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CCR2-MCP-1-MEDIATED MACROPHAGE
SPONTANEOUSLY BINDING PLURONIC NANOPARTICLE
FOR TARGETING DELIVERY OF DOXORUBICIN FOR
TUMOR THERAPY

ABSTRACT

Tumor poses a significant health risk, and while traditional
chemotherapy is a primary method of tumor therapy, it often comes with
strong side effects and the risk of recurrence. Nanoparticle (NP)-based drug
delivery systems have shown promise in improving drug accumulation at
tumor sites and reducing side effects, making them an effective strategy for
enhancing tumor therapy. However, challenges such as rapid immune
clearance, lack of tumor-specific targeting, and limited spread in tumor
tissues have hindered the translation of NPs efficacy in clinical trials. To
address these issues, the development of an efficient actively targeted
nanomedicine delivery system is necessary. Utilizing the tumor-homing
properties and biocompatibility of endogenous cells like macrophages
(MA), an actively targeted drug delivery system has emerged as a new

approach to improving traditional drug delivery systems in tumor therapy.
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By leveraging the interaction of the CCR2/MCP-1 signaling axis on
macrophages, a doxorubicin-loaded nanoparticle (DMPM) was designed,
which could be loaded on the surface of macrophages (RAW264.7) for
targeted tumor therapy. The main research and results are as follows:

(1) The synthesis and characterization of DMPM. Initially, the MCP-
1 peptide (CYNFTNRKISVQRLASYRRITSSK) was prepared through
solid-phase synthesis. Subsequently, the hydroxyl group at the terminus of
the amphiphilic block copolymer Pluronic F127 (PF127) was carboxylated
via an esterification reaction. The MCP-1 peptide was then coupled with
MPF127 through an amide bond using 1-ethyl- (3-dimethylaminopropyl)
carboimide (EDC) and N-hydroxysuccinimide (NHS) to prepare MPF127-
MCP-1 (MPM). MPM demonstrated self-assembly capabilities at a
concentration of 20 mg/mL. The DMPM micelles, with a particle size of
approximately 100 nm, were prepared through the self-assembly of DOX
within MPM. The successful synthesis of DMPM was confirmed through
various analytical techniques such as ultraviolet-visible spectrophotometry,
fourier infrared spectroscopy and EDS. External stability and drug release
experiments indicated that DMPM exhibited high stability and could
release drugs in a slightly acidic environment (pH 5.5). In vitro hemolysis
and CCK-8 assay further proved that DMPM displayed good biosafety and
caused minimal damage to normal mouse embryo fibroblasts (MEF) and

macrophages (RAW264.7).
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(2) Study on the targeting and anti-tumor activity of DMPM. The
results of cell targeting and migration experiments revealed that DMPM
can bind to the CCR2 receptor on the surface of macrophages (RAW264.7),
forming the MA-DMPM transport vector. Additionally, it was observed
that MCP-1 can attract macrophages, exhibiting a homing effect. In
comparison to the control group, the homing rate of MA-DMPM reached
220% in vitro, indicating its strong tumor-targeted delivery capability. In
vitro cell experiments demonstrated a significant tumor inhibition effect of
DMPM, with the inhibition rate on NCI-H1299 cells increasing from 55%
to 60% compared to free DOX. Moreover, NCI-H1299 cells showed
effective uptake of DMPM. The tumor-bearing mice experiments after 14
days of treatment showed that the relative tumor volume and weight in the
DMPM group were notably lower than those in the control group,
indicating a substantial inhibition of tumor cell growth by MA-DMPM. In
vivo imaging systems (IVIS) results confirmed the effective tumor
targeting of MA-DMPM in vivo. H&E sections and analysis of liver and
kidney function indicated good biosafety of DMPM with minimal damage
to major organs. TUNEL tumor tissue sections revealed a higher apoptosis
rate of tumor cells in the DMPM treatment group (63.33%) compared to
the free DOX group (51.29%). Compared with in vitro cell experiments,
MA had better drug delivery ability and could reach the tumor site, which
improved the tumor inhibition effect of DMPM. ELISA analysis of

Vi
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inflammatory factors further verified that DMPM has good biosafety in
vivo and can promote immunity.

This study focused on designing a nanomaterial (DMPM) with the
ability to target both macrophages and tumors. The successful synthesis of
the nanomaterial and its precursors was demonstrated using various
characterization methods such as liquid phase, mass spectrometry,
ultraviolet, infrared, particle size, XPS, and EDS. Cytotoxicity and cell
uptake experiments revealed that the nanomaterials could be internalized
by tumor cells and exhibit toxicity towards them. Cell migration
experiments indicated that DMPM could effectively target macrophages,
and MA-DMPM showed homing capabilities towards tumor cells. IVIS
confirmed the accumulation of MA-DMPM at the tumor site. Tumor-
bearing mice experiments demonstrated that MA-DMPM could inhibit
tumor growth without adverse effects on the normal physiological
activities of the mice. The targeted drug delivery system utilizing
macrophages presented in this study holds significant implications for

tumor therapy.

KEY WORDS: Active targeting delivery, Tumor therapy, Pluronic

micelles, CCR2/MCP-1, Macrophage
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Figure 1-1 Mechanism of the conventional chemotherapy!>?.
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Figure 1-2 Diagram of PH-responsive polymer nanomaterials carrying antitumor drugs into the
tumor environment'**.
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Figure 1-3 Immune-regulated zinc alum/ovalbumin nanovaccines promote metal immunotherapy

in cancer through erythrocyte assisted cascade immune activation*’,
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Figure 1-4 Application of AuNPs as a drug carrier in vivo and its ability to induce tumor cell

apoptosis by producing ROS under near-infrared radiation'>*/
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Figure 1-5 Diagram of pH-responsive and peptide-targeted conjugated lipid polymer nanoparticles

enhancing the anticancer effects of afatinib and microRNA®!
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Figure 1-6 Nanomaterials with Fenton/Fenton-like properties for CDT or CDT-based combination
cancer therapies!®'!
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Figure 1-7 Schematic diagram of a self-delivered nanoplatform based on amphiphilic apoptotic

peptides for precise mitochondria-targeted photothermal therapy!®”.
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Figure 1-10 Schematic of macrophage spontaneously binding functional pluronic nanoparticle for

targeted delivery of DOX for anti-tumor.

17



S AN N T R VAT

% 2E DOX@MPF127-MCP-1 ¥R & ik By &l %%

2.1 SEIGFRL
2.1.1 SR

2 2-1 SEI6R)

Table 2-1 The main reagents of the experiment

2y 15 X 5 A H]
WA e F127 PF127 M BRA 7
4-— R RN g DMAP EWRTRL T AR
=R TFA FHERTRL T A PRA A
N,N- - 35t A g DMF AR T A BRA T
1-2.3 (- H I EDC g A IRA F
B o — 0 i
N-J2FEBE F i NHS F T MA R A
ERIRPTEE R DOX FuMARA A
SRR R FITC ARTRL T A BR A A
=% TEA g AR A IRA T

2.1.2 SEIG{N=E

+ 2-2 SEIGAES S5k

Table 2-2 Experimental instrunlents and equipments

W e T
(G AW S TR IR Prestige-21 H A By A A
IR SZCL-2 WIS R VA% AT BR A )
AT L FDS8-3 [ SIM A ]
AR A CytoFLEX 5T A ]
T B TGC-10B RSN R AR A
TS SW-CJ-1FD TR B AT PR A 7]
151 5t AR 1X73-DP80 H 2 BUAR B2 28 4 ]
CO, 534 371 8] SUAE R 3 2

18



S AN N T R VAT

2.2 DOX@MPF127-MCP-1 B & B 5 RAE

2.2.1 MCP-1 ZBAHIE K

LA Fmoc fR47 (1 L BYEUIERRAE N 50R), d@ i bk AR & 02, A C 33 N
Ui MCP-1 Z ik (CYNFTNRKISVQRLASYRRITSSK) 5%, 44 2 ik & il it 7
M4 T3k EM R DCM #30RE 10 min, $HTJ5 I DMF, 7E8— %
HBRIATIR NS H G, F CEREFAN DIEA S & 34T [N 35 [ 35 Sk 40 B2 60 min.,
Pevk =I5 & WRNE K DMF 0RIEM IR, A5 H&H 6% e =81 £ BHA TR
ROl S B 5 564, AR U NS B4R 56 e MCP-1 JIRI&r il B, FRE
Ve s =, T /a iIn %] TFA: H,O: EDT: TMSBr=95:2:2:1 () &I+
N2 4 h BLARES 2 RO R 2 MV BE R B 11000, AR5 B0 T e LAIRAS MCP-1 FHJK .
i F A HPLC Sl Ak ARk, 3 Ik 3R €0 335 o 0% 2k gk A7 A L7 1580 A TG 345 4
MCP-1 fik.

