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Fig. 1 (a) One-pot poly-amine and poly-epoxy ring-opening reaction for degradable branched polycation with functional
structure. (b) Schematic illustration of the preparation of fluorinated acid-responsive polycation (ARP-F); (c¢) Degradation
characterization of typical ARP2-Fy; (d) Images of A549 tumors after different treatments (Reprinted with permission from
Ref.[36]; Copyright (2018) Wiley-VCH). (e) Schematic illustration of the preparation of SKP; (f) AFM images of typical SKP/
pDNA complexes in neutral and reductive environments; (g) Western blot analysis of related VEGF protein expressions after
72 h transfection; (h) Representative SEM images of rabbit arterial segments treated with clinical stent and S-SKP/pVEGF at
the fourth week after implantation (Reprinted with permission from Ref.[37]; Copyright (2019) American Chemical Society).
(i) Schematic illustration of the preparation of lactose-derived branched biopolymer (LBP); (j) AFM images of LBP4/pDNA
complex at the mass ratio of 40 in the absence (-) and presence (+) of DTT; (k) Representative bioluminescence images of
control and LBP#/pCas9/SF treatment groups at Oth and 35th day (Reprinted with permission from Ref.[38]; Copyright (2019)
Wiley-VCH).
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Fig. 2 (a) Schematic illustration for multifunctional aminoglycosides-based hyperbranched polymers with antibacterial
activity, biocompatibility, and gene transfection capability and structure of functionalized SS-HPT. (b) Surface antibacterial
activity of HPT and SS-HPT against E. coli and S. aureus after 24 h of incubation at 37 °C; (c¢) The levels of IL-6 and TNF-«
in peritoneal fluid were measured in different treatment groups at 24 h post-CLP (n=6, all data were presented as mean +S.D.;
*p<0.05, *"p<0.01, **p<0.001. Unpaired t-tests for two groups and ordinary one-way ANOVA with Tukey’s Multiple Comparison
test for three or more groups were used to analyze the differences between groups.) (Reprinted with permission from Ref.[39];
Copyright (2024) Wiley-VCH). (d) Quantification analysis of matured DCs (CD80" CD86" gated on CD11c* DCs) were incubated
with culture mediums of 4T1 cells treated with different formulations after different treatments (n=3, data are mean £S.D.; **p<
0.01, *™*p<0.001, ***p<0.0001. p values were determined using two-way analysis of variance with a student’s t-test.); (¢) Weights of
excited tumors from primary sites at the end of antitumor study (#=4, date are mean +S.D.; “p<0.05, **p<0.01, *’p<0.001. p values
were determined using two-way analysis of variance with a student’s t-test.) (Reprinted with permission from Ref.[40]; Copyright
(2024) Elsevier BV). (f) Gross phenotypic pattern of liver captured by digital camera; (g) mRNA expression of liver fibrosis-
related genes in liver (n=3, data were shown as mean +S.D. deviation; “p<0.05, *p<0.01, **p<0.001. Student’s t-test was used to
compare the differences between the two groups.) (Reprinted with permission from Ref.[41]; Copyright (2023) Elsevier).
(h) Immumohistochemical staining of INSULIN in liver. A large amount of dark brown INSULIN staining was demonstrated
in the liver of diabetic mice under SS-HPT-P/pNPMN-PBase treatment. There is almost no dark brown INSULIN staining in
the liver of non-treated diabetic mice. The top row of each group was observed at 100 times magnification, and the bottom
row of each group was observed at 200 times magnification; (i) The mRNA expression of insulin expression/secretion related
genes (n=3, data were shown as mean +S.D. deviation; "p<0.05, **p<0.01, **p<0.001. Student’s t-test was used to compare the

