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Preparation and antitumor study of TPP-modified 10-hydroxycamptothecin-
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Abstract: Objective To prepare TPP-modified 10-hydroxycamptothecin liposomes (HCPT@T/HM-L) embedded in liver cancer cell
membranes for the efficient delivery of hydroxycamptothecin to mitochondria of hepatocellular carcinoma cells to give full play to the
efficacy of the drug in the target organella. Methods TPP-modified 10-hydroxycamptothecin liposomes were prepared by thin film
hydration method, and liver cancer cell membranes were embedded on liposome membranes using the extrusion method, and
characterized by particle size, { potential and electron microscopy; Then in vitro release and hemolysis were detected; Coumarin 6 was
used as a fluorescent probe to explore its intracellular transport and mitochondrial targeting effects; Finally, the anti-tumor effects of
chimeric TPP-modified 10-hydroxycamptothecin liposomes were systematically evaluated in tumor cells and tumor-bearing mice.
Results HCPT@T/HM-L exhibited regular spheres with a “core-shell” structure under electron microscopy. The particle size was
approximately (162.7 £ 5.8) nm, and the { potential was (12.4 + 1.8) mV. The efficacy results showed that HCPT@T/HM-L largely
inhibited the growth of hepatocellular carcinoma cells, decreased mitochondrial membrane potential, increased intracellular ROS and

Caspase-3 levels, decreased anti-apoptotic protein Bel-2, and increased the expression of pro-apoptotic protein Bax, thus enhancing
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the promotion of massive apoptosis of hepatocellular carcinoma cells by the drug; the results in ruminant mice showed that

HCPT@T/HM-L significantly inhibited the growth of subcutaneous tumors and induced severe mitochondrial dysfunction in tumor

cells, thus promoting massive apoptosis of tumor cells; Both cellular and animal test results showed that HCPT@T/HM-L had a great

anti-tumor effect, which was significantly better than other groups, which might be related to the fusion of liver cancer cell membranes

and the mitochondrial targeting effect of TPP cations. Conclusion

HCPT@T/HM-L could efficiently deliver drugs to the

mitochondria of hepatocellular carcinoma cells and promote massive apoptosis of tumor cells, which has good clinical translational

potential in the precise treatment of tumors.

Key words: hepatocellular carcinoma cell membrane chimerism; TPP cation; 10-hydroxycamptothecin; liposome; mitochondrial

targeting; tumor cell apoptosis
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Fig. 3 Particle size (A) and ¢ potential (B) of HCPT@T/
HM-L
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Fig. 4 Membrane fusion state of HCPT@T/HM-L
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Fig. 5 Erythrocyte hemolysis rate of HCPT@T/HM-L
(Xxs,n=3)
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Fig. 6 In vitro drug release characteristics of HCPT@T/
HM-L(X£5s,n=3)
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Fig. 7 Fluorescence characteristics of cellular uptake of
Co@T/HM-L (n = 3)
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Table 1 Fluorescence uptake intensity of cells in each group
(Xxs,n=3)

Ml FOLHRE/AU 45 FOLIRE/AU
YR 25188+4860 |C6@HM-L 557 887445126
Co6 109 514146530 |C6@T/HM-L 829 695421 191
Co@L 300 670+ 14 654

5 Cce@L Lhi: "P<0.05 "P<0.01; 5 C6@HM-L LL#: #P<<0.05
*P<0.05 *P<0.01vs C6@L;"P <0.05 vs C6@HM-L
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JHR A ik HepG2 AHffadefh 3 12 fLEs IR, 55
7% 24 h, ¥ C6@T/HM-L 1 C6@HM-L fig A&
(R MRS Co BN 100 ng/mL) 3L [F]
E, BE 2.3h 5, T35 C&MTF, LA 50nmol/L
Mito Tracker™ Red 42k fifA (£ ¢4) 5 min, 5 mg/mL
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eI A BB EE Co 7E R 41 i A (1) 23 A1 s 0t
SR 8, LU Co@T/HM-L gk 541
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5% I [R) B (R0 AR TR
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FEAR, 7537 C. 5%CO, ¥ 7R T ATH: 7%, FiE
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i

2 C6@T/HM-L SB[ RAFHNESRE (X+s,n=3)
Table 2 Recombination coefficients after C6@T/HM-L
targeting of mitochondria (X +s,n=3)
HERY
2h 4h
C6@HM-L 0.28£0.02 0.41£0.07
Co@T/HM-L 0.56+0.13% 0.62+0.09%

