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Research Progress of Chlorin E6 and Its Photodynamic Therapy on Tumor

GUO Dingrui®, LIU Binbin®, ZHANG Tingting®®, WANG Jun®*, ZOU Lili*®"(China Three Gorges University,
a.Hubei Key Laboratory of Tumor Microenvironment and Immunotherapy, b.Institute of Infection and Inflammation, Yichang
443000, China)

ABSTRACT: Photodynamic therapy(PDT) is an emerging non-invasive minimally traumatic photobiological activity therapy
strategy that uses light and reactive oxygen species to remove tumor tissue. Light, photosensitizer and reactive oxygen species are
the basis of PDT, among which photosensitizer is the most critical factor. Porphin has been widely recognized in the medical domain
due to its advantages of large light absorptivity, deep action depth, less residue in vivo and high safety. Chlorin e¢6(Ce6), as a leading
member of Porphin, has high efficacy in tumor clearance; however, its potentially off-target and drug resistance hinder its
development. Therefore, in recent years, researchers have focused on introducing functional groups into the structure of Ce6 or using
high-tech nanotechnology to improve its tumor specificity and drug targeting and have achieved good results. This article reviews
the development history of photosensitizers in recent years and the related research progress of the important photosensitizer Ce6 on
tumor photodynamic therapy.
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Fig.1 Development of photosensitizers

P E AR 2 2022 48 7 A5 39 5 14 1

Chin J Mod Appl Pharm, 2022 July, Vol.39 No.14 - 1909 -



Kt , XSO FBHIF TAEE 13— SRR 4
Se{—— ] 5 K PR JE b S 45 AR A
1.3 55 =406EG

AR, GORFEARZE RSP, FIHKRE:
AR T BB RO HGR U TR ZRHIF R, gk
AR5 5] $ S ORI A M, OB REOGR A b
S8 LI T B N (R RE G, SR R B o 3 R A i
{14 200 i o B 2420 38 = AROBRIORI e 5 — A0 LAk
SIAVFZ I ReE I A 85> T2, Wnid i A 4R
RSP w1 MERTE 2 etk sk b DIk
IAEYIAREER 535 S3 M 5] ABAT R E )
RAL SN E &Y, sk, iR, 20K,
Piik . Btk ZRIKMGUR T, Wy K
LR 3 R 2728,

AN My OB RN AR O B AT AR BT
g T B, L H B S AT AR W AR B v AR
fgnot, Bl ceo, wHAWRYE. BHEAL.
SN — | KL MR AL R R E RS
RAETE# AU I B s R AR A ZEIAE H
YRR 5 HALZ A 28 PDT RY7 RO
FB03N  Ce6 540K URL A X A A 20 i e A% ik
o SR PRI T 7 A L e P R R VR, Xt A
B AIERG F I KA 2 0——PDT 7 HE
I P9 £HL 207 s 1 AL A2 40
2 Ce6 BRI T R ELTEE M AT A 2 R

M2 R o PEEARRIIEH 4 DL 7E
MR KA SBEREY, BT &A1 4N
IR E T A RSB, L E1ER
Ife R HZ AN AN 5 WISOERE, J& AR A
AT RGN . MPa R o dlad 4 MR I AL
B. C. D PUMLME A BRI A 42,
RAFES P Tk o RHATAEwNT 24
YRR,

VE R B EGH, Ce6 ZLITTD it
BRI 2 R R, il — R0 E . i
Ll A4S 2 1) —Fp 2 2 AR 1) . Ce6 41 W
WAL A5 1 (B 2), SRR 663 nm, 7
EEMEIE &7 Ka ROS, X B2 AINE 5 41
SUR AN B R 8/, AT AT 3z N T R
PDTE3,

[R5 1k R LR — 4, Ce6 I N
KM, RGBT RE, BRIl
P 24 R PRIV FH P A — i MERE . oK kT A 2 1Y

-1910 -

Chin J Mod Appl Pharm, 2022 July, Vol.39 No.14

DEHIGR AT R v WS A T, [ 5
B R AV Z YRR, PR TE .

/7

B2 &b e6 sl
Fig. 2 Structure of chlorin e6

Tk, XTI T S, REAE KR B
PR P, R EREE, RN RN,
P Ce6 GHAKBURL, AT LARIFOGEGR, JRn]
RGN 186 , HiEAYT MPIE Y =R PDT il 5],
FER T B IR 16 7 2 rh B0l il anf Ce6 11
HENRA RS L, AR BN % 7 21 b 20
far, KRHESE T PDT RI7RCRET, Ce6-PDT )
FIEIRIT AR LR 3. AN e6 BEA B ILA 2y
RGVERE LY L 1,
2.1 Ce6 7EFLARIE AN H

7R L IR o AN R AN T RTINS e M
BREAEIRE 140 7 Lo PERE R LG, LR A
33%; ITAFE TR FLMRIE A R G B AR T
L BRI Z B, JET R AOR TR,
WA SR S E R AL T A RS, Hik, &
FLHRIER I R IT 08 5k R R A2 2 1if = 2 4t
G STl R A i A ) K ) R

Pellosi 45 BV il T 2 A 2k 0 48 K ok il
Ce6 MIRETEAR TS BE AN K FLIE , FEROCIHUR T 77 5
LR, TR L PDT AT #
B, X MCF-7 40 A5 58 5 T 3T 32%;
Choi 25405 1 T Fe304-Ce6-FA 20K kL FH T iR
Z AR [E PDT, FJ Hoechst 33342 Y (0,4 Jifd L) A5
¥ R Bifk, CellEvent Caspase-3/7 Green K5 il 5]
SR 20 mW BB JIIRYT 30 min B2 K A -
3/7 %€ 6 h Ja TG, B8 WoR MCF-7 4ii A A7 6k
PARTE N

