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With the development of nanotechnology, various types of polymer-based drug delivery systems have been
designed for biomedical applications. Polymer-based drug delivery systems with desirable biocompatibility can be
efficiently delivered to tumor sites with passive or targeted effects and combined with other therapeutic and
imaging agents for cancer theranostics. As an effective vehicle for drug and gene delivery, polyethyleneimine (PEI)

has been extensively studied due to its rich surface amines and excellent water solubility.

polyethylenimine drug delivery cancer treatment cancer imaging cancer theranostics

| 1. Introduction

Cancer is a human disease characterized by abnormal cell proliferation and metastasis and poses a very
significant threat to human health. Its occurrence is closely related to harmful environment, bad lifestyle, and
heredity. Early diagnosis and treatment of cancer is the most important strategy to improve survival rates. Recently,
nanotechnology has attracted extensive attention in the biomedical field, particularly in the early diagnosis and

treatment of cancer (2],

The development of novel multifunctional nanoparticles (NPs) for cancer theranostics is one of the most important
trends in the development of nanomedicine BI4IRIE Compared with traditional drug delivery systems, NP-based
drug delivery systems can not only improve the water solubility and stability of drugs, but also influence the
distribution of drugs in vivo owing to the nanosized effects of NPs [Z. In addition, the kinetics of drug release can be
controlled through material design and surface modifications. More importantly, targeted molecules can be
modified on the surface of NPs to specifically target tumor sites, thereby improving the bioavailability of drugs and
reducing toxicity to off-target tissues . To date, various NPs have been developed for construction of NP-based

drug delivery systems including liposomes B0 micelles 11, nanogels 12131 radionuclide-labeled NPs 2415l and
metal NPs [16I[L7][18](19]

Polyethyleneimine (PEI) is a cationic polymer molecule composed of abundant amine groups and two aliphatic
carbons, and because of its specific structure and properties it has been widely used to stabilize or modify various
inorganic hybrid NPs 29, As a cationic polyamine, PEI can interact with or bind to anionic residues of DNA
templates and polymerase through electrostatic interaction, thus significantly improving their transfection efficiency
(21 |n addition, the strong positive surface potential of PEI presents obvious cytotoxicity to cells because of its

abundant amine groups 2. Therefore, neutralizing the surface potential of PEI through various chemical or
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physical modifications can effectively reduce its cytotoxicity and improve biocompatibility. It is worth noting that
these surface modifications not only improve the biocompatibility of PEI, but also enable it to acquire other

functions, such as biomarker and targeting.

| 2. Overview of PEI

PEI is a commercially widely used cationic polymer containing primary, secondary, and tertiary amino groups in a
ratio of 1:2:1 with strong positive charges 22, PEI can be synthesized as linear PEI (Figure 1a) or branched PEI
(Figure 1b) with a molecular weight ranging from 700 Da to 1000 kDa according to the degree of polymerization
(23] PE| can be easily prepared using an AB-type monomer via a simple one-step reaction 24. In addition, PEI can
be considered a low-cost option compared to dendrimers with the same molecular weight 22, PE| has been widely
used in different fields because of its unique structure and abundant amino groups. For example, in industry, PEI
can be used as a flocculant to remove oil present in synthetically produced water, or as a wet strength agent in
paper-making and the manufacture of shampoo 2824 |n biomedicine, PEI is widely used in enzyme
immobilization 28 virus immobilization on cellulose 22, cell adhesion B9, gene transfection 11, and the synthesis

of NPs to enhance their stability and anticancer efficacy 221,
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Figure 1. Schematic diagram of the chemical structures of (a) linear and (b) branched PEI.

