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Purpose: This study designed a dopamine derivative integrating active targeting and pH-responsive borate ester bond-mediated
passive targeting to construct drug delivery systems for tumor-targeted drug delivery, thus improving antitumor drug bioavailability
and expanding the application of dopamine in drug delivery.

Methods: Nuclear magnetic resonance and Fourier transform infrared spectrometry were used to determine the structures of Man-
PBA-DAO and Man-2PBA-DAO. Hydrodynamic diameter measurements confirmed the pH responsiveness of the targeting nanopar-
ticles in different pH media over 12 hours. Nanoparticle toxicity was assessed using the MTT assay. Cellular uptake of the targeting
nanoparticles was evaluated using flow cytometry and fluorescence microscopy. High-performance liquid chromatography (HPLC)
was employed to quantify curcumin content.

Results: Covalent binding of mannose molecules to the dopamine derivative molecule allowed it to specifically target A549 cells with
mannose receptors. More importantly, a significantly accelerated drug release (about 62% at pH=5.0) at low pH values was achieved
by regulating the number of acidic-responsive borate bonds in polymer main chains. As a result, due to active targeting of mannose
and passive targeting of acid response, Curcumin-loaded nanoparticles offer remarkably enhanced inhibiting efficiency against A549
cells at a low concentration of 6.25 pg/mL.

Conclusion: The dopamine derivative Man-2PBA-DAO-constructed dual active-passive targeting nano micelles enabled precise
delivery and controllable release of Cur, offering new prospects for dopamine-based drug delivery in lung cancer treatment.
Keywords: dopamine derivatives, micelle nanoparticles, dual-target, curcumin

Introduction

Lung cancer is one of the most commonly diagnosed cancers, with 2 million new cases and 1.79 million deaths
each year.! Currently, chemotherapy still remains the mainstay for lung cancer due to its high therapeutic efficacy.
Despite a variety of anti-tumor active pharmaceutical ingredients that have been discovered, such as curcumin (Cur),
doxorubicin (DOX) hydrochloride, methotrexate (MTX) and paclitaxel (PTX), many of them face the limitations of low
solubility, poor specificity and systemic toxicities.” > These issues lead to low bioavailability, a lack of specific
recognition between tumor tissue and normal tissue, and ultimately to acute deterioration of patients’ health.®

Therefore, it is urgent to develop new strategies to enhance therapeutic efficacy.
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The development of drug delivery systems has provided an effective approach to overcome the aforementioned
drawbacks of chemotherapy drugs.”® Among them, polymeric nanoparticles have attracted continuing interest. These
nanoparticles not only enhance drug solubility and thus improve bioavailability, but also control the release rate by
modulating the degradation rate, thus reducing toxic side effects. Various polymeric nanocarriers have been developed in
recent years, of which the most commonly studied is polydopamine (PDA), integrating numerous advantages including
ease of preparation, excellent biocompatibility and abundance of functional groups that can be anchored to drug
molecules.”'* For example, Yan et al prepared Cur-loaded polydopamine nanoparticles with a particle size of about
180 nm, which released 40% at 16 h, and MCF-7 cells incubated with their nanoparticles showed 40% viability."”
Another example is the work by Yanyan Zhang et al, who developed a multifunctional nanoplatform loaded with
Cisplatin (CP), featuring a particle size of approximately 198 nm. The CP Drug Loading Capacity (DLC) and
Encapsulation Efficiency (EE) were 15.84+0.1% and 18.7+0.2%, respectively. At a CP concentration of 30 pg/mL, the
nanoparticles induced about 50% cell death.'® However, depending only on polymer disintegration to control drug
release is inadequate for achieving the optimal release rate. Also, the particle size of these nanoparticles is difficult to
regulate, which hinders their delivery to the tumor site through the enhanced permeability and retention (EPR) effect.'”
Therefore, achieving polymeric nanoparticles with targeted drug delivery coupled with rapid drug release in tumor cells
and controllable particle size is a crucial consideration for enhancing drug delivery efficiency.

