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Abstract

Drug molecules assembling nanomedicines possessatedvantages, including
precise molecular structure, various combinatiofstheraputic agents and high
content of drugs. In this work, paclitaxel dimemdamo-photo photosensitizer were
devised and synthesized, which could coassembte nanhoparticles (Co-NPs) in
aqueous medium through nanopreicipitation methadsyxthesized Co-NPs possess
the uniform size of about 80 nm and great stabihityhysiological condition, and
could produce the singlet oxygen upon near-infrdigiok irradiation. The Co-NPs
indicate enhanced cellular uptake and endosomalpescpon irradiation, which
result in the synergistic enhancement of cytotoxitdwards cancer cells and growth
inhibition of human cervical cancer tumors. We é&edid this combination therapy
based on organic nanoparticles represent a newinaportant development in the
cancer therapy.

I ntroduction

It is highly desired to develop efficient canceerdipies due to the complicated and
heterogeneous solid tumor.[1, 2] Traditional singlemor treatments, including
chemotherapy, radiotherapy and phototherapy, ysaadl hard to completely inhibit
the tumor growth and recurrence.[3, 4] Combinataindifferent therapy in one
system is valuable and versatile for enhancing therapeutic index and
response.[5-15] Merging two and more therapiesccbal realized by encapsulating
or conjugating therapeutic agents with polymer diheo nanoparticles.[16, 17]
Although great advance has been made in nanofotimulaf antitumor drugs, the
drug loading and loading efficiency is suboptimfalarge amount of drug carrier was



used for stabilizing the formulations, which resultthe potential long term toxicity
and the difficulties in enlarged production. Desigh optimized drug carriers is
imperative to improve the therapeutic outcomes amdimize undesirable side
effects.[18]

Recently, the self-assembly of drug molecules mle\a straightforward way for
preparing nanoformulations of drugs.[19] Except damphiphilic drug
molecules,[20-22] some hydrophobic molecules caldd assemble into nanoscale
aggregates in aqueous medium through different aresim, including
disulfide-induced assembly,[23, 24] symmetrical eimassembly[25-27] and
conjugated molecules assembly. In our previous wankumber of paclitaxel (PTX)
dimers was synthesized and could form the nanonmedicin the absence of
surfactants or adjuvants.[28-30] Although the PTihets formed nanomedicines
possess effective cellular uptake and cytotoxi@tyl significant antitumor efficacy,
the suboptimal tumor treatment could be improvedubh the combination therapy.

Chemotherapy drugs and photosensitizers were wickatybined for overcoming
drug resistance and enhancing the therapeutic mesd81, 32] As well as we know,
the combination chemo and phototherapy in one argaanoparticle isn't reported
yet. We hypothesized the assembling PTX dimers phdtosensitizers in one
formulation could produce synergistic effect fomtr treatment. In order to increase
the treatment depth, the photosensitizer possebgpdabsorption wavelength is
indispensible for efficient antitumor efficacy.[283-36] Herein, the two-photo
excited photosensitizer (2PE-PS) is employed ferstiudy in vitro and in vivo.[37-40]
In this work, the PTX dimer with disulfide bond lasker (PTX-s-s-PTX) and 2PE-PS
was used to construct a nanoprodrug in the abssgmarfactants (Fig 1A), and their
morphologies, photophysical properties, cellulata4p and cytotoxicity, and tumor
inhibition was investigated in detail (Fig 1B).
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Fig 1. (A) Formation of Co-NPs. (B) Schematic of the sgmgic chemotherapy and
PDT. (1) Enhanced cell uptake by a short lightdiation for PCIl effect. (2)
Enhanced escape of Co-NPs from lysosome to thesa@lyttased on photochemical
rupture of lysosome membranes. (3) Anticancer &fficfrom photodynamic therapy.
(4) Conversion of the PTX-SS prodrug into free PAKGSH trigger. (5) Free PTX
diffused to the cytosol for chemotherapy and induoell death.