16 = BAPEFL Y PDT #F98 21, HARM I
TR T A - eSS M A LA PR R

P I IR FH 22 2022 4F 7 A 39 55 14 3



— AN Hye6

IR

FLRE

TEHEAR TS BEKRZL
Fe;0,-Ce6-FA
ZURAKT B
PMO-Ce6@Catalase

FIARI G
MePEG-Ce6
BRI BE-Ce6
ARBTR
GURESRIEL
(2R G B e IR

B FER-Ce6
BEERRAORE

BeF
49K B -PEG@Ce6

B3 Ce6-PDT 9 JE V6T # &
Fig.3 Cancer therapeutic pathways of Ce6-PDT

I Ce6 Flid EALAMA Z I RELAKT-FH PMO-
Ce6@Catalase, ZAN-5 Al @80 H AL EHA
5iiFBIHY Ce6 F1HL4ll PMO-Ce6 9 PDT MLk, 14
PN 3 45 R IR B HE BB 8 A 8 i A s R
P-gp ML, EfE 70% 09 IR e 1=

h T iRAL Ce6 LRI IR ZH 2L 3537 ) Al
FUmME, Feng S5 M AR B 11 % 16025 B o 7R
(hyaluronic acid, HA)FI Ce6, 23 T RESLENZYH)A
BRI, HA FTEY45EKIRIE, Ce6 LY
AR ) KA s, B R K W] HA-sese-Ce6 A TE
FA7 5 A [ ) P ) e 20 40 SRR g 2l
YR Kim WG 1T ek 50 6EoRe & i
TIREHT-Ce6 BIEY), XU AN PDT 20%
PRAL T I T B SRS

534k, SPDT J&—Fayy e (A2 T Bel ),
R REIFE T Ce6 411 SPDT il 7 28 1k
AR B ) A FH T 200 B BB 7 5 A A B R 0 1
Mo TEREEMLESECT, Ce6 /311 SPDT fHff
SR TF R ZIRBN AL EWN 7 1%, 259
AR TRAE 2 h IR, A REIH R ATy SPDT
FLH N T IE B AR T AR R G TR

Morrison“5477E 2014 4F-F FH LA EE I PDT
XTHHEA PR e LR T JR I e . 7E 9 Blsz ik
FL 55 UIBR A R L ROECRHG 7 DA WA 26 i 4
T, A 6 BlEFETRBEF G ARTTRL, Hr 2
(B 3Z 42 I 51 RIS B IR YT DX A b A

P AR B2 2022 4F 7 A4S 39 4555 14 3

WELH RS
Dox@MSNs-Ce6

FoA A

BB AR B E
(NP-PPE/Ce6)
Ce6-ZHH
A ]
AR
F I

MnO,@Ce6

iR, JLT 100%0) &4 7e4%52 PDT JaE G Bl 5|
U

2 EBEGEETIAE PDT A97 FLAR I 09 4008 AN
Hi#4% 1, R NS A RR G K SRR T s TR
PDT [W&FIEA S5 MR I TRLE 23645 T R
TR F IR R RESERE . R FDERG S 9k
BRI G 45 24 R G Re 2 e 21 852 AR 1R 8 )36
7, R TORBON AR, SEEL T RTTAR A
R AR FLR I B 2E A0 A K H AT PDT
TR NP iy 1 ) R i = = W e o2 S R
BEHE 2 PE . EE2AR . R AN EA .
2.2 Ce6 7EZ i i v H

Sh S o . A e A EL R R T RS
RORA B IIEAE . AR, EIRYT XA E UL g
(R AT A T RV E R . LA B ¥ ) 25 ) IEAE
Ak, JF HRBU RN, FRES51b7Ek
B o 38 A A X e R A R A T
ANAE N PR S 56 6 F 3R A5 e AP AL G 2
FE H W LR S A e

Li W23 W58 KL, 2 Ce6-PDT Ab 2
Ji73EE SW480 4t H Ce6 ¥R S /3 A 12 7 s MK P 1)
AN AN L T ROS W= A FE T, (R HH il 20
Mutse, FEARITRSAE I AAETSTEAE Sy, Al iR
AU HRFER] 20%; FEF PR Yang S5 5E 1
5T, Ce6-PDT 1 [ MERN I I W24 A 1l B2
45 i BB WA RGR YT T o IR S SR

-1911 -

Chin J Mod Appl Pharm, 2022 July, Vol.39 No.14



7R 3- B e i N A B 4] 400 6 B B 1 £ 4
fsEr:, HiESET- e s, T3 g 5]
Ce6 EE4YAAAE SW620 4RGP M i, £k
P EATRD, JUPAS G TR, X2
Ce6 15 2C T HE S S P4 5 I 17 38 o PR I ) 7 84S BE A
BN, 59 WAFIE AR AT, FFH Caspase-3 .
Bel-2 }¢ LC3B WIfigZ5 1768l Ji A 4 iy it
B, BRAFEHT R,

ST KB, ZRVAK R A Y TR R i
FE 1) 25 ) 3 AR 1 9 0K 25 W ik e 45 W 9 1 3R
7o Ryu S5 sy H AR R & I F Ce6 ZH K
) MePEG-Ce6(Pe6)4A K J 571 78 14 S 4l i 15 %
SEU R R R R A A0 M R BCRE . e R A
ROS A A8 77 5 XBr S5 E s H 2 5 4 s B
it 7 (R AN KA TR G W 5 EAZEE . Ce6 HI%ETE
BRI 100 nm 2247 B9 3 —GOK AR, #0205 & =y ik
12.2%, HCT-116 I T K5 Ce6 HZGHLT} 2 £,