Polymeric micelles have emerged as biocompatible carriers for drug delivery.'® 2 Compared to polydopamine nanoparticles,
polymeric micelle nanoparticles offer several advantages. Firstly, these micelle nanoparticles can achieve very small particle
sizes (between 10 and 100 nm) by readily altering the ratio of amphiphilic molecules in the system, allowing for passive targeting
to tumor tissues through the EPR effect.' ** Secondly, amphiphilic molecules can specifically target drugs to tumor tissue by
anchoring tumor-targeting ligands on the surface of micelle nanoparticles.***> Moreover, these micelles can offer controlled drug
release in a specific tumor microenvironment when constructed using stimuli-sensitive amphiphilic molecules.***” Currently,
various amphiphilic molecules including D-a-tocopherol polyethylene glycol 1000 succinate (TPGS), polyethylene glycol-
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polylactide (PEG-PLA) and Pluronic F-127 have been used to prepare micelles.”®’ To our knowledge, there are few reports on
micelles using dopamine molecules as micellar molecules.

Herein, a new type of micellar nanoparticle was developed based on pH-responsive and active-targeting
dopamine derivatives for lung cancer therapy. In detail, mannose (Man) was linked to linoleic acid (DAO) via pH-
responsive borate ester bonds to form amphiphilic dopamine derivatives, which were then self-assembled with
TPGS and Cur to prepare micellar nanoparticles with controlled size, pH-responsive and active-targeting properties.
We hypothesize that the mannose decoration enables an active targeting-delivery to tumor cells overexpressing
mannose receptors, while pH-sensitivity allows a rapid intracellular release of the loaded Cur in response to the
acidic environment. As expected, the in vitro results demonstrated significant tumor cell inhibition efficacy and
excellent cellular uptake. This design strategy is expected to pave the way for dopamine-derived molecules in lung
cancer drug delivery.

Materials and Methods

Materials Cell and Instruments

Mannose and mannosamine were purchased from Shanghai Aladdin Biochemical Technology Co., Ltd. Dopamine hydro-
chloride, linoleic acid, 1,4-phenylenebisboronic acid, and 4-carboxyphenylboronic acid were obtained from Shanghai
Macklin Biochemical Technology Co., Ltd. Pyrene, TPGS, methanol, 1-ethyl-(3-dimethylaminopropyl) carbodiimide hydro-
chloride (EDC), 1-hydroxybenzotriazole (HOBt), and N, N-dimethylformamide (DMF) were purchased from Meryer
(Shanghai) Chemical Technology Co., Ltd. The MTT kit was obtained from Beijing Solarbio Science & Technology Co.,
Ltd. A549 and HaCaT cells were obtained from Bohui Biological Technology Co., Ltd. (Guangzhou, China).

Malvern Particle Size Analyzer (ZetasizerNanoZS90, Malvern, UK), Nuclear Magnetic Resonance Spectrometer
(NMR, AVANCE III HD 400, Bruker, Germany), Fourier Transform Infrared Spectrometer (FT-IR, Nicolet iS50 FT-IR
Spec, Thermo Scientific, USA), Transmission Electron Microscope (TEM, Talos F200%, FEI, USA), High Performance
Liquid Chromatography (HPLC, ultimate 3000, Thermo Scientific, USA) Flow cytometer (CytoFLEX, Beckman Coulter,
USA) Fluorescent inverted microscope. (Ckx41, Olympus Corporation, JP).

Synthesis of DAO, Man-PBA-DAO and Man-2PBA-DAO
DAO synthesis:*° Linoleic acid (1 mmol), 1-ethyl-(3-dimethylaminopropyl) carbodiimide hydrochloride (EDC, 1 mmol),

and 1-hydroxybenzotriazole (HOBt, 1 mmol) were dissolved in N, N-dimethylformamide (DMF, 5 mL). The mixture was
stirred at 1000 rpm at 0 °C for 40 min and at room temperature for 120 min, sequentially. Dopamine hydrochloride
(1 mmol) and triethylamine (3 mmol) were then added, followed by stirring at 1000 rpm (room temperature, 14 h). The
dopamine derivative DAO was isolated by column chromatography.