Experimental sections
Materials

1, 3-dicyclohexylcarbodiimide (DCC), 4-dimethylarapyridine (DMAP) and
paclitaxel were purchased from Sigma-Aldrich (Stouis, MO, U.S.A).
3,3-dithiodipropionic acid sodium hydroxide and cyclopentanone were purchased
from Shanghai Sun Chemical Technology Co., Ltd..TMdnd Lyso-Tracker Red
were purchased from Beyotime Biotechnology Co.,. (tdhina). Live-Dead Cell
Staining Kit was purchased from KeyGEN BioTECH Chbtd.. All of the other
chemical substances were prepared commercially veer@ used without further
purification, unless otherwise noted. All the saiieewere purified according to the
standard methods whenever needed.

Instruments



'H NMR spectra were tested on a Bruker NMR-400 DRXcérometer at room
temperature. The mass spectra (MS) of all the sesnpére recorded by the German
company Bruker autoflex Ill smartbeam MALDI-TOF/T@fass spectrometer with a
smart beam laser with a wavelength at 355 nm. Wabsorption spectra were
recorded with a Shimadzu UV-2450 PC UV/Vis spedtaipmeter. The fluorescence
intensity tests were obtained using PerkinElmersbSSpectrofluorophotometer. Zeta
potential and size distribution of the nanopartickeere characterized by Malvern
Zeta-sizer Nano for dynamic light scattering (DLShe morphology of all the
nanoparticles was measured by transmission electnoieroscopy (TEM),
characterized by a JEOL JEM-1011 electron microsayggerating at an acceleration
voltage of 100 kV. Confocal laser scanning micrgsc(CLSM) images were taken
by using a Zeiss LSM 700 (Zurich, Switzerland).

Synthesis of PTX-s-s-PTX
PTX-s-s-PTX was synthesized by the method desciibdte previous literature.
Synthesis of 2, 5-Bis(4-(diethylamino)benzylidene) cyclopentanone (2PE-PS)

2,5-Bis(4-(diethylamino)benzylidene)cyclopenta@onas synthesized according
to the previous literature. Briefly, 0.2 g of sodibydroxide (5 mmol) was added to a
stirred solution of 168 g of cyclopentanone (20 afm and
4-diethylaminobenzaldehyde (7.08 g, 40 mmol) imH30of ethanol, and the reaction
mixture was refluxed for 12 h. After cooling to mdemperature, the precipitate was
fillered out and washed with water. The crude pecbdwas recrystallized using
ethanol to give 2PE-PS (93%MH NMR (400 MHz CDCY): d (ppm) 1.20 (t, 12 H, J =
7.08 Hz), 3.06 (s, 4 H), 3.42 (g, 8 H, J = 7.08 ,HZp9 (d, 4 H, J = 8.92 Hz),
7.50-7.52 (m, 6 H).30 MALDI-TOF-MS: m/z Calcd fory®8ssN,O [M + H]
403.27439; found 403.3.

Nanoparticles preparation

A solution of PTX-SS (1 mg) and 2PE-PS (1 mg) im# tetrahydrofuran was
added dropwise into the 10 mL of deionized wateteura constant stirring, and NPs
were formed after evaporation of 4 mL tetrahydrafuand dialysis in water for 2
days. Different molar ratios of PTX-SS and 2PE-P8Ia form the corresponding
PTX/2PE-Pg PTX/2PE-PS, PTX/2PE-P§ and PTX/2PE-PS NPs by the same
precipitation method.

Singlet oxygen detection, photostability and ROS stability of Co-NPs
To evaluate the reactive oxygen species generabdity of 2PE-PS, a chemical

method by using DPBF was employed with UV-vis smestiopy.[41] 2PE-PS
dissolved in 3 mL of DMF were blended with DPBF {@§/mL) and then irradiated



with an 808 nm laser at an intensity of 0.1 Wicifhe absorption intensity of the
DPBF at the maximum wavelength of 414 nm was deteevery 1 min. DPBF
solution alone was irradiated as control. As foe ghhotostability, the Co-NPs
containing 2PE-PS was irradiated by an 808 nm lesssurce at an intensity of 1
W/cn? for 30 min. The absorption spectrum of 2PE-PS reasrded every 5 min. In
order to detect the ROS stability of PTX-SS, 1 migXFSS and 1 mg 2PE-PS was
dissolved in DMSO, théH NMR spectrum was detected before and after iatani
with the 808 nm laser for 20 min.

