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mPEG £ &1k %4 . PpIX £ 3| B Z G A 53 48> £ K& % M A (reactive oxygen species,
ROS), Mt T ey Caspase-3 & G -&23im, FlofxFHRASGH L LA GSDME & & 694
T, AREREN, T megF A A 4 RIS = A EBAF N E M, W LEsid
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Research of the novel photosensitizer for the melanoma therapy

FAN Yan, ZHENG Lulu
(School of Optical-Electrical and Computer Engineering, University of Shanghai for
Science and Technology, Shanghai 200093, China)

Abstract: The main method for melanoma is photodynamic therapy (PDT), and the design of more
efficient photosensitizers is the key point to melanoma therapy. To promote the therapeutic effect of
PDT, a novel photosensitizer was designed. The substrate was the Protoporphyrin IX (PpIX), then
the demethylated drug SGI-1027 and PpIX were encapsulated by the synthesized PMHC,s-mPEG
to form the SGI@PpIX-mPEG complex system. PpIX exposed to illumination causes cells to
produce a large amount of reactive oxygen species (ROS), which would increase the content of the
downstream protein Caspase-3. The demethylated drug increases the content of GSDME. Research
indicates that the synthesized novel photosensitizer drug can not only generate reactive oxygen
species to kill cancer cells, but also further lead to pyroptosis and enhance the effect of
photodynamic therapy through the interaction between Caspase-3 and GSDME.
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A S0 BRI T EERADEs s sl
FIGRTT e BEB e N ARE AR I B i G ORI 5 21 AR
H ISR, R TR RO B R A2 &
A TS GG R TV E IR SE R L. 1558
A YERGR] AN bR IX (Protoporphyrin IX, PpIX)
FEIEH 635 nm EBHOGIUL, WIOLREZ S
FRe AL 4 R B ot A B — e 40w
PEROTE VRS, T & 95 B e 3 J oy sk
154 (reactive oxygen species, ROS)FR T HA
MM, [FRHE S P ECL T #AY Caspase-3 £
MR IAI L, B s e,

20 M £ T ( pyroptosis ) 42 20 il 72 ¢ M AL 1=
( programmed cell death, PCD) J7 L) —F, il
175 SR A M A T R DLk B R SR i g 4 A e B
1. AMAET EAIRZ, H Caspase-3 &
1 F1 GSDME 2 [ 1Y AH B A FH 3t B 5 2040 il £
T-. GSDME /24l N iy — i L, HAER
2R A M bR, R W AR 25 E] LG
GSDME Z& [ #9 ik & 7 7 24 HL 4k 19 iy
GSDME & H & & i, 151biY Caspase-3 &
U] %) GSDME i H fif H: W % y GSDME-C i
GSDME-N Fil%, It GSDME-N & 4541
LSS SRR ALY, 1 A AR T 3
1N LRI AR, AT A
s, AT LA G R ACBE AR DU X H AR T A A
FUER AN, B XTETIRANISE, 155411
FET A A E— R R IR T 1 T B

ARLEEE NS IRGT SMRET R, E
it F B 7 A B — RO B RO 25 )
PAA W) 0 RAE T BeAE AR K-Sk T e A
R AR, 48T TGO AL
R, W RERIENPHRNAYTERRAL TRl
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1.1 SEEFIZYEHE
AWM T TAEGY R TREY

PMHC,-mPEG"", SRJG I [ 418744 PpIX
A2 F 3Lk 25 %) SGI-1027 U8 KB i SGl@
PpIX-mPEGHE SR R, HAKM LM EL S
FEWT .