2.2.2 PF127 RysE 1k

KB v T RN 4-— FEUBEIENE A = 2 fcd% 100:1:1:1 FYJ5 & Ll
T 400 mL 1,4- 5N, ESIR TR 240, BUER KRR L 1L4- NG H
FIRDD, K PERFIRYIMANIK CBEGAG R, A UL ISR ™ A e
FEZRE =B FR, BRI EEE G T T, 1582 RS s
(MPF127) [,

2.2.3 MPF127-MCP-1 B9& Bk

FIF EDC/NHS!'I%} MPF127 5 MCP-1 #E4T {8 8%, K¢ EDC: NHS: MPF127:
MCP-1 BA3: 1: 1: 0.1 B & RMPIMAR R #EaAUK, sSEA0 T ies s
4-6h, JEH4 G RENENTESS (MWCO=2000 Da) HiE4TiEHT 24 h, HAH
SERAHOK, LAEBRZ RG], ARG NEREET BCAL RAMERIN £
KT O A E MPFI127 b, 1 # G T DL AT /MR . X% T )5 B MPM
BEATFRE, ARIRORAE o
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2.2.4 IEFRRERRE BN E

B, ERE I EEREER (6x10°mol/L), G F& A T3 I Ed
SEATER, B MAERE RRCH] 10 mL REA 0.625 mg/L & 40 mg/L 1) PF127.
MPF127. MPM (7KW, T Ja fE3RZ 55 748 LR % 24 h (37 °C, 100 rpm),
f# PF127. MPF127. MPM GLEEER R, 1M Ja AU IS 335 nm 2 A [F]
IR FEVEVRAE 350-500 nm 2 [H) (GO GHE, SREETEEN 5 nm! oM. I AR
W (CMC) MfE, VAR SARIKE R T373/Tsss IRMES PF127 3BT EU A1
P 2% B A RUTH R TS H

2.2.5 DOX@MPF127-MCP-1 B &

# DOX M MPM R IEMRAEFELIKF (20 mg/mL), &= T HEAT iE
FERRE 24 h, JEEFENTAE (MWCO=2000 Da) *f NG 3T T 24-48 h,
Wi e oK, LLRFRZ R E DOX.

2.2.6 DOX@MPF127-MCP-1 40K 44 %} B FRAE

C1) FFAHE H B8 A5 5T FAB 0 %2 DMPM T30 . DMPM VA MGEE TR RS,
W VR RE R I RAE Ry EdEAT T, ) 3 FU RO 2 9 o ATy SO FR A L
1M J5 A F SEM AT WSS . [RIRER, By iiiiAT —m 4 i id 38, 347 TEM Mg,

(25 P {8 L AR 46 27 /P43 (IR Prestige-21, H A 538 BEATLL AN
B R B 5 T 5 IR AR PF127. MPF127. MCP-1. MPM. DOX 1 DMPM
—EI%IE 200: 1 LLEIFE R ES, e S 3 AR HEA T D E

(3) MM (g% (LC-20AR, HARHED) MIVBAH O Bk A (LCMS-
8030, HAS By )% MCP-1 JKIEAT %7€ o 5 & B (1 MCP-1 2 KIS0 T#i ke
171 J5 A5 FH R € SORTRUR € 1% 5T S5 I FH SO0 MCP-1 AT % 5 Al £ 404k

(4> H BI-200SM £ M1 JE S & BOCHBURACEAT S GHUN (DLS) f B /R 3L
Zeta sizer Nano 90 {X#% (JEE /R3O WIEFEMRALH Zeta HAL. ¥ PF127,
MPF127. MCP-1. MPM. DOX 1 DMPM ¥AWGEAT RS, B ImL 8o (RRE i
R TR, BEATRLAR 2 Zeta FRALAIN o
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(5) HZO6 66 (FL) WEA B IR SR AR IE (CMO) . KEES5A
[Fl¥ BERR B PF127. MPF127 il MPM HEATIE0FE 24 h, ARG S HIEHE T
I FEAT 2 Al

(6) FRAM-AT WA 66T (UV2700, H A B 30 3848 40 a] 0L Uk
Jeit. ¥ PF127. MPF127. MCP-1. MPM. DOX 1 DMPM & fif 7F i#8 4l
KA R M. HEBAKE LA, MEHBRE T O H
BEAT 2R A1 O 1 A U

(7)) HXEREANEZ (BCA HEME) ME DMPM H) MCP-1
BE. K MCP-1 5 MPM 73l i il ke, BAFIREZ R R B ArdEs . MCP-1.
MPM E A 96 LA EAT BN, 5 F B FRACGEEAT I E 734

2.3 DOX@MPF127-MCP-1 H9E 2 R AR IN A FE A 31

KHEHTEVFT DMPM BORAEA R pH 265 T IS5 WIRE TR BE 711

B e % 0.5 mg/mL ) DMPM iR KW, K5 HVE R 2@ fr 4%

(MWCO=1000 Da) HF NS H 50 mL 1) pH & MR 1Bt AT &N, FE1E

TR 55 3 46 rh BB RE 60 /N (37°C, 100 rpm),  7EAS AR A B 43 S BL 2 mL 2%

MR, FELEDAFT 2 mL ZZRARE . ARG, (AR A ET LA TS v

AT 480 nm AbFIWROLFE o 1 DOX hrEiZE A= 1 AIAR 2 1HF DOX #25%
(DLE, Rt, %).

Y =0.0219X — 0.0313 R?=0.9997 A= 1

Weight of loaded DOX

X 0 AN
Weight of micelle 100 %6 A ﬁ 2

DLE =

2.4 ER 511

2.4.1MCP-1 ZHKRIEE

(1) MCP-1 ki &=t
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MCP-1 Bk 24 DMEREERAR, HEEMARCIFER ZZ KN s T8RN
2892.36 E /K1 (Da) (B 2-1).

. o ; . e
% i B \{ L P ™
Mlv_:vLT)\/n\ B rx\/th,\‘/:\/”\\ll/-i\ J\leFJ\/L,‘J\rﬁ\‘/1\,1\‘\/)&/1\N/LTJC-\/”\Nl\/“\/ﬂ\,,]:T/‘“‘\/”\J\T/“v”\H
rTyr{e SRR FLrroLrrygwi L rl I L | Y N - [
AL 3 it Wl W o . T
S L i I

Bl 2-1 MCP-1 ikt g 440
Figure 2-1 Structural formula of MCP-1 peptide.
(2) MCP-1 KB AH i 73 #r
i FHVBAR 3560 MCP-1 IK#EAT RAE 04T, 434745 th MCP-1 ik7E HPLC |2
B, {REEIFIRA 13.175 min, 402008 84.51% (& 2-2).,

mAU
13.175
5007 MCP-1 peak
2507
0_ : I : e : i e 2
0.0 5.0 10.0 15.0 20.0 min

B 2-2 MCP-1 JIK IR AR 438 5317
Figure 2-2 Liquid chromatography analysis of MCP-1 peptide.
(3) MCP-1 KI5 v 5 4
X% 2 WREEAT S8 23 AT, 43 B HL o ey G A3 B2 JB 7 HY [M+2H]27=1447.18,
[M+3H]*"'=965.12, [M+4H]*'=724.09, [M+5H]>'=579.472, [M+6H]*"=483.06 (|¥
2-3), R Z IR 705 AT PARHIE D) & B MCP-1.

