controversial and further studies are
needed. The research progress of photodynamic therapy based on Cherenkov radiation for tumors is reviewed.

Key words medical optics; Cherenkov radiation; photodynamic therapy; tumors

OCIS codes 170.5180; 350.5610

Al . B TT AT FARIBIF ALTF T R Y 53
H ER R T S I RA T I PO T L AT A BRI
T HAT R R BB B 2 — AR R A B RIER O S SRR 414 AR IT E B R

Wi HER: 2019-12-26; 1EE HEA: 2020-01-15; A BHI. 2020-02-19
HETB . Berid 03 A A ek %R 41 5 4 B 1 H (2018 TD-002)
" E-mail: shan87@ xjtu. edu. cn

190002-1



MOOb 5 %o T R

B s AR R R IR YT AL T SE I A 5 B B, I HH Y
AR PR R R R BT A O B AR YT Tt
Y7 (PDT) T 20 409 w4 L = —Fh A DG
PEFNGHGR (PS) 7 AR 1% 1 480 DA T A8 IR B8 448 J 0 2
ZUAYT 715 . Shackley 251 Bk PDT #4717
MR, PDT AT B2 e B 5/ 1R 28 1 B B Y]
PSS JL A 4E BN A 9 BE 2E 0T 58 10 BT 4R, 76 3 Al
A5 A PR S B v 4 7 36 97 22 O v i g Cn
VR AR5 e 0 R L Sk BT RR FN R K
Sy et L BEAR RN DL R A A
ARG R - PDT o B H T 2 Fh%
IR IT A AR £ 25 i W 48 B R (FDAD it
HFLHEOUMER . SR, hFRE2H06EK
8 [ 400~800 nm) # 8 A= P 21 S W ISR S . HL
AT UL G2 2 3 VR B A7 78 R BR 1, PDT 7E I R I 4
DL TR 7 S AR N TR o, X {4 PDT HBEAE
FHTFEREBRHAL, R T i — B b, B8 A 5t
A B G oK BRI R A [R) A R R R AT TR
PDT, £ 45 T 21 4h % (NIR) . X 55 48 4% 5 F1 (1 & %
(BRI &8 R R OERUIE R R &,

TNRR B 90 KR T8 T 2 F 5 e BB X 5
2k w4l BhIA YT I D B Rt £ e AT o )
KT 7 38 A TE AR 8 HE AT DN (H 2 7R AR AR
WP TRAF IR . g ROR T 4 A
SemmiAE X G2 1R R m RS . X e g ROk T AR
A ) T 48 Sy T U0 D' BRI B A K Y
Ot BARTE N B 2R T BB Y ORY L Bz R
LLAM G2 35 TR 2 B BR i, o FHAR AR 52 B 5 A2 0t
F Ak 2 B0 = 2B 0, I B 7E M A B UE B AT % TR
PDT™ SR 1 - 4% fil 0% 76 1A P8 6 85 vl fii ) A0 Ak 2
38R & — A~ KA Bk

YIHE R R G (CR) /2 48 = BUH BB T 7E JE
AT AR, R R R TR IZ A
(R IBAT B BE I, HAE G2 3l AR O 1) 7 AR JR FR A AR T
A 171 1) 5 Al 285 1) o R v B AT DL S RN £1 40 O
(250~600 nm) By L A2 B2 H AT A 1k, Y1E R
KENEERH T /NP 1 82, Robertson 251 &
YR VI R R 48 5 N T A2 0 B8 2% BUS SO 42
PIME R R 58 5 &% (CLD X — 488, 4 Bk 1
GEHF RO A B UHMERHR 4R 5 H T2 7+
B B B A AR A | R R RR AR B ) YRR
SR CLIAE S ] R a4l A ARG R UE
CCD AR PR 5B AT MLAL 1 38 AT LA FH of W i i
7 L AR A 21 ) S DA K T RO o R R