Jeong FFB3LlAT 2 2R G B HUBKAE 4%
GRS A5 8 PD-L1 $iTi& Atezolizumab(—
T 1gG1 7RI BR ST REHTAA) 5 Y A L R & T Ce6
I, AR MR, LI/ IR A ZEE, I
TG A G2 M T SR SR MR AE IR, Sh g
S5 0 W RIZ K FR G0 TR R N BRI T 6 2 b R
5 30%, Sundaram 5K FUBE R 4 K 45 (single-
walled carbon nanotubes, SWCNT)Y HA F1 Ce6
I, i FREBR B 5 R R EEE 2 FH
AR A MR AR CHO I TERE, B A
) SWCNT-HA-Ce6 7E 10 J-em™ 5504 Figsntt
HMIFET A 43 s 85%.

Dewitt %P317E 2018 4F HEA T 1411 PR — HA {50 %
Jr 1S G 3O R A R I TR R N B R AR A R
PDT /Y7, HREREZGFRAMIL, 12 flEET
A 6 FINEE MR IRE AR RBURIE 43 L, {5
A 4B B BLS I NEEN A SC IR RN, L H
PHE RS IO RL 2 | SRR Bk A R DTG T
JESEREAR , 25 BEOM GG A YR RIS L 5 TR 4R
o JF MR A R T A s

H i 7E 25 Wik ik R &, IRMESCELRR
SETERI O, ML A W NI X G
LATHTRRIE . Zeta HELA R 08T, A Bl
TUNEL & -t KA WS Bel-2 ik, R
i 3 28 BT ER i A ik — P riE SWCNT-HA-Ce6
YRAY R AR RS AU FE T HLHI S R o B

-1912.

Chin J Mod Appl Pharm, 2022 July, Vol.39 No.14

(R A1 B8 9K 25 25 R GE T T45 9 i PDT KRB
Pl PE R RrEM: , ROk SOF A A Bk R 2T
REEIEIRIT A 22 ik,

2.3 Ce6 TEMlE 1 R H

I 9 2 4 IR A I B o Ak % 9 SR AR IS bR v Ak
PO b A, H P& T4tk Bk
BIEL 210 J7, FET-BI%L 180 J7 o K5 2E CT fifi
BRI 20%9>55 27 W AR 3 1 it s A 08 s AL
FETRO A3 R [ 255 AR, B8
e JEH i 9 A8 8 A ) LI O BB, AJUVANT
ADAURA Z:0F 5548 EGFR-TKi 44 A -1 it AR 5
HBRITE,

ILHT, Furukawa ZEP824500d PDT 397 H g Al
FAE , (& RO B AL, WZERK
AR AT v Re T R Rl R E &,
A5<1.0 em [ BE TERIR N FH 5 AEAAERIN
92.8%F1 57.9%; [FIET, PEHE>1.0 cm HY B E LA,
SEA RN 5 AFLEAEASR 58.1%F1 59.3%
AT LTy R ARG VR 2 5 4 b e A R 1 2 R R — B2
PDT /Y7 i IR AR D) — G

2018 4F, ZREESFEDI & A B iR
RO RS GNS-PEG@Ce6, EH T LIegk &
VBN AR BB AT b3 Jin il 6E AS49 40X Ce6 4
B, T HE— L1408 Ce6 XT e A549 20 i) 515
R0, PRETHAT R stE s e, DUl
7 2T AT S e A AN, A X BAZG4H , GNS-
PEG@Ce6 KA IO 1Y 4 i IR FE A e A 3 7= %
H 88.9%. 734h Sun FFECURIAFL A AL REGY KB
i (mesoporous silica nanoparticles, MSNs)NZiA,
W B 75 2 11 28 B A AL S ARk 44 K U0 Y L B
o, R T R 4525 R 48 Dox@ MSNs-Ce6, AbFH
AR S ROS K236 17 4%, vl ULk &1k
ST H PDT X AS549 fiides 240 il HoA R4 RIvEH
it , Cao ZF[2IIT T —Fp 3k F ] 5t 1 40 A
(mesenchymal stem cells, MSCs)FA SR M, 7K
MnO,@Ce6 4K ks 5 48 11z 1% 2] g B AL .
MnO,@Ce6 W] L3 1 Xif i 2 00 - e S e 1)
TR AT, TR TR ORI R SR
B AR, f MnO,@Ce6-MSCs #£ MSC 5| 5 |
Ce6 et | WEALIRBUF NI PDT J7 T 2RI 450 A
(871, W — 2 B0 G RS IE 2 -1 7 i
o BLA, 3 FHmDEE) 2857 & Zhang
SRS ZAR 4, AT A AR SRR 5T Y

P I IR FH 22 2022 4F 7 A 39 55 14 3




FEHH, PR i 375 B o R il A — 20 R HA 5Er)
Rofig, DA AHHS 1 F Ay 9 ROS XU 7 40 K AR A%
LoZREE, MR P 4k i R BT 85 JE-Ce6 1
bk, B B e At i ROS AT HbE)iF
AT, DEREIRITRCR, Jf X IE R A
WA RN, T3 S T Gy e ) 4

KimuraZg045%f 12 fF #4508 73.3 & A HE
/N it TTA~TV I B3 506 T PDT Bk A 1k
7 UL R il s PO A8, R Bl U B R S U
T 11 B4 R 484 Jon 0 BE S il 6 i TR B UE R T PDT
1) 72 XL I 87 - 41 F HR A7 A A7 s [|) 43 00 R 9.3, 5.9
MNH VAEREREN 30.0%, £Kk4S5 PDT M
KM RFREIET R, FIL, PDT BB IRIT A L
SRR IS IR A A AR, (H A 2 R i g 20
CHICH