Inten(x1,000,000)
7.51
[M+4H]**
[M+5H]*  724.10
5.0 579.45
[M+3HJ3*
965.10
2.5 [M+6H]
483.05 [M+2H]*
1447.15
0.0 290.25

300 400 500 600 700 800 900 1000 1100 1200 1300 m/z
Kl 2-3 MCP-1 ik iR %4

Figure 2-3 Mass spectrogram of MCP-1 peptide.
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2.4.2 MPF127 B9&A{E

(1) MPF127 & BimfE R
MPF127 /& PF127 W R i AT R IEA T & R, A& R 75 2544 S fE i
KR~ (& 2-4),

CH,
|
HO -[- CH,CIH,0 H CH,CHO -]—[— CH,CH,0 ]—H
X Y Z

Pluronic F127

N /f_c
SN
:
0 a0 o
Uf triethylaming
e cu,
Succinic anhydride p—
[
o
\
N
4-dimethylaminopyridine
0] o CH,

I I |
HO —C —CH,CH, —C —O -[- CH,CH,0 H CH,CHO HCHZCHZO -]—u
X Y z

Moadificd Plurenic F127

2-4 MPF127 [F4 e FE K
Figure 2-4 Flow chart of MPF127 synthesis.
(2) MPF127 HIZLAME
gLy (| 2-5) Bon, 5 PF127 MLk, MPF127 T ZFREF{E 1734.2 cm’!
AE LT BRFEFFAENE, AINESAE T PF127 BRI P R FEl 03 104

PF127

MPF127

Intensity (-)

4000 3500 3000 2500 2000 1500 1000 S00

Wavenumber (cm™)

K 2-5 PF127. MPF127 (404 &3

Figure 2-5 FT-IR sepctra of PF127 and MPF127.
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(3) MPF127 14240 K]
I IR AP IS AT LIS, MPF127 7E 212 nm A1 280 nm 4b tH B T W HAc e
(& 2-6). VA E&ERIGUE T PF127 BINEME N MPF127,

4.0

3.5
— PF127

3.04 —— MPF127

280nm
2.5

2.0 4}2120m

Absorbance (a.u.)

1.5

1.0
0.5
0.0

200 300 400 500 600 700 800
Wavelength (nm)

2-6 PF127. MPF127 [F14E 41 & i

Figure 2-6 UV-vis sepctra of PF127 and MPF127.

2.4.3 MPF127-MCP-1 BJF4E.

(1) MPF127-MCP-1 fI£L A
FIHLAMERE 4 7 MPM RV . anl&] 2-7 R, 1E MPM ks
W7 JET MCP-1 it 1 (C=0) #1673 em™ LLEFEZ 1T (N-H) 1 (C-
N) K 1532 cm™, 1204 cm™ AT 1139 em™ WA, [F]IS IR HY 7oK IE T MPF127
) (C-H) Al (C=0) [¥) 2887 cm™ F1 1734 cm! 14K .

Intensity (-)

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm™)

K 2-7 MPF127. MCP-1 }2 MPM 41 4 &3

Figure 2-7 FT-IR sepctra of MPF127. MCP-1 and MPM.
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(2) MPF127-MCP-1 [{] XPS it

XPS &H#iE8 MPM HIFTE & (C/N/O/S) i 2-8 a fion. % C 1s

(286.04 €V, 288.94 eV) F1 0O 1s

(532.44 eV, 531.44 eV) [t) XPS & 1T 0 #7115

H T C-0-C fil O-C=0 MHFIEIE (B 2-8b-c). T N 1s WEA1 S 2p i (& 2-8 d-
e) RINIAE T A B N- (C=0) -HIFA1E (399.94 V), FHHEHEZMHR S
JLE C-S (163.54eV), MIMAIIIAE T MPM [IRIh& R,

(a)

Intensity (a.u.)

(b) (c)
Cls O1s
A
g &
= z
Z z
z &
1200 1000 800 600 400 200 0 294 292 290 288 286 284 282 280 278 276 544 542 540 538 536 534 532 530 528 526
Binding Energy (eV) Binding Energy (eV) Binding Energy (eV)
(d) (e)

Nl1s

Intensity (a.u.)

Intensity (a.u.)

S2p

S2ps,
(S-H)

410 408 406 404 402 400 398 396 394

Binding Energy (eV)

174 172 170 168 166 164 162 160 158

Binding Energy (eV)

P 2-8 MPM ] XPS & (a) & C1s (b), O1s (¢), N1s (d) FfIS2p (e) 7#T,

Figure 2-8 XPS diagram of MPM (a) and analysis of C 1s (b), O 1s (c), N 1s (d) and S 2p (e).
(3) MPF127-MCP-1 [¥] EDS JGZ& 77

K 2-9 MCP-1 (a) } MPM (b) {11 EDS %r#7

Figure 2-9 EDS analysis of MCP-1 (a) and MPM (b).

25




S AN N T R VAT

EDS fnH MPM FT AR N C. O. Ny S5 (K29 a-b), £ MPM
HrR) C AT O [ 5 B2 51 81.69 % A1 12.98% , 7 MCP-1 YA [) S JCEAE MPM
i 7 20 5.33%, EDS H GRS MCP-1 Al PF127 IR —8, JF
5 XPS EEAHXT R, BiE 7 MPM )& o

(4) MPF127-MCP-1 #1{#] MCP-1 & &l &

i BCA WFIELHbruE izt (K 2-10b) FERI MPM H MCP-1 £ ik
i, ARKIMZS R AE 2-10 a R, TFEZRSH MPM H MCP-1 Ik 5
LA E] 8.53%.

BCA standard protein solution MCP-1 MPM

43 s 3 A 2 1 Ny ." 8.7 A"
AN o7 L - A < - /.l A /‘
o . ’ 2 - =l e | > R -
ol > v - p R 4 N

0 0.025  0.05 0.1 0.2 0.3 0.4 0.5 0.1 0.1 1 1
Concentration (mg/mL)

(b) 1.0

0.8 4
Y=1.5429X+0.1305

R*=0.9991

e
=
1

Absorbance
)
=
L

0.2 1

0.0 T T T T T T
0.0 0.1 0.2 0.3 0.4 0.5
Concentration of BSA (mg/mL)

2-10 MCP-1 f MPM ] BCA #illzh or = B (a) F1 BCA FrifEriZE (b)

Figure 2-10 BCA detection diagram of MCP-1 and MPM (a), BCA standard curve (b).

2.4.4 IGFIRAKE FH

g FRCHIKE (CMC) 7& MPM JE R B %k DOX B E S oK
JEHE CMC BF, MPM W] B2 A E AR A58 DOX IR . Bl 77
PF127. MPF127 1 MPM IR JZ 3G 0, BRI omER . WERIZLH (M 375 nm
#376.2 nm) FW PF127. MPF127 fl MPM H 4% RS H, EEREAT KB E
o (B 2-11 a-c) o W] 2-11 d-f i, F T373/13ss B LUAELRI E PF127. MPF127
1 MPM ] CMC 18", 43531214 12.53 mg/mL+ 15.56 mg/mL 1 14.11 mg/mL.
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G, 25 SRRSO G PF127 1) CMC %A B 8284k, REH B G IRIFRHEE
W1, A HEZWRE R IBIE M kL .

