Electronic Supplementary Material

Engineering hyaluronic acid-based nanoassemblies for
monoclonal antibody delivery - design, characterization, and
biological insights

Ana M. Lépez-Estévez'?3, Y. Zhang*, Maria Medel®, |ker Arriaga®, Lucia Sanjurjo® Cristian Huck-Iriart’,
Nicola G.A. Abrescia®®, Maria J. Vicent®, Defang Ouyang*, Dolores Torres?, and Maria José Alonso'?3 (<))

! Center for Research in Molecular Medicine and Chronic Diseases (CiMUS), University of Santiago de Compostela, Santiago de
Compostela 15782, Spain

2 Department of Pharmacology, Pharmacy and Pharmaceutical Technology, School of Pharmacy, University of Santiago de Compostela,
Santiago de Compostela 15782, Spain

3 Health Research Institute of Santiago de Compostela (IDIS), Santiago de Compostela 15782, Spain

* State Key Laboratory of Quality Research in Chinese Medicine, Institute of Chinese Medical Sciences (ICMS), University of Macau,
Macau 999078, China

3 Polymer Therapeutics Laboratory and CIBERONC Prince Felipe Research Centre, Valencia E-46012, Spain

¢ Structure and Cell Biology of Viruses Lab, CIC bioGUNE, Basque Research and Technology Alliance (BRTA), Derio 48160, Spain

7 ALBA Synchrotron Light Source, Experiments Division, Cerdanyola del Vallés, Barcelona 08290, Spain

8 IKERBASQUE, Basque Foundation for Science, Bilbao 48009, Spain

Supporting information to https://doi.org/10.1007/s12274-024-6826-8

HAC16 DS 10-15% HAC16 DS 1-10% HAC16 DS 1-10%
BVZ (2 mg/mL) BVZ (2 mg/mL) BVZ (0.5 mg/mL)
400 — 0.6 400 — 0.6 200 — 0.6
€ —0.5 E —0.5 =3 —0.5
£ 300- £ 300- E 150
Y —0.4 o —0.4 o —0.4
® 200- -03 3 @ 200 t _Fo3 3 B 100~ -03 3
2 I e | EEY T (R o2
£ 100 £ 1002 2 |3 b £ 50—
© —0.1 S 5 5 |5 5 | 0.1 © — 0.1
o 222 2 o
0-— — 0.0 — 0.0 0- — 0.0
0.50 1.00 2.00 05 1.0 20 0.25 0.50 1.00
HAC16 concentration [mg/mL] HAC16 concentration [mg/mL] HAC16 concentration [mg/mL]
== Lipoid S100 0.25 == Lipoid S100 0.5 == Lipoid S1001 [mg/mL]

Figure S1 Screening of different concentrations of HAC16 30—70 kDa and Lipoid S100. HAC16 polymer with two
amounts of hydrophilic chains per polymer: DS 10%—15% and DS 1%—10% were tested. The final concentration of BVZ
was fixed in 2 and 0.5 mg/mL. Bars: particle size, PDI: dots. The physicochemical properties were determined by
dynamic light scattering (particle size and PDI) and laser Doppler anemometry (Zeta potential). Data are represented as
mean + SD, n = 3.
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Figure S2 Physicochemical properties of resulting prototypes. Screening of different concentrations of DSPE.PEG2x

over prototype HA-100. The final concentration of BVZ was fixed in 0.5 mg/mL. Bars: particle size, PDI: dots. The
physicochemical properties were determined by dynamic light scattering (particle size and PDI) and laser Doppler

anemometry (Zeta potential). Data are represented as mean + SD, n > 3.

Table S1 DLS mean particle size and NTA distribution parameters (mean, mode and D10/50/90) of
BVZ-loaded HANAs

DLS Nanoparticle tracking analysis (NTA)
Proto-type Physicochemical properties Concentration
Mean Mean Mode D10 D50 D90 (particles/mL)
1329+ 3.9x 1012+
HA-200 1954+ 14 86.7 + 66 86.5+11 1243+£14 | 187.9£36
18** 7.2 x 10"
3.3 %1012+
HA-160 161.8+17 1443+ 13 130.0 £ 20 83.5+7 137314 | 214.7+£20 b
1.1x10
2.4 %101+
HA-100 107.5+ 14 1509 £55% | 119.1+£38 80 +23 1344+44 | 240+ 105 .
1.2x10
2.4 %101+
PEGHA-100 78.9+8 138.7+9 98.2+7 74 £18 123.6+5 220+24 0
6.6 x 10

Statistical analysis was done following an unpaired t-test but HA-100 (Mann-Whitney test) between mean
particle sizes (*P < 0.05; **P < 0.01).
Data are expressed as mean + SD, n > 3.
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Figure S3 Cryo-TEM histogram based on diameter size of PEGHA-100. Total number of particles: n = 101. Note that the

smallest ones, below 25 nm, have been discarded for the count.
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Figure S4 Interaction energy (Coul-SR: Coulomb interaction, LJ-SR: van der Waals interaction, unit: kJ/mol) between

the antibody and the remaining molecules during 100 ns MD simulation.
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Figure S5 Contacted amino residues among existing components in HA-160 (a) and PEGHA-100 (b). Those contacted

aa below 3 and 5, respectively, were discarded.
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Figure S6 Interaction profile of the components of the HA-160 and the BVZ. (a) AF4 fractograms of HA-160 with a

light scattering 90° detector. (b) Intensity histograms based on particle size distribution by DLS.
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Figure S7 Release profile of HA-160 upon incubation in PBS pH 7.4 and 5.0 at 37 °C. The cumulative amount of free
BVZ was quantified by ELISA (filled squares) and AF4 with UV and RI detectors (empty squares). Data are represented

as mean = SD, n = 3.



