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ABSTRACT: Supramolecular prodrugs that combine the merits of stimuli-responsivenessg
and targeting ability in a controllable manner have shown appealing prospects in disease
diagnostics and therapeutics. Herein, we report that a new theranostic agent with the h8gf,

guest-binding-activated photosensitization has been fabricated by a binary supramgl@eenear
assembly consisting of the permetirylelodextrin-grafted hyaluronic acid and @&
combretastatin A-4-appended porphyrin derivative. llluminated by a red-light so
production e ciency of singlet oxyge®§) pronouncedly increases B0-fold once the

porphyrin core is encapsulated by cyclodextConsequently, the cell-selectie “f)u 2 @
uorescence emission is dramatically enhanced, the microtubule-targeted drug i d@mﬂ?ﬁﬁﬂ:ﬁﬁ’ @

and completely released, and'@ginvolved combinational treatment is simultaneous
achieved both in vitro and in vivo. To be envisaged, this complexation-boosted
activatable photosensitizing prodrugvelsli system with improved photophysi@
performance and remarkable phototheranostic outcomes will make cansigni
contribution to the creation of more advanced stimulus-based biomaterials.

INTRODUCTION chemotherapeutic agents that lack environmentally responsive

A combination of the innate advantages of supramolecu@?araCter'St"f'_ .**By leveraging the hoguest interactions,
chemistry and medical science has expedited the emergenc@§f can eciently regulate the aggregate states, photo-
supramolecular prodrigs by which bioactive molecules can luminescence behaviors, and pharmacokinetic properties of a
be endowed with desired solubility, targeting, and stimul@iven optically active agent, which have critical relevance to the
responsive abilities in a noncovalent and controllablehototheranostic outcomes of a single self-assembled
mannef. ° Compared to those classic prodrugs that merelgntity>® °* Diverse types of macrocyclic hosts have been
rely on the covalent modation of active drugs, supra- proven to possess strikingly distinctive abilities in manipulating
molecular prodrugs derived from multiple noncovalenthe excitation energy dissipation pathways of a given organic
interactions can be classi as an important branch of optical agent, thus allowing for creation of functional
modern nanomedicines and have provided an emergingnomaterials with great potential in biological imaging and
paradigm for combating many life-threatening diSeasSes. disease treatments. The macrocycle-basednesttbinding

Along with the substantial development of supramoleculatrategy has greatly expanded the research scope for supra-
prodrugs, in particular, light-activatable theranostic nangolecular prodrugs and provided researchers with bountiful
systems have served as one of the most promising candidaspportunities for stimulus-based biotransformation with easier
owing to their spatiotemporal controllability and noninvasiveonstruction and better therapeuticeads than parent
nature of light input, as well as the fact that light-mediateghecjes**

activation can t_rigger a cascade of photochemical reactions anl%spired by our ongoing interests concerning the fabrication
exert a strong inence on the emergence of more advanceg@f host guest-binding-induced photoluminescent supramolec-
therapeutic methods, such as photodynamic therapy, phof@ar assemblies, we herein demonstrate a novel light-activatable
thermal therapy, photoacoustic imaging, and'S*dlt.s of prodrug delivery platform by implementing the complexation-

great signtcance to manipulate the photophysical propertiegnanced photosensitization for targeted cancer theranostics.
of optically active agents atedent molecular levels and

improve the eciency of current photoderived treatments for )

biotechnological innovation. Received: January 19, 2022
As for the design of light-activatable prodrugs,cuestt ~ Published: April 29, 2022

complexation with some well-crafted macrocyclic receptors,

such as cyclodextrin, calixarenes, cucurbiturils, and pillararenes,

has been drawn into the limelight and believed as a simple yet

feasible way of conferring smart chemistry to conventional
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Scheme 1. lllustration of TPP-CA#HA-PMeCD Nanopatrticles with Cyclodextrin-Boosted Porphyrin Photosensitization and
Self-Photocleavable Drug Release
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This binary supramolecular prodrug is composed of the RESULTS AND DISCUSSION