P IR AR AL X CR AR Bl O Hp i 107 FH A7
PEAT T REAN A 25k L TR BTSRRI 4 5 bl A
SRy R R MR R TR Ak Y R 1 TT RE TR B AR BIE A T
PDT 4 ¥R B B8 B, N % 2% — B R & — B iR
(PETD) W PE A% &R & By CR "] LIEA PDT
BRI 8 ot <7 6 JRY 5 CR 3 S 9 PDT(CRIT) & —
PPN BEAN B B L PDT, i il 5 1 4% 3% 7=
A CR 06 B 3T 09 6 B, 7 A o T R
(ROS) . i — B G 0 4 Fr g VIR B R k4% il £ 5% 7%
(CRET) , F| JH 3 b AH B AE FH #4712 W il 18 F G 3l
FIRIT VMR T 15 PDT fE1E 414135 5 32 B K
ARG S e 5T L U U R R A O R R
Gy TR A YA S 0 T B TR R 1 0 S )
I L e 30 1) AU S B o) G I R aE — 25 2 i B
ZUU L, W ST UM R R SR PDT o 2 38 i it
— A B UM R R B OCRCR B HA A YT Oy A 4
AR B HAR 36 TT RO . AR T BAGE 47 ok 800 T F
JRIE T 28Rk 38 Xl B 7 A T 3% T U1E R 4R
S BUR AR RS HETOY P R 48, I T 2T ¢
L) > T B AL [ I I 78 T8 R 6 SOR A M 0T
A RER A T AT L AR SO 3 T OB B BRSOk 3h
F1I7 BT MR IR T o kSR A TR A

2 I pA B A KL RO 58 CRIT

Kotagiri % & BLYI A& B} I @ 5 VR 0T 4 0 5
TRBETC R B R OGIEH TIREE PDT, % K BA & B
T =R A AR AR (TIOL) 40 KO B (NPS) .
R E(PEG) MRy TiO, (TiO,-PEG) 5 2k &
H(TOBM K TiO, (Ti0,-TD A K651 & # =%
Bk (Te) & i 19 TiO, (TiO,-Tf-Tc), K T iF W
CRIT TEARMA BN 7E KA £ 4 A% HT1080 Y
/IN BRI P it FH I 248 B 5 P ) B B TiO,-PEG NPS
(2.5 pg/mL) fI** Cu(5 mCi/mL), A LWL %€ 3 18
Faf CRIT J5 3 d 9 Mg AR BT B 4 /s (4006 £
5%, 30 d B R 58 4 AR ok &R 9T W
HT1080 fiivfid i i A 4 s L 24 40 BT R B L R &R 97
4 g ELAT 2 2 PR e 1 B R0 N 2 O AR LRRAIE L {0 28
SHYRYT B IR ZE VAT 72 h S BR)TIZ R GE . g
2 3% 1T 26 38 TS24, T B NPS AT 42 =5 i i
e, R4 R TiO,-Tf, Te-Tf #l TiO,-Tf-
Te(1 mg/kg) 5" F-FDG (8. 7 mCi/mL) 43 %l i A
& HTI1080 i iy /NEUA N . 45 R BoR 3% CRIT
FOIE T 410 /I BRI i g A S B P /N TR R A2
CRIT MR IT 4 T % BR A . 4% 4 v 7 A 77 191 A

190002-2



Wt 5ot T o R

(15+2) d 4¢ 5 ¥ Jm # 30.5d ( TiO,-Tf +
BE-FDG), 31 d(Te-Tf+"F-FDG), 50 d(TiO,-
Tf Tc +"F-FDG). [F] &, fih {1 & 3 4 A% 7 &
FF-FDG (4. 3 mCi/mL) & F 4% 241 19 v 47 4= 47
WIAE K, 43 50 21 d(TiO,-TI+"F-FDG), 22 d
(Te-TI+"F-FDG) .29 d(TiO,-T{-Tc+"F-FDG),
X 218 AR A Y AR /N AH B W 9 CAS49) i LA 5
HT1080 CF-¥ e R BLAE S 30 d 29 2 A L 9 %) AR
418 1/6.5) i HEE 2 #F W8 TiO,-Tf Ml TiO,-
TF-TC A ZVIR B X 53 0] o B b 93 4 BLAY 30 %6 A0
40 %6 o XA K A E AT g A8 i ARG o ok geg ) 5%
B HE TR 5 CRIT & — M1 Z A 8 ik .