Table S2 Summary of the most relevant nanocarriers for the entrapment of bevacizumab in cancer therapy, including the

HANAs s technology

BVZ-loaded

Superior in vivo

efficacy of the
nanocarrier (drug Physicochemical properties (particle size, PDI) Cytoto-
NP vs free
co-loaded) AE (quantification method), LC xicity /
BVZ? Ref.
Release profile uptake
Superior in vivo
Co-administered Stability in storage conditions studies?
efficacy in
therapy
combination?
Particle size 79-196 nm; PDI 0.23-0.25
AE 67%—99 % (ELISA); LC 22%-47%
Release: burst release about 20%, followed by a Yes/
HANAs - -
20%—60% up to 168 hours. Yes
Stability in suspension at 4 °C
Storage conditions following ICH guidelines
Particle size 301 nm; PDI 0.13
AE 92% (ELISA); LC 145 ng/mg No /
PEG-HSA NPs No m
Release: burst release about 20%, followed by a
60% up to 24 hours.
Particle size 103—-121 nm; PDI 0.11-0.15
AE 84%-85% (UV spectroscopy);
Lipid-polymer Yes (tumor
LC 5.3%—7.8%
hybrid NPs Yes/Yes volume) / [2]
Release: 80% release after 72 hours, with
(erlotinib) Yes

differences at pH 7.4 and 6.0

Stability in suspension at 4 °C




Liposomes

Particle size: 152 nm

Doxorubicin-loaded No control with
AE 37% (ELISA)
HER2 Ab No/Yes free BVZ/ [3]
Release: burst release about 21%, followed by a
decorated Yes
55% up to 48 hours.
liposomes

Particle size 120 nm; PDI 0.1

Liposomes
AE 60%—-80% No/
(Benzoporphyrin Yes/Yes [4]
Release 85% after 72 hours Yes
derivative)
Stability in suspension at 4 °C
Particle size 199 nm; PDI 0.16
AE 83% (HPLC); LC 1.62% No (tumor
Release 14% after 168 hours at pH 6 and lower at Yes/ volume)
PLGA-NPs [5-8]
pH7.4 Yes Yes
Stability in suspension at 4 °C (vascularization)
Storage conditions following ICH guidelines
Particle size 137-283 nm; PDI 0.24-0.3 Yes
Chitosan NPs AE 37%—-75% (UV spectroscopy) Yes/No  (angioge-nesis)/  [9]
Release 62%—74% after 48 hours.
CD44v6 Fab-PEG Particle size 184-346 nm; PDI 0.35-0.39
Yes/ Yes - [10]
PLGA NPs AE 87% (HPLC); LC 7.9%
Tween 80/Tween Particle size 239-774 nm
Yes/ Yes - [11]
20/Brij 97 NPs PDI 0.1-0.2

mAb monoclonal antibody; HANAs hyaluronic-acid based nanoassemblies; NPs nanoparticles; PDI polydispersity index; AE
association efficiency; LC loading capacity; PLGA poly(lactic-co- glycolic) acid; PEG polyethylene glycol; HSA human serum

albumin; ELISA enzyme-linked immunosorbent assay; HPLC high-performance liquid chromatography



Table S3 Physicochemical properties of DiD-labeled blank and BVZ-loaded prototypes HA-160 and PEGHA-100

Physicochemical properties
Prototype
Particle size (nm) PDI Zeta potential (mV)
HA-160 (blank) 174 +9 0.20 -15+2
HA-160 (BVZ) 158 £ 16 0.17 -13+2
PEGHA-100 (blank) 805 0.23 -13+1
PEGHA-100 (BVZ) 75+ 10 0.14 -13£0.1

DiD final concentration is 10 and 0.01 ppm, respectively. The physicochemical properties were determined by dynamic light scattering
(particle size and PDI) and laser Doppler anemometry (Zeta potential). Data are expressed as mean + SD, n > 3, except for Zeta

potential of PEGHA-100 (BVZ): n =2.
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Figure S8 Physicochemical characteristics of HA-160 when prepared by microfluidics technique at different flow rates
and compared with the standard pipette injection (Ct). Feed ratio HAC16/BVZ: Lipoid S100 (12.5:1) and (4:1). The
physicochemical properties were determined by dynamic light scattering (particle size and PDI) and laser Doppler

anemometry (Zeta potential). Bars: particle size, PDI: dots. Data are expressed as mean + SD, n > 3.
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