I ntracellular ROS detection

Confocal laser scanning microscopy (CLSM) obseovatnethod was employed
to detect the ROS generation in cells. Firstly, Bleklls were incubated with Co-NPs
for 4 h, and then, the culture medium was washend fones. Then, the DMEM
solution containing DCFH-DA (10 x I®M) was added to the six well plates and
further incubated for 35 min. An 808 nm light irratbon was used subsequently (1
W/cn? for 5 min). The outcomes were observed with CLS$/saon as possible
(excitation wavelength, 488 nm; emission band-pa38;-550 nm)

Intracellular uptake studies, lysosome colocalization and lysosome per meability
measur ements by AO staining

To verify the cellular endocytosis, HelLa cells waeeded in 6-well plates at
about 200,000 cells per well in 2 mL culture medigdulbecco Modified Eagle
Medium containing 10% fetal bovine serum), suppletee with 100 U/mL penicillin
and 100 U/mL streptomycin, and incubated at'87in 5 % CQ atmosphere for 20 h.
Then the cells were treated with 2PE-PS and inedbat 37°C for another 0.5, 2, 4,
6 h. The different well plates were washed threses with PBS and tested with
CLSM method and quantified by flow cytometry an&y3 he cells were incubated at
4°C for 0.5, 2 h at the same condition to study fifieceof temperature on the uptake
of Co-NPs by cells.

In order to track the Co-NPs in cells, lysosonodocalization was conducted.
Briefly, the lysosomal compartments of the culturéglLa cells were stained with the
probe of Lyso-Tracker red DND-99. One group waadiated by the 808 nm laser.
Thereafter, the cells were fixed with 4% formaldédyfor 10 min at room
temperature, and the cell nuclei were stained Witl6-diamidino-2-phenylindole
(DAPI, excited by 405 nm). CLSM images of cells evéaken by using a Zeiss LSM
700 (Zurich, Switzerland). AO (Acridine Orange) istag method was used to
determine the changes in lysosomal membrane peititealdela cells were plated
in a 6-well plate at a concentration of 300,000sceér well. After incubation for 24 h,
the cells were incubated with Co-NPs for 4 h amddiated 5 min with an 808 nm
laser, then AO containing PBS was added to each (akla concentration of 2.5
pg/ml). After 30 min of incubation with AO, cellsere washed three times with PBS
and examined with a fluorescence microscope (Nikmtipse TE2000-U). The



excitation and emission wavelength of red fluoraseewas 555 nm and 617 nm, and
that of green fluorescence was 490 nm and 528 nihcéncentrated in lysosomes
emits a red fluorescence, whereas AO in the cytesuts a green fluorescence. A
reduction in red fluorescence along with an incedastensity of green fluorescence
indicates a relocation of AO from the lysosomeshe cytosol, following by the
change of lysosome permeability.

In vitro cytotoxicitieson HeLa and HepG2 cells

HelLa and HepG2 cells obtained at a logarithmic gnophase were seeded in
96-well plates at a density of 5 x>1€ells per well and incubated in culture medium
for 24 h. The media were then replaced by threferg@int molar ratios of Co-NPs at
various concentrations. The incubation was contrfoe 6 h. Then, the three groups
were irradiated by a laser with a wavelength of 868at 1 W/crA for 15 min. After
48 h, the above culture medium was replaced by BB& then 20 uL of MTT
solution in PBS with the concentration of 5 mg/mhasaadded and the 96-well plates
were incubated for another 4 h at 37 °C, followgddmoval of the PBS containing
MTT and addition of 150 pL of dimethyl sulfoxide M5O) to each well to dissolve
the formazan crystals formed. Finally, the platessevshaken for 3 min, and the
absorbance of formazan crystals dissolved was medst 490 nm by a micro plate
reader.

Calcein-AM/PI test

To visually demonstrate the anticancer efficacyCotNPs in chemotherapy and
photodynamic therapy, the HelLa cells were staingtd propidium iodide (PI) and
calcein-AM (AM) to distinguish dead (red) and liggreen) cells, respectively. The
control and drug-treated cells were incubated w88 plates at 37 °C for 24 h in a
humidified atmosphere containing 5% &£dhen, the cells were incubated with the
drugs for 6 h, and then 2PE-PS and Co-NPs disheslisfwere irradiated for 15 min
with an 808 nm laser at an intensity of 1 Wcrthen, the cells were further
incubated at 37°C for another 48 h. After 48 h, the cells were retdi with
calcein-AM/PI for 35 min and washing with PBS, temples of cells were imaged
with a fluorescence microscope.