3 42 CR A5 LI 9% CRIT

PDT AL 5 A5 B e T 4 il 8 ROS /9 B
XA R O T R B U 1Y, CRIT MR 97 ROR 1
RARE FBOLT CR WHRE ., MiEER CR A H
FHAE 1 ROS, I 76 Bl 5 1 5 4 M 45 455 . K W)
HHERZ R CR =22 BB K. B0, K5’
HaY-90 AR RECHL L, P BB O 2280 keV, B
AR YA 47,3 AT Ga-68 AR B IE L
TP YIEE RN 1899 keV, A — K™ 4E 33. 9 4
T F-18 AR — 1 FHBEE A 633 keV UIE
BT B — WA 132 P15 Cu6d AR
HCH T B S I RE B R 574 keV, B R — TR
0.56 AEF . Ml AR E N B & SHAR, &
ITH CR P2 HR A X B ROS #B HE 15 5 &8 KR 1 Y
BRI 3G 58 CRIT,

Kamkaew 25 fifi ] BLG 00 &5 fE 2 1Y B & SHA
(909 keV) FI B K 2 M (7, =78, 4 h) By FE
89(YZVEN CR WK K — S NP E e6 (Ceb) LA™
A ROS, WA 1 iR, Ceb 7E 400 nm 4b B A7 1R 54
I L 5% Zr B CR & JEJEIEMIDT B, A T 5K
PR = BE AL B A% IR AL D rh s A L R A
KA (HMSNs) 1E Ry 244k [7] B . 22 Ce6 43 F
M Ze JE [ Zr ] HMSN-Ce6 44K & & ¥, 7E4K
AT R g & A 20 pmol/L Ce6 Fl 20 pnCi % Zr Y
[*Zr] HMSN-Ce6 Ab P 2L B9 40 i1 (4T . 5 4UfE
FHY Zr JHMSN-NH, F1 HMSN-Ce6 4bF (1) 48 i 41 Lt
LY Zr] HMSN-Ce6 & & FEAL T 00035 J1. 53 4b,
e 56 BB v- H2AX, IF PR DNA #5147 .
GER R, 5XF A AR, [ Zr ] HMSN-Ce6 41 7R
R I R -H2AX SRR B, KB DNA XUk W
SLRBCR G N . A /N BUFL MR iR A R b AT R PN O

V97 35 A8 /N B 4 B 7 58 [ Ze ] HMSN-Ce6
[%Zr] HMSN il HMSN-Ce6, 14 d J5 /) B L i fith 983
/INFE X X6 B P8 /N /N 1 B il
75%,20% 0 32% , HE.E e, F£ W [*Zr] HMSN-
Ce6 41 H 1% K Z2 550 98 21 20k i 3K, i JH b = 4> Xof
A AN AR R R IR .

Ceb

=Zr

HMSNs

[**Zr] HMSN-Ce6

B 1 [*Zr] HMSN-Ce6 %544 K CRIT 75 7% &l
Fig. 1 Diagrams of [*Zr] HMSN-Ce6
structure and CRIT

WO PERE 2 90 COY) 2K R K 64 h. 4 5T
KAy 2l B S CHR ST RE & N 2. 288 MeV), I
OS-"Y & A g AR E, Hard 220 2I°Y M UIE
BF SRR SR L 23 3% P G PR b e v 1 o' ) 2 2k T
PR CALAD Fl—F i 250 0% 75 FH P ok 28 S0 BOR) , /P 4R
P S S 7 N I = R S 3 Bl L1 B N~ S| N
(TPPS2a) , 75 i 5T 88 (C6) A1 L i ik 8 41 s (MDA-
MB-231-luc-D3HD) W /> 4 ig & b it 47 PDT WF5% .
45 H R B, TPPS2a %} MDA-MB-231-luc-D3H1 F. it
SR AN A VE FAAS B &, O C6 Jie S5 78 41 i &2 A B
FOTTRL A2 AN 5 R IS 3 P 1 1% B0 TPPS2a ¥ i oy
1. 2 pmol/L BIVAYFRUR et . ALA HAE Y W6t
o S P2 AR BT IR T AR, LA R /R T CRIT A5 1
TR TR, FIE IZ IR 3 OB iR T ROR 3=
IR S BRI R TG S B B, I,
CRIT ANJ& 7057 3500 W 32 40k I R) 2550 0 5% 28 Jin &% 0
S B AR — S —Fp IR T B 1 5 (R AT L
VE R HAB G T 7 A5 B AR 78