4000 4000 350
(a) —— 40mg/mL (b) —— 40mg/mL (c) —— 40mg/mL
3500 A —— 35mg/mL 35004 A —— 35mg/mL 30004 — 3smg/mL
f‘"'\ /’{tﬂ‘.‘\ —— 30mg/mL N ,/f "\ —— 30mg/mL — 30mg/mL
3000 A ~Al —— 25mg/ml 3000 IAYARR —— 25mg/mL 25004 f\ N —— 25mg/ml.
2500 i —— 20mg/mL 2500 A \I —— 20mg/mL —— 20mg/mL
- ! & L = -
% - 6.0 —— 10mg/mL % - e \ —— 10mg/mL =200043750m | —— 10mg/mL
£ om0 f Smg/ml. £ 2000] \ — Smg/mL Z — Smg/mL
B 5 W — 2.5mg/mL a2 \ — 2.5mg/ml Z 150047762 —— 2.5mg/mL
1500 N —— L.25mg/mL 1500 4 \ —— 1.25mg/mL —— L25mg/mL
o, 375um
\ —— 0.625mg/ml. —— 0.625mg/ml. | —— 0.625mg/mL
1000 N 1000 \ 1000
\
500 500 5001
0 0 [}

360 380 400 420 440 460 480 500 360 380 400 420 440 460 480 500 360 380 400 420 440 460 480 500

Wavelength (nm) Wavelengih (nm) Wavelength (nm)
105
(e 105 (€) Los{ M4
1.004
1.00
QO.!S- -
Ed = 0.954
& >
£0.90 2 .
Mo 5 0.90
] oMC
085 0.85 /
0.80 4 0.80 4
T T T T T T T T — T
0.4 -0.2 0.0 0.2 0.4 06 0.8 1.0 12 14 1.6 LB 0.4 02 0.0 0.2 04 0.6 0.8 1.0 1.2 14 16 L8 4 0.2 0.0 0.2 0.4 0.6 0.8 10 1.2 14 1.6 L8
LogC (mg/ml) LogC (mg/mL) LogC (ng/ml)

2-11 2643 H1: PF127 (a). MPF127 (b) F1 MPM (c); Isps/lsgq HUfE: PF127
(d). MPF127 (e) f1MPM (f)
Figure 2-11 Fluorescence spectral analysis of PF127 (a), MPF127(b) and MPM (c); The ratio of

1373/1384: PF127 (d), MPF127(C) and MPM (f)
2.4.5 DOX@MPF127-MCP-1 BJFRAE

(1) DOX@MPF127-MCP-1 fJ5& %,
fE5E R MPM 14 5, ¥ DOX 5 MPM #EATIR A, IS K BEAT 3 HE
MPM ¥ FE #5176 20 mg/mL LA_L, i MPF127 RIA] 5 413586 DOX A Hi/K
2O, HA SRR B 2-12 FioR.

Succinic anhydride . EDC/NHS iR
> | P s — >
PEO PPO PEO DMAP/TEA | DOX

2-12 DMPM 4 it FE
Figure 2-12 Synthesis flowchart of DMPM.
(2) DOX@MPF127-MCP-1 ) SEM J TEM 53 &
87 F 414 LR SO B HL BN BTS20 DMPM i#E47%A4E, M SEM R LLE
i DMPM N¥—MERE, “FHEALHN 150 nm £4 (K 2-13 a), BEEFIT T
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EHHBLIRAL, I TEM BIW] LIS 15 SEM MBI S5 e, (HRARREA AR, K

218100 nm A4 (K 2-13b).

5

2-1 DMPM K s (a) FUEH S (b)
Figure 2-13 SEM (a) and TEM (b) of DMPM.
(3) DOX@MPF127-MCP-1 {JFifz
18 I Zh 256 BT DLS RLARK % DMPM (I~ SRiA2HEAT T 007, 455 BoR
DMPM K P33R S 1 BAALR 110nm 47 (K 2-14), 453 5 SEM & TEM
2

S4nm :109nm :130nm
:

— MPF127
— MPM
— DMPM

100 1

80 4

Intensity
(=)
S
L

401

204

NN

0 100 200 300 400 500 600
Diameter (nm)

& 2-14 MPF127, MPM Fl DMPM [IRi42 ) 4
Figure 2-14 Particle size distribution of MPF127, MPM and DMPM.
(4) DOX@MPF127-MCP-1 [JFa 5 o #r
9T % DMPM HfssE M TillE, ¥ MPM LLA. DMPM ¥)5) 43 B fE PBS
17 K, il 2-15 fon, L 7 R HECZ )G, DMPM KPR EAR IR KA
BRAAL, F W] DMPM ZEI I H BN E .
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200

—=— MPM

180 4 —o— DMPM

Diameter (nm)

= et et =
S B OB &
S S S o
1 1 1 1

oo
(=]
1

(=2}
(=]
1

1 2 3 4 5 6 7
Time (day)

2-15 DMPM [#-L KA e M4 i
Figure 2-15 Seven-day stability analysis of DMPM.
(5) DOX@MPF127-MCP-1 [P 4G LL4MGIE & Zeta LA 20 4T
AN A] LR SO IR IR AT L4 M DMPM 7 i) %3 R (0 & J i 1o« et 4K
SNERERRATAILLE H (B 2-16 a) DMPM {E MCP-1 [#) 275 nm I§&F1 MPF127 ]
280 nm I —E IR . A, 13X DOX ) DMPM £ 480 nm Ak )i Hi 3L 1 #H
B, IEM R % T DMPM.
& I LLA e — B R T 3T T 1 DMPM (14 /%, dlid &l 2-16 b 7]
DLE H7E DMPM [ IR Jeit 225 3526 em™y 3330 em™  (O-H). 1617 cm’!
(C=0). 1617cm” (C=0) A1 991 cm™ (N-H) 4:f) DOX #5fElg, FW MPM
C R .5 DOX /il DMPM K ik o
i H Zeta FLALATNGT DMPM 1 FALREAT TS, 75 DMPM [P 1 HAL
KM 1531 mV (K 2-160), SHTAEME MPF127. MCP-1. MPM ¥ HLALII E
SR BRI — B
(a) (b ()

20
—— MPF127 DMPM : ; . DMPM
—— MCP-1 : d v

—— MPM
—— DOX
280nm DMPM

-
»n

-
5}

2l

Absorbance (a.u.)
"
Intensity (-)
Zeta potential (mV)

e

&l

480nm
3826 29Thass
s (CH)

/4/500nm
S O

200 300 400 500 600 700 800 4000 3500 3000 2500 2000 1500 1000 500
‘Wavelength (nm) Wave

MPF127

PF127

-10

number (cm!)

Kl 2-16 DMPM [ 4MEIE (a), ZDAMEIE (b) FIHALHT (o)

Figure 2-16 The UV-vis sepctra (a), FT-IR sepctra (b) and Zeta potential (c).
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2.4.6 DOX@MPF127-MCP-1 BIZ549 5 3 B AR SN 54 FE 1

N1 T fi# DMPM H DOX K3, A1 1 DOX MFr#EriZ (K& 2-17
a), LN E DMPM FIRAE 480 nm T HIMOLEE, AL 1 1+ H DOX 1)
BHELAIN 1.5% . [N T DMPM 7ERZTE TME N (5T 2 2085100, AT
KBTS 43 SITE IR 4H 4 pH 7.4 R TR 58 pH 6,517 IR0 it Jgd 75 il Ak pHL 5.5016%1
THEFE 7 DMPM 1 DOX HIREI. 45 RFRW, BRI B DOX RERSAE 10 /N /2
HIERPP, X522 AiRIERSE SR — 2 (B 2-17b) . HR R 2R s i
IR, 1E 37°CH&M T, 10h WRIER 718 49.5% (pH7.4). 68.75% (pH 6.5)
F175.42% (pH 5.5). DMPM W I¥] DOX KRR A pH WM, FE DMPM
REA% 7E e X IR BURE i DOX, X ] 23> DOX X 1E#HUA M EIVEH o

110

0.9 (a) 100 4 (b)
0.8 ~ 90
R
0.74 Y=0.0219X-0.0313 < 804
2_ en
v 0.6 R2=0.9997 0]
@
‘:‘I 0.5 g 60
= z
50 1
2 0.4 s
= g 401
0.3
E 304
0.2 20]
0.1 10 4
0.0 ety 04— : . . : . .
0 5 10 15 20 25 30 35 40 45 0 10 20 30 40 50 60

Concentration of DOX (pg/mL)
Kl 2-17 DOX FrifEHiZk (a) N2 DMPM HIZ5¥R i £ (b)

Figure 2-17 DOX standard curve (a) and drug release of DMPM (b).

