Ml XEZHR(EZR) 2024, 55(1) :13—-18
J Sichuan Univ ( Med Sci)

PR R I K 2R R R ST R

ﬁ %ﬁlY % %21 [%:‘%#Ela E{i%lu iumﬁ%lv %%’%"IA
TR A R S HARERE (RS 610054); 2. AR BEZ KM P 152 (S48 610072)

(HEE]  90KR25H 2 D T A B A U, JE AR iR Y7 J7 TR B B R A BV g o SR i g b Tl LR
AR F, R S A v M S A ) SO IR C BRI B 2, B0 e Jo e e v A ML AR T 2 e e AR W R e . DA
TEWFSE EROCEAUK 2GR E R BRI PET, RLA% | iy, IR R PE BT O A B B A 2 1 DA B AR N 25
ENJIAIREN o A BT TE SR U AR E X K 25 W13 IR R 2 o ASZ35d AR ZE ) 2 RO ARRAIE | AT 022 4
FURSCHTTE HEA T R GERY LA, (Rl XS 4K 245388 16 0 7 rh il RE S5 1) D1 22 AL W LR EA T IR AR, IR i LAMEAS:
LA RITTE T 18] SR L, FORRIE IO - 00K 2 IR A S ik, SRS 25 W) ARG itk ; 2 18] -, SRS AR ikl
LMY 2S 6] 2 S B, AT 2 IR RS I PR K, AR R i ik A%, If i) b, SERLSAARE R J . iR ad AR rh 271
I B A A SR 57, A SRR LB BE T 27 5, 5 AL R 7 S, T LB iR 7 B B O PR 28
HEAh, ATRR SR ARG T 1A 3L 2K 25183 | W A G A )t

[RR] MUY AR5k IRReRE i EeeilE SRk

Research Progress on the Influence of Tumor Extracellular Matrix Mechanic Properties on Nanodrug Delivery
ZHAO Tian', WU Hao’, CHEN Shihuan', WANG Jiawen', LIU Yiyao', LI Tingting'®. 1. School of Life Science and
Technology, University of Electronic Science and Technology of China, Chengdu 610054, China; 2. Hospital of Chengdu
University of Traditional Chinese Medicine, Chengdu 610072, China
A Corresponding author, E-mail: litingting@uestc.edu.cn

[ Abstract] Nanodrugs are widely utilized in the biomedical fields, exhibiting immense potential in cancer
therapy in particular. However, tumors exist in an extremely complicated microenvironment where substances like
collagen are continuously deposited and remodeled, leading to significant alterations in the mechanical properties of the
extracellular matrix (ECM) during tumor development. Previous research has primarily focused on the specific
physicochemical properties of nanodrugs, such as particle size, electric charge, shape, surface chemistry, etc., and their
effects on cellular uptake, cytotoxicity, and in vivo pharmacokinetics. Limited studies have been done to explore the
impact of ECM mechanical properties on nanodrug delivery. In this review, we systematically summarized the relevant
research findings on this topic from the perspective of the characteristics and testing methods of tumor ECM mechanics.
Additionally, we made a thorough discussion of the potential mechanical and biological mechanisms involved in
nanodrug delivery. We proposed several noteworthy research directions. Regarding the overall strategy, there is a need to
emphasize targeted delivery that combines ECM mechanics and nanomechanics to achieve precise drug delivery.
Regarding the spatial aspect, attention should be given to the nonlinear spatial mechanical heterogeneity within the
interior of solid tumors and the construction of mechanic microenvironment-adaptive nanocarriers to improve the
delivery efficiency. Regarding the temporal aspect, emphasis should be placed on the dynamic development and changes
in the mechanical microenvironment during solid tumor growth and treatment processes. Based on the stromal
mechanical characteristics of the tumor tissues of individual patients, personalized treatment strategies can be formulated,
which will enhance treatment specificity and efficacy. In addition, issues such as mechanically targeted nanodrug delivery,
degradation, and metabolism under dynamic ECM mechanical conditions warrant further investigation.
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Table 1 Summary of the effect of ECM stiffness on drug delivery
Materials Mechanic properties Dimension Drug Results Ref.
Iron oxide nanocubes Destruction of collagen fibers Invivo N/A Nanoparticle penetration is enhanced [24]
Lipid nanoparticle 2 kPa 3D Gene drug Inhibitioin of tumor growth and metastasis [1]
Fibrin gel 90 Pa 3D DOX Boosting drug delivery to tumors [25]
Collagen (137.1+8.6) Pa 3D N/A Nanoparticles limited in stiff matrix [5]
Collagen 425 Pa 3D N/A Self-propelling bacteria limited in stiff matrix [26]
N/A: do not apply.
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Fig 1 The physical properties of the ECM govern the diffusion of
nanoparticles in the tumor microenvironment
ECM: extracelluar matrix. Higher matrix stiffness, compared with lower
stiffness, restricts the diffusion of nanoparticles in the ECM. Well-aligned
collagen fibers facilitate the diffusion of nanoparticles, while crosslinked collagen

restricts the diffusion of nanoparticles.
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