In vivo studies

Male nude mice were obtained and maintained ungerogriate conditions. All
the subsequent animal procedures have been appeswedontrolled by the local
ethics committee and carried out according to thededines of Chinese law
concerning the protection of animal life. To evatuahe antitumor activity,
subcutaneous human cervical carcinoma Hela tumaopgrafts were utilized as
animal modal. HelLa cells were subcutaneously iraiedl into the rear backside of
mice (4x16 cells in 0.1 mL PBS). The tumor-bearing male migere randomly



divided into three groups (n=4): (1) blank cont@®BS+Laser), (2) Co-NPs and (3)
Co-NPs+Laser groups. Before treatment, three grotipsice were marked, weighed
and measured, and then the tumor-bearing mice ffaasNPs and Co-NPs+Laser
groups were intratumorly injected with Co-NPs at those of 1.9 mg K§ (drug
weight/body weight), respectively. At designed tifeeery other day), body weight
and tumor volume of mice were measured. At dayallothe mice were sacrificed,
and tumor was excised to intuitionally evaluatettiraor inhibition effect.

Results and discussion
Preparation and Characterization of Coassembly Nanoparticles (Co-NPs)

PTX-s-s-PTX conjugates (PTX-S8gnd 2PE-P¥ were synthesized according to
a method described previously. Their chemical stmes were well confirmed by
and**C NMR spectroscopy (Fig S1A-B and Fig S2A-B). Theals at 1880 and 403.3
in the MALDI-TOF mass spectrum further validate@ tbuccessful synthesis of the
targeting molecules (Fig S1C and Fig S2C). Thei@iuime of PTX-SS at 6.72 min
obtained from high performance liquid chromatogsagHPLC) method identified
the purity. (Fig S1D) PTX-SS and 2PE-PS can forenrthnoparticles (PTX-SS and
2PE-PS NPs) individually, and coassemble into nartmbes (Co-NPs) in aqueous
solution through a well-documented nano-precimtatnethod. Briefly, a solution of
PTX-SS and 2PE-PS in tetrahydrofuran was addedndsepnto the deionized water
under regular stirring, and NPs were formed aftepperation of tetrahydrofuran and
dialysis against water. Different molar ratios XSS and 2PE-PS in feed could
form the corresponding PTX/2PE-§SPTX/2PE-PS PTX/2PE-P$ and
PTX/2PE-P$ NPs by the same precipitation method.

The morphology and size distribution of formed P$%; 2PE-PS and Co-NPs NPs
were characterized by transmission electron mio@gq TEM) and dynamic light
scattering (DLS), respectively. As shown in Fig.-€Athe PTX-SS, 2PE-PS and
Co-NPs NPs all possess a spherical morphologyavitize of about 80 nm, while the
corresponding DLS analysis shows that they haveduayshamic diameters of 210 nm,
140 nm and 180 nm, respectively. The size, PDIzatd potentials measured by DLS
were listed in Table S1. The size and size distidbuof three as-obtained NPs almost
kept unchanged up to two weeks at room temperathigh indicated the resulting
NPs hold good stability in water and fetal bovigusn (FBS) (Fig S3). The zeta
potentials of PTX-SS, 2PE-PS, Co-NPs NPs are aro@0d -17.3, -18.7 mV,
respectively (Fig 2D). This negative surface chamgen not only stabilize the
as-prepared NPs by electrostatic repulsion but abstuce the serum protein
adsorption. All these favorable properties are belaé for their future biomedical
applications.[42]
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Fig 2. (A-C) TEM images and size distribution (DLS) of PTX-SSINPPE-PS NPs,
Co-NPs. Scale bars: 200 nm. (D) Zeta potential®? ®K-SS NPs, 2PE-PS NPs,
Co-NPs. (E) UV-vis absorption of 2PE-PS NPs, PTXNF%, Co-NPs in water and
2PE-PS in DMF. (F) Fluorescence spectra of Co-NRswater and equal
concentration of 2PE-PS in DMF.