permethyl--cyclodextrin-grafted hyaluronic acid (HA-  gynhesis and Host Guest Complexation Character-
PMeCD) and a 5-(4-carboxyphenyl)-10,15,20-triphenylpoiz ation. The self-assembling process of TPP-8A4
phyrin- derivative (TPP-CA4) bearing combretastatin A-4MeCD assembly is depictedSitheme .1The compound
(CA4) and the singlet oxygetDf)-cleavable aminoacrylate characterization is shown in tBepporting Information
group Scheme)l CA4 is a well-known tubulin binder that (Figures S1S4, Supporting Informat)onThe prodrug
can inhibit tubulin polymerization and block the mitosiSTPP-CA4 is composed of tetraphenylporphyrin (TPP) and
process of tumor celfs® Also, the inclusion complexation of combretastatin A-4 (CA4) as photosensitizing and therapeutic
the hydrophobic TPP-CA4 core with the hydrophilic HA-agents, respectively, which are covalently connected with each
PMeCD shell can not only give rise to the formation ofother by the'O,-cleavable aminoacrylate group. In general,
nanoparticulate assemblies for the internalization in cells k@me highly ecient photosensitizers, such as core-gubdi
also endow them with the desired targeting ability via thBOrPhyrins, should be utilized toceently cleaviO,-sensitive
specic receptor-mediated recognition on the cell séffdge. chemical bo”dlg-_ However, such molecular design can
Moreover, the encapsulation with PMeCD can protect thi1€vitably be subjected to time-consuming chemical synthesis
entire assembly from the unspeaittack with biomacromo- an_d inadvertent phptosensmzer activation. In our case, .by
lecule$® Remarkably, the extensive hgsest complexation using the commercially available monoca(boxy!|c porphyrin,
. ' o the prodrug TPP-CA4 could be easily obtained in only three
can dramatically enhance thgorescence emission and

. o steps. Next, the molecular binding mode and strength between
facilitate'O, transfer from the photosensitizing center to thePMeCD and the porphyrin skeleton were studied using the

aminoacrylate linker, further simulating the release of micrgziaried porphyrin (TPP-COOCH as a reference com-
tubule (MT)-targeted CA4 drug and strengthening theyound. The UVvis absorbance of TPP-COOCHeadily
combinational @ct!* This supramolecular prodrug delivery increased upon the addition of PMeCD, accompanied by the
system based on cyclodextrin-activated porphyrin photgppearance of an isosbestic point at 42&yur¢ ). After
sensitization may provide a promising approach to develgalidation of the 1:2 complexation stoichiometry ts/@loh
advanced nanomedicines for targeted bioimaging ankle stepwise binding constaitsgndKs,) could be calculated
combinational treatment. as 1.8& 10*and 2.34« 10° M I, respectively{gures b and
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Figure 1.(a) UV vis spectral changes of TPP-CO@@bdn addition of PMeCD ([TPP-COOGH- 10.0 M, [PMeCD] =0 0.03 mM, 10%
DMSO in PBS); (b) calculation of tKg values by the nonlinear least-squares dtingemethod; UV vis spectra of ABDA in the presence of
(c) TPP-COOCH and (d) TPP-COOCHK PMeCD complex under 650 nm light irradiation. The decreasets@¥sorbance indicates that
ABDA was gradually consumed by the photochemically gef@sat@x) Normalized UVvis absorbance of ABDA at 380 nm after
photodecomposition B®, upon light irradiation at 650 nm. (f) Decomposition rate of ABDA with TPP-CGBERPP-COOCK PMeCD
complex. ([PMeCD] = 2[TPP-COOGH= 20 M, [ABDA] =50 M, 1% DMSO in PBS).

S5, Supporting InformatjonMeanwhile, the uorescence performed. As can be seen fifeigure B, the drug release
emission intensity of porphyrin in the presence of PMeCD wdom TPP-CA4 slowly proceeded upon light irradiation at 650
2-fold higher than that in the absence of PMd@duie S6, nm for 5 h (retention time = 4.6 min). In stark contrast, with

Supporting Informatidn the assistance of PMeCD, the drug release process was clearly
Singlet Oxygen Generation and Photocleavable detected under light irradiation for only 5 min and CA4 was

