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Abstract: Chirality, as a fundamental attribute of living systems, plays a pivotal role in biological processes
such as molecular recognition, cellular behavior regulation, and immune responses. Chiral hydrogels,
which integrate the exceptional biocompatibility and tunable physicochemical properties of hydrogels with
the biological specificity conferred by chiral structures, have emerged as a prominent research focus in the
field of biomaterials. This review systematically summarizes the fabrication strategies for chiral hydrogels,
including supramolecular self-assembly, polymer-based covalent construction, and multi-component co-
assembly approaches. It highlights recent advancements in their biomedical applications, particularly in
tissue engineering, immunoregulation, and cancer therapeutics. Furthermore, future development trends of
chiral hydrogels in biomimetic materials, regenerative medicine, and immune engineering are discussed
and prospected.
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Figure 2 (a) Schematic illustration of the chiral self-assembly of glycopeptides into helical nanofibers, which subsequently
form a 3D interpenetrating helical nanofiber hydrogel; (b) Molecular models and cartoon diagrams of the glycopeptide chains
and two different stacking patterns in the filaments (Reprinted with permission from Ref. [12]; Copyright (2025) American
Chemical Society)
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Figure 3 (a) The minimal change of OH affects supramolecular chirality amplification in the SCU-CHE co-assembly system

(Reprinted with permission from Ref. [24]; Open Access, Copyright (2025) The Author(s)); (b) Asymmetric amplification of

supramolecular helices by ET assisted secondary nucleation in LPF and NDIAPY co-assemblies (Reprinted with permission from

Ref. [31]; Open Access, Copyright (2024) The Author(s))
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Figure 4 (a) The temperature-induced supramolecular chirality-assisted gel-gel-transition (Reprinted with permission from
Ref. [33]; Copyright (2024) Wiley-VCH GmbH); (b) Chirality inversion between superhelix and single helix in the artificial
supramolecular system (Reprinted with permission from Ref. [34]; This publication is licensed under CC-BY 4.0, Copyright (2025)

The Authors); (c) Schematic representation of the microbelts and microrolls formation via LLPS and gel-to-crystal translation

process induced by SO427 anion (Reprinted with permission from Ref. [36]; Open Access, Copyright (2025) The Author(s));

(d) Chemically fueled non-equilibrium self-assembly strategy for the transient assembly and disassembly of the G-quartets
complex (Reprinted with permission from Ref. [38]; Copyright (2021) Wiley-VCH GmbH); (e) Designing light-fueled dissipative
self-assembly system and their shape deformation through transient radical-radical interactions using NDI-GV compound as the
precursor (Reprinted with permission from Ref. [39]; Copyright (2025) Wiley-VCH GmbH)
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Figure 5 (a) Schematic representation of the culture of NIH 3T3 cells or HUVECs in supramolecular hydrogels and the different

cell-adhesion and cell-proliferation behavior in the enantiomeric nanofibrous hydrogels (Reprinted with permission from Ref. [41];
Copyright (2014) Wiley-VCH GmbH); (b) Illustration of helical chirality inversion tuned by the variable methylene units and
subsequent different cell adhesion behavior (Reprinted with permission from Ref. [42]; Copyright (2018) Wiley-VCH GmbH)
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Figure 6 (a) Chirality-dependent ECM-mimetic matrix stem cell fate specification (Reprinted with permission from Ref. [43];
Copyright (2019) Wiley-VCH GmbH); (b) Schematic illustration of chirality-dependent transcription-metabolism mutual
feedback during osteogenic and adipogenic differentiation (Reprinted with permission from Ref. [44]; Copyright (2023) Wiley-
VCH GmbH)
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Figure 7 3D chiral self-assembling matrixes regulating the polarization of macrophages (FAK signaling pathway) and enhancing

repair of myocardial infarction (Reprinted with permission from Ref. [57]; Open Access, Copyright (2023) The Authors)
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Figure 8 (a) Schematic illustration of the preparation of the hydrogel vaccines with different chiral residues; (b) The

significantly different anti-tumor immune responses at hydrogel injection sites (Reprinted with permission from Ref. [67]; Open

Access, Copyright (2025) The Author(s))
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