Kim 255 H i fe & 45 Bt 5 5 6 97 C0Y-
DOTA-AR) Bt & WST-11 1 4 8 15 % 3h J1 J7 &
(VTP)IAY7 GRPR BH M 5 51 B s A CLI XK
SPVE R AL 2R B8 B AT WO O BE AN T AL g R 3R
B Y-DOTA-AR B4 VTP J& . e A= K 2E 3R B [A]
B A F X R

B-68 (Ga-68) & —Fh B I 045 U, & 7T DL B %
M Ge/*" Ga KA RS A B UMB R OG A

190002-3



Wt 5ot T o R

P2, Duan %57 { R HGE T A Ga-68 /N CR
5 TS A BB 19 TiO, 91K BURL(D-TiO, NPs)
JFiE4T CRiES K PDT. 5"F-FDG M. Ga 5
TR IS B CCGa-BSAIIH T 4T1 40 it Y
ARt b g 4 F DNUA 35455 B S B S L 4K P BT
752, D-TiO, NPs 5% Ga-BSA Bt & 1E H JLF 5¢
ST s g N B IR AR KL SXIEBA Ga-68 &
— Rl F-18 A A PDT Mgt M 2, T 7E 1K
I S AR A B B AL T — i A A A SR L Rl 2
T 710 8 14 30 S R 2 AN K 1 R 9 O VR T
117 AN 5 2 feft AT ol SO IR

4 RWEREIAHE5E CRIT

DMERL KB A 55 OF AR A A LR A S
LR [7) I bR SR AR PE AR X BRI T CRIT 677 2%
R AF CRIT 7E I K b 5997 RO 16 A E 1
I, 5 BHBE T B — BT ) SR R 3 5 CRIT . 32
Mgt PDT A A B X,

Ni 2525 3 4 7% Zr i FOR Wk 2 F (TCPP)
& M 1 % Pk 99 K K T (MNPs) CEI® Zr-MNPs/
TCPP) , SRR AT1 faf 8 /1N B 78 ik 3 9% Zr-
MNP/ TCPP P J& , 44 A4 W5 T A4 0 i 98 3 b, DA
57 PBS 8{ MNP/ TCPP B/ BUE %t BRZH , BF 98 T
wEHR A CR S/ PDT. WA 2 fion . F PET B1%
X MNPs (046 0 K 3 05 16 g 5 ) Pk BB 2E 47 T 3
ST 45 0 WoR B 1] CR 8 549 PDT X U]
AT i 988 /0N B A 1 Pl e A= A Pk i 1 S 7 40 )
fER 1% & % Ze-MNP/ TCPP 44 >k &5 ¥4 ] LAAE N
A R R A TR AN 3 S R e L v iR
fle gt PDT X ¥R BE AR 38 06 19 4K di. R K 3 3
CRIT, [AAs}, fifi 2 fif 98 %4 Ze-MNP/ TCPP 9 5 %
B, 33 2 M 40 K 285 4 B R A R 26 O (FL) \CR
RIG(CL) Ml CRET 2825 sUfR &R T HI T 1 il
TRITRCR . MRS AN A AT R AE IR T T HL AT AR
Ry —Fp S HE R 6T TR AR I RGBT A Rl A2 5 T
FEE AN DA 15

“""4% . DSPE-PEG or
*¥ DSPE-PEG-NH,

Bl 2 @EHE I B4R CR S PDT /R & A
Fig. 2 Diagram of magnetism-enhanced CR-induced PDT

5 it CR IS OGS B s iR T

Yoon %0 T — BRI 7 ¥k L BRI R JK
PRIGTF A Az i U B R 4 568 000 6 B2 W Cln b
HREFE) X — i AR O T VIR R R K G
BESR A C YT HE (RECA)”, &4 B16 BB 5 2 9 Al
ATT B2 ZL AR 20 Mo () 1R 4P F 2 R W], RECA 7] L)
A e R R EA LA E A Y. AT
PRG54 ) B 08 75 S5 AR B I ok ggE e g
JEPE R T IR 205 06 Bl g R 7 A BL S
A iosh JiR YT JRAE T — AR .