2.5 KRENG

A R M A A RN & T MCP-1 2K, 30 B 48 Bon JL i sh &
Ji, [ B JE o2 F127 AR 52 5 s AT SR B4k, 1T 5K MCP-1 5 5t a5
(&I JE . F127 LA EDC/NHS LSS —iE, &M% DOX &/ DMPM,
& UG DMPM B BN —MBRIE H o BBy, Rim K/ 100 nm A
A, & E TERNEATIER . AL, 2040 RAMESEIRH T MPM & DMPM 44
KM EHA A 8. K DMPM 7E PBS HAMGIFNE 7 K, RIMHEEMFRE
Y. WIREEREW, A DMPM 9KARLR A — & BRI B R, A
AR RHE AL A 1 B R SRt T ik — 2B B P REME .
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2 33 DOX@MPF127-MCP-1 &4 B T FE £ )38 97 B A
HMNRER

3.1 5|§

iR 2 SRR 5 1) A2 A M 5 O PR A R (Y 7 AR K, R T4k R
(145 254 7 BT LIS N2, b 2iE e R, E2 AT AR 2 Ak 52 EPR 2
LIRS T2, S AR AR . T R AE M S — N YR A A, A e
M52 RGAH AR RIS . CAEREGERE i iE 8ok, HE VR NS A
5T GKADARE ANTT E N T8 4 A 5, AN TR LA oK 24, T DA SE o oA s v 28
SR HEAT BT BT 6 . ELMELIAE T B CCL2 SE4E S MR R i th, JE it b AT
VB IE B SR NS, A RO I8 3 DL 1 DO AT R %, AR
SR WUKAORH R 2 &M E . CCR2 LB /A CCL2  (MCP-1) Z RIS 5 4l mT
TEAR A5 EL RN M 57 AR oK 245, T W 4 g T gk B i b e 52 4, BT
DLW 40 0 16 T 1 D A oK AR I8 S 24 A KRR AT R N B I8 1 38 o A ST
FALH], i 4a i ) CCL2/CCR2 3@ W] 2 . A& DL O FERAE /R Sb % DMPM
S EPRME F R/ NI (NCI-H1299) #EATHLERRETE . X} DMPM FfAk
SMEM R ATE, PRINE RS G ELEGAE, AASMH I R 55 SO A UE T DMPM 44
DR FRI L I8 25 R L ) 5 40 L P I FH 2852

3.2 AR A&

¥ MEF. RAW264.7 #1 NCI-H1299 =F 4t & 5% COx ¥R (37°C) A
AT AEARKE TR, DL T 5 2240 o S206 % faf J88 /0N BRI (1) 57 o SEI6 i Bl FH 5%
FL 5 DMEM. 10%B4-13E (FBS) 1 1% 755 /4 5 2 B Ak -
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3.3 DOX@MPF127-MCP-1 B9k sMNE 498 S 5T
3.3.1 RN IMSLIE

TR R MEAEAINA &Y 28 (EDTA) Bk, 1ifEMmA PBS
L2 (pH=7.4) 34T 550> (1500 rppm/min, 15min) 7355 L35 1 20480 (RBC),
ZBr BIGZ I dk AT A PBS BER =K, JaH PBS Aol 2% KR &R . B-b
S, HAP S Al BN CInN PBS) AIFHME CIMAZIK) X, Rk
JEJE N 0.156 mg/mL-2.5 mg/mL [ DMPM K XN A S iXE T, WAE, B
T 37°C, 100 rpm FIZEETHFE 3-4 /N, HANIRRRS 1 /NEPARER— IR Sefa,
BUE BL 1000 rpm 250 10 2381, Hd i BEAR S HUAE 570 nm A E35 R RO BE
PR E AT RE, AE & E A 3 BroslY.

OD sample — OD negative

Hemolysis % = x 100 % A3

OD positive — OD negative
Hr OD sample. OD negative A1 OD positive 3l A& TRAFE L B %] R
(PBS) AIPHMESNTIR (H20) MM EE

3.3.2 KM% RAW264.7 1 MEF B MR

il P A M T R0aGR & (CCK-8) VA DMPM fE fASh%6f /)N il IE % 4 g MEF
DA B4 i RAW264.7 FIZHMIAH 21 o A 35 77 5 DMEM il AN A (0 ~
800 pg/mL) f) PF127. MPF127. MCP-1. MPM A1 DMPM iR #£ . K MEF
PA S RAW264.7 P AP AR 53 il e Fh T~ 96 LA (1x10° 4HA/fL) K595 24 h 5, N
NS AN FR BERE S 35 77 58 100 L, LAZE DMEM {EAXTER. ¥ E 24h 5, B%
ReFE, FH PBS ¥E¥k 2 W%, 155 100 uL & 10% CCK-8 M FRIE &S 1
h, fJE A FHBERR A & FLARAE 450 nm AEWROG BE i+ S 40MLIS 1 (%)

3.4 DOX@MPF127-MCP-1 #{RSMN B a1 i 53

3.4.1 {ASNERELRRIT S SEIE

(1)L R TR RAW264.7 4103 S)HFh e 4l it 7% 24 FLAR Y =255
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BRI (200 pL, 2x1034Hf/fL), 7E 37°C, 5%CO. &M FHE3% 24 h, T Ja
NERFFR I MPF127. MCP-1. MPM #ll DMPM. #53% 24 h J5,# 2% 24 4L
WP S R 2 BT R I PBS B2, 5% 2 H B[ E 20 min, BH I =K, M5
ST 0.1%45 fi SR gL ta 15 20 A 2O BB W ST I T 2 T e 4n il 0,

(2) ¥& i FE TR NCI-H1299 A5 SJ P E 0BT # 24 LRI =
(2103 AMAR/AL), K57% 24 h, TMiJEH RAW264.7 4103 51 M 7E 4TS 24 AL
W) B =R R (200 ul,  2x10° 4ff/4L), KiE 24h )5, S 1D Firs
RHEAT e N5

(3) WL FE IR NCI-H1299 AR5 SJ R E 0T # 24 LRI T =
(200 uL, 2x10340AE/4L), 777 24 h, [FI ¥ RAW264.7 41/l 5 DMPM 7£ 37°C,
5%COx 26 T E 24 h, 15K MA-RAW264.7 #4771k, 51 HMTEA
FAERS 24 FLAR I =R EERT (200 L, 2x10° 40HE/4L), kit 24 h )G, &

HE 1) B b iRt AT Yeta 52,
3.42 INEERMPELE S R AEMBIMRERN DOX iR

(1) K21 B 771 RAW264.7 415 518 AE 6 FLER (2x10° 4H/4LD
i 24h, M2 HMAEE DOX  (15pg/mL) 1 DMPM  (I1mg/mL), W&
12 ho JEPGHH 5%%2 KHFBEERE E 20 min, SRIGMH 4', 6-JPkIE-2-IK L Wk
(DAPD X 40 MR HEAT Y th, 15 B8 Ja 136 FH 6 e T WL %2 B VR 48 g 4 35 DMPM
I

(2) W2 553711 NCI-H1299 4035 SJ M E 6 LR (2x10° 40 /41D 1,
WEH 24 h, 15K RAW264.7 5 DMPM L0 J5 ) RAW264.7-DMPM  HEAT 1
., FEBISIHERITE NCI-H1299 1 6 LI, JLiEE 24h, WEERESR D B
AP RRBAT R, SOGRIEL NI DMPM 56 7 A 1 L o

343 RINEERMRLEESENTAR

IR 7R () RAW264.7 AU E 2 HAE P A 6 LI (2x10° 4Hlfi/AL) %
HidA, M PBS BEBEE 3 K. £ 6 SLITIIA 2 mg/mL DMPM, #iEH A
[FITE] (O 1+ 24 4y 64 81D, ZpHTA DG AR IEDRERIE R o[RS, 7255 —1> 6
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FLBCH AN 04 0.33. 0.66+ 1. 1.33. 2mg/mLDMPM 5 RAW264.7 4 8 h.
PIAZSELRIE & S RUG , BRI, IR SRR 3~5 I, B 240 56 4 iR
IR A W 1) DMPM.e A 2840- R L4301 BE 0 58 BRI K] DMPM. 1RO B
B, MtrdErhZe (DL DOX R ) THHEAA 40+ DMPM K& .