RIRI G ITRL 25 6 Ce6 TEHUI A T 25 2544 K
S K 0 e N B R i RS T e s o297 N =3
o - 0 e X AL AL T S8 BE TT R s BRILZ 4D,
WEIAR RGN PDT DL 4y F80 ) e sl J12F B
TR BT 20 RS S, AT O AT AR Ok
oG ENEZ . RN R . TURRCR AR
£ IS
2.4 Ce6 7EJHRARE T YN H

B M A S — O E AR B AR R L 2 T RIR YT AR
TR RIMERTT AL RGBT, 29 90% IR T AR 4
bR A IR, R R RN  A ok B
ETte S AEALFR<1%, &G B2 SR
— ZAERTC A R PDT 19 1A RAIFSE B R0
AR R 2R A, FAIET RS, H
A AL RARALIT,

R Wang %57 G8515 1, 5 v 2s B ik
JEE AR LY, B AR i 2 2 rh 8 T T S T
S AR BT 2 35 VR A I A5 B iy 2 A0 1) 55
PDT (7%, RGN, PDT A1 EA1E A
HERYT T 1, AT AR ET R R B, &
I 7k P B G RS PR 7 LATE R S SR AR IR 1)
R, T2 fifk e 01T i S A A

¥ Ce6 HYURMBHR G, AT AT R il ik
Bm A B A TR, AR VR AMEEGH A
By FESE i 8T, Ding S50 v IR B 7 A
2= IMBEBRFPAEMERSL, HI T H Ce6 T
2 BT TR N A% L 1) B P U 8 94 K 38/ (NP-PPE/
Ce6). HPLC FIy x40 i A i 45 S i A h 2R 1

P E AR 2 2022 48 7 A5 39 5 14 1

NP-PPE/Ce6 & 5 AL Ce6 HIHTE 2 h £k HL
M 1.5 %, 7E 4 h LLiiFE Ce6 ZbFHIAT K 2 £
LR Ce6 4bFE BxPC-3 4ifEAHLL, LA
0.312 pg-mL~'f%) Ce6 7l i ] NP-PPE/Ce6 A& 2l 1% 2
Ji, HREIE % S0l 80%RRARE 5%, 1 [ A I
JiE L Jalde ZEVOINE Ce6 52 B E ML, AL
() L4 4 2 B L O g Y BRI SR O v A AR S
FEBUKT, BT Bax. 4 C MIEIL
P RACHE 9 19F3A, R FIH T Bel-2 KikHild
TR EAPREY, BosIHid T E R —FpiR 8Os
FI LA e e s S5 19 PDT J7° 80

AR Ce6 TEJRMRIE O AIFFE I FHAHXT St L
BARR, {HA R8Tk i G 8O0 i i 52 AT 7R
B2 BERRIATSAE NS AR GG
FEIRMRIRE IR T 7 A A AR, Lu U
I AEFRIATSA SR PDT, LEASIIE 3 5 40 i 10 175
OUT, P2 T RS A I FE TR JIESE T SR
200 6L ) SRS AN T e R A B R AR YT, IXER
W] PDT M4 ] 5 g — 455 s Al v & B e Pk
AR TE T2 [l Ay ot i g T R B ik A
A0, Hu SE73F] FH i Ak S 60 4800 4 i A 1
R —FPATAE A AR S, TS5 A A
25 H R IOGEh 1R B

R g s PDT A4 52 S8 B 5 Rl AR 4 B A
T—sbgenh, (HEENYE PDT H TS A Al R
Mo A . BBEREARR . sz n e ekIe
J& PDT IRYT IRARE I = RIS, JF R Z2-RhAYT
SRR YT B AR o RN T AR VIR SR W |
BPEIRIT . AL M PDT SH4LA, SiiFnT DA
PRIEEIGIT PG RAF . X TR IR e, A
IGEIT AV AT AR (R 2E R 5 XTI S sl 2R
WA B, PDT YENEHBNG T FBOT LR &
BEENG B,
2.5 Ce6 7E A R v o ni

Ce6 [ THELL L 4 Fhbgg b i aisR 4, 7EHAD
A I AT AN [R] P A S AR YT N . 0
Ce6 7B EEFEN/NR S T s B 1S 7AoE
S SPTIEE DRUATSY E EAAEUONS Ce6-PDT
iz BRI TPl DL e IL-6 i 7 &
i, i QBC939 4l p-STAT3 M HprM T
FIERIA 5 Lee 571 & BLAH AL N 43 e H KK P2
Ce6-PDT Y EHI P P E R % 5 7E Ce6-PDT
XPIE R IE 2 v, 2R R R A U8 ke I A 21 I

<1913 -

Chin J Mod Appl Pharm, 2022 July, Vol.39 No.14



B ZR IS Ce6 YR)T BE T AN il Fi e 240 M Fr)
R TNERS s BRMESEIR BT R A S Ce6
5 A AR 7 A R R AR AR R kLt
I HI#FRFE A SCHGN] Ce6 ZEHTIMIR B N H HATHE
Pl PR AR R, e — i 0 HAT Bl R A e =
[6] (4 S REGH o