6 CRIT ByHLHEIIRT
5 [EH ik 4 3 i K 2% Pogue ##% F1 B\ 2 F 3k 3

T3 T UME R R 4 5 iU AH 5 4 B il iF 58 S OB L R
BRI R 51 0 R TR 6B IR YT DL I A
57 4E J7 T M R H A 5, OF B o T Ak 2 A
DoseOptics LLC, il 3 Tt b5 — & H T iia
T 7 L AR LS, 2011 4E Brian Pogue 1 BA
YRR Tl RO Al R SR L AR T
X SR 2 BRI i 77 2R 1) UDAS B I e S ] I At 7T
W CR B G BOR bk IX 3547 g Ot 3h )
TBIT W] REVE  E— 2D 3 AE SN IR T 0 )
FEorF o M M nT AT 95 . O Tt — e ik x
— AR A S L 32 AT BN RO AR W R ok 1O
% 28 R Sk R B VA B SR 4 5 10 D' Ja i 8 ik A7 T
SE BT 08 o 52 R R B R A I X T A A
Z.U /B R WO MOt E & R AN

190002-4



Wt 5ot T o R

0.01~1nW +cm * « MBq '« g s % T 4P &8 7 5
ERT N ) I (o = S O 2 1 DD |1 - i S
1~100 pW e em * « Gy '+ s U R R R A0
O 3 R 4 U B SR . AR A
AN PDT 6 T R, (01 25 44 S Fi A oy i 55 & 21
Mo BT 5.5 mW/em’ B, 40 Mg 7% M 5k & B
Y b F ok oy B, K E 4y i B M B R
P Ac,"CL"Cu, " FL, " Ga, "' T, NL" O, MY Zr) 1
SOG4 n)/em® &9, O 3h 3R I AE AN kAR
F1% 388 2 (T AT BB L S B RS R T A AT DL
TR AR €Y B RO A m)/em® B9, AT
VRS 8h J197 2 B B & SR IR

[F] B, &F X} Achilefu Hl B\ B WF 5%, Pratx #
Kapp™™ & “ P48 B K & 6ok B Je 75 A2 46 i 470k
BN IBIT 7 B BE ] A R Achilefu H BA B S5
55 5 IE 1, BV S A% 2 RN S AR DA ) O A
YEHT AR AT A5 I BH 3 b AH AR 2l 3 CR &
AR, CR J&—Fh bl B R i B4 OF 2R
CR KA 250~800 nm, fEK o (T . n =
L3RR P AR K Kk 5 3 AT, FEfiE
WO VI B 4R G AR & U F 0 RS M A B
RETHFEMY 0. 006 Y0 LAF . sl 4> FIE L ES . 9
SO S AR FE L KA R i (> 99. 99 Y0) BT
FE. BAANF B R AE (250 keV) 3B TE 5 UK Y 4R 5
G3ff, F 77 A 6800 AR A AR (—OHD, X
68— OH 72 B AR BT X DNA B4 Y248 F
EEEMEM., AT CR P54 0 B Y 2E 500
HXF DNA 04 22515 6800 4~—OH AH 24 5 5
5, HAE, TiO, (3.2 eV) BT B4 3 A UIE R R
WFARRRE=4: 3 AL E—OH, A =4
AARIA TR AR I WY ) — Rl R R R L E T
P25 TiO, 90Kk A9 A 5 AR B S T 40 A L
T VMR R AR S0 T3, I3 b B AR L Y —
T 27 2 FRE KT CR BIE M) X 78 A 5
A GRG0 RS ARAS . [R] i 2 A AR 2 1
ZHTA — TR 58 AR BRSO P OTE TiO, 44 K AL
BRI Bk 5 o A 8 Rk R B A R LB AR 7

Xt s Achilefu HBA#EAT T 1R L Al F 5%
THEBEAL T 250 keV BYH B G CR 2774 CR)
YER T TiO, 7 A 0 A= ) 8500, o e 52 56 ¢ B, i
TiO, BG4 5 A H TiO, a5 4 Z (Al
FI4n M 1E WA 22 % (B 3), (H S, &l ff
6 MeV HL B HR S #E AT RO BF 78 R BT, T TiO, B2 & 1Y
20 67 200 B ) S A RRAIG . X R B DR R I i A 2

A=W Y B STk . RN b SR 2 i o
CR A9 35 B AT 5 CRIT RCR L 3% AB Sz ke th IE R
RSB IR )7 v AR B