Photochemical Properties

We also recorded photophysical properties of 2PErRfecules in dimethyl
formamide (DMF) and the 2PE-PS, PTX-SS, Co-NPs MBpersed in water,
respectively. As shown in Fig 2E, the maximum apson of 2PE-PS in DMF is 477
nm, which appeared red shifted to 484 nm when fogntihhe aggregated nanopatrticles.
The typical absorption of 2PE-PS could be obseimethat of Co-NPs in aqueous
solution. The absorption band of PTX-SS is belovd 3dn, imposing no obvious
effect on the absorption of Co-NPs. The 2PE-PS cutds in DMF display an
obvious orange florescence excited at 480 nm. Byrasty Co-NPs exhibit negligible
fluorescence due to aggregation-induced quenchig@@.

The photochemical ability of the 2PE-PS to generagéetive oxygen species upon
irradiation of 808 nm laser was studied by usir@rdiphenylisobenzofuran (DPBF)
and 2,7-dichlorodihydrofluorescein diacetate (DCFH-DA) @& indicator,[43-45]
and the absorbance of DPBF was monitored by UValsorption spectra. As a
control experiment, DPBF (15 pg/mL) was irradiatedDMF without 2PE-PS. As
shown in Fig 3B, only a negligible decrease in #hsorbance of DPBF was found
upon light irradiation, which reveals that DPBFsiable upon 808 nm laser irradiation.
In sharp contrast, irradiation of a solution of DP@S5 pg/mL) in DMF (3 mL) with
laser at an intensity of 0.1 W/énm the presence of 2PE-PS (5 pg) causes a steady
generation of reactive oxygen species, as evidehgdatlie absorption peak of DPBF
at 414 nm decreasing upon oxidative degradatiofOpy(Fig 3A). A time-dependent
plot of the DPBF absorbance at 414 nm (Fig 3B) atsvéhat the DPBF is consumed



rapidly in the presence of 2PE-PS upon laser iatai. As an important property of
photosensitizers, photostability of Co-NPs is itiggded. As shown in Fig S4A, the
absorption of Co-NPs almost kept unchanged undadiation of an 808 nm laser at 1
W/cn? for 30 min, indicating the favorable optical stipi Above results identified
that the Co-NPs could efficiently generate ROSitirovBecause the PTX-SS existed
in the Co-NPs, it was necessary to test the stalili PTX-SS molecule in the
presence of ROS. PTX-SS and 2PE-PS were dissalvB#iSO, and then irradiated
with an 808 nm laser at 1 W/érfor 20 min. As shown in Fig S4B, the NMR spectra
showed no changes before and after irradiationdatahg that PTX-SS would not be
destroyed by ROS before it exerts the effect o6sghent anticancer therapy.
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Fig 3. Singlet oxygen generation ability of as-preparedNPs. (A) Time-dependent
UV absorption spectra of DPBF at 414 nm with 2PE+PBMF after irradiation with
an 808 nm laser from O to 12 min. (B) Comparisorthef decay rate of DPBF with
and without irradiation, treated with 2PE-PS alamith or without irradiation. (C)
The generation of intracellular ROS mediated byNEs upon light irradiation of 0.1
W/cn? for 5 min indicated by the fluorescence of DCF wthihe blank control with



and without irradiation, pretreated with Co-NPsnglavith or without laser treatment.
Scale bars, 20m.

Besides, intracellular ROS generation by Co-NPsarvical cancer cells (HelLa
cells) was further detected by using DCFH-DA asidatbrs under confocal laser
scanning microscopy (CLSM). As shown in Fig 3C, @tnno green fluorescence is
observed in all control groups, because there iadeguate singlet oxygen in cells to
oxidize nonfluorescent DCFH-DA into fluorescent [darofluorescein (DCF). By
comparison, a bright green fluorescence appear€arNPs group under light
irradiation due to the formation of singlet oxygdhence, such Co-NPs can be
potentially applied as photosensitizers for photaahyic therapy.

Cdll uptake properties

It is well known that effective cell internalizatiaof drugs is vital to the efficacy
of both PDT and chemotherapy. The cellular endaigtof Co-NPs in Hela cells
was investigated by using CLSM and flow cytomefiye cell nuclei are stained with
the dye of DAPI. CLSM images (Fig S5) and flow ayetry (Fig 4A, Al) show an
enhanced intracellular distribution of Co-NPs inLHecells with the extension of
incubation time from 0.5 h to 6 h. The uptake ofNXIl@s increased obviously when
the incubation temperature increased from 4 °C ® °&, indicating the
ATP-mediated endocytosis (Fig. S5).
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Fig 4. (A) Flow analysis and (A1) mean fluorescence isiignof different time of
Co-NPs after uptaked by HelLa cells. (B—C) Flow oydtric analysis of HelLa cells
pretreated with Co-NPs and NPs (PTX-SS+Nile redi \(#L) or without (-L) 3 min
laser irradiation during internalization. Cells out any treatments were used as

control. (B1-C1) Mean fluorescence intensity of Hek#s treated with the two NPs.
**p < 0.01, #p > 0.05.