3.5 DOX@MPF127-MCP-1 BY{FSMNAREISEIS

3.5.1 {&&h3t NCI-H1299 ZRBpaEI S M5

i AR T Boaliil & (CCK-8) Al DMPM fE{A4h%T NCI-H1299 (14
Btk AR DMEM il A RRE (0 ~ 800 pg/mL) [ PF127. MPF127.
MCP-1. MPM. DOX 1 DMPM JRH A . ¥ NCI-H1299 4fHf T 96 fLk

(1x10° 4Hf/AL) #59% 24 h 5, MIANEAFENRERESPEEFRE 100 L, bi4k
DMEM fE i, W% E 24h J5, #EEIR, H PBS BER =1k, /55 100 uL
& 10% CCK-8 MG FRMRAIFE 1 h, A HEEAR OGN 2 FLIRTE 450 nm AT FE
TR AIEE S (%),

3.5.2 {RSMARRGETL R E

KR E SRS CAM/PL ARG ALl DMPM X4 B J s m .
NCI-H1299 4Hfu 8T 6 FLAR (2x10% 4HfL/FL), 7E 37°C. 5% CO: M F 7Rt
B SRIEESLHIIAN T mL & ARMKE DOX (10 pug/mL). MPM (10 pug/mL)
A DMPM  (5-30 ug/mL) [¥) DMEM ¥57:3%, L4 DMEM 1B A% . 559% 24 h
J&, AM/PI Z4ff 15-20 min, PBS ¥l =ik, H AM/PL A Gt 4i g 7, «®
A CRIIE =l IR

3.5.3 {RSMMRRIEENSELE

(1) ¥ NCI-H1299 ZHpFEA (2x10° 40f/4L) #fhT 6 FLIRFFHEFRIE 7,
SRIGAEASRIN Ta] () B8 0.5+ 2. 6 A1 12 h) JI A DMPM (KN 15 pg/mL), LA
4 DMEM 1E N5, BB S5 H G, H 5%% % FESE 5 NCI-H1299 4 20 min,
DAPI 4et, Z6 WA T MM LT .

34



S AN N T R VAT

(2) ¥ DMPM (DOX WJE AN 15 pg/mL) 0T NCI-H1299 4 it & A~
[EJIE] (0.5 2+ 6. 12h) J&, FJC EDTA & ABFHEAL 20, 15 AR
I ARG I DMPM ) 5 588 %

HERSHi
3.6.1 iBMSELE

VA AR IS 2 VAN G T A= D AE B PR IR 6 T 7 4 o AR v R 1 22 5
ST, A4S I 21 A L1400 B ) 400 o SR T 3 LA o« AR 4 ISO/TR7406
FRAE, GORRLT- I MR A Re I 5% o did e FH PRSI (H0) FEAPEXT
& (PBS) K43 4T DMPM HMEMACR (B 3-1a), JrHra Ml seied, wf LI
DMPM £ 2.5 mg/mL F 0.625 mg/mL W JE R I L3 735l ik 2 23.83%H1 2.65%

(E3-1b). TEIEH LI, DMPM BIKREACH 0.8 mg/mL, W& MR ITLT
5%, *I DMPM Hf Eﬁ%ﬁ@éﬁz%ifﬁiﬂ

“l!llill p—

PBS 2.5 1.25  0.625 0.312 0.156

Concentration (mg/mL)

~

X

N

l 1000 RPM ]
. b

10 min =

g

z

=

ARAAAA

2.5 1.25 0.625  0.312 0.156

H,0 PBS 25 125 0.625 0.312 0.156
Concentration (mg/mL) Concentration (mg/mL)

] 3-1 DMPM IFIIACRRE R (2) AEMAFNE (b) (*P<0.05, **P < 0.01, ***P < 0.001,
ns, LEZ R, P>0.05)
Figure 3-1 Schematic diagram of hemolytic effect of DMPM (a) and the determination of

hemolysis rate (b). (*P < 0.05, **P < 0.01, ***P < 0.001, ns, not significant, P > 0.05)

3.6.2 KM% RAW264.7 F1 MEF B4 4B S MR

BT CCK-8 JEA M /N ER AT 4E4H i (MEF) F7)N R B A% 55 05 4 B 15 1195 4
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il (RAW264.7) FI4TAEIE 17 45 8RB 24 DMPM H DOX KN 0.75 ~ 12 ug/mL
i), RAW264.7 FI MEF 2 i /1 M 90%3% i T B 2241 80%. 7E DOX #K[Z N 12
pg/mL I, RAW264.7 1 MEF HJ4HM0E 5T I8 3] 80% (& 3-2a-b). 4L, £
1IEH A2 pH T, DMPM i) DOX BHUK-FHAK, 5 25PRe s ss RAHULACD .

(a) MEF (b) .
120d pF127 [l MPF127 MCP-1 1o RAW264.7 pr127 I MPF127 .
B vem DMPM I N DMPM x
- | =
J_ = J_ | - # _|*_
100 g=za: i ll: e . (171 B ™ B 1001338 73| 14 z P 1 It t =
[ I 1 1 t t
3 1 1 q [ N
§80- 32 80 1 11 i
z g
2 3
&
£ 60 £ 60
40 40
20 204
0 T T T T T T T T T T T 0 T T T T T T T T T T T
0 725125 25 S0 100 200 400 500 700 800 0 725 125 25 50 100 200 400 500 700 800
DOX 0 007250125 025 05 1 2 4 s 7 8 DOX 0 0.07250.125 025 05 1 2 4 5 7 8
Concentration (ng/mL) Concentration (ug/mL)

K] 3-2 MEF (a) #l1RAW264.7 (b) MIAHAHE 1K (*P < 0.05, **P < 0.01, ***P < 0.001,
ns, LEFHEZER, P>0.05)
Figure 3-2 Cell viability of MEF(a) and RAW264.7 (b). (*P <0.05, **P < 0.01, ***P < (0.001, ns,

not significant, P > 0.05)

3.6.3 NSNEREMTERE S

AT I8 I % RO A S IR I T /E CCR2/MCP-1 #lif /5, DMPM
H R 45615 ENEGH M (RAW264.7) K T H % — 1 4 (MA-DMPM), MA-DMPM
HA Rt @ 2R X . f52, Bt mEiremm L2,
DMPM AR5 4E, M LRI TE. METIERE RAW264.7 it
ITES RGO IR . & 3-3 a-b PR, WREZEAN MPF127 4L LA i 40
Hl (55D, i MCP-1. MPM. DMPM 40T A (K 3-3c-e). ST
HE, MCP-1. MPM. DMPM HJAHRERE 270 5 IA ] 170%. 220%. 210% (14
3-3 1), 45HEW MCP-1 1[I/ DMPM 5 MA 45443754 (MA-DMPM),
HAE PF127 SRMMM MCP-1 BURAHFERRCR . desbh, g Rt — B 7
CCR2/MCP-1 Hh A BAEHI AT LA 2 FH L )i R 4t
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g

Cell migration rate (%)
5 2

Control  MPFI27 MCP-1  MPM  DMPM

Control RAW264.7

Control RAW264.7.DMPM

Kl3-3 EREMITRS: LS 4M RAW264.7, NEZFH (a), #%FM MPF127 (b), MCP-1

(¢);, MPM (d) fIDMPM (e), #iffliTfE% (). HJit RAW264.7 (g, h) Fl RAW264.7-

DMPM (j, k) #FT L=, NCI-H1299 4ifEM T F= (h k) BFETH (g,j), 4iH
TBE G, (*P<0.05, **P<0.01,ns, LREZR, P>0.05)