10°g

8

104

[ irradiation only
© TiO,-Tf+irradiation

Surviving fraction

10

0 > 1 6
Radiation dose /Gy
Kl 3 FERETE M SE I AR X T2k (<C250 ke VO XS & HA &
TiO, GKKLF (2.5 pg » mL ) HT1080 48 41 AL 1 5% i
Fig. 3 Comparison of effect of <T 250 keV X-ray
irradiation on HT1080 cancer cells with and
without TiO, nanoparticles (2.5 pg-mL™") by
clonogenic assay
WHTSCRT R, 724 CR 35 2 & — 7 B9 L 7 fig
B E (250 keV) , AR AR 7 2R DI AE B 5K 48 5 64
R R M, R R AR AR R B e R, T RO
X5 DR TRABE ST T N TR A b B DA R
FARIT L 1 AR TR b R R R
FERE 2T A B T ot R I 9 R R G Y B DA R
R S R 3 9 6 WL ) T G R R DDA R R
SF AR 500~900 nm, BT REEAL N 250~
1400 eV, 5 [F] 2 5246 7 75 HL 7~ RE AR LU IR 1 2~
3 ANE R G S0 AR 1T 1Y B OO R T R 2 Dy
200 nW , 55 H Al A FH 40 K 45 44 2R 45 (149 DTS B < 5 5
ML DR B T 2 AR, I E
R BUMRER T 7 A DG B I 48 5 19 FL 5 R R i 22
RGBTSR B AR A w20 TR E
ARKAL T LIAE 56 8h 13697 B 6 IR I 2 — 20 41 R 5
A AU 1) 107

74 v

o3t Z R KR PDT ARy — FG o7 g /Y 42
BOTIERR R T BOk B NN TR A B 4R TR
W7 P ARG B AW G BRI A AR TRAIR T T
o BT UME R R 5 B O68h 7167 & — D 2 i
G, Bk TS PDT fFAE L8083 Z IR K
0 O A R R — R AT R SRR AU, B
SRy BRAEAE T - UMLK B S e B 88 - & T 8B A
GURE » T 28 TP BT 9 GG+ L g 8 1)

190002-5



Wt 5ot T o R

K. BRI T ILAE NG R 0 3#E— 25 B . FE Ak i i
FEr Al LA . o ad $2  CR B9 3 3 DL 3 CRIT,
RS, 6] — 28 CR PR & M ZE dn™y,
*Ga) s {5 B4R AR BT E A B E A ) 2 g ) G A
F o LAHE S S HOR X H AR 4] 2R e B L T ik 3 3R
7R TR s s/ s A B8 sl g ' B0 5 R
YR AR T A 45 R 1 e I rh e 3 I X Ol SR ok
SR AT B M CAn T Sk 384 88 1 v 5 4
5 H AR YT I 2 45 A DL AR TR T ROR
B AN K SCBOR 5 1k 2 B 25 W oy 1 4 RLRE 6 3
TP B AL 2R T M A A o s s T T
RSO SOR S . UG B ST N 12 0% TR I a8 A
AR K G B 136 T B4R F L e AE KA FE B ]
DA R an ] ik F A Ak B 6 ROR 45 . SR AR A T ROk
USRI S U, 2 S R s SR A A )
(2% 11 5 A BF 5 N B CRIT B ML i 77 78 5
W AR T R 1 VR AIF 58 R HEAT i — 25 B0t
FEEAT CRIT B[R A8 ) LI k4T PET s CLI LU
WEIIE T 3 3K 2 3% A0 3 1 F 78 44 . 2E AT TR 4
Sof 5 A P gRE B T I O Y R 2R AR ST B
X CRIT B T Mg 6 97 04 BIF 53 AT 321717 8 2

Z % x #t

[1] Shackley D C, Whitehurst C, Clarke N W, et al.
Photodynamic therapy [J].
Society of Medicine, 1999, 92(11): 562-565.

Journal of the Royal

[2] Palumbo G. Photodynamic therapy and cancer: a
brief sightseeing tour [J]. Expert Opinion on Drug
Delivery, 2007, 4(2): 131-148.

[3] Kessel D. Photodynamic therapy: a brief history[J].
Journal of Clinical Medicine, 2019, 8(10): 1581.

[4] Babilas P, Schreml S, Landthaler M, et al.
Photodynamic therapy in dermatology: state-of-the-
art [J].
Photomedicine, 2010, 26(3): 118-132.