Man-PBA-DAO synthesis: DAO (1 mmol) and 4-carboxyphenylboronic acid (1 mmol) were dissolved in DMF
(5 mL). After adding triethylamine (1 mmol), the reaction proceeded for 6 h. Mannosamine hydrochloride (1 mmol) was
subsequently coupled via amination to afford the amphiphilic derivative Man-PBA-DAO.

Man-2PBA-DAO synthesis: A mixture of D-mannose (1 mmol), 1,4-phenylenebisboronic acid (1 mmol), and
triethylamine (1 mmol) in methanol (5 mL) was stirred at 1000 rpm (room temperature, 6 h). The intermediate product
was combined with DAO (1 mmol) and additional triethylamine (1 mmol), stirred for 6 h, then concentrated. Man-2PBA-
DAO was purified by flash chromatography (eluent: CH,Cl,/MeOH = 50:3, v/v).

Preparation of Nanoparticles

Preparation of TPGS/Man-PBA-DAO and TPGS/Man-2PBA-DAO Nanoparticles

Solutions of TPGS, Man-PBA-DAO, and Man-2PBA-DAO (1 mg/mL in methanol) were prepared. These solutions were
mixed at specified ratios (Tables S2 and S3), followed by evaporation to dryness. The residue was reconstituted in 5 mL

water, then vortex-mixed and sonicated to obtain nanoparticle solution.
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Preparation of TPGS/Man-PBA-DAO/Cur and TPGS/Man-2PBA-DAO/Cur Drug-Loaded Nanoparticles

A methanol solution of Cur (1 mg/mL, 0.1 mL) was mixed with TPGS/Man-PBA-DAO (1:0.1, w/w) and TPGS/Man-
2PBA-DAO (1:0.75, w/w), respectively. Following solvent removal, the residue was reconstituted in 5 mL deionized
water, then vortex-mixed and sonicated to obtain drug-loaded nanoparticle solution.

Characterization and Performance Evaluation of Nanoparticles

Ultraviolet Spectroscopic Determination

Solutions of TPGS (1mg/mL), TPGS/Man-PBA-DAO (1:0.1, w/w), TPGS/Man-2PBA-DAO (1:0.75, w/w), TPGS/Man-
PBA-DAO/Cur (1:0.1:0.1, w/w/w), and TPGS/Man-2PBA-DAO/Cur (1:0.75:0.1, w/w/w) were prepared. Their UV
absorption spectra were measured using an ultraviolet spectrophotometer with a scanning range of 200400 nm.

TPGS/Man-PBA-DAO/Cur and TPGS/Man-2PBA-DAO/Cur Nanoparticles TEM

A drug-loaded nanoparticle aqueous solution was prepared and diluted 100-fold. A droplet of the diluted solution was
deposited onto an ultrathin carbon support film and allowed to adsorb for 15 min. The sample was then negatively stained
with 1% phosphotungstic acid (PTA) solution and dried under infrared light.

The Particle Size Distribution of TPGS/Man-PBA-DAO and TPGS/Man-2PBA-DAO Nanoparticles Before and
After Drug Loading

Solutions of TPGS, TPGS/Man-PBA-DAO (1:0.1, w/w), TPGS/Man-2PBA-DAO (1:0.75, w/w), TPGS/Man-PBA-DAO
/Cur (1:0.1:0.1, w/w/w), and TPGS/Man-2PBA-DAO/Cur (1:0.75:0.1, w/w/w) were prepared at specific concentrations,
and their particle size distributions were measured using a Malvern particle size analyzer.