Drug Release Abilities.As discerned fromaigure ¢t f, it completely released in 15 miriglire ). These results

is found that théO, quantum yields () of TPP-COOCH indicate that the noncovalent association of the porphyrin core

showed a sudden leap by a factor of 57.3 after complexatigith PMeCD can sigrdantly promotéO, production and

with PMeCD using 9,10-antheaediyl-bis(methylene)- accelerate the photooxidation process, resulting in the prompt
dimalonic acid (ABDA) as tH©, indicator and methylene and complete release of drug molecules.

blue as the standard substinte.Beneting from the Furthermore, the photostability of TPP-CA4 and TPP-
complexation-boosté®, production, it is expected that the CA4 PMeCD complex was also comparatively investigated by
aminoacrylate linker could becently photocleaved, thus chromatography and spectroscopy. In our case, the photo-
leading to the rapid release of CA4 drug. To verify theleavage process of the TPP-CA4 prodrug can be monitored
complexation-inducé®, production and concomitant drug by the resonance peaks of aldehyde group in the NMR spectra
release, high performance liquid chromatography (HPLC) wés = 8.11 ppm irfFigures S7 and S8, Supporting Information
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Figure 2.(a) Schematic representation of the PMeCD-boosted release of CA4. HPLC retention times of (b) TPP-CA4 and (c) TPP-
CA4 PMeCD complexes versusedént irradiation times ([TPP-CA4] = 1M and [PMeCD] = 20 M). The detection wavelength in each
trace was set as 254 nm.

Through the calculation of the integration area ohiole uorescence quenchingigures S13 and S14, Supporting
protons, the photooxidation reaction could be completelinformatioi. In addition, no obvious change in intermolecular
achieved in 5 hTable S1 and Figure S9, Supporting distance, dihedral angle, or binding energy was found upon
Information. It is shown that the integral area of mile complexation of PMeCD with TPP-CHO or TPP-CA4
proton (H,) in TPP-CA4 gradually decreased, while the one ofFigures &b andS15, Table S2, Supporting Informtion
aldehyde proton (Hlin the photooxidation product gradually but the uorescence emission became much stronger when the
increased, indicative of the photocleaved drug release undekible substituents in TPP-CA4 were photocle&vgal €
light irradiation. The emergence of released CA4 could also $&6, Supporting InformatjonThese phenomena jointly
conveniently monitored by thin-layer chromatogrdghy ( demonstrate that unfavorable vibration or rotation of chemical
0.6 inFigure S10, Supporting Informatidn addition, the bonds could be greatly suppressed after the drug release and
spontaneous methyl easternization of TPP occurred ithus result in the complexation-induagmtescence enhance-
methanol, whereas no such phenomenon was observednient. Undoubtedly, these complexation-improved photo-
the presence of PMeCDrigures & andS11, Supporting physical performances would eventually facilitate the con-
Informatio). Meanwhile, although the UMs absorbance sequent bioimaging, cell damage, and even therapeutic
intensity was basically unchanged, the photoluminescerm#icomes in cancer treatment, as described below.
properties were strikingly distinct before and after inclusion Binary Supramolecular Assembling Process.Subse-
complexation with PMeCD. That is, therescence emission quently, the molecular assembling behaviors between HACD
intensity of TPP-CA4 alone slightly declined upon exposure end TPP-CA4 have been investigated. In our case, the degree
light irradiation for 1 h, whereas strongrescence enhance- of substitution of PMeCD units in HACD was 14.3%, which
ment was observed in the TPP-CRMIeCD complex under can maintain the balance of '€Bncapsulation ability and
the same experimental conditioR&(re S12, Supporting HA's targeting ability toward malignant ¢elfS.The simple
Informatiof). Apparently, suchuorescence enhancement mixing of TPP-CA4 with PMeCD gave uniform size
would facilitate the uorescence imaging and monitoring distribution with an average hydrodynamic diameter of
after the photoactivated drug release. approximately 121 nm, accompanied by the palpable Tyndall
The mechanism behind these photophysical behaviors wagct in solutionkigure 8 and inset photo). Meanwhile, the
substantiated by computational studies. By comparison of theotential of the binary assembly was measur88.2smV,
orbital energies of CA4 and TPP-CHO, the photoinducedvhich is attributed to the negative charges on the HA surface
electron transfer pathway was not responsible for th@g-igure 8, inset photo). Along with the observations in
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Figure 3.Intermolecular distanced) petween two adjacent PMeCD in (a) the TPP-GMeCD complexd(= 11.1 A) and (b) TPP-
CHO PMeCD complexd(= 11.3 A), where the pink point is the geometric center of each PMeCD. Average dihed)dbdrasiegen the
planes of the phenyl ring and porphyrin core in the cavity of PMeCD. (c) Size distributionpdiestial and Tyndall ect) of the binary
assembly in PBS ([TPP-CA4] = 1d, [HA-PMeCD] = 20 M, pH 7.2); (d) TEM image of TPP-CABA-PMeCD assembly.