1 ZAh e e BB ARG HREHL
Tab. 1 Performance comparison of chlorin E6 combined with
novel drug delivery system
AN e6 BREHBIA I RAMALTT R 2 H
ot e A ik
FUBYE SR HITROEE) Ik R RERYTIR W e [39]
I R B 405 ittt
R A Z S 3 A U T 3 R s [41]
B F IR EE
Sl AV S 5B AR ERE A RRE [51]
Bl AR T 2 B I 1 o e
PR O A st & R IR R m b Ll [53]

eS|

SRS AGINHIR T R
PRz

fitgg BT T ARG MnO,@ MSCs AR Wiz k [60]
Ce6 H 1 i EEETEN

ROS XUN N AAROR AT 4 7 i 1) 35 B i iR A [62]
S 25 CD44~ 9 B T Bl EAL
JRIRE SRR PRIRER AR IR B S BERR B fE = IR T [68]
WAL WIE i RREIEINS
S ZHA PRGN 2R AES BT NF-B [69]
AR SRR AT

3 FESRE

i A B AHSCSCHR, SEH X Ce6 B DT 2
VA KA A B TS Dt e EA T U9, BAE T Ce6
(0L DL SO TR 45 25 22 B2 1 3 1 LT 5 BF 5 0k
R, WHEMTRS AR RO TE . 2855
A TR AR B I S LR AAR A A S 2 1 PRATT 52 1)
o B GG B AW K 5 90K B 1 PR R
J&, PDT (N FHGUAE 2] TARKRFR AN E, oA
KT 5 IO B4 5 e W2 R e U AT IR
FEE

SRTTAS k= AT 5 4 DA PR 52 B TR AR . T
HERIIBEE, TR PDT XA A AE
I R BRRR T RCR A ZEAR G, By DLESRBFTE A1
X s — 0 7 ) A PR AT K S X L B YR T T
%, DORIXBIHA R R Ak, HARER 2R
PUASE A e PR 136 T0E S B B 203 28 2R G A B e
RIATr PR E TR R PE L R . SemtE
B B A KRLT 1 A L RE AR DT AT 38 A
FFRAIRZR , ARIBBIA R R I ARG 97 A $R 1 2

-1914 .

Chin J Mod Appl Pharm, 2022 July, Vol.39 No.14

R, HBk = — € W AR X i E AL PDT iA
Jri%. W, PDT WY AL 2k
Yyl 755 Z 0 ERE, B DL E A e BT ST A
5571, AWl Ceo SAKKTHREHIE S
FN, FARPL B St o MIfEAEA ROk, PDT
VR IR B S et e, DU 5 Y
TP RCR N B I R 8 R R AR A o

REFERENCES

[1]  WEIWQ,ZENG HM, ZHENG R §, et al. Cancer registration
in China and its role in cancer prevention and control[J].
Lancet Oncol, 2020, 21(7): e342-e349.

[2] DOBSON J, DE QUEIROZ G F, GOLDING J P.
Photodynamic therapy and diagnosis: Principles and
comparative aspects[J]. Vet J, 2018(233): 8-18.

[3] WILSON B C. Photodynamic therapy for cancer: Principles[J].
Can J Gastroenterol, 2002, 16(6): 393-396.

[4] POGUE B W, OHARA J A, DEMIDENKO E, et al
Photodynamic ~ therapy  with  verteporfin  in  the
radiation-induced fibrosarcoma-1 tumor causes enhanced
radiation sensitivity[J]. Cancer Res, 2003, 63(5): 1025-1033.

[5] NYMANE S, HYNNINEN P H. Research advances in the use
of tetrapyrrolic photosensitizers for photodynamic therapy[J]. J
Photochem Photobiol B, 2004, 73(1/2): 1-28.

[6] HARROD-KIM P. Tumor ablation with photodynamic therapy:
Introduction to mechanism and clinical applications[J]. J Vasc
Interv Radiol, 2006, 17(9): 1441-1448.

[7] ORMOND A B, FREEMAN H S. Dye sensitizers for
photodynamic therapy[J]. Materials (Basel), 2013, 6(3):
817-840.

[8] WHITACRE C M, FEYES D K, SATOH T, et al
Photodynamic therapy with the phthalocyanine photosensitizer
Pc 4 of SW480 human colon cancer xenografts in athymic
mice[J]. Clin Cancer Res, 2000, 6(5): 2021-2027.

[99 AHN M Y, YOON H E, KWON S M, et al. Synthesized
Pheophorbide a-mediated photodynamic therapy induced
apoptosis and autophagy in human oral squamous carcinoma
cells[J]. J Oral Pathol Med, 2013, 42(1): 17-25.

[10] KLIONSKY D J, ABDELMOHSEN K, ABE A, et al
Guidelines for the use and interpretation of assays for
monitoring autophagy (3rd edition)[J]. Autophagy, 2016, 12(1):
1-222.

[11] LIU P, SHI L, ZHANG H Y, et al. Study on progress of
research on safety and efficacy of nano-sensitizer induced
photodynamic therapy for skin cancer[J]. Chin J Laser Med
Surg(H EHOLEE 2£4%K), 2018, 27(6): 404-412.

[12] EE%E, BRIOIR. Sesh o7 i 4R R IO RO AT 5
PRI, K2AkeE, 2012, 27(5): 42-52.

[13] BEAUDOIN S, LEYTON J V. Development of a novel
covalent folate-albumin-photosensitizer conjugate[J].
Photochem Photobiol, 2016, 92(4): 512-514.

[14] CENGEL K A, SIMONE C B 2nd, GLATSTEIN E. PDT:
what's past is prologue[J]. Cancer Res, 2016, 76(9):
2497-2499.

[15] MOAN J, PENG Q. An outline of the hundred-year history of
PDTIJ]. Anticancer Res, 2003, 23(5A): 3591-3600.