Lysosome colocalization research was carried out using the probe of
Lyso-tracker Red. HelLa cells were incubated withNoRs for 2 h and then stained



with Lyso-tracker Red at 37C for 30 min.[46-50] As shown in Fig 5, Co-NPs
nanoparticles mainly locate within the lysosome.déinthe same condition, cells
were incubated for 2 h and then irradiated witl8@& nm laser for 5 min. Compared
to the non-irradiated control, the green fluoreseeaf Co-NPs and red fluorescence
of Lyso-tracker Red decreased remarkably, whichcatdd that the laser irradiation
facilitate the escape of Co-NPs from lysosome topgsm (Fig 5).
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Fig 5. (A-B) Confocal microscopy images of HelLa cells after bation with Co-NPs
without (-L) with (+L) 5 min laser irradiation. (AB1) Quantitative analysis of the
fluorescence of Co-NPs and Lyso-tracker Red in detism 2.5D image. For each
panel, the images from above to down show cell eiusfained by DAPI (blue),
Co-NPs fluorescence in cells (green), lysosomasestavith Lyso-tracker Red (red)
and overlays of three images. Scale bars, 20 um.

When light irradiation with just 3 min was employad the initial time of cells
incubated with Co-NPs, enhanced cellular uptake whaserved. Obviously, the
irradiated group emits a brighter fluorescence tt@nnon-irradiated group (Fig S6).
The enhanced cell uptake was ascribed to the phemacal internalization (PCI)
effect.[51-53] PCl-induced internalization of the-8IPs was furthered demonstrated
by flow cytometric analysis. In Fig 4B and 4B1, teup of Co-NPs in HelLa cells
with light irradiation displays the enhanced calluinternalization of the Co-NPs
compared with the control. In order to validate B@l induced internalization result
from 2PE-PS, the flow cytometric analyses of NPsX#BE + Nile Red) with or
without 3 min light irradiation were also carriedtoThe significant difference (**p <
0.01) in the cellular internalization after ligilumination further demonstrate the
photochemical internalization process. The resuliisg 4C, Cl1l, Fig S6B)
demonstrated that there was no noteworthy differeincthe cellular endocytosis,
indicating that 2PE-PS play a vital role during tipeocess of PCI-induced



internalization. Moreover, the negligible signifitadifference result (#p > 0.05) also
corroborates that it is the photosensitizer-2PEHRS induce the PCI process. In
addition, lysosomal permeability was investigatgd(AO) staining.[54] When AO
concentrated in lysosomes, it emits a granulafltesescence, whereas it would emit
a diffuse green fluorescence in cytosol. A redurctiored fluorescence along with an
increased green fluorescence in cytosol showsoaatbn of AO from the lysosomes
to the cytosol, followed by the change of lysosgmeemeability because of the ROS
produced by 2PE-PS (Fig S7).
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Fig 6. In vitro synergistic therapy efficacy of Co-NP4) Relative cell viabilities of
HepG2 and Hela cells incubated with different conicaions of 2PE-PS NPs. Cell
viabilities of HeLa cells (B) and HepG2 cells (@ubated with different molar ratios
of Co-NPs upon an 808 nm laser irradiation at 1i#¢/ffor 15 min. (D) Fluorescence
microscope images of calcein AM (green, live cedisyl Propidium lodide (red, dead
cells) co-cultured Hela cells pretreated with 2RENPs without or with irradiation,
Co-NPs in dark and Co-NPs upon irradiation for 1f,r8cale bars, 40 um.