agueous solution, nanoparticulate aggregates with diametecaftrol group but it was converted to the scattered dots in the
100 nm could be readily observed in the transmissioMPP-CA4 groupHigure 4-ii andFigure 4-iii). Notably, in
electron microscopic (TEM) image, mainly due to thethe case of the TPP-CA4A-PMeCD assembly, more cells
extensive intermolecular cross-linkage of HA polymers by X@uld be observed with sig@int cytoskeletal changes,
TPP-CA4 PMeCD complexatior-igure 8). These results accompanied by the emergence of uedescence emission
jointly demonstrate the formation of biocompatible large-sizéd A549 cells. Obviously, the released CA4 drug could
nanostructures by multivalent hgstest interactions, which seriously interfere with the tubulin growth along the MT
would promote the receptor-mediated internalization byackbone as a result of tig-sensitive self-photocleavage of
cancer cells. aminoacrylate bond. In comparison, in the absence of HA
Photoactivated Drug Release and Anticancer Activ- receptors, no rediorescence emission was observed and MTs
ities in Vitro. Confocal laser scanning microscopy was furthewvere well-preserved in 293T céllgre #). Meanwhile, the
employed to investigate the complexation-induced cytoskelet@ generation ability was qualitatively explored in the selected
changes and photodynamic outcomes in the human lurgll line by using 6-carboxy?2dichlorodihydrauorescein
adenocarcinoma (A549) cells and human renal epithelidlacetate (DCFH-DA) as the detecting probe. As shown in
(293T) cells. In the dark, the pristine MTs were uniformlyFigure S19 (Supporting Informatiorgreen uorescence
dispersed adaments around the nucleus when the cells weremission was shown in the TPP-CA4 group, but the emission
co-incubated with TPP-CA4 or TPP-CAMA-PMeCD turned much brighter in the group of TPP-CAA-PMeCD
complex Figures S17 and S18, Supporting Information  assembly, indicative of the highesiency ofO, production
addition, relatively weak redorescence emission of TPP- promoted by PMeCD-activated porphyrin photosensitization.
CA4 was observed upon complexation with HA-PMeCD Moreover, the cell viability in the presence of prodrug and
exclusively in the A549 cells, implying that the binary assembdygeting agent was evaluated, showing that no obvious dose-
could be easily internalized in cancer cells. Under liglitependent cytotoxicity was found for TPP-CA4 alone but the
irradiation, normal MT morphology was still maintained in theytotoxicity apparently increased for the TPP-BA4
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Figure 4.Confocal uorescence images of (a) A549 and (b) 293T cells incubated evigthtdsamples followed by 650 nm light irradiation for 5
min: (i) blank control, (i) TPP-CA4, (iii) TPP-CA#A-PMeCD assembly ([TPP-CA4] = 20 nM and [HA-PMeCD] = 40 n\g-Biamidino-
2-phenylindole (DAPI, blue) and tubulin tracker (green) were used to stain nucleus and cytoskeleton, respectigeberideeof TPP-CA4

is red. The scale bar is 0. Cell viability of (¢c) A549 and (d) 293T cells after incubation with TPP-CA4 and TPRACRMIeCD assembly
for 12 h with and without light irradiation at 650 nm for 5 min atetit concentrations. Statistically gignt di erences are indicated with
asterisks {¢*) p< 0.001, t*) p< 0.01, ) p < 0.05), and all data were expressed as thetnmsandard error of the mean.