Figure 3-3 Macrophage migration: RAW264.7 was inoculated in the upper chamber and the down
chamber were inoculated with control (a), MPF127 (b), MCP-1 (c), MPM (d) and DMPM (e), cell
mobility (f). RAW264.7 alone (g, h) and RAW264.7-DMPM (j, k) were inoculated in the upper
chamber, NCI-H1299 cells were inoculated in the down chamber (h, k) and blank of down
chamber (g, j), cell mobility (i,1). (*P < 0.05, **P < 0.01, ns, not significant, P > 0.05)

RSS2 — B I0AE T RAW264.7 fll RAW264.7-DMPM  (MA-DMPM) X}
NCI-H1299 40 f3E R A B RE . B2, b0 RAW264.7 401, N =8
DMEM X820 (P 3-3g) A1 NCI-H1299 4iffuzl (& 3-3h). NCI-H1299 44l
(R % 40 o0t FEZH B i, AEXHT RS 2RI 3 1 243% (K] 3-31), XATRERZAH T
Jea 4 T DU TEGE AL R 1 IR 51 MA B fbeg X! 72170 ok, ATIE— P
Jt 1 MA-DMPM FEARSNEAAE FH T AT PAZEAE 2R X . N =43 I (&
3-37) MINCI-H1299 ZHffizh (& 3-3k), =30 RAW264.7-DMPM, {/39R M %2
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#| MA-DMPM IV EEERER], MXBERERL)Y 220% (K 3-3 D. RAW264.7
5 RAW264.7-DMPM #HLL, SIRMXHERZFART TR, (HA/GE5 RAW264.7 |
A2 R 4 DMPM (5%, RAW264.7 [f] CCR2/MCP-1 HliAH E/EF IS %, 45
FR, MA TREES HH ALK NPs DMPM i B R A0 . 5 MA (11
AR LL, AR MA Ry AT DLUSE A ook 25t ik B iR X8k, L7 AS
SHENR I G2 HE 5 IS

3.6.4 &9 DOX@MPF127-MCP-1 5EREZRpRLE & R EMBE IR FEAMR

BE— B RAEE R RAW264.7 16 4hm 23k DMPM 4% MA-DMPM Jf
1 83 X 38 T DOX . {fi Fi] Hoechst 33258 %f RAW264.7 #H4T 4t (58 6),
DOX #ric i) DMPM K HZLt75 0. il 3-4 a fos, RAW264.7 4 1 ) &1
LA IER Y] RAW264.7 40 M £E 14841 RE G2 B D3/ 3k DMPM!*°L. [R] I, K
RAW264.7-DMPM 5 NCI-H1299 4jfidt%5%, WEHIE X MA-DMPM 7K
DOX (15 . £ RAW264.7 Al NCI-H1299 41l it o v] L ] DMPM A DOX [#4T
), XIUESE T DOX 7] LA MA-DMPM HRE it 5| EE ifosg S5 (/& 3-4 b)
NI ALY

Hochst 33258 DOX fluorescence

DAPI DOX fluorescence Merge

--

& 3-4 DMPM #E [ BV 45 3 (a), RAW264.7-DMPM 5 NCI-H1299 i E 45 HE (b)

Figure 3-4 The image of DMPM targeting macrophage (a), the image of RAW264.7-DMPM and

NCI-H1299 co-incubation (b).
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3.6.5 RINEREMIES DOX@MPF127-MCP-1 &4 214

¥ 2 mg/mLDMPM 5 RAW264.7 W&, 4377 0. 1. 2. 4. 6. 8h H{ DOX
W RIAHIR M DMPM &, VIR E YA Hx DMPM Kk, i 3-5b fr
7N, RAW264.7 X} DMPM HIHfiskETE 6 h IR i K{E (28 pg/cell), Kk DMPM
5 RAW264.7 1 & M IAER BN 6 he B, BAFEKRE DMPM (0. 0.33.
0.66. 1. 1.33. 2mg/mL) 755 RAW264.7 & 6h, BEOJ5, JIERA M. 45
RE/R, 2 DMPM KN 2 mg/mL B, RAW264.7 #i3K[] DMPM 2157 31
pg/cell, & DMPM K% N 0.33 mg/mL BHfigkE M) 4 5 (B 3-5¢). g5 KK,
RAW264.7 TEARANAI G i3k DMPM, A[{E2A DMPM [ 2541816 8 4R 1781,

(a) DOX (b)

DAPI CFDA-SE fluorescence  Merge

D oW
2.3

»
I

4

The loading of DOX (pg/cell)
g
-

n
n

0 1 2 4 6 8
(C) Incubation Time (h)
35
e
= 307 E—
©
<
2 254
= 8 201 .
~ a
& s
~ S 154
a 8 P
5 101 .
-1 L —
= 54
0
0 5 10 15 20 30

DOX concentration (pg/mL)
3-5 [AKFEAFIRT )Y DMPM 5 RAW264.7 ({561 (ad, R FEAS [ T Py 14 3

M (b), ANFEWE R EFHIRE ST (c) (¥P<0.05, **¥P < 0.01, ***P < 0.001)

Figure 3-5 The fluorescence image of RAW264.7 incubation with DMPM at different time (a),
analysis of the amount of the DMPM captured by macrophage with the same concentration at
different time (b), analysis of different concentrations at the same time of the DMPM captured by
macrophage (c). (*P < 0.05, **P < 0.01, ***P <0.001)

P2 5 B OGN E B I 3K DMPM ()85 (0 8] o K53 5 DOX
(5 ug/mL) 1 DMPM 1 DOX (330 ug/mL) 5 RAW264.7 3L 5, K CEDA-

SE (405 9%6) Al DAPI CGH5 (07506 XF RAW264.7 ZH M FIZH A% 7 B 34T Ye f,
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PAX7; DOX (ZLE5800) AR o7 ik 2 IAE A A% . 33 DOX 1 &
(1] RAW264.7 £ 4 h W20 A% N 2L, 17 DMPM S 7E 40 i J& [ (&
3-50), RIRAEGLURSA, SURFBES, JLTFRAEAMZ. R IRR
[ I 4E K, DMPM T 273 41 /£ DOX 226 RIE AN s P . % 5 12 h J5, RAW264.7
i3kl DMPM =340, [FIEREE RAW264.7 41f0i% N DOX RGN, iX
Al e T RAW264.7 WALFIELE DMPM, FFUAZLRAIRE I DOX!!7: 1801, gh I
KU, BRI TR DMPM 195 HER A RARHIZE 12h N, AR B i K
[fi2 DMPM 2% . WHFARM, GPURMRHERATERR—E L) 4 /NP 12 /NS
(196 7 A 1] 56 4 LAKF MA-DMPM 5£4E 51 NCI-H1299 4 Jfa % .

3.6.6 {5 DOX@MPF127-MCP-1 %t NCI-H1299 4R f0 S M5

K H CCK-8 W& 5 DMPM (iR B8 /1, PFA DMPM [ Ht s /£ H -
WK 3-6 a ffi7~, PF127. MPF127. MCP-1 1 MPM #4 E[lf#i 7E 800 pg/mL [k
JET, NCI-H1299 ATy R4 5 AR /. 1t DMPM A1 DOX {EARIKE T
I W B A PTIR B /1, 24 DMPM KA 800 pg/mL i, AHAAEIE RN
40%7E 47, BRI DOX BN 12 ug/mL, EU &5k B B DOX R B H o = It
IRIRE ) (HHPRATIE 2824 45%), 1X AT REZ (T35 B 8 5w Be g4 P -1 28 (1 PRI
T R g A g 2P AR ] 3-6 a (LS, T DMPM (1) 1Cso £9°4 9.15

ug/mL (K 3-6b), LLDOX iREEIR,
@), (b)

NCI-H1299 PF127 [l MFP127 MPM bk

I vicp1 pox [ pMPM b
*%
100 L31kE; 1 *
1l 1 I W wE g . 1} a oot -tt
' f 1 1
1
n

-
%)

-
=3

o
=3
1
@
1

o
=]
1

Cell viability (%)
G Values (pug/mL)
ES
1

'S
=3
1
IS
L

%)

=)
1
X

=)

0
0 725 125 25 50 100 200 400 500 700 800 DOX DMPM
DOX 0 0.109 0.188 0.375 0.75 15 3 6 75 105 12
Concentration (ng/mL)

K] 3-6 NCI-H1299 4% /7l (a) F ICsofH (b) (*¥P<0.05, **P < 0.01, ***P < 0.001)
Figure 3-6 The cell viability of NCI-H1299 (a) and the ICso values (b). (*P < 0.05, **P < 0.01,

##%P < 0.001)
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3.6.7 {RSMNARRIETL R E

P AL, MPM XFIEZH. DOX 41F1 DMPM ZH AT iSsE A e . dnfA] 3-

7 B, E2EAM MPM 41/ NCI-H1299 41 R T, Uil FHLgniis s

(FEFO0). TMikE%E DMPM & DOX RGN, FEARERD, ST 4

i (Z050), 78 10 pg/mL DOX A1 DMPM s 2 it i T %5 5 77 1% Bk 304 5|
AT, 5 R I A AR R R

Blank DOX 10 pg/mL 30 pg/mL

N --
Dcath...-...