Branched PEI is a hyperbranched polymer synthesized using the monomer method; that is, the cationic polymer is
obtained by acid-catalyzed ring-opening polymerization of aziridine monomers 31, Each branch of secondary
amines in the branched chain of hyperbranched PEI has 3—-35 nitrogen atoms on average. This branch distribution

can form a spherical internal structure, which can encapsulate NPs, drug molecules, and other small molecules.
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Furthermore, the lone pair electrons of nitrogen atoms in branched PEI can stabilize metal ions via coordination

interaction. Therefore, branched PEI has a wide range of applications in gene transfection B4IB3I38] drug delivery
(371381 and molecular imaging 221391,

Linear PEI contains only secondary amines, whereas branched PEI contains various types of amines, i.e., primary,
secondary, and tertiary. Linear PEI is solid at room temperature, in contrast to branched PEI which is liquid at all
molecular weights 29, Linear PEI is a high-charge cationic polymer and has been widely used in biomedical fields.
For example, linear PEI has antibacterial properties against various pathogens and can therefore be used as a
bacteriostatic agent 2241l Additionally, as a cationic polymer, linear PEI can form a polymer with nucleotides for
gene transfer 42, Compared with branched PEI, linear PEI is an effective nonviral gene vector with higher cell
viability and transfection efficiency 3!, A balanced picture of the PEI studies including advantages and limits has
been presented in Figure 2.

Advantages Limits
Difficult to
. degrade in
Excellent Easy surface Cytotoxicity Vivo
water modifications
solubility
. High Few No fixed 3D Fe‘: ?"l'““"
Good Simple efficiency of derivative structure rials
thermal preparation gene and e
N method and drug delivery
stability low cost

Figure 2. A balanced picture of PEI studies including advantages and limits.

| 3. PEI Modifications

As a cationic polymer, PEI contains abundant amino groups and as a result has a certain degree of cytotoxicity.
Cationic PEI enters cells by adhering to negatively charged transmembrane heparanproteoglycans, which can
cause cell damage through membrane destabilization 44, Additionally, the internalized PEI causes apoptotic cell
death by forming pores in the mitochondrial membrane 4346l PE| is not well-degraded in organisms, and its
cytotoxicity is closely related to its molecular weight and branching degree 4. Branched PEI with a higher
molecular weight has a higher cytotoxicity. The surface amines of PEI can be shielded with simple modifications,
thus significantly improving the biocompatibility of PEI 21, At present, the surface amines of PEI are mainly
shielded with covalent bonds such as carboxylation, acetylation, and hydroxylation, or with electrostatic

modification of negatively charged proteins. However, currently, there is a lack of systematic research to contrast

https://encyclopedia.pub/entry/39365 3/18



Polyethyleneimine-Based Drug Delivery Systems for Cancer Theranostics | Encyclopedia.pub

the benefits and challenges of these approaches for the surface modifications of PEI. For example, Wen et al.
improved the biocompatibility of PEI through carboxylation, acetylation, hydroxylation, and PEGylation 2. These
methods effectively reduced or shielded the positive charge of the PEI, thus reducing cytotoxicity. Various
functional groups including polyethylene glycol (PEG), folic acid (FA), hyaluronic acid (HA), fluorescent tags, and
protein can be modified with PEI for biomedical applications [241[25148][491[50][51][52][53][54][55][56][571[58] pE|

modifications for biomedical applications in recent years are summarized in Table 1.

Table 1. Summary of PEI modifications carried out in recent years.

Madification Types Aims Ref.
Carboxylation _ _ _ [59][60][61]
T Gene delivery, absorption of heavy metals in sewage. 62]
modification
Acetylation modification Gene delivery efficiency improvement, cytotoxicity reduction. [62][63][64]
Hydroxylation Biocompatibility enhancement, gene delivery, transformation [65][66][67]
modification improvement of NPs.

PEG modification Stability and transfection efficiency improvement. [68][69[70]
FA modification Tumor-targeted delivery. [zijr]
HA modification Tumor-targeted gene delivery, stability improvement. [z3]z4]

Protein modification Gene delivery, protein transduction. [5I76][77]
FI modification Fluorescence imaging. 57]

kélfe§%@lélgesis of PEI-Based NPs
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not only improve the water dispersibility and stability of drugs, but also significantly change the distribution and
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