[16] BERNS M W, RETTENMAIER M, MCCULLOUGH J, et al.
Response of psoriasis to red laser light (630 nm) following
systemic injection of hematoporphyrin derivative[J]. Lasers

P I IR FH 22 2022 4F 7 A 39 55 14 3



[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

Surg Med, 1984, 4(1): 73-77.

COPLEY L, VAN DER WATT P, WIRTZ K W, et al.
Photolon™, a chlorin e6 derivative, triggers ROS production
and light-dependent cell death via necrosis[J]. Int J Biochem
Cell Biol, 2008, 40(2): 227-235.

FeM, BhAEL, BUMEL. 5 T AOCBEN BT R K IR IR
R[] T 7RG B84, 2008, 24(5): 527-531.

URUMA Y, SIVASAMY L, YOONG P M Y, et al. Synthesis
and biological evaluation of glucose conjugated
phthalocyanine as a second-generation photosensitizer[J].
Bioorg Med Chem, 2019, 27(15): 3279-3284.

LIN J F, LI J, GOPAL A, et al. Synthesis of photo-excited
Chlorin e6 conjugated silica nanoparticles for enhanced
anti-bacterial efficiency to overcome methicillin-resistant
Staphylococcus aureus[J]. Chem Commun (Camb), 2019,
55(18): 2656-2659.

LI Q, LIU Q H, WANG P, et al. The effects of Ce6-mediated
sono-photodynamic therapy on cell migration, apoptosis and
autophagy in mouse mammary 4T1 cell line[J]. Ultrasonics,
2014, 54(4): 981-989.

STAGGERS N, MCCASKY T, BRAZELTON N, et al.
Nanotechnology: the coming revolution and its implications
for consumers, clinicians, and informatics[J]. Nurs Outlook,
2008, 56(5): 268-274.

HUANG Y Y, SHARMA S K, DAI T H, et al. Can
nanotechnology  potentiate  photodynamic  therapy?[J].
Nanotechnol Rev, 2012, 1(2): 111-146.

CHOUIKRAT R, SEVE A, VANDERESSE R, et al. Non

polymeric nanoparticles for photodynamic therapy applications:

Recent developments[J]. Curr Med Chem, 2012, 19(6):
781-792.
KWIATKOWSKI S, KNAP B, PRZYSTUPSKI D, et al.

Photodynamic therapy-mechanisms, photosensitizers and
combinations[J]. Biomed  Pharmacother, 2018(106):
1098-1107.

YU Q, RODRIGUEZ E M, NACCACHE R, et al. Chemical
modification of temoporfin: A  second generation
photosensitizer activated using upconverting nanoparticles for
singlet oxygen generation[J]. Chem Commun (Camb), 2014,
50(81): 12150-12153.

GOMAA 1, SEBAK A, AFIFI N, et al. Liposomal delivery of
ferrous chlorophyllin: A novel third generation photosensitizer
for in vitro PDT of melanoma[J]. Photodiagnosis Photodyn
Ther, 2017(18): 162-170.

MUEHLMANN L A, MA B C, LONGO J P F, et al
Aluminum-phthalocyanine chloride associated to poly(methyl
vinyl ether-co-maleic anhydride) nanoparticles as a new
third-generation photosensitizer for anticancer photodynamic
therapy[J]. Int J Nanomedicine, 2014(9): 1199-1213.
AGOSTINIS P, BERG K, CENGEL K A, et al. Photodynamic
therapy of cancer: An update[J]. CA Cancer J Clin, 2011,
61(4): 250-281.

JIAO G Y, ZHOU CL, XU G Q, et al. The clinical research on
curcumin and chlorophyll on auxiliary therapy to gastric
cancer[J]. Acta Nutrim Sin(F37244%), 2001(3): 237-238.
GUO X H, WANG L, WANG S S, et al. Synergistic
antiproliferative effect of chemo-phototherapy: Synthesis and
Chlorin
e6-artesunate conjugates as antiproliferative agents[J]. Bioorg
Med Chem Lett, 2017, 27(19): 4548-4551.

MRECE, T}, TEW, 5. SRR A A U A
Sesh 12k R AT, RIERLR2E2EHR, 2013, 48(6):
717-721.

photodynamic activity evaluation of novel

P E AR 2 2022 48 7 A5 39 5 14 1

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

ZHANG L, YAO J Z, ZHENG H, et al. Simple preparation of
chlorin e, derivatives[J]. Chin J Pharm(" [ 25 Tl Z%:K),
2003, 34(8): 371-372.

LIU X, MA M Y. Matrix metalloproteinases responsive
paclitaxel-chlorin e6 nanoparticles induce apoptosis of colon
cancer cells[J]. Pharm Biotech(Z5#4H1HiAR), 2019, 26(3):
211-216.

YAN Z Y, WANG L L, FEI M Y, et al. Construction of
photodynamic-effect probes by a
complex of quantum dots, immunoglobulin G and chlorin e6

immunofluorescence

and their application in HepG2 cell killing[J]. Luminescence,
2016, 31(6): 1174-1181.

PENG P C, HONG R L, TSAI T, et al. Co-encapsulation of
chlorin e6 and chemotherapeutic drugs in a PEGylated
liposome efficacy of
Pharmacokinetics and therapeutic efficacy[J]. Pharmaceutics,
2019, 11(11): 617.

SABOKTAKIN M R, TABATABAIE R M, AMINI F S, et al.
photodynamic studies of the
superparamagnetic chitosan hydrogel/chlorin E6
nanocarriers[J]. Med Chem, 2013, 9(1): 112-117.