(D) AEHS A2

JERRR IX (PpIX)(W 3K F _F IR B HL T A AL}
AR ), SGI-1027(LT MCE), KR
PiF/1—1 )\ B Ji 28 B AL B W) ( polymaleic anhydride-
alt-1-octadecene ) (W4 3K F K it 7 BB AE AL B A
FRAHD), B 5k (polyethylene glycol
methyl ether)(I4E T FIERTH7 T AR A BRA
A ), H 3P ( dimethyl sulfoxide, DMSO)
(LT Sigma), MHIE(CsHsN) (W 3 T [ 24 42 A
AR FNABR AT ), 1-2 K3 (3— R
PR ) Bk — 0 ek e h (EDC.HCL) (WK T+ [# 24 4
2 A PR AT o

(2)PMHC,s-mPEG M4

FRECE AR 1-+/ \ B 2 2R 1 (20 mg,
0.0286 mmol) 5 5 2 — M ¥ H it ( 228.6 mg,
0.057 14mmol, mPEG-NH2, 2KDa), A 30mL
i) DMSO 5 M e fy VR A5 1 VR C 9 s VP AR R
It DMSO : HiERE=9 : 1) " h 12 h, S IIA
1= 33— (3- L LN AL ) ik — W0 g £ PRk
(43.6mg, 0.11 mmol), Fu53N 24 h Z J544
5 R4 Y ok H 218K & Br 12000~14000
MWCO 15 R alifb K ERE= Y. 82k 7R TR
I, 155 420 mg B @ E R, RRL R
71%.

(3)SGI@ PpIX-mPEG R4

# 4 mg (1) PpIX F1 0.8 mg (1) SGI-1027 &
fit € 200 uL i DMSO 1, 4X 5 10 mg 1Y
PMHC,-mPEG i# f# 76 4 mL 7K " o Jil 54 45+
PMHC,;-mPEG 7K % & 1) [7] BsF i hn & 7 PpIX il
SGI-1027 MR & WM, ik P i 2o 72 v 72 2 ok
I, HEFEZ 20 min 535154 SGI@ PpIX-mPEG #
W o 3151 SGI@ PpIX-mPEG ¥4 ¥k 5 2 8t 6 14
FETE 4 C B EREEH, SEESUb RLZ B IR S i 3
ORI

1.2 #RHERRI

) FH 325 51 B 7 . 53585 (transmission electron
microscope, TEM) K W%¢ SGI@ PpIX-mPEG [
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TEHARFE . TEM BAT MR 3R, BB AR
F/NF 0.2 pm (9 2 G #, HOR LT R
SR, ead N R R B S R O S
BESL R T 2 A — Z B R RIS DA 77 A R ] B4 37 A4
FARLGT, 2ol UG A E A T AR 3 B AN [ Y
FESEAZ, LA TEM 832 W TR R Rl 45
B, REREEEXT TEM YRR A% 5 BT B 1
Y, B8 SGl@ PpIX-mPEG ¥ W i hn 3147
AR RN Z b, SRR S TR AT
IR SRR 2 1, Bl S AT AR T S H e
AL

1.3 4RSS

ARSCR NI E M A0 28 A375 dHAEAE R
ST NF S . R DMEM =8 35 5L 55 5% A375
i, BRI 10% WG4 15 DL & 1%
WL ZEMCEAE 37 C fHIRIGFAE T, R
A RBAECN 5% B —E ALK .

1.4 ZApREIESCLS

¥ A375 AR TR ZENGHR AR 14 mm 1)
IRE/NLZH, 7637 C KM P LE 24 h
Jo, ARG FEIMG B BB M 100 pg/mL
() SG1@ PpIX-mPEG, 43%lfE2h, 4h, 12h, 24h
4 A~ ] B3 FH e 5 A b S BR Al 0 400 J
o N THEEFEDCEGN 25 SGl@ PpIX-mPEG
FEAN M N AR X B, 5 B A0 A AT S A6
AR 520y 5% ] Hoechst 33258 4y €8, T 20 it A% 747
FENL, BE—FRENS [ HVE F IS 4 i S AE 40 i
ARREIAZ DO YR}, 456 ZIE Rete sk th ik
5, R KRETIEK A 460 nm. FESEFTHA4R
ZHT, R R (PBS) kR4 3k
A N]IL, $RJE % Hoechst 33258 444 i /1 PBS
i ke 100 I ARSI Z . Y4t 10 min
Jo, VEAYR M, IR AR ST S A M A
L