[5] Majiya H, Adeyemi O O, Herod M, et al.

Photodynamic inactivation of non-enveloped RNA

Photodermatology, Photoimmunology &

viruses [ J ]. Journal of Photochemistry and

Photobiology B: Biology, 2018, 189: 87-94.

[6] Calzavara-Pinton P, Rossi M T, Sala R, et al.
Photodynamic  antifungal  chemotherapy [ J ].
Photochemistry and Photobiology, 2012, 88 (3):

512-522.

[7] Fan W P, Huang P, Chen X Y. Overcoming the
Achilles’ heel of photodynamic therapy[J]. Chemical
Society Reviews, 2016, 45(23): 6488-6519.

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

190002-6

Wei C, Jun Z. Using nanoparticles to enable
simultaneous radiation and photodynamic therapies
for cancer treatment[]J]. Journal of Nanoscience and
Nanotechnology, 2006, 6(4): 1159-1166.

Haase M, Schifer H. Upconverting nanoparticles
. Edition,
2011, 50(26): 5808-5829.

Idris N M, Gnanasammandhan M K, Zhang J, et al.

Angewandte Chemie International

In wvivo photodynamic therapy using upconversion
nanoparticles as remote-controlled nanotransducers
[J]. Nature Medicine, 2012, 18(10): 1580-1585.

Laptev R, Nisnevitch M, Siboni G, et al.

Intracellular chemiluminescence activates targeted
photodynamic destruction of leukaemic cells [J].
British Journal of Cancer, 2006, 95(2): 189-196.
Robertson R, Germanos M S, Li C, et al. Optical
imaging of Cerenkov light generation from positron-
emitting radiotracers [J]. Physics in Medicine and
Biology, 2009, 54(16): N355-N365.

Spinelli A E, Boschi F. Novel biomedical applications
of Cerenkov radiation and radioluminescence imaging
[J]. Physica Medica, 2015, 31(2): 120-129.
Kotagiri N, Niedzwiedzki D M, Ohara K, et al.
Activatable probes based on distance - dependent
luminescence associated with cerenkov radiation[J].
Angewandte Chemie, 2013, 52(30): 7756-7760.

Hu H, Huang P, Weiss O J, et al. PET and NIR
optical imaging using self-illuminating * Cu-doped
chelator-free gold nanoclusters [ J]. Biomaterials,
2014, 35(37): 9868-9876.

Xu Y, Chang E, Liu H, et al. Proof-of-concept

study of monitoring cancer drug therapy with

imaging [ J]. Journal of

Nuclear Medicine, 2012, 53(2): 312-317.

cerenkov luminescence

Guo W' S, Sun X L, Jacobson O, et al. Intrinsically
radioactive [* Cu] CulnS/ZnS quantum dots for PET
and optical imaging: improved radiochemical stability
and controllable cerenkov luminescence [J]. ACS
Nano, 2015, 9(1): 488-495.

LiY, Ma J L, Han S X. Advances in Cerenkov
luminescence imaging for radiation oncology [J].
Chinese Journal of Medical Physics, 2018, 35(1):
60-69.

%, HEERE, #ORE . PR R K R AL R i
PR R L] hE B R A, 2018,
35(1): 60-69.

FuQF, Chen J Y, Liu Z B. Cherenkov light: a new

light source for theranostic nanomedicine[J]. Journal of



Wt 5ot T o R

[20]

[21]

[22]

[23]

[24]

[26]

[27]

[28]

Nuclear and Radiochemistry, 2019, 41(2): 201-207.
R, PREZ, XM, DR RES . kY
Wiz Wrigy7 — AL B BT 6 IR (1], &% Ak 2 500 1k
2, 2019, 41(2): 201-207.

Cline B, Delahunty I, Xie J. Nanoparticles to mediate
X-ray-induced photodynamic therapy and Cherenkov
LT]. Wiley

Nanomedicine  and

radiation photodynamic  therapy

Interdisciplinary =~ Reviews:
Nanobiotechnology, 2019, 11(2): el541.

Cao X, Chen X L, Kang F, et al. Intensity enhanced
cerenkov luminescence imaging using terbium-doped
Gd, O, S microparticles[J]. ACS Applied Materials &
Interfaces, 2015, 7(22): 11775-11782.