PMeCD assembly when exposed to light irradiation in theell and then kill the neighboring cells even when one-half well
Ab549 cellsKigure 4). Taking the concentration of TPP-CA4 was covered without light irradiation.

at 100 nM as an example, no deletericerst &as observed Fluorescence Imaging and Tumor-Growth Inhibition
without light irradiation and over 77.2% of cells remained alive Vivo. Considering the MT disruption and photodynamic
after treatment with free TPP-CA4 under light irradiationproperties of TPP-CAHA-PMeCD assembly at the cellular
However, the cellular viability sharply declined under lighevel, we were curious to know whether such complexation-
irradiation after co-incubation with TPP-CA4 and HA-PMeC[boosted porphyrin photosensitization could be utilized to
for 12 h (45.4%). Comparatively, lacking the overexpressadhieve targeted cancer theranostics in the animal mode.
HA-receptor on the cell surface, only low toxicity was found ifherefore, the tumor-burdened mouse modes were established
the 293T cells under the same experimental conditipme to evaluate the therapeutic outcomes. On account of the
4d). The cytotoxicity ect could be directly distinguished by relatively low water-solubility of the resultant assembly,
counting the number of living cells in the same wells afténtratumoral injection was directly used to avoid the undesired
incubating with calcein-AM, a cell-permeant dye to selectivelgscular blockage in the treatment groups. The weight gain of
stain living cells. The number of living cells treated by TPRnrice was basically the same in all experimental groups,
CA4 in one-half well sharply decreased upon exposure to lighdicative that no systemic toxicity could be found in such
irradiation, which resembled the phenomenon in the other hdifht-activatable supramolecular prodrug delivery systems
well without irradiationjgure S20, Supporting Information  (Figure @). Moreover, the tumor growth rates became
Also, similar observations with less living cells could be fountuch slower over the entire experimental period when the
with the assistance of HA-PMeCD. These results contribute tnice were co-treated with TPP-CA4 and HA-PMeCD
the co-release #, and CA4 because the former with shorter conjugate. The marginally acceptable treatmectt shown
lifetime could kill the cells only in the irradiated part but thein the groups of TPP-CA4, TPP-CRMeCD complex, and
latter could spread into the surrounding dark part. Due to thePP-CA4 HA-PMeCD assembly is probably due to the
bystander ect, the released drug couldude in the whole instability of TPP-CA4 itself over a long period of time, which
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Figure 5.(a) Body weights of the mice in elient groups after treatment atedént time intervals. (b) Time-dependent tumor sizes from
di erent groups of mice with dient treatments over a period of 20 d. (c) In weoescence images of mice witerént treatments after 7 d.

(d) Fluorescence intensity of the in vivorescence images of mice witardnt treatments. (e) Representative photographs of tumor at the end
of the in vivo anticancer experiments (i, PBS; ii, TPP-CAA4; iii, TPPRCAY, #PP-CA4PMeCD complex; v, TPP-CABMeCD complex +

h ; vi, TPP-CA4HA-PMeCD assembly; and vii, TPP-CIAA-PMeCD assemblyht). The Studerst test was used for statistical anafygis (

< 0.05**p < 0.01*** p< 0.001), and all data were expressed as thetnstamdard error of the mean. (f) H&E staining of tumor tissues
(magnication 108) from di erent samples of euthanized mice.

6770 https://doi.org/10.1021/acs.jmedchem.2c00105
J. Med. ChenR022, 65, 67646774


https://pubs.acs.org/doi/10.1021/acs.jmedchem.2c00105?fig=fig5&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.jmedchem.2c00105?fig=fig5&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.jmedchem.2c00105?fig=fig5&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.jmedchem.2c00105?fig=fig5&ref=pdf
pubs.acs.org/jmc?ref=pdf
https://doi.org/10.1021/acs.jmedchem.2c00105?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