1.5 DCFH-DA #fa30if

DCFH-DA JL (o SCg BIRAN T K40 i A
HRANLZ T, FPAMENGREZ S, TEAFEIR/N
A3 HIMA 10 pg/mL () SGI-1027, 100 pg/mL
PpIX LA & 100 pg/mL 1Y SGl@ PpIX-mPEG 5 4l

MudL 8% E 2 h, Hi Control 417 H &4 A375
A0, AAMASEfRPEL. FISIRERE N 50 mW/em?
A9 635 nm FEOEXTEEAS /DL T REAL B 5 min,
ZJE LR IR 1, PBS BAR i A
fL, RIS AN 10 pmol/LAY DCFH-DA %%
RS . Y e 10 min 5, BRI PBS 4t oh
vk, BT IR B M EIL.

1.6 ZHRAFASRIE

YA R RAE LS P VR R, [
43 A Control, SGI-1027. PpIX fl SGI@ PpIX-
mPEG 4 4, TS 7 IR A BREEHEZ AT, %
ANILH A AR RS SR 1 I TR 2% D818 HIFS WG I
t, REGRAE TR A AR Y T 5 /N LR T R R
AL I = 4 N1 R 0 = @) R ) =7 S|
JH PBS 2 ok —i , RIS INAH PSB fike o
B B 10 umol/L ) SYTOX GREEN 7%¢ )t ¢
B, BT 7~8 min, WEB A ES K., &
SR g, FH PBS R IEREE G119 SYTOX
GREEN Z&G YR e T Z 5 sl R AT L R AR
T U AR S

1.7 CCK-8 LI

e A375 A B FERNTE 96 FLIE TR Z
Tk IR — Bt i), Seub gl BlAb# IR b
B4 FLANA 10 pL () CCK-8 ¥, £ 37 °C &%
FRFA TN 30 min 247, SR FHEEHR AT & AL
TE 450 nm ZbIE B

2 ZER5iT

2.1 SGI@ PpIX-mPEG HIFASRAE

RENE AIREAZ G, T e BT 1 TE
ST RAE, K 1(a) /& SGl@ PpIX-mPEG [
TEM 1%, ®TLIFE 1 SGI@ PpIX-mPEG £ FiH
FOEBRIR, TEME—, BA RIFM—3tk, H
SEHPRARZFE 100 nm. & 1(b) J2& SGI@ PpIX-
mPEG VA L L i BRI 2B 2T
o, W RITEY), WS SGl@ PpIX-
mPEG HA RAF/KEE. dbrl W, PMHC ;-
mPEG Ji 2 i # PpIX 1 SGI-1027 £ 2 2 >k JE
B SGI@ PpIX-mPEG B &A1& &R, £F4 325K 1Y i
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(a) SGI@PpIX-mPEG {1 TEM &%

I|I
(b) SGI@PplX-mPEG i

E 1 SGI@ PpIX-mPEG FEAREE %
Fig.1 Morphological characterization of SGI@ PpIX-mPEG

2.2 SGI@ PpIX-mPEG M4 FEIFRFR

J T W HGN 25 YIRS IE A AR N &R
F, B S 40 SGI@ PpIX-mPEG Ay [
FIIFHILIR A BRI T RAE . WK 2 Fos, Kl
41 (0,5¢ 60 % SGl@ PpIX-mPEG, 1 {4,556 K
Hochest 33258 Ye{6 2 J5 i94mitii% . WTLLE S, 7
YA ) R B A G — B 20 a5k, IEM SGl@
PpIX-mPEG T &t Adifffiiz Hr, JfH A375 4

100 jirA”

(c) 12 h 4l

Bl 2 SGI@ PpIX-mPEG 740 ff A B B It B 1§
Fig. 2 Phagocytosis images of SGI@ PpIX-mPEG in cells

