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1.Materials
Folic acid (FA), Hyaluronic acid (HA)(The molecular weight of hyaluronic acid (HA)
used in this study is 50 kDa), graphene oxide (GO), dicyclohexyl carbodiimide (DCC),
n-hydroxysuccinylimide ~ (NHS), 3-aminopropyl triethoxysilane = (APTES),
carbodiimide hydrochloride (EDCI) and formamide were all purchased from Macklin
(Shanghai, China). Dimethyl sulfoxide (DMSO), ammonia solution (NH3, 25%), and
anhydrous ethanol were supplied by Tianjin Reagent Factory. Doxorubicin
hydrochloride (DOX) was purchased from Aladdin Industrial Corporation. Unless
otherwise specified, all other chemicals were of analytical reagent grade.
2.Preparation of MGO-HA-FA and DOX/MGO-HA-FA
2.1. The synthesis of the MGO-HA-FA nanoparticles

The synthesis of aminated MGO (MGO-APTES) was accomplished based on the
previously published literature. HA-FA polymer was synthesized by the reaction of
the carboxylic acid with alcohol ( ) , according to a previously reported
method [4]. The synthetic strategy of MGO-HA-FA is as follows. First, HA-FA (100
mg) was dissolved in DI water/DMF (20 mL) in the ratio of 1:1, then EDCI-NHS (0.5
mmol) was added into the above solution with stirring for 3 h to re-activate the
carboxyl groups of supramolecular polymers. Thereafter, the prepared amino-MGO
(100 mg) was added to the above aforesaid suspension, which was mechanically
stirred for 36 h at room temperature. The obtained product was separated with a
permanent magnet repeatedly and rinsed with anhydrous ethanol to remove the

unreacted reactants. Finally, The synthetic route of the HA-FA polymer is illustrated
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in I, the product (MGO-HA-FA) was acquired by freeze-drying.The
conjugation of HA and FA was achieved via amide bond formation, not ester bond.
Briefly, the carboxyl groups of FA were activated wusing 1-ethyl-3-(3-
dimethylaminopropyl) carbodiimide (EDC) and N-hydroxysuccinimide (NHS) under
mild conditions (pH 5.5). Meanwhile, the primary hydroxyl groups of HA were not
activated; instead, the reaction was specifically directed to the carboxyl group of FA
and the amino groups introduced on HA via modification with ethylenediamine. This
strategy avoided unwanted side reactions between the carboxyl groups of HA and FA,

ensuring efficient conjugation.
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Figure S1. Synthetic Route of the HA-FA Polymer
2.2. The synthesis of the DOX/MGO-HA-FA nanoparticles
For drug loading, MGO-HA-FA (10 mg) was dispersed in a phosphate buffer
solution (PBS, pH 7.4) and ultrasonically treated to form a homogeneous dispersion.

DOX/MGO-HA-FA were prepared by adding 5 mL (0.1 mg mL™!) of DOX solution



1 to the dispersion, then incubated for 24 h with continuous stirring at 37°C in the dark,
2 the unloaded solution was removed by magnetic separation and the products were

3 washed with PBS solution three times and finally freeze dried.
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3.Lagergren’s pseudo-first-order Kkinetic model (Equation S1) and Ho’s

pseudo-second-order kinetic model (Equation S2).

ln(qe-qt): lnqc-klt (1)
o1t -
q. kaq. q, )

where, in Equation (1) and (2): q. (mg g!) is equilibrium adsorption efficiency; q; (mg
g'!) is the drug loading efficiency at different time points; t (min) is the drug loading

time; k; and k, are kinetic constants.

4. Langmuir isotherm adsorption model (Equation S3) and Freundlich isotherm

adsorption model (Equation S4).

e G
qe qm quL
1
Inq, =InK,; +—C, 4)
n

where, in Equation (3) and (4): C. (mg L) is the mass concentration at balanced drug
loading; q,, (mg g!) is the drug loading efficiency at saturation; q. (mg g!) is the drug
loading efficiency at equilibrium; Ky (L mg-!) is the dissociation constant; K¢ (L g!)

is the Freundlich constant; n'! is the Freundlich component factor.



Formula S1. Photothermal conversion efficiency calculation
h§ ( Tmax_Tsurr) _Qdis
n= x 100%
I(1-10 ")

where hS denotes the heat dissipation coefficient of the system, T, is the maximum
temperature of the solution under laser irradiation, Ty, represents the ambient
temperature, Qg;s is the background thermal contribution of the solvent, I denotes the
incident laser power density, and A, represents the absorbance of the material at the

laser wavelength A.
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Formula S2. Drug loading capacity calculation.

I/Vloaa’eol

+ Wmaterial x 100% (])

DLC (wt%) = "V toaded

where, Wioaded and W nateriat represent the weight of loaded DOX and weight of MGO-

HA-FA nanoparticles, respectively.
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Formula S3. Drug release percentage calculation.

Mihe released amounts of drug

The percentage of drug released = "'the loaded amounts of drug x 100% (2)

where, Mihe released amounts of drug and Mine loaded amounts of drug represent the amount of

released DOX and the amount of total loaded DOX, respectively.