Journal of Medicinal Chemistry pubs.acs.org/jmc

could nonspedially trigger the drug release process without Instruments. NMR spectra were recorded on a Bruker 400 MHz
exposure to light irradiation. In addition, lacking the HA chaifstrument, and chemical shifts were recorded in parts per million
as the targeted agent, only a moderate therapaationas  (PPM). High resolution mass (HRMS) spectra were performed on Q-
observed in the groups of TPP-CA4h+ and TPP- E.OF LC MS with an ESI mode. TEM images were acquired by a
CA4 PMeCD complex + . Remarkably. berimg from igh-resolution transmission electron microscope (Philips Tecnai G2
P Y 9 . 20S-TWIN microscope) operating at an accelerating voltage of 200
the targeted chemo- and photodynamic therapeutics, th@y The samples were prepared by placing a drop of solution onto a
tumor growth was completely inhibited under light irradiatioRtarbon-coated copper grid and air-dried. Transmission spectra were
(Figure B). Meanwhile, the complexation with HA-PMeCD recorded on a Shimadzu UV-3600 spectrophotometer in a quartz cell
could give rise to the selective in vivorescence imaging (light path 10 mm) at 37C with a PTC-348WI temperature
behaviors; that is, only wealorescence could be detected controller. Dynamic light scattering (DLS) was recorded on BI-
when TPP-CA4 alone was injected, while stioomgscence ~ 200SM (Brookhaven Company) at'67 _ _
was observed in the presence of PMeCD under the SameChemlcaI Synthe5|s_of TP_P-CA41'he synthetic route is shown
experimental conditiorFiGure §). These in vivo imaging In'Scheme SThe reaction mixture of L-CA4 (0.10 mmol, 48.4 mg),

b . . ith th . .S TPP-COOH (0.08 mmol, 52.7 mg), and TFA (Rp was dissolved
observations are consistent with the quantitative éadai@ i, anhydrous DCM (20 mL) and stirred at room temperature for 2 h.

5d. The relative tumor volumes were also compared after th@ien, the solvent was removed under reduced pressure. The residue
mice were sacded, and as expected, the implementation ofvas dissolved in methanol, and then it wasedusy HPLC. The
combinational therapy gave the best tumor ablation resultsrresponding compound TPP-CA4 was a red solid (24.75 mg, yield
among all the examined groups)re &). Accordingly, the  25%)."H NMR (400 MHz, CDG))  8.86 (s, 6H), 8.79 (m, 2H),
histological observation of the hematoxylin and eosin (H&Egij;l (70'%];77-;3;'(2, 2;&1) 8-73§ 7(62]5 8-122H22,H2H)1, Sf% (Odé=(c7ﬂ-2 QHZ,
staining of main organs further substantiates that noaigni o [ L4 im, o L = 1ls.c Mz, ' L = I

lesions could be found in the normal organs of the mice aftgﬁ')ZH)' 6.83 (dJ=8.5 Hz, 1H), 6.52 (s, 2H), 6.43 (tr 14.2 Hz,

injecting the TPP-CAHA-PMeCD assembly, again corrob- . 6?4;393(2’13 :(Slé'a)Hé’_llélHZé 4;,'41) (czﬂ’;f '(‘2 leH)2I—2|).b?é].§d6;3ng

orating the high biosafety and biocompatibility of the resultaif, >H) 1.68 (s, 2H), 2.79 (s, 2H)C NMR (100 MHz, CDG)
supramolecular nanomedicifgj(re §). Overall, the in vivo 1628, 153.2, 151.9, 150.0, 141.0, 139.2, 136.1, 131.6, 128.0, 126.9,
animal experiments demonstrate that the tumor growth couli®6.8, 125.7, 122.9, 119.4, 110.8, 108.2, 104.9, 82.0, 59.9, 55.0, 50.2,
be largely reversed and the tumor ablation coulddendy 34.6, 30.7, 28.7, 21.7, 15.8. HRMS (QFT+BSfor C;;HeNsOg"
achieved by combinational therapeutic methods of complesélcd [M + HJ', 1124.4520; found, 1124.4562.

ation-enhanced porphyrin photosensitization and light-acti- Preparation Procedure of Nanoparticle. First, the stock
vated drug release. solution of HA-PMeCD (2 mM in PBS) and TPP-CA4 (1 mM in

1% DMSO or 10% DMSO in PBS) was prepared. Then, the same
volumes of HA-PMeCD and TPP-CA4 solution were taken in each
CONCLUSIONS experiment. The mixed solution was sonicated for 15 min to obtain a

The porphyrin-based prodrug TPP-CA4 has been convenien@%mrm dispersion of nanoparticles and stored®@t Given the

hesized di di f lation has b raordinarily high binding strength between PMeCD and TPP in
synthesized, and its corresponding nanoformulation has b&gliormation of binary nanoparticles, the content of each component

fabricated by the strong hagtiest complexation with HA- \yas simply used as their initial concentrations. The concentration of
PMeCD. The noncovalent coating of TPP-CA4 with HA-HA-PMeCD was calculated based on the PMeCD units.

