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Figure 1 Functional polymers block the binding of nucleic acids to protein receptors, inhibiting inflammatory diseases and tumor metastasis
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Figure 2 Mechanisms of functional dendrimers in clearing cfDNA and anti-inflammation''”. (a) The cfDNAs released from the dying cell induce the
immune cell activation and joint inflammation (upper panel). cDenpols bind to the pathogenetic cfDNA, inhibit the activation of immune cells, and lead
to joint protection (lower panel). (b) Synthesis of PCL-g-PAMAM. (c) Gel permeation chromatography (GPC) traces of 71-G1 Denpol before (red) and
after (black) storage in the pH 7.4, 37°C, PBS for 24 h. (d) H&E staining images of the ankle joints of right hindpaws of the control, CIA model, and

384-G3- and 384-G2-treated groups
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Figure 3 The functional polymer shows high DNA-binding ability and efficient inhibition of TLR9 activation"”". (a) Mechanism of using

nanoparticles to scavenge cfDNA to inhibit inflammatory responses for

treating rheumatoid arthritis. (b) DNA-binding efficiency of nanoparticles and

homopolymers in PBS and 10% FBS at 37°C. (c) Inhibition of TLR activation in Ramos Blue™ cells using the QUANTI-BlueTM assay. (d)
Representative Micro-CT images of ankle joints in different groups of RA rats. (¢) Analysis of bone mineral density (BMD) of the rat ankle joints
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Figure 4 Schematic illustration of MTX@cNP-pp-PEG for targeted RA treatment™". (a) MTX was co-assembled with PLGA-b-PDMA-pp-PEG to
form MMP2-responsive MTX@cNP-pp-PEG. (b) Safranin-O staining of ankle and knee joints for cartilage erosion (x200). s, superficial zone; m, mid
zone; ¢, chondrocytes; b, bone marrow; t, bone trabeculae. (c) Representative Micro-CT images of ankle joints in different groups of arthritis rats
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Figure 5 Polymer nanoparticles can effectively relieve skin inflammation in the treatment of psoriasis[42]. (a) Mechanism of topical therapy by
nanoparticles for cfDNA scavenging and inflammatory inhibition to treat psoriasis. Soluble polymers and nanoparticles down-regulated IL-6 (b) and
TNF-a (c) induced by the CpG-LL37 complex in mouse pDCs. (d) Soluble polymers and nanoparticles inhibited TNF-a expression in primary
epidermal cells™". (e) Representative photographs of the skin surface morphology after treatment with PDMA grafted silica particles. (f) Hematoxylin
and eosin (H&E) staining of skin sections (SC, stratum corneum; VE, viable epidermis; DE, dermis). Extensive infiltration of leukocytes was observed
in the dermis of the model group (arrow) (x400)
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Figure 6 Functional polymers remove cell free nucleic acids to accelerate wound repair and inhibit post-traumatic inflammation™”". (a)
Immunohistochemical staining of the wound sections of different treatment groups. The green arrows indicate the wound site. (b) Photographs of
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were taken out for cytokine and NO detection. (d) Levels of proinflammatory cytokines TNF-a, IL-6, and NO in the brain after 24 h
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Polymers inhibit inflammation and tumor metastasis caused by
extracellular nucleic acids
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The liberation of free nucleic acids upon cell death serves as a critical biological event, triggering aberrant responses from
the immune system. This cascade of events involves the release of cytokines by immune cells, which can lead to tissue
damage, instigate acute or chronic inflammatory reactions, and precipitate the onset of various diseases, some of which can
be life-threatening. Addressing the management of these free nucleic acids to prevent adverse immune reactions has
emerged as a pressing challenge in biomedical research.

In tackling this challenge, researchers have turned to the versatile properties of polymer materials, particularly the
diverse functional groups present on their surfaces. These functional groups offer opportunities for interactions with
nucleic acid molecules, enabling the orchestration of their activities in vivo. Through such interactions, inflammation can
be modulated, wound healing can be expedited, and the metastasis of tumors can be impeded. Consequently, the application
of functional polymers has garnered significant attention as a promising avenue for the treatment of various diseases.

Our research group has made notable advancements in utilizing functional polymers for nucleic acid clearance,
particularly in the context of autoimmune diseases. Rheumatoid arthritis, for instance, has been effectively attenuated
through the application of functionalized dendrimers, showcasing the potential of polymer-based interventions in
autoimmune conditions. Moreover, to address the challenge of limited retention time of materials at affected sites, we have
engineered functional polymer nanoparticles. These nanoparticles undergo surface modifications aimed at mitigating
toxicity while facilitating enhanced drug loading, thereby improving their therapeutic efficacy and applicability.

Expanding the scope of our research, we have also explored the application of functional polymers in the treatment of
psoriasis, a chronic autoimmune skin condition. Through meticulous optimization of particle size, we have achieved
promising outcomes in terms of therapeutic efficacy, further underscoring the versatility and potential of functional
polymer-based interventions in autoimmune diseases.

In addition to direct interactions with nucleic acids, we have developed polymer-mimicking enzymes capable of
degrading free nucleic acids in vivo. In contrast to the non-specific binding observed with functional polymers, these
artificial nucleic acid hydrolases offer the advantage of complete degradation of free nucleic acids with lower toxicity. This
novel approach expands the repertoire of polymer-based interventions in autoimmune disease management.

Turning our focus to the realm of external injuries, we have leveraged functional polymer hydrogels to expedite the
healing of diabetic wounds. Additionally, functional polymer nanovesicles have demonstrated promising results in
accelerating recovery from traumatic brain injuries, highlighting their potential in diverse clinical applications beyond
autoimmune diseases.

In the context of cancer metastasis, our research efforts have centered on impeding the binding of neutrophil extracellular
traps to cancer cell surface proteins using functionalized polyamino acid nanoparticles. This intervention has effectively
curtailed cancer cell skeletal deformation and migration, significantly prolonging the survival duration of animals afflicted
with cancer.

In conclusion, the utilization of functional polymers represents a versatile and promising approach for the treatment of
various diseases, including autoimmune conditions, external injuries, and cancer metastasis. Further research endeavors
should aim to refine the design and application of these polymers, harnessing their full therapeutic potential to
revolutionize disease management strategies and improve patient outcomes.

functional polymer, cell-free nucleic acid, autoimmunity disease, cancer metastasis
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