(d) 24 h JHEAE TR

R RAFIARERE ST, 7E 24 h ZJR4LE550
WSRFEAE, UEBH T & BB B RO 20 AR
HRIFEDAENE, RS RN AR R
et ) NIT i SATE R Y GO N I=RU A

2.3 SGI@ PpIX-mPEG 7=4 ROS B NHITAR

J T HAIE SGI@ PpIX-mPEG 275l PpIX —
FEHA 774 ROS WIRE J1, R DCFH-DA% )t
e 19 7 R BRGT AL N ROS 1Y 7= A 7K F- o
DCFH-DA J&—Ff A B AN B A FOE b #85,
Ik A M J5 29k g il K ff M REfS S ROS & 2E
FALSON ) DCFH,  HAA )l A 4 ok
) DCF, fEf%1% 488 nm I B HOGI & 7=tk o
Fimskt, HERKENIEK A 525 nm, AT LLGE
IO BB I T ROS SE R

K 3(a)~(d) il L R BT
Control, SGI-1027., PpIX LI} SGI@ PpIX-mPEG
4 5B R ROS P AEMS LR F, B gk
0 5 YA R TE M A 72 A= . Control4] #1 SGI-
1027 4 FARE = A i R4, r LAy i LP
BB AN, WifE PpIX i & SGI@ PpIX-
mPEG Mgz il R 2E, JEH NP
BXT ELIT LA, & i R RGR 25 SGl@
PpIX-mPEG FF £ PpIX A B pe Ak ik 1 48 Y
fefy, BEE—ERE LI T IE R AR,
FIFH Origin A X 4k ] R 19 5F- 34 5 S ik adF
74581, WK 3(e) iR, SGI@ PpIX-mPEG
- Esm EEIR E] T 87.20, b PpIX4 &
T 7 7647, i Control ZHF1 SGI-102741 KA 22.86
M 27.93, #—LUEHFE I SGI@ PpIX-mPEG
SRR S BRI B

24 WARETESHRIE

BfiJ5 % SGl@ PpIX-mPEG S A37540 fitu Bz
T-RIRE T TITAR, AT38RJ2 Rl At i g (5 0 Jr T
FHILR AR B T4 1R, TEARRIEM S5
BRI b EHRZ AT, AT ELDULHE A0
M2 AHET, FIH SYTOX GREEN Xif 45 2H 24 Jfd
AT YL A b B, SYTOX GREEN & —FP 4t %}t
YR GRL, RERE SE R SE T AN A A A R S5 4
WP AL TR A, 1E 488 nm ORI L T
(RS2 S0 ru
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Fig.3 The characterization of ROS
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Fig. 4 The characterization of pyroptosis



e 50 o b=

5 A%

545 %
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Mo ES i fads, RIHET HAMIEE, PpIX 41
PR R AR DAt T, (BRI 2 4
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TGP SE KR T, T P AR R IR A U T
HHEHE T Caspase-3 R ZF, [ 4(b) 0
Kl 5(d) Hr 21 0 Jig 28 HE 26 s 19 2 X5 PpIX 2H Al
SGI@ PpIX-mPEG 41 H &I 4% &y B IX 45k A4 i K
AT AR A & 3 i W SR B 22 il PR [R] Ab B 7 =02
J& A375 B Z 25 . ML, s
Y SGI@ PpIX-mPEG fEfS 5 S A375 4 i &
FEET, HHA BERGIERN.

2.5 SGI@ PpIX-mPEG 330 i35

J TR AR GE B G EGR) PpIX 54 AR BT A
SRR 259 SGl@ PpIX-mPEG S50 1114 7 4% 4
FA 225, SR H A0 408 35 7% 52 % CCK-
8 K PP Ati AS [ 52 56 4 2 (8] 40 A7 16 0 25 5%
CCK-8 15l & A7 /K i o D k5 -WST-8, 7E4H
MUGEREE T 2 n JE e By, o i
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2 I T AR R e 2 i vk s

W5 BT 78245 4L 50 AN A7 35 R A IR A
K SGI-1027 41 19 4H Jfd £7 1% 0 87.66%, #5
Control 2% A .3 225, UEBZ 4L 5 ) 40 B 75
PE#S /N, SGI@ PpIX-mPEG 4H 1 41 i 77 A
A 28.34%, Lt PpIX 4111 39.12% F#IK T 10.78%,
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1.2
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0.9 [ JppIX
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Fig. 5 Cell viability assay
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