CAC Determination of TPGS/Man-PBA-DAO and TPGS/Man-2PBA-DAO Nanoparticles

Two nanoparticle solutions were prepared at 12 concentrations ranging from 0.00175 to 0.14 pg/mL. For each
concentration, 10 mL of the solution was added to a headspace bottle containing 0.12 pg of pyrene. The mixtures
were heated at 40 °C for 90 min. Fluorescence spectra were recorded with an excitation wavelength of 335 nm and an
emission wavelength range of 350—450 nm. Both excitation and emission slit widths were set to 5 nm. The CAC value
was determined by plotting the fluorescence intensity against the negative logarithm of the nanoparticle concentration.

Evaluation of pH Responsiveness of TPGS/Man-PBA-DAO and TPGS/Man-2PBA-DAO Nanoparticles
The two nanoparticle stock solutions were incubated in HCI solution (pH 1.5) and PBS buffers (pH 5.0, 6.8, 7.4, and 9.5)
for 24 h, respectively. Their particle sizes were then measured using a Malvern particle size analyzer.

Measurement of Encapsulation Efficiency and Drug Loading Capacity of Drug-Loaded Nanoparticles

The encapsulation efficiency (EE) and drug loading capacity (DLC) of TPGS/Man-PBA-DAO and TPGS/Man-2PBA-DAO
nanoparticles were quantitatively analyzed by high-performance liquid chromatography (HPLC). Specifically, two aliquots of
nanoparticle solutions were prepared. For the first aliquot, after centrifugation (7000 rpm, 20 min), the supernatant (1 mL) was
mixed with methanol (4 mL) to obtain Solution 1. For the second aliquot, 1 mL of the uncentrifuged sample was directly
mixed with methanol (4 mL) to obtain Solution 2. The Cur concentration was determined using a standard curve (Figure S6).
The chromatograms of Cur and nanoparticles are presented in Figure S5, and the chromatographic conditions are described in
the Supplementary Materials. Equations (1) and (2) were used to calculate EE and DLC.

Wioaded Dr
EE(%) = —22ded Drg o 100%# (1)
WTotal Drug
WLuaded Drug
DLC(%) = x 100%# )

Drug Loaded Nanoparticles

Among them, W 1 saded Drug Tepresents the content of the drug encapsulated in the nanoparticles, Wotal prug Te€presents
the total amount of drug added in the preparation of drug-loaded nanoparticles, and the W prg Loaded Nanoparticles
represents the drug content in the nanoparticles and the total amount of the carrier.
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In vitro Drug Release Curve Test

TPGS/Man-PBA-DAO and TPGS/Man-2PBA-DAQO nanoparticle solutions (5 mL each) were loaded into 3.5 kDa
dialysis bags (10 cm length). After sealing both ends, the bags were immersed in 20 mL PBS buffers (pH 7.4, 6.8, or
5.0; each containing 0.5% Tween 80) and incubated at 37°C. At 0.5, 1, 2, 3, 4, 6, 8, 10, 12, 24, 36, and 72 h, 1 mL
aliquots were withdrawn and replaced with fresh medium. Curcumin content was quantified by HPLC, and cumulative
release was calculated using equation (3).

20 x C, +Zf’:1ci>< 1
Cumulativerelease(%) = " i=1
(%) TheamountofCurinnanoparticlessolutions

x 100% 3)

MTT Cytotoxicity and Live/Dead Staining Test

A549 or HaCaT cells in the logarithmic growth phase were seeded in 96-well plates (1x10* cells/well) and incubated
overnight to allow adherence. After treatment with varying sample concentrations for 72 h, 10% MTT solution in
complete medium was added to each well (100 pL/well) and incubated for 4 h. The supernatant was removed, and
110 uL DMSO was added to dissolve formazan crystals. Absorbance was measured at 490 nm, and cell viability was
calculated using equations (4).