Kotagiri N, Sudlow G, Akers W J, et al. Breaking
the depth dependency of phototherapy with Cerenkov
radiation and low-radiance-responsive
nanophotosensitizers [J]. Nature Nanotechnology,
2015, 10(4): 370-379.

Shaffer T M, Pratt E C, Grimm J. Utilizing the
power of Cerenkov light with nanotechnology [J].
Nature Nanotechnology, 2017, 12(2): 106-117.
Kamkaew A, Cheng L, Goel S, et al. Cerenkov
radiation induced photodynamic therapy using chlorin
e6-loaded hollow mesoporous silica nanoparticles[J].
ACS Applied Materials & Interfaces, 2016, 8(40):
26630-26637.

Hartl B A, Hirschberg H, Marcu L, et al.
Activating photodynamic therapy in vitro with
cerenkov radiation generated from yttrium-90 [J].
Journal of Environmental Pathology, Toxicology and
Oncology, 2016, 35(2): 185-192.

Kim K, Zhang H W, La Rosa S, et al. Bombesin
radiotherapy of prostate

WST-11

antagonist-based cancer

combined  with vascular  targeted
photodynamic therapy[J]. Clinical Cancer Research,
2017, 23(13): 3343-3351.

Duan D B, Liu H, Xu Y, et al. Activating TiO,
a high-yield
photon emitter for Cerenkov-induced photodynamic
therapy [J]. ACS Applied Materials & Interfaces,
2018, 10(6): 5278-5286.

Ni D L, Ferreira C A, Barnhart T E, et al. Magnetic

nanoparticles: gallium-68 serves as

targeting of nanotheranostics enhances cerenkov
radiation-induced photodynamic therapy[J]. Journal
of the American Chemical Society, 2018, 140 (44):

14971-14979.

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

190002-7

Yoon S W, Tsvankin V, Shrock Z, et al. Enhancing
radiation therapy through Cherenkov light-activated

phototherapy[J]. International Journal of Radiation

Oncology, Biology, Physics, 2018, 100 (3): 794-
801.
Alexander D A, Tendler T I, Bruza P, et al.

Assessment of imaging Cherenkov and scintillation
signals in head and neck radiotherapy[J]. Physics in
Medicine &. Biology, 2019, 64(14): 145021.

Jia M J, Bruza P, Andreozzi ] M, et al. Cherenkov-
excited luminescence scanned imaging using scanned
beam differencing and iterative deconvolution in
dynamic plan radiation delivery in a human breast
phantom geometry [J]. Medical Physics, 2019, 46
(7): 3067-3077.

Axelsson J, Davis S C, Gladstone D J, et al.
Cerenkov emission induced by external beam radiation
fluorescence [ J]. Medical
Physics, 2011, 38(7): 4127-4132.

Henderson B W, Busch T M, Snyder ] W. Fluence

stimulates molecular

rate as a modulator of PDT mechanisms|[]J]. Lasers
in Surgery and Medicine, 2006, 38(5): 489-493.
Glaser A K, Zhang R X, Andreozzi ] M, et al.
Cherenkov radiation fluence estimates in tissue for
molecular imaging and therapy applications [J].
Physics in Medicine and Biology, 2015, 60 (17):
6701-6718.

Pratx G, Kapp D S. Is Cherenkov luminescence
bright enough for photodynamic therapy[J]. Nature
Nanotechnology, 2018, 13(5): 354.

Gill R K, Mitchell G S, Cherry S R. Computed
Cerenkov luminescence yields for radionuclides used
in biology and medicine[J]. Physics in Medicine and
Biology, 2015, 60(11): 4263-4280.

Rajh T, Dimitrijevic N M, Rozhkova E A. Titanium
dioxide nanoparticles in advanced imaging and
nanotherapeutics[J]. Methods of Molecular Biology,
2011, 726: 63-75.

Kotagiri N, Laforest R, Achilefu S. Reply to ‘Is
Cherenkov luminescence bright enough for photodynamic
therapy?’ [J]. Nature Nanotechnology, 2018, 13 (5):
354-355.

Liu F, Xiao L, Ye Y, et al. Integrated Cherenkov
radiation emitter eliminating the electron velocity
threshold[J]. Nature Photonics, 2017, 11(5): 289-

292.