5 C6@HM-L LL#%: #P<<0.01
#P <0.01 vs C6@HM-L

Hr Ll HCPT@T/HM-L ZH 3t g 44 Jf A K 350 R I
i, % 4 45358 HCPT@T/HM-L ) 1Cso B /N
FHAWKH, TR SRR FRVEME RS, DL
TPP PR T3 — 5§ )3 N 2R R A G

Al

A
Bl 8 C6@T/HM-L HI%s ki (A0 )14
Fig. 8 Mitochondrial targeting of C6@T/HM-L

MIMAEIE R =A wu/A mwnm
2.9.3 Hoechst Yo fHMR M e  BUE =X HUE
KIHE I HepG2 40, T35 7R ML A K 222 80%
FREWS, ISINZ5403E4T AL 2R 48 h, 4375 A7 2 HCPT.
HCPT@L. HCPT@HM-L 1 HCPT@T/HM-L, VL
INEEARFR PBS X I, SHSCERTVED), WERE
JE 25 IR BN 50 mg/L, K 5% Hoechst 33258
ST AZ AT e, B G Hoechst %t
B2, WK 9 kR, AN AFEREE FIEd
9 HepG2 AT, 4045 B T 0H 2 1) 7%
A LH L HCPT@T/HM-L I, %4
AL RS IR, HURBOE R, £ 5
Giit g BR Y], HCPT@T/HM-L BEAR K AL E L4
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£33 FTEABEREERE HCPT B9 HCPT@T/HM-L 555 24, 48 h BUZHBETEER (X +s,n=3)

Table 3 HCPT with different concentrations of administration HCPT@T/HM-L cell survival rate after incubation for 24, 48

h(Xxs,n=3)

5] I H 24 h ZHRAFE /%
10mgL?' 20mgL’' 40mgL' 60mgL!' 80mgL' 100mgL"' 150mgL’' 200mgL™’
HCPT 91.4+05 869+03 80.5+09 67.840.7 614106 52.74+0.5 457104 32.1+0.3
HCPT@L 87.9+06 83.7£0.8 729+0.6 59.8+04 46.7+0.5 35.84+0.7 30.7+0.4 254103
HCPT@HM-L 855+08 81.4*£06 712%£0.5 554407 39.5%03 28.6%0.6 209+04 19.7£0.5
HCPT@T/HM-L 81.3%+0.6 765%+08 683%£04 51.6£09 354405 25.6+0.3 18.4%0.2 15.4%0.6
i3 I 48 h ZHAAAE 5/%
10mgL!' 20mgL!' 40mgL' 60mgL' 80mgL' 100mgL"' 150mgL"' 200mgL"
HCPT 90.5+06 854+04 759+0.8 654+0.6 60.71+0.8 522404 44.5+0.5 31.0+04
HCPT@L 85.6%X0.7 824%£06 71.5£0.8 582%0.5 458%06 34.7%£0.6 28.4%0.5 243402
HCPT@HM-L 83.6%X06 794£05 692+0.8 543+0.6 385%+02 274%05 19.4+0.6 18.61+0.7
HCPT@T/HM-L  80.3+0.5 759406 67.4+05 509+0.8 3421406 24.7%04 179403 16.81+0.5

%= 4 HCPT@T/HM-L BJICso (X +s,n=3)
Table 4 ICso of HCPT@T/HM-L (X +s,n=3)

ICso/(mg-L™1)

41
24 h 48 h
HCPT 751147 68.413.8
HCPT@L 63.8152 57.7+5.6
HCPT@HM-L 48.7£4.6 413£538
HCPT@T/HM-L 385+34 30.7£6.2

il R 4 i AR K, 5 H A S A B AR R E T E R
2.9.4 ROS KFHIME  BOE SR U 1)
HepG2 #4iiffl, TH5FRIMLAAK L) 80%FEHS, i
N2y dkAT A EE, 43 9l B HCPT. HCPT@L.
HCPT@HM-L Fl HCPT@T/HM-L, LAZRINZEAARR
PBS JX iR, BB 295 =K E N 50 mg/L,
i E 48 h 5, UCERAHML, ¥R 10 pmol/L 2',7'- 5
PENHW 2.8 2 (DCFH-DA) %G IREH RS20 & 30

S

min, T PBS Feigdtfi,
o — & 96 & (diaminofluorescein, DCF) %%
SRR, 45 WA 10, HCPT@T/HM-L 43 5, HH“