PMeCD dramatically increased Bg production e ciency Cell Viability Assay.To investigate the toxicity of TPP-CA4 and
nearly 60-fold higher than that of the pristine prodrug, whichPP-CA4 HA-PMeCD and them under light to the A549 lung
could eventually promote the self-photocleavage of amingmor cells, the cells were cultured in 96-well plates in F12 medium
acrylate linker and the drug release. As comprehensivEfitaining 10% FBS for 24 h, and then the corresponding samples
investigated by both the cellular and animal experiments, ty&"€ 2dded into the wells. The cells were further cultured for 12 h,
. - - and half of the cells were irradiated with 650 nm LED light. The cell
porphyrin core \.N'th the hosgu_gst-blndmg-enhancedo- .__growth was examined using the CCK-8 assay kit (Dojindo, Japan) in
rescence emission can be utilized as a targeted ceII/tlssgl@-min_
imaging agent and more sigantly, the obtained binary TPP-  |nhibition Experiments of Tumor Growth. Four-week-old
CA4 HA-PMeCD assembly can seriously cause the destruémale BALB/c nude mice £ 30, Weitonglihua, China) received
tion of MT backbones and eiently suppress the tumor 10/mL A549 cells in PBS (100L) into the right armpit by
growth arising from the combinational therapies. Therefore,stibcutaneous injection. After 14 days after tumor implantation, the
can be anicipated that the development of supramolecufBtee T oo e Sirieated, a 660 fm laser was Used o
prodrug delivery systems with improved photophysical proper= > . . ' ;
ties and stimuli-responsive characteristics will greatly enr&:’r@d'ate the tumor site for 3 min. After 9 days of treatment, the mice

h h f d dici d bri b e anaesthetized. The tumor voluesvére measured using a
the research scope of modern nanomedicines and bring aboLthier caliper every 2 days and calculated using the following

more appealing theranostics strategies against many refracigationy = 0.5x (tumor length)x (tumor widthf. The relative

diseases. tumor volumes were calculatedvi¥, (V, is the tumor volume
when the drug injection begins). The tissues of tumors and organs
EXPERIMENTAL SECTION were stained with H&E and observed byaxescence microscope

DM3000, Leica, Germany). All experimental procedures were
Materials. All chemicals were commercially available reagent grad@proved and in accordance with ChiNational Code of Animal
and used without further puration unless otherwise noted. The Care for Scient Experimentation. The experiments were also
purity of TPP-CA4 was determined to be >95% by a combination efssessed by the Animal Experimentation Ethics Committee of Nankai
'H, C NMR, HRMS, and HPLC analyses. HA-PMeCD and theuUniversity, and the assigned approval number is 2021-SYDELL-
precursor compound L-CA4 were synthesized according to tl§90448.

reported literatur&*® After the calculation of integral area irtthe Computational Methods. Geometry optimization and frequency
spectrum, the modiation degree of PMeCD units on the chain of analysis were performed using Grimegtended tight-binding
HA is 14.3%. model (GFN2-xTBY by Gaussian 16 external program gau_xtb. The
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single-point calculations were further improved by using the B3LYPJCZDJC00310), and the Fundamental Research Funds for
functional* °° and def2-SVP basis set with SMD model (10% the Central Universities, Nankai University.
DMSO/water as solvent), at the same time using GerbR&-D3

dispersion correctioniswvith Becke Johnson nite-damping (DFT-
DSE)BJ))f56 The visual molecular orbital diagrampisgrr(]ade with ABBREVIATIO_NS USED
GaussView 6.0 (isovalue = 0.02). CA4, combretastatin A-4; HA-PMeCD, permethayklo-
dextrin-grafted hyaluronic acid; TPP-CA4, 5-(4-carboxyphen-
ASSOCIATED CONTENT yI)-10,15,20-triphenylporphyrin medi by combretastatin A-
*  Supporting Information 4
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