LUON A, QU Y Q, DONG R. The treatment progress of the
breast cancer[J]. Prog Mod Biomed(FR1¢ 4 4 BE 2 ik JiE),
2015, 15(1): 160-162, 166.

PELLOSI D S, MACAROFF P P, MORAIS P C, et al.
Magneto low-density nanoemulsion (MLDE): A potential

enhance the tumor  treatment:

Synthesis and  in-vitro

vehicle for combined hyperthermia and photodynamic therapy
to treat cancer selectively[J]. Mater Sci Eng C Mater Biol Appl,
2018(92): 103-111.

CHOI K H, NAM K C, CHO G, et al. Enhanced photodynamic
anticancer activities of multifunctional magnetic nanoparticles
(Fe;04) conjugated with chlorin e6 and folic acid in prostate
and breast cancer cells[J]. Nanomaterials (Basel), 2018, 8(9):
722.

TIAN W. Periodic
theranostics for triple negative breast cancer[D]. Guangzhou:
Southern Medical University, 2017.

FENG C, ZHU D L, CHEN L, et al. Targeted delivery of
chlorin e6 via redox sensitive diselenide-containing micelles
for improved photodynamic

mesoporous organosilica mediated

therapy in cluster of

differentiation 44-overexpressing breast cancer[J]. Front
Pharmacol, 2019(10): 369.

KIM K S, KIM J, KIM D H, et al. Multifunctional
trastuzumab-chlorin €6 conjugate for the
HER2-positive human breast cancer[J]. Biomater Sci, 2018,
6(5): 1217-1226.

ABD EL-KAREAM S A, ABD ELSAMIE G H,
ABD-ALKAREEM A S. Sono-photodynamic modality for
cancer using  bio-degradable  bio-conjugated

sonnelux nanocomposite in tumor-bearing mice: Activated

treatment of

treatment

cancer therapy using light and ultrasound[J]. Biochem Biophys
Res Commun, 2018, 503(2): 1075-1086.

CHEN H J, ZHOU X B, WANG A L, et al. Synthesis and
biological characterization of novel rose Bengal derivatives
with improved amphiphilicity for sono-photodynamic
therapy[J]. Eur J Med Chem, 2018(145): 86-95.

TR AN e6 - IRDLHEG YT H 0 FLIR A 35K
NLEIBEFED]. P42 BEPEIIE R, 2014.

MORRISON S A, HILL S L, ROGERS G S, et al. Efficacy
and safety of continuous low-irradiance photodynamic therapy
in the treatment of chest wall progression of breast cancer[J]. J
Surg Res, 2014, 192(2): 235-241.

LABIANCA R, BERETTA G D, KILDANI B, et al. Colon

Chin J Mod Appl Pharm, 2022 July, Vol.39 No.14

-1915-



[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[o1]

[62]

[63]

-1916 -

cancer[J]. Crit Rev Oncol, 2010, 74(2): 106-133.

LI Y H, YU Y L, KANG L, et al. Effects of chlorin
e6-mediated photodynamic therapy on human colon cancer
SW480 cells[J]. Int J Clin Exp Med, 2014, 7(12): 4867-4876.
KANG L, XU N, ZHANG J, et al. Photodynamic effects of
chlorin e6 on cell cycle and apoptosis of human colon cancer
SW620 cells[J]. China J Mod Med(h I E 3 4%%), 2015,
25(31): 10-16.

YANG K Z, NIU T, LUO M Y, et al. Enhanced cytotoxicity
and apoptosis through inhibiting autophagy in metastatic
potential colon cancer SW620 cells treated with Chlorin e6
photodynamic therapy[J]. Photodiagnosis Photodyn Ther,
2018(24): 332-341.

RYU J H, JEONG Y I, KIM H Y, et al. Enhanced
photosensing and photodynamic treatment of colon cancer
cells using methoxy poly(ethylene glycol)-conjugated chlorin
¢6[J]. J Nanosci Nanotechnol, 2018, 18(2): 1131-1136.
JEONG Y I, YOO S Y, HEO J, et al. Chlorin e6-conjugated
and PEGylated immune checkpoint inhibitor nanocomposites
for pulmonary metastatic colorectal cancer[J]. ACS Omega,
2019, 4(20): 18593-18599.

SUNDARAM P, ABRAHAMSE H. Effective photodynamic
therapy for colon cancer cells using chlorin e6 coated
hyaluronic acid-based carbon nanotubes[J]. Int J] Mol Sci, 2020,
21(13): 4745.

DEWITT J M, SANDRASEGARAN K, O'NEIL B, et al.
Phase 1 study of EUS-guided photodynamic therapy for
locally advanced pancreatic cancer[J]. Gastrointest Endosc,
2019, 89(2): 390-398.

ZOU X N, JJIA M M, WANG X, et al. Interpretation of the
world cancer report 2020[J]. Chin J Clin Thorac Cardiovasc
Surg(H B M.Co M 8 ANRHIG R 2% ), 2021, 28(1): 11-18.

QI Y F, ZHONG W Z, ZHANG J T, et al. The next level:
ADAURA, ADJUVANT osimertinib in completely resected
egfr-utated non-small-cell lung cancer[J]. J Evidence-Based
Med(fEIEEE), 2022, 22(1): 19-25.

FURUKAWA K, KATO H, KONAKA C, et al. Locally
recurrent central-type early stage lung cancer < 1.0 cm in
diameter after complete remission by photodynamic therapy[J].
Chest, 2005, 128(5): 3269-3275.

LICL, XIA F F, ZHANG A M, et al. Photodynamic effects of
gold nanostars loading chlorin e6 on lung cancer A549 cells[J].
Chin J Cancer Biotherapy(" [E & A= ¥1iR97 42 ), 2018,
25(4): 394-400.