1 Table S1. The kinetic parameters for DOX loaded by MGO-HA-FA.

Lagergren’s pseudo-first-order model Ho’s pseudo-second-order model

g.(mgg) k; (hh) R? g.(mgg") k(gmg!' min') R?
8.49 0.40007 0.89756 33.17 0.10950 0.99955




1 Table S2. The adsorption isotherm parameters for DOX loaded by MGO-HA-FA.

Langmuir isotherm model Freundlich isotherm model
g (mgg')  Kp (Lmg") R? n Ke(L gh R?
3846 0.0083 0.6380 10.96 37.13 0.92712
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5.Anti-tumor activity of MGO-HA-FA in vitro
5.1. Cell lines

The MCF-7 cells, MDA-MB-231 cells, and A549 cells were generously provided
by Shanxi Medical University. Human breast cancer cell lines MCF-7 (CD44 receptor
+, FA receptor +) were grown in RPMI 1640 medium, supplemented with 10% fetal
calf serum (FBS) and 1% penicillin-streptomycin. The MDA-MB-231 (CD44 receptor
+, FA receptor +), a triple-negative breast cancer cell line, was cultured in a DMEM-
high glucose medium containing 10% FBS and 1% penicillin-streptomycin. Human
lung cancer cells A549 (CD44 receptor +, FA receptor -) were maintained in Mccoy’s
5A medium supplemented with FBS (10%) and 1% penicillin-streptomycin. All cell
lines were incubated in a humidified atmosphere of 5% CO, at 37°C. The cells used
for the experiments were in their exponential growth phase.
5.2. Intracellular uptake
5.2.1. Time-dependent cell uptake

To study the endocytosis of cancer cells on DOX/MGO-HA-FA nanoparticles,
the MCF-7 cells, MDA-MB-231 cells, and A549 cells were seeded into confocal
dishes (2 x10° cells per well) overnight. After removing the culture medium, the cells
were incubated with media containing 10 pg/mL DOX/MGO-HA-FA for 1, 2, and 4 h.
At determined time points, the medium was removed and washed with the PBS
solution to stop the cellular uptake, and the nuclei of the cells were stained with DAPI.
Finally, fluorescence images were viewed by a confocal laser scanning microscope.

The blue fluorescence indicates the nucleus labeled with DAPI, while the red

11
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fluorescence reflects DOX's intrinsic fluorescence.
5.2.2. Receptor-dependent cell uptake

MCF-7 cells were plated into confocal dishes. After cell adhesion, separately
replaced old medium with medium containing 5 pg/mL HA, 5 pg/mL FA, and 5
pg/mL HA+5 pg/mL FA for 1 h, then incubated with DOX/MGO-HA-FA for 4 h.
Same as above, observe red fluorescence intensity.
5.3. Anti-cancer activity evaluation of DOX/MGO-HA-FA mediated PTT/chemo-
therapy

The CCKS assays were used to determine the in vitro cytotoxicity of MGO-HA-
FA and DOX/MGO-HA-FA. Briefly, the well-growing MCF-7 cells, MDA-MB-231
cells, and A549 cells were cultured in 96-well plates at 8<10° cells/well for 24 h to
make the cells firmly adherent. Afterward, replaced the old medium with 100 pL of
fresh culture medium containing different concentrations (10, 20, 40, and 80 pg/mL)
of MGO-HA-FA and DOX/MGO-HA-FA nanoparticles as follows groups: (i) Control,
(i1) NIR; (iii) MGO-HA-FA; (iv) MGO-HA-FA + NIR; (v) DOX; (vi) DOX/MGO-
HA-FA; (vii) DOX/MGO-HA-FA + NIR. Then incubated for 4 h, +NIR (808 nm, 2
W/cm?) groups were irradiated with 5 min for thermal therapy, and further incubated
for 20 h. At the indicated times, the culture medium was removed and the wells were
washed three times with PBS. Then CCK8 assay reagents were added to each well
and the absorbance of each well was finally measured at 450 nm after 4 h on an
enzyme-linked immunoassay instrument.

Subsequently, the double staining with Calcein-AM/PI was applied to visually

12



observe live and dead cells induced by DOX/MGO-HA-FA. In a nutshell, after
inoculating MCF-7 cells, MDA-MB-231 cells, and A549 cells in 24-well plates at a
density of 1x10° cells per well for 24 h, they were treated following the
aforementioned groups. The medium was removed and rinsed at least three times with
PBS. Then, the prepared staining solution was added to each well for staining at 37 °C
for 15 min in the dark. Lastly, observe the fluorescence of cells through a confocal
laser scanning microscope. The living cells showed green fluorescence and red

fluorescence for dead cells.
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Figure. S2 FTIR spectra of GO, FesOs, FA and HA
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Figure. S3 The standard concentration curve of the DOX hydrochloride (a); The
linear fitting curves of the Lagergren's quasi-first-order kinetic model (b) and Ho's
quasi-second-order kinetic model (¢) for DOX loaded by MGO-HA-FA; The linear
fitting curves of single-layer Langmuir model (d) and the multilayer Freundlich
adsorption model (e) for DOX loaded by MGO-HA-FA; The cumulative release of

DOX on MGO-HA-FA in PBS buffer at pH 7.4 and 5.3 at 37 °C (f).
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