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Abstract: In recent years, non-viral gene vectors have attracted great attention for efficient gene delivery due
to the advantages, including low toxicity, low immunogenicity and simple preparation. Polyethylenimine (PEI)
is one of the typical non-viral gene carriers that have been widely utilized for gene delivery owing to its superior
capabilities in gene compression and buffering capacity. This article discusses the processes of gene delivery and
the barriers of PEI-based carrier during the gene delivery, such as low biocompatibility, cytotoxicity, lack of specific
targeting and insufficient gene release, etc. Therefore, we summarize the multiple approaches for the modifications
of PEI in terms of improved biocompatibility, degradability, specific targeting and buffering capacity. Furthermore,
we also review on the recent impressive progresses of smart stimuli-responsive PEI carriers, including endogenous
stimuli (pH, reactive oxygen species, glutathione, biomolecular, etc), exogenous stimuli (light, temperature, magnetic
field, etc) and dual-responsive strategies, which might provide guidance for the development of more efficient and
safer non-viral gene vectors.
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Figure 1  The structures of branched PEI (BPEI) and linear PEI
(LPEI). PELI: Polyethylenimine
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Figure 2 The preparation, in vivo delivery and cell uptake mech-

anism of the FA/PEI/DNA. FA: Folic acid. (Adapted from Ref. 90
with permission. Copyright © 2017 Elsevier B.V. All rights re-

served)
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CD supramolecular polymer and release of siRNA via the disas-
sembly of polyplexes in the presence of ATP. PBA: Phenylboric
acid; a-CD: a-Cyclodextrin. (Adapted from Ref. 112 with permis-
sion. Copyright © 2018 American Chemical Society)
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4. VEGF antagonist in tumor

Figure 4 Schematic illustration of anti-angiogenic gene delivery mediated by PBA-PEG-cross PEI vector with multi-step: tumor targeting

by PBA moity (1), intracellular pH and ATP dual-responsive gene release (2, 3), expression of soluble VEGF antagonist for anti-angiogenic

tumor growth inhibition (4). VEGF: Vascular endothelial growth factor. (Adapted from Ref. 136 with permission. Copyright © 2015 Elsevi-

er Ltd. All rights reserved)
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