ODSample - ODBlank
ODControl - ODBlank

Viability(%) = x 100%# “)

Targeting Evaluation of Nanoparticles

Following the preparation method for curcumin-loaded TPGS/Man-PBA-DAO and TPGS/Man-2PBA-DAQO nanoparti-
cles, coumarin-6 (C6) was substituted for curcumin to prepare C6-loaded nanoparticles. The nanoparticles were dispersed
in complete medium and added to the cells at a final concentration of 10 pg/mL C6. After incubation, cellular uptake was
assessed by fluorescence microscopy imaging and quantified by flow cytometry.

Statistical Analysis

All data are presented as mean + standard deviation (SD). Statistical significance was set to p < 0.05, and the p-value was
expressed by asterisk as follows: * p < 0.05, ** p < 0.01, *** p < 0.001, **** p < 0.0001; ns, no significance calculated
by unpaired two-tailed ¢ test.

Results and Discussion

FT-IR and 'H-NMR Spectra of Man-PBA-DAO and Man-2PBA-DAO Were Analyzed

According to the synthesis route shown in Figure S1, DAO, Man-PBA-DAO, and Man-2PBA-DAO were synthesized.
Successful synthesis was confirmed by FT-IR and 'H-NMR. In Figure la, a characteristic peak at 3283 cm ' is observed,
which is attributed to the stretching vibration of O-H of Man. These peaks at 2856, 2923 and 3015 cm ™' are ascribed to
C-H stretching vibrations (sp* and sp? hybridized carbon). The C=O stretching vibration peak at 1730 cm ' can be attributed to
the formation of diquinone, resulting from the oxidation of unstable o-diphenol hydroxyl groups in DAO.*"*? The disappearance
of the peak at 1730 cm ' demonstrates the formation of boronic ester bonds, confirming the successful synthesis of Man-2PBA-
DAO.*® Similar peaks are also observed in the Man-PBA-DAO sample (Figure 1b) except for a new C-N stretching vibrational
peak at 1570 cm ™' belonging to the amide bonds. Meanwhile, the preparation of samples was also validated by 'H-NMR spectra.
As shown in Figure 1c and d, all peaks of the two samples are fully assigned, which further supports the successful synthesis of
Man-2PBA-DAO and Man-PBA-DAO.

Preparation and Characterization of Drug-Loaded Nanoparticles

The nanoparticles were fabricated through the self-assembly of TPGS and rationally designed dopamine derivative
(Figure 2a). The size of nanoparticles can be regulated by adjusting the ratio of TPGS to Man-PBA-DAO or Man-2PBA-
DAO. From Table S2 and S3, the particle size exhibits a content-dependent increase with elevated contents of both Man-
PBA-DAO and Man-2PBA-DAO, reaching minimal values (62.34 + 9.236 nm and 119.9 + 3.318 nm) at 0.10 mg and
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Figure | (a)Man-2PBA-DAO and (b) Man-PBA-DAO, NMR hydrogen spectra of (c¢) Man-2PBA-DAO and (d) Man-PBA-DAO.

0.75 mg, respectively. The gradual expansion of the hydrophobic core results in the increase of particle size.** The
particle size was also measured by TEM. As shown in Figure 2b and c, the nanoparticles exhibit uniform spherical
morphology with particle sizes below 100 nm.

As shown in Figure 2d and e, the UV-Vis spectrum of TPGS exhibits a characteristic absorption peak at 279-290 nm,
attributed to the m—n* transition. With the addition of Man-PBA-DAO and Cur, the absorption peak broadens and
undergoes a red-shift, which is more pronounced in the nanoparticles prepared from TPGS/Man-PBA-DAO, suggesting
the presence of m-m interactions.’>°

According to Figure 2f and g, both nanoparticles demonstrate a significant reduction in particle size as measured by
Dynamic Light Scattering (DLS), attributed to the enhanced n-m stacking interactions between the hydrophobic regions
of TPGS, Man-PBA-DAO (or Man-2PBA-DAO) and Cur, which leads to closer molecular packing and consequently
results in decreased particle size.*’