HCPT

HCPT@L

HCPT@HM-L HCPT@T/HM-L

B9 FBEAYMKTMA Hoechst FEFAMLAE (n=3)

Fig. 9

P — ==Y

KH € &%

HepG2 404" DCF %t EH i m (3R 6),

PEHEN], HCPT@T/HM-L R4 15 8 41 il Y ROS 7J<
SEFb . AITA B TSR A A

295 ZRRIARIEH LA Caspase-3 HIME ¥
HepG2 A IIEFR A2 & [F) b, 2594k BE Uk
ERMRI AL . 2 B SCR 7 VAR JC-1 (10 pg/mL)
PRIARE R LR AR R, AR PBS At
2H; PARFERI 775, IR\ Caspase-3 i TEAG I 71 &

Hoechst stain-positive cells representative of each group (n =3)

PR G

BEATALHE, 455 W3R 7, HCPT@T/HM-L AEIR AFE
B bR RARIE AT, $2 54N Caspase-3 ¥
P, WO LR BB, SRR KRR T
2.9.6 FTHISCEARIEMIE FHE HepG2 4
MRE IR 25 905 & [F) b, UCSEANAE, KA Western
blotting A TSR AMIRIE, KK, FEIE.
HHM. WM, B PVDF BN —PiMRER (Bel-24

Bax. GAPDH) ', 74 ‘C4%/ FH#EAKRE 16 h,
—PURES NG, EU—HT, H TBSTIEWME 3 X
(100 r/min) o BIAFH N ZHUEH IR FAF T E (40
v/h), W E 4R U P, BB B, TR
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x5 FBEHLIERE) Hoechst 2EBPEMER (X+5s,n=3)
Table 5 Positive Hoechst staining after drug treatment in

each group (X s,n=3)

Hoechst 4 th,

Hoechst 4 tf,

45 45
FH 14 22/% RH 1 22/%
payiis 6.84+0.4 | HCPT@HM-L 525+1.9°
HCPT 213+£0.8 |HCPT@I/HM-L 62.4+1.6"*

HCPT@L 369*1.7
5 HCPT@L Lb#:: "P<0.05 *P<0.01; 5 HCPT@HM-L LL#%:
#P<0.05, El5~9 A
*P<0.05 "P<0.01 vs HCPT@L; *P < 0.05 vs HCPT@HM-L, same
as figures 5—9

100 um

A 200 uL B, XMHEFREH. ASETE
5. KH Image J BAFBATIKEE A M AN Gt 2 A £
(Bl 11D, 4R WE S, FrAZMmE nidd, 24
AL R PR HTE T8 A Bel-2, REIEHETEA
Bax %1%, UL HCPT@T/HM-L 4L T A<
MR R, SHAWVHL AR EEES .
2.10 BB ANE

2101 TR N R H LAY KR HepG2
YHHFRRR AR 1 X 107 AN/mL 40 M2, SR 7 54T
KIS 0.2 mL FRER A AT R, SRJ5 1E 5 Al i
F= T SPF HzhWist . 5 K2 60~80 mm?,

X HE HCPT

HCPT@L

HCPT@HM-L HCPT@T/HM-L

10 BLAZHMNIESMEMEA ROS KFE (n=23)

Fig. 10 Each group increases intracellular ROS levels in tumor cells (n = 3)

*6 FAWMRSHBMAEA ROSKFE (X+s,n=3)
Table 6 Each group increases intracellular ROS levels in

tumor cells (X £ s,n=3)

DCFH-DA DCFH-DA
45 . A5 .
PTG TGRS
Xof HEt 1021£52 | HCPT@HM-L 17788 +1117"
HCPT 3786 +£504 | HCPT@T/HM-L 27 6914+958""*
HCPT@L 81274545

RT7 RARRMEMAELZHR A IRE LIRS ZHAE Caspase-3
KE (X£s,n=3)

Table 7
membrane potential and increase cellular Caspase-3 levels

(Xxs,n=3)

Each group reduces tumor cell mitochondrial

ZH5 LRI R HL AL Caspase-3 7/K~F
X fE 98.940.61 0.9940.02
HCPT 812+1.8 1.97+0.11
HCPT@L 644+2.1 3.161+0.22
HCPT@HM-L 523+1.5" 4.09+0.36"
HCPT@T/HM-L 442+1.9" 5274029

W IR/ BRBE AL R 5 41, 435008 PBS 4.