Merge

P 3-7 NCI-H1299 4 3G AL Ge i 45 B

Figure 3-7 Schematic diagram of cell Live/Death staining for NCI-H1299.
3.6.8 fRSMNEREIRENSIIE

JPREIE T A R IR T R A N A I 9K R R &= % DMPM 5
NCI-H1299 ZHfu 3Lz &, & bRt i, BT EEE 0 ROt E
AT X DMPM (EEEUE L. 41 3-8 a s, NCI-H1299 4HffIAE 0 h i A
MEROG, BEJG DOX B D 58 FE A i & I 18] B E AW o0, ££ 12 h 34

B m A, WAL R W R R AR ES, 40K DMPM K265
i 5 5 % 7 ) O FE K T i (IR 3-8 b w2 i BT 45 R (1 3-8 ¢,
£ 12 h BRI PO A S 37.58 AU, & NCI-H1299 4% CLph
DOX 58412 N\, XMW DMPM AJ7E 12 h P4 NCI-H1299 41 il 75 W 5 5 S04 g
T, FIRGERFE—BIIET DMPM Hi[f) DOX REGSRRINFEL, DMPM AJ
NCI-H1299 2 it £5% 5 LA i) e 27 4 P 334 5
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DOX fluorescence Merge Multi-sample : All Events
§- ——0h
0.5h
1—2h
6h
S : 12h
-+
=
103 104 105 106 107
PE-A
X 0.5 2 6 1'2
Time (h)

3-8 DMPM 5 NCI-H1299 4ifudtig H 26K (a), a4 AR M (b) MZee &
8T () (*P<0.05, **P < 0.01, ***P < 0.001)
Figure 3-8 Fluorescence image of DMPM incubated with NCI-H1299 cells (a), flow cytometry

analysis (b) and semi-quantitative fluorescence analysis (c). (*P < 0.05, **P < 0.01, ***P < 0.001)

3.7 KENEE

ARFEFES: b B L) DMPM 44K A4 R HE AT A4S 40 i 25 14 % B ) LR
FIBAE . 55— B XA RE I PEREAT 1 30E, SERL 1 AT RS SE5, B ek
172 MCP-1 J2 15 B A 4L 1 RAW264.7 (6 /1, 5 DMEM.MPF127 %} B L,
MCP-1 & DMPM # ot 1 — € MR R 1 JLIREGAIE | 50 RAW264.7 5454
7 DMPM K] RAW264.7 KL [ IR U RE ), 52 B BT HEL, %% 7 DMPM
(¥ RAW264.7 {751 LA e e S5 82 9 EAT3T A%, Ui B E Mt vl AR 6L, 465
W DMPM ZUKMARL,  [al g b7 25ic ki, Wom itk = shig i ik i AT 1
AT RSG5, WFFE T NCI-H1299 4% DMPM HIHRELAE /1 LA K
MPF127. DOX. MPM L\ & DMPM %t NCI-H1299 f#ifEH, @i it 4 i
e, FTRAE M, BEERRIFER, AN SO6REGER, i DMPM 49K
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FARERT LA DA b Rs A0 i 5 . B S 1K) CCK-8 SR [F]#F 7] A4S tH DMPM. X
NCI-H1299 A —E Ml E R, HAml /e H E i DOX #ag, HiWIHE e
v A DV — 8 AT SO - - 9 1 50E DMPM %] T+ i Jeg 48 a0t 76 (=] )
IR R A E, /7 RAW264.7 DL & MEF 40T T AE) %4
PEVPAY, S5RRE, ENfl DMPM 3K AR T 800 pg/mL B, A X MEF &
RAW264.7 B m IS, HAEY R RE, HiEmseidt—Sur i 7 AR
MSE 5% JE RN Ak 1 mg/mL PA b, Hod T SRR A ST, HA SN
Pt Fe i B G 3

43



S AN N T R VAT

2 43 DOX@MPF127-MCP-1 &4 B T FE 0 )38 97 B A
AR

4.1 5|5

FEVRSN, ARPREXT DMPM 34T AHGRAL DAL 2GR TBOSCR AT 1€, &5
REY] DMPM 9K RHEA — & iAa et HAE3E) —, BEJEEET 1R S s
Rt —BAEW] 1 DMPM KA R A 22 4, IF s iE % SEi6IE © DMPM
55 B A0 M F) m] 45 54 LRI S e a i, fe )i DMPML ) & i R
17 7 RSN T VR A, A RAER WIZ AR AL AT X R A — i A ROR
SRTTAEAR A R 15 AT [ R TR S ORGP SR IE . AN 52 RV T Bk
DMPM KA RHE /N SRR A RS AR e a2 4k

4.2 DOX@MPF127-MCP-1 BY{R A E 3R AR
42.1 EHERIEN

% 20 X BALB/c MR B FE THEIR 22°C, MHAMEE 50% HI/NREN, f#
F NCI-H1299 4 X iZ A48 SR 3t 47 IR g #e# (1x107 40 ig/mL, 100 uL), PAEE
3. NCI-H1299 21 A i i A, 177 Jim o B 4R Bl J 88 1) 2E KOIR S 3k AT W 8%

4.2.2 (FARABESIREIR

MR A K E 100 mm? ZE AR, B 20 RERR A 44 (A 5 HD, 4rass
¥ PBS. MPM. DOX fl DMPM 7477 . X LeysmiE gt 2/ N AR, &4 H
¥4 2 mg/kg FEIESTA 25 Il 55 /0N U R AR FRURIZ B

423 PhJEE H&E & TUNEL %t

FEREAT VR N UM ROR VAL 5 K/ BOZEAT AL S8 I B it Rg 4123 70 39 A o
id, M 4% M2 REBEE AR, 2R R E e, BERBK. Bl
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b REAT H&E e th, SJagiitmie. RN, R U8 4205 I8 AH )
(¥ AL B 3E4T TUNEL S tadf 474 .
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Figure 4-1 Flow chart of mice experiment (a), representative images of phased administration (b),
body weight change in mice (c), the relative volume change of tumor (d) and the tumor weight (e).
(*P <0.05, **P < 0.01)
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Figure 4-2 The tumor H&E and white light TUNEL staining of mouse in each treatment group (a),

fluorescent TUNEL staining (b) and the apoptosis rate (c). (*P < 0.05, **P < (.01, ***P < 0.001)
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Figure 4-3 IVIS imaging of mice in different time periods (a), semi-quantitative fluorescence
analysis in vivo (b), IVIS images of different organs in vitro (c) and semi-quantitative fluorescence
analysis of organs in vitro (d). (*P < 0.05, **P < 0.01, ***P < 0.001)
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Figure 4-4 H&E staining of major organs of mice in each treatment group.
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Figure 4-5 The liver function indexes of mice in each treatment group: ALT (a) and AST (b).

Renal function indicators: CREA (c) and UREA (d)
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Figure 4-6 ELISA analysis of inflammatory factors in mice of each treatment group: IL-6 (a), IL-

12 (b), TNF-a (c) and IFN-y (d).
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