Furthermore, the n-m interactions are substantiated by the experimental results presented in Figure 2h and i.
Comparative analysis reveals significant differences in drug loading capacity (DLC) between TPGS/Man-2PBA-DAO
/Cur and TPGS/Man-PBA-DAO/Cur nanoparticles. Specifically, at a curcumin (Cur) content of 600 pg, the Man-2PBA-
DAO-based nanoparticles achieve a DLC exceeding 20%. The increased loading capacity can be attributed to the
existence of p-m conjugation in 1,4-benzenediboronic acid, which endows Man-2PBA-DAO with an extended n-electron
cloud to support robust 7-m stacking interactions between the carrier and drug molecules.>® **

The stability of the composite nanoparticles was evaluated by determining their critical aggregation concentration (CAC; the
minimal concentration of the amphiphilic components required for self-assembly, eg, TPGS/Man-nPBA-DAO, n = 1, 2).* As
shown in Figure S4, the CAC1 and CAC2 values of the Man-PBA-DAO nanoparticles and Man-2PBA-DAO nanoparticles are
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Figure 2 (a) Schematic diagram of nanoparticle self-assembly. The TEM of TPGS/Man-PBA-DAQO/Cur (b) and TPGS/Man-2PBA-DAO/Cur (c) nanoparticles. The UV spectra
of nanoparticles constructed with two dopamine derivatives Man-PBA-DAO (d) and Man-2PBA-DAO (e). The particle size distribution of TPGS/Man-PBA-DAO (f) and
TPGS/Man-2PBA-DAQO (g) nanoparticles before and after drug loading. Encapsulation efficiency and drug loaded nanoparticles TPGS/Man-PBA-DAO/Cur (h) and TPGS/
Man-2PBA-DAOQO/Cur (i). Results are presented as mean * SD, n = 3 independent samples.

measured to be 0.0008 mg/mL and 0.2605 pg/mL, significantly lower than the critical micelle concentration CMC of TPGS
(0.2 mg/mL).* This substantial difference indicates that the incorporation of Man-PBA-DAO significantly enhances the dilution
stability of nanoparticles, enabling them to maintain structural integrity even at low concentrations without disintegration.**

pH Response Performance of Nanoparticles and Cumulative Release Curve of
Drug-Loaded Nanoparticles

As shown in Figure 3a, owing to the boronic ester bond, the nanoparticles are anticipated to exhibit an increase in particle size as
pH decreases, specifically in Figure 3b and c, at pH values of 6.8, 5.0, and 1.5, the nanoparticles exhibit broadened size
distributions and increased hydrodynamic diameters, confirming acid-responsive behavior.*® Also, the nanoparticles display
acid-dependent release properties, as evidenced in Figure 3d and e, with significantly higher cumulative release rates observed
under acidic conditions, primarily due to H" attacking the boronic ester bond, forming a tetrahedral intermediate that undergoes
hydrolysis. This leads to bond cleavage and partial detachment of mannose-phenylboronic acid conjugates from the nanopar-
ticles. Consequently, the increased proportion of hydrophobic segments destabilizes the nanoparticles, accelerating Cur
release.*’ ' Remarkably, the Man-2PBA-DAO-based drug-loaded nanoparticles demonstrate superior pH-responsive drug
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Figure 3 (a) Dissociation of nanoparticles as pH decreases. (b) TPGS/Man-PBA-DAO and (c) TPGS/Man-2PBA-DAO size distribution in PBS at varying pH. (d) TPGS/Man-
PBA-DAO/Cur and (e) TPGS/Man-2PBA-DAO/Cur cumulative drug release. (f) Comparison of drug release between nanoparticles in this study and polydopamine
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release properties compared to the Man-PBA-DAO-based ones. Specifically, the TPGS/Man-2PBA-DAQO/Cur nanoparticles
achieve nearly 62% drug release within 24 h, whereas the TPGS/Man-PBA-DAO/Cur nanopatrticles release only 50%, even
when extended to 72 h. This difference is attributed to the higher probability of cleavage of dual boronic ester bonds in the former,
which enable accelerated drug release from nanoparticles.”® Additionally, it is worth noting that the drug release capability of
TPGS/Man-2PBA-DAO/Cur is comparable to and even outstrips previously reported dopamine carriers (Figure 3f).