differences between the two groups.) (Reprinted with permission from Ref.[42]; Copyright (2022) Elsevier).
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Fig. 3 (a) NCA ring-opening reaction polymerization mechanism diagram. (b) The preparation processes of degradable CD-
PAsp-ED, Dex-PAsp-ED and CS-PAsp-ED; (c) FDA-PI staining HepG2 cells treated by CD-PAsp-ED-3, Dex-PAsp-ED-3, CS-
PAsp-ED-3 and PEI at a N/P ratio of 20 (green: live; red: dead); (d) EGFP expression mediated by CD-PAsp-ED-3, Dex-PAsp-
ED-3 and CS-PAsp-ED-3 at the optimal N/P ratio of 20 and PEI at the optimal N/P ratio of 10 in HepG2 cell lines. The
percentages of the EGFP-positive HepG2 cells for CD-PAsp-ED-3, Dex-PAsp-ED-3 and CS-PAsp-ED-3 are 11%, 24% and
29%. PEI exhibited 17% of EGFP-positive HepG2 cells (Reprinted with permission from Ref.[43]; Copyright (2015) Elsevier
BV). (e) NCA polymerization initiated by LIHMDS or other initiators in THF, initiator (i) n-hexylamine, initiator (ii)) HMDS,
initiator (iii) bipyNi(COD); (f) Conversion of BLG NCA in LiHMDS, n-hexylamine, HMDS or bipyNi(COD) initiated
polymerization at variable NCA:initiator ratios using THF as the reaction solvent. The first column in each group represents
the LIHMDS initiator group, the second represents the bipyNi(COD) initiator group, the third represents the n-hexylamine
initiator group, and the fourth represents the HMDS initiator group (Reprinted with permission from Ref.[44]; Copyright
(2018) Springer Nature). (g) Tetraalkylammonium carboxylate-initiated superfast NCA ROP; (h) Reaction rates for TBBA- and
n-hexylamine-initiated polymerization of BLG NCA in THF at room temperature with M/I=100 and initial NCA concentration
at 0.2 mol/L; k,[I] reflex the rate of polymerization reaction, whereas k, is the rate constant of the polymerization and [I] is the
concentration of initiator (Reprinted with permission from Ref.[45]; Copyright (2021) Wiley-VCH).
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Fig. 4 (a) Ring-opening reaction routes of imidazolium-based block copolypeptides; (b) Plots of MIC vs imidazolium-based
triblock copolymers. The first column in each group represents the result of S. aureus group, the second represents the result of
the E.coli group (Reprinted with permission from Ref.[46]; Copyright (2021) American Chemical Society). (c) Synthetic route
of G,-PM-n!'* and G,-PM-n** with tunable alkylation degree; (d) Antimicrobial efficiency of mixed bacteria treated by G,-PM-
2H*: (&) Antimicrobial efficiency of mixed bacteria treated by G,-PM-2-* (Reprinted with permission from Ref.[47]; Copyright
(2024) Wiley-VCH). (f) Synthetic scheme of guanidinium-rich poly(2-oxazoline)s (PGOx,). n refers to the degree of
polymerization (DP) of poly(2-oxazoline)s chain (Reprinted with permission from Ref.[48]; Copyright (2022) Wiley-VCH).
(g) Structures of guanidinium-functionalized poly(2-oxazoline)s bearing different side chain spacer arms; (h) Representative
images of saline-treated, AMB-treated, and PGMeOx, (-treated mouse kidneys that were infected by C. albicans K1; (i) Fungal
burden of saline-treated, AMB-treated, and PGMeOx,-treated mice brains that were infected by C. albicans K1 and C.
neoformans H99 (n=6, all mean +S.D. deviation was indicated by the error bars; “p<0.05, *p<0.01, **p<0.001. Significance
analyses between the two groups were performed using two-tailed student’s t-test.). Each data point represents log;, (CFU/g)
from one brain sample of one mouse (Reprinted with permission from Ref.[49]; Copyright (2023) American Chemical Society).
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Fig. 5 (a) Mechanism diagram of bisulfide exchange reaction and reductive degradation of disulfide polymers. (b) Build
strategy for PEG,,5-b-PSS, (Reprinted with permission from Ref.[50]; Copyright (2022) Wiley-VCH). (c) Build strategy for
S-CD-g-PSS,, (Reprinted with permission from Ref.[51]; Copyright (2023) Wiley-VCH). (d) Build strategy for Dex-g-PSS,
(Reprinted with permission from Ref.[52]; Copyright (2022) Wiley-VCH).
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Fig. 6 (a) Typical '"H-NMR (400 MHz) spectra of mPEG,,s-b-PSS,, before and after reduction; (b) Photographs of wound
healing in the rat model on Day 0 and Day 10 (Reprinted with permission from Ref.[50]; Copyright (2022) Wiley-VCH). (c)
Typical 'TH-NMR (400 MHz) spectra of f-CD-g-PSS,, before and after reduction; (d) SCC-7 tumor weights after different
treatments. Scale bar=50 um (n=6, data are presented as the mean £S.D. deviation; *p<0.05, **p<0.01, ***p<0.001, and
**%%p<0.0001. p values were determined using a one-way analysis of variance with a student’s t-test). (Reprinted with
permission from Ref.[51]; Copyright (2023) Wiley-VCH). (e) Synergism between rifampicin (RIF) and Dex-g-PSS;, was
evaluated against MDR-AB cells using the fractional inhibitory concentration (FIC) index; (f) Dex-g-PSSs;, (8 pg/mL)
addition prevents rifampicin (RIF) resistance in MDR-AB cells; (g) Statistical analysis of inflammatory cells after different
treatments (n=3, data are shown as the mean £S.D. deviation; *p<0.05, **p<0.01, ***p<0.001, and ****p<0.0001. Statistical

significance was calculated using the two-tailed Student’s t-test). (Reprinted with permission from Ref.[52]; Copyright (2022)
Wiley-VCH).
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Review

High-performance Degradable Cationic Polymers Based on Ring-opening
Reactions and Their Biological Applications

Ya-qi Zhao, Yu-jie Sun, Bing-ran Yu", Fu-jian Xu"
(College of Material Science and Engineering, Beijing University of Chemical Technology, Beijing 100029)

Abstract Non-degradable cationic polymers can accumulate in the body, which can cause potential harm to
human health and limit the application of cationic polymers. Therefore, it is important to develop cationic
polymer materials with high biocompatibility and good degradability. Ring-opening reaction is one of the
methods to obtain degradable cationic polymers with better degradability and biosafety. In this review, three
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strategies for the construction of degradable cationic polymers based on ring-opening reactions are presented,
including the one-pot poly-amine and poly-epoxy ring-opening reaction, the ring-opening polymerization of N-
carboxyanhydride (NCA), and the bisulfide-exchange reaction. The degradable cationic polymers with unique
structures were prepared by the different construction strategies, including branched cationic polymers, peptide
cationic polymers, and polydisulfides. Different structures endowed the degradable cationic polymers with higher
performance. In addition, the biological applications of high performance degradable cationic polymers in nucleic
acid delivery and antibacterial applications are summarized in this review.

Keywords Cationic polymers, Ring-opening reaction, Degradable, Nucleic acid delivery vector, Antibacterial
materials