HCPT #41. HCPT@L 41. HCPT@HM-L #H. HCPT
@T/HM-L 41, 7&E3LL HCPT 114 3 mg/kg, &4
10 K, S AHESS 04 2 4 KA/ B ki

Egeeess—————— R

B2 (D A s e

GAPDH S i S —
HCPT HCPT@L HCPT@HM-L HCPT@T/HM-L
11 ZFRFEMEERATERNRIE 1=3)

Fig. 11
related proteins (n = 3)

#*8 FJEFIEMBMAATERNRIL (Xts,n=3)

Table 8

related proteins (X + s, n =3)

Each group regulates expression of apoptosis-

Each group regulates expression of apoptosis-

ZH 5 Bax/GAPDH Bcl-2/GAPDH
HCPT 1.0240.11 3.78+0.31
HCPT@L 2.0940.06 2.7540.58
HCPT@HM-L 3.12+0.28" 4.0940.36"

HCPT@T/HM-L 3.98+0.56™ 5.2740.29"%

Ry, 2R RFRE/N BT, WIE N
TRUEE, IR PR AT R MR AR, 42 7d
JG, DA FEALSE /NG, SRS ECH R T,
TRRE R . 45 Rk 12 Fior, sIR4L/NR 2 T8
PRI K, 5035 R AR FERE 06 R R
K, HCPT@T/HM-L 7] DL 4056 J2 T JRifd
s 5245 Ja /N R S A B TR, R B,
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5 HCPT@L L%: “P<0.01; 5 HCPT@HM-L tb4s: #P<<0.01
**P<0.01 vs HCPT@L; *P < 0.01 vs HCPT@HM-L

12 HCPT@T/HM-L ZEfE MR EMRMEBERR
(Xts,n=10)
Fig. 12 Antitumor effect of HCPT@T/HM-L in tumor-

bearing mice (X £ s, n=10)

100 um

o HCPT

HCPT@L

HCPT@T/HM-L FEVEAIRTEN: 7 d JERE R T
AR, HCPT@T/HM-L AbFEZH Y 57 R 988 i & /)
HHADS AR, FrEREEER.
2.10.2 fEMpEAIET: 7 d RBUR FR4L, L
10%H PEAE /R AR T 4 CEE 24~72h, H A
I, JBEAN 4 pm. AV AR TUNEL
%QMﬁ&ﬁﬁtﬁm%mﬁﬁu%,ﬁﬁ%TM
SLAN A% 44 TUNEL B 4 B (B 13). £
%ﬂﬁ9,mEMMMMLQMTmmLmﬁ%%
thZ e, B T H A& 4, HILE HCPT@T/
HM-L {2 /g 240 i 8 1 0 R e
2103 ZANMRIES B TIRAZ, DL 4%
[E5E 48h, HSHERIEE 4h, R RAFEAR L
M, HIERYI A, DL 4% ORRXUEMGet, BB
Be PRSI AR RATES, SR 14, 5
AR KA LR, A MR BT AS RAE T
B AR, PLanZR R im 2L,  BopitA Py i HEZ L
2L, BRI R K. Ll HCPT@T/HM-L F I i
g, d e HEN, HCPT@T/HM-L g5 B HCPT
BN TR A M 2R AR RN A, AT B R AR Ty
Re R AERRERG, (Rt R R E M T
3 i

FF e R B LI SRR R R 2 —
o - R ) s A 2R DI B T AR IA 2R A 11 B
04, SR, 60% 6 75 i 12 B AL T 9 43 19
(China liver cancer staging, CNLC) ] II~1III ] (1
WD, Ab T H g I R, IR S fer R R
P, ﬁﬁ%%ﬁ%m$%%%E%QQWﬁ@$
ARUSY, 5 R K & AT 259 3347 42 1l o Jgg 1) 2

K, BEE R RHERE, T 250t e 4
H@E’]J‘iﬁ‘@A%ﬁﬁ—Fﬁ%, X 1E 5 41 B A 4 45 18 FH A
B R ok, ARKNEZ . HCPT &3 [E i

HCPT@HM-L HCPT@T/HM-L

F 13 ZBARHEDRMEEATER (TUNEL FEM4AZE, n =10)

Fig. 13 Each group promotes tumor cell apoptosis in tumor-bearing mice (TUNEL-positive cell rate, n = 10)

I A= SRAL 5, B IRm U iE e, AT
EFEVERI SIS N A 1, 7748 DNA &iil; 54,
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£9 KAFE/DELA TUNEL PAMBEEE (X +s,n=10)
Table 9 TUNEL-positive cell rate of apoptosis-promoting

cells in hormonal mice in each group ( X £ s, n =10)