The Effect of Drug-Loaded Nanoparticles on A549 and HaCaT Cells

As shown in Figure 4a, the concentrations of Cur up to 25 pg/mL in both nanoparticles show no significant reduction in
HaCaT cell viability, indicating biocompatibility. We then evaluated the in vitro antitumor efficacy of two drug-loaded
nanoparticles. As shown in Figure 4b, at a concentration of 6.25 pg/mL, the antitumor efficacy of the two targeted
nanoparticles is nearly 9-fold higher than free Cur. At 1.5625 pg/mL, TPGS/Man-2PBA-DAO/Cur shows significantly
enhanced cytotoxicity against A549 cells compared to TPGS/Man-PBA-DAO/Cur (P < 0.1), which is attributed to
cleavage of dual boronic ester bonds.

Qualitative Analysis of Nanoparticle Targeting Evaluation

The cellular uptake of TPGS/Man-PBA-DAO and TPGS/Man-2PBA-DAO nanoparticles was evaluated in A549 and
HaCaT cells using coumarin-6 (C6)-labeled nanoparticles. As shown in Figure 5a, A549 cells exhibited significantly
stronger green fluorescence than HaCaT cells. The significant fluorescence difference in different cell lines indicates the
targeting specificity of micelle nanoparticles towards A549 cells, which is attributed to the dual-targeting activity through
mannose receptor-mediated active targeting and pH-mediated passive targeting. Also, similar observations are obtained
from flow cytometry analysis. Flow cytometry analysis corroborated these findings (Figure 5b—d). Notably, A549 cells
treated with TPGS/Man-2PBA-DAO/C6 nanoparticles exhibited higher fluorescence intensity than those treated with
TPGS/Man-PBA-DAO/C6 nanoparticles. This enhancement is attributed to improved pH-responsive drug release from
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3 independent samples. ns, not significant; *, P < 0.1; ¥ P < 0.0001.
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Figure 5 (a) The phagocytosis of two types of nanoparticles by A549 and HaCaT cells (%200). The uptake of two Cé-containing nanoparticles (b) TPGS/Man-PBA-DAO/C6é
and (c) TPGS/Man-2PBA-DAQO/C6 by A549 cells and HaCaT cells. (d) The analysis of Mean FL Intensity of TPGS/Man-PBA-DAO/Cé (N1) and TPGS/Man-2PBA-DAO
/C6 (N2). Data are presented as mean * SD, n =3 independent samples. *** P < 0.0001.
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the dual boronic ester bonds in Man-2PBA-DAQ.’®>° These results indicate that dual-targeting plays a critical role in

nanoparticle uptake, enhancing anticancer drug accumulation in tumor cells.>®¢%!

Conclusion

In summary, we use dopamine derivatives (Man-nPBA-DAQ) as amphiphilic molecules to fabricate micelle nanoparti-
cles with controlled size and active-passive targeting activity. The hydrophobic drug Cur is encapsulated in micelles and
drug loading capacity could be increased 20% by regulating n-m stacking interactions between the carriers and drug
molecules. Owing to overexpressed mannose receptors on tumor cells, the drug-loaded micelles are able to successfully
enter the cancer cells. Moreover, the drug encapsulated in the Man-2PBA-DAO micelles is rapidly released from the
carriers, resulting in an excellent killing effect on tumor cells at a low concentration of 6.25 pug/mL. This accelerated
release can be attributed to rapid micellar depolymerization caused by the disruption of more boronate ester bonds on the
Man-2PBA-DAO micelles by intracellular low pH. Meanwhile, the Cur-loaded micelle shows excellent safety for normal
cells. This work highlights a well-designed strategy to construct dual-targeting nanoparticles, bringing new prospects for
clinical translation in the dopamine-based drug delivery field for lung cancer therapy.
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