Cytotoxicity results

Standard thiazolyblue tetrazolium bromide (MTT)assvas used to evaluate the
cytotoxicity of Co-NPs against human hepatocelldarcinoma (HepG2) and HelLa
cells. 2PE-PS NPs exhibited a negligible cytotdyiovithout irradiation at the
concentration of up to 5 uM after 48 h incubationplying that 2PE-PS NPs have
favorable biocompatibility (Fig 6A). Although 2PESRshows better anticancer effect
under low power 450 nm light irradiation (one phgtecontrast to 808 nm laser



irradiation (two photon) (Fig S8), 808 nm light oesce was employed because of the
depth of tissue penetration in subsequent expetsnémder irradiation with a laser
of 808 nm, a dose-dependent cytotoxicity of Co-MRsbserved towards both HepG2
and HelLa cells (Fig 6B-C). Co-NPs with three défetr molar ratios of PTX to
2PE-PS were designed to explore the synergeticctefté chemotherapy and
photodynamic therapy. Compared to Co-NPs in dakcbrresponding half-maximal
inhibitory concentration (IC50) against HepG2 anelLBl become lower and lower
along with increasing of proportion of 2PE-PS in-lBs. The corresponding 1C50
values are listed in Table S2. The IC50 value ofNRs in dark against HelLa cells is
0.03uM, while the values of Co-NPs after irradiation eandn 808 nm laser are 0.011
0.003 0.0027uM for PTX/2PE-P%, PTX/2PE-P§$and PTX/2PE-PfS, respectively.
Moreover, the anticancer efficiency of Co-NPs wasneined by the live/dead
staining (Fig 6D). Almost all of the HelLa cells weidead after being incubated with
the Co-NPs under irradiation, which was the syrsti@itherapeutic effect of
chemotherapy of PTX and photodynamic therapy of -PBE Obviously, the
combination therapy offers some advantages ovglestreatment.

Antitumor activity

To verify the in vivo anticancer efficacy, intratominjection was employed to
deliver Co-NPs into the mice bearing human cervoaadcer tumors at the doses of
1.9 mg/kg of PTX/2PE-RSwith an 808 nm laser irradiation at 1.5 W/cior 15 min,
followed by the tumor volume and body weight meaments. As shown in Fig 7A-F,
PBS injection and laser irradiation as a contreptiiyed a sharp tumor growth. In the
absence of irradiation, Co-NPs had a relativelysBatl tumor inhibition effect as
compared to that of control group due to the fableréherapeutic effect of paclitaxel
(Fig 7B). Upon irradiation, tumors were almost coetgly clear away (Fig 7C). After
20 days of observation, the tumors were harvesta three groups. The weights
and sizes of tumors treated with Co-NPs were sgantly smaller than for the
control group (Fig 7D, 7F). The obvious significahfference (***P < 0.001) in the
tumor volume and tumor weight between the contra drug-treated groups well
affirmed the tumor inhibition effect of as-prepar€b-NPs. Moreover, the body
weights of mice were not significant influencedvayious treatments, suggesting that
Co-NPs treatment have no obvious system toxiciiy 7).
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Fig 7. In vivo anticancer efficacy. Various groups treatgith (A) PBS+Laser as
control, (B) Co-NPs, (C) Co-NPs+Laser. (D) Photoeatised tumor. From top to
down: PBS+Laser, Co-NPs and Co-NPs+Laser groupCftanhge of tumor volumes
of three groups. (F) Tumor weight of three groui3) Body weight of mice after
different treatments. Statistical significance: P« 0.001.

Conclusion

In conclusion, an organic nanoparticle was cong#dido enhance anticancer
efficiency by combining chemotherapy and PDT. Doetlte similar symmetric
structure, PTX dimers and two-photo dyes could rabse into spherical and stable
nanoscale Co-NPs. The Co-NPs indicate the enhaetkdiar uptake and endosomal
escape upon irradiation due to the production oER®hich result in the synergistic
enhancement of cytotoxicity towards cancer cellseSE Co-NPs possess effective
ability of inhibiting the growth of human cervicaancer tumors upon NIR laser
irradiation. This work emphasizes the great po&titi using molecular self-assembly
to develop state-of-art nanomedicines for cancenatby.
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Research highlights

» The first study to apply nanoparticles coassembled by paclitaxel dimer and
two-photo photosensitizer.

» The nanoparticles indicates the enhanced cellular uptake and endosomal escape
upon irradiation due to the production of ROS

» The nanoparticles possesses synergistic enhancement of cytotoxicity towards
cancer cells and growth inhibition of human cervical cancer tumors