HORIBE S, NAGAI J Y, YUMOTO R, et al. Accumulation
and photodynamic activity of chlorin e6 in cisplatin-resistant
human lung cancer cells[J]. J Pharm Sci, 2011, 100(7):
3010-3017.

SUN J H, ZHANG W, ZHANG D Y, et al. Multifunctional
mesoporous silica nanoparticles as efficient transporters of
e6 for chemo-photodynamic
combinatorial cancer therapy[J]. J Biomater Appl, 2018, 32(9):
1253-1264.

CAO W, LIU B, XIA F F, et al. MnO2@Ce6-loaded
mesenchymal stem cells as an “oxygen-laden guided-missile”
for the enhanced photodynamic therapy on lung cancer[J].
Nanoscale, 2020, 12(5): 3090-3102.

ZHANG M, ZHANG X Q, CAI S S, et al. Photo-induced
specific  intracellular release EGFR inhibitor from
enzyme/ROS-dual sensitive nano-platforms for molecular
targeted-photodynamic combinational therapy of non-small
cell lung cancer[J]. ] Mater Chem B, 2020, 8(35): 7931-7940.

doxorubicin and chlorin

Chin J Mod Appl Pharm, 2022 July, Vol.39 No.14

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

(73]

[74]

[75]

[76]

[77]

[78]

[79]

KIMURA M, MIYAJIMA K, KOJIKA M, et al
Photodynamic therapy (PDT) with chemotherapy for advanced
lung cancer with airway Stenosis[J]. Int J Mol Sci, 2015,
16(10): 25466-25475.

W, GLR%, SRIEWE. BRI IEsh IIRYT ). EAMES
HIBEE430E, 2005(6): 420-422.

FRIE, PRWRIE, 28y, 55 BURESR G2 P E L 53N
(2014 AFERRO[T]. I PRIPIEE =455k, 2014, 19(4): 358-370.
WANG Y Z, WANG H W, ZHOU L, et al. Photodynamic
therapy of pancreatic cancer: Where have we come from and
where are we going? [J]. Photodiagnosis Photodyn Ther,
2020(31): 101876.

ROH Y J, KIM J H, KIM I W, et al. Photodynamic therapy
using photosensitizer-encapsulated polymeric nanoparticle to
overcome ATP-binding cassette transporter subfamily G2
function in pancreatic cancer[J]. Mol Cancer Ther, 2017, 16(8):
1487-1496.

DING F, LI H J, WANG J X, et al. Chlorin e6-encapsulated
polyphosphoester based nanocarriers with viscous flow core
for effective treatment of pancreatic cancer[J]. ACS Appl
Mater Interfaces, 2015, 7(33): 18856-18865.

JALDE S S, CHAUHAN A K, LEE J H, et al. Synthesis of
novel Chlorin e6-curcumin conjugates as photosensitizers for
photodynamic therapy against pancreatic carcinoma[J]. Eur J
Med Chem, 2018(147): 66-76.

LU J J, ROY B, ANDERSON M, et al. Verteporfin- and
sodium porfimer-mediated photodynamic therapy enhances
pancreatic cancer cell death without activating stromal cells in
the microenvironment[J]. J Biomed Opt, 2019, 24(11): 1-11.
CELLI J P, SOLBAN N, LIANG A, et al. Verteporfin-based
photodynamic therapy overcomes gemcitabine insensitivity in
a panel of pancreatic cancer cell lines[J]. Lasers Surg Med,
2011, 43(7): 565-574.

HU D H, CHEN Z W, SHENG Z H, et al. A catalase-loaded
hierarchical zeolite as an
oxygen
therapy against pancreatic cancer[J]. Nanoscale, 2018, 10(36):
17283-17292.

ZHANG K, CUI L X, KANG L, et al. Photodynamic effect of
chlorin e6 on cell proliferation and migration of Esophageal
Cancer Eca—109 Cells[J]. J Shaanxi Norm Univ Nat Sci
BABRPITER 24 H AR, 2013, 41(5): 73-77.
SRDANOVIC S, GAO Y H, CHEN D Y, et al. The
1-[2’-(2-pyridyl)ethylamine]
chlorin e6 photosensitizer in human esophageal cancer[J].
Bioorg Med Chem Lett, 2018, 28(10): 1785-1791.

PAN J M. The inhibitory effect of Chlorin e6-mediated
photodynamic therapy on a human cholangiocarcinoma cell
line QBC939 in vitro[D]. Nanjing: Nanjing University, 2013.
LEE H M, CHUNG C W, KIM C H, et al. Defensive
mechanism in cholangiocarcinoma cells against oxidative

implantable nanocapsule for

ultrasound-guided self-sufficient photodynamic

photodynamic activity of 13

stress induced by chlorin e6-based photodynamic therapy[J].
Drug Des Devel Ther, 2014(8): 1451-1462.
R, FER, e, % RN e6 NS HOEEh HyT
15645 R 2H N I P B A 8 3R CRBLRE )X e VE FH R BIL R B 5
[0]. " EEOELE 2SR, 2018, 27(2): 74-75.
CHEN Y, WANG L, SHI H T, et al. Oxidative damage of
H-22 tumor-bearing mice by Chlorin e6 in sonodynamic
therapy[J]. J Shaanxi Norm Univ Nat Sci Ed(B% 7 Ifijis K2z
e HIRFIFIR), 2012, 40(6): 73-76.

Wk H B 2021-09-14

(ARCTT 5 . 25

P I IR FH 22 2022 4F 7 A 39 55 14 3