TUNEL [ TUNEL BH
#H5 45
2/ % S A/%
B 4214047 |HCPT@HM-L  31.25+3.14"
HCPT 13.52+1.48 |HCPT@I/HM-L 41.53+4.56"
HCPT@L 24.41+3.52

M JE TR, AN A g oK = 0T, H AT
o JFH e F AT 22—« iR AR A
B, PN RE. DU B RS — R E W)
fit 23t b A TR VR YT o KEWMFAUIESE, HCPT
XN HE SMMC-7721 ZHfutk. HepG2 4H Mtk H
TG TE S (L AR U, 5346, L HCPT 1
E R /N SRASAE MRS H22 JH A S180 PAIJRIEY

r" if,l
F* ..‘
i’ L 2
A

QRTIRN A,
SN AL N e

HCPT@HM-L HCPT@T/HM-L

14 HCPT@T/HM-L 1 T\ R A B R R AR B SR 2 1

Fig. 14 Transmission electron microscopic analysis of HCPT@T/HM-L on mitochondria of tumor-bearing mice

ZERAIEIR, HCPT fAedim HE4ii iy ROS /KT,
PEARZRRLAR R AL, R R . R
Wik, HCPT ShZMsgufustinfe, 4255 ARefE
R 78 o ARG IT R DR, R — e
45 245 R 45, i kisik HCPT 21 ik J8g 40 i RS 4z
I RIELR, BABORBIIG AR A .
WTAER, WA B B 4 M B 5 2 A 1
BAGHET, GUORTER. TR IR AEH I A B
EAPI L DT T, BT T S RO, AR
YURMREE TR 2B T &N, B ke
JE e RER RN R AR B IR EE MRS RE i, HATIE
FRCA iR L A 1 2 SRS 200 IR A S Al
K2 RG] LR R 2509 FE, (HIX S N T
il % KIS 2 RGEAE R YRR, BB
W 441 2R S IR AR AR, ST 2454 210K 250 4T i 2%
(I ZTHIA FE 2 o WA TR F N s 24 S k5 7
REF AR b, SR ERE R, K2k 8l E R
TERFIIR R AT, SRJ5 P& Bl TPP BHES T I Sk AR HE
[ = P e 25k = RN R e O A CTBEi NS AL
RUBEEBAL, 7850 RIFAM AR MG 25t . e
Yl N iz R e 25 BB R C6@T/HM-L fE I B A i3
MO ERHL,  FERR A NZRLAR, W] Re R 4 i e
() RIJEEE Ay, (kAR T AR MR 4h f B R &, T
H1 TPP FH &1 s e 51, 51 A8 T At N 2o ki .
H AT SCHRZE B TPP FHES 1 BA Gk A4 m) 14, 4 Mg
JEAHT 30~60 mV FHLfT, SRR A IR 150~180

mV 1 HLAar, B Y BEIR 51 A 1 FELART ) TPP BH & T,
e TPP PHES T JRAE T 2R ML IR ) BE ) 7T DLER &
100~500 £5022230, bW, TPP BH & T2 fF
Co@T/HM-L 5o ik & B A0 AR (O BELAS A b
2N N RLR R SEE AT, O IR 200 i b R 1)
RERRESTHAMSA . FEELRRARSN A2
VIREEWNZ, MRS RBEH, HCPT@T/
HM-L G823 [RAR LA FL A7, 32 %1 Caspase-3 ¥
PEAI ROS ZKF, AT HCE AMRIE, MR
KA ESEm 25 e R 4 B TR . AR 4 i
230 AE AL AEHEN, HCPT@T/HM-L fg v 850 1%
HCPT R|F@Angebifg, 7850 KIELVMER T2
RIS IR, IR KFREE g m 2542
FFEE AN RCR « SR Ee 45 R o, HCPT@T/HM-
L 485, B8 2H0H MR A4, Tunel 4Lt fH
PERE R, BRSNS, HILT M
LRAR MR, ZRIAR P HES I RURS R AL S R 2,
H I HEN, HCPT@T/HM-L 64 HCPT w2k % )
JHIR A AR, AT AR Ao e 67 R R AR T 26
KA THKRNAS, K& HCPT fEL AR RN A7 &
FEAER, W R AR RERERS, AT (2 2k e 4
KERFEAPH T, Wl DURKFEEE 3 sa 255
AR, W R R R IE K.

2t F AR, HCPT@T/HM-L KiA2#i/N, Ktk
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