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a  b  s  t  r  a  c  t

Biologically  inspired  self-assembly  processes  of  amphiphilic  copolymers  have  received
an increasing  attention  for  creating  innovative  and  highly  advanced  functional  materi-
als for  various  biomedical  applications.  Polymersomes  are  versatile  nanosystems  with
tremendous  potential  due  to  their  increased  colloidal  stability,  tunable  membrane  prop-
erties,  chemical  versatility,  and the  ability  to  accommodate  a broad  range  of  drugs  and
biomolecules.  In this  review,  we present  the  principles  of copolymers  self-assembly  and
associated parameters  that  control  the  resulting  self-assembled  morphologies,  and  vari-
ous  methodologies  developed  for fabrication  of polymersomes.  We  attempt  to  discuss  how
polymersome  platforms  can be  applied  for versatile  biomedical  research,  from  simple  pas-
sive  nanocarriers  for drug  delivery  to functionalized  polymersomes  for active  targeting
approaches  and advanced  nanoreactors,  and  protocells  to mimic  structure  and  functions  of
biological  systems.
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1. Introduction

Molecular self-assembly is one of the nature’s funda-
mental processes, in which existing parts or components
generate the well-organized structures or systems, ranging
from micro to nanoscale. Mimicking the nature’s tech-
nologies, particularly the self-assembly, has received an
increasing attention for the creation of new functional
materials for various biomedical applications, especially for
drug delivery purposes [1–3]. The design of components
that self-orient among themselves to desired structures
and functions is the key to self-assembly based applica-
tions. The membranes of living cells and cellular vesicles
consist of lipid bilayers made of self-assembling phos-
pholipids. As a biologically inspired approach, amphiphilic
copolymers have been exploited for the formation of
self-assembling structures towards potential biomedical
applications [4,5]. The amphiphilic copolymers contain
both hydrophilic and hydrophobic blocks linked cova-
lently, which self-assemble in dilute aqueous solutions and
form various molecularly ordered superstructures [3,4].
The copolymers self-organize in a selective solvent for one
of the two blocks, in which the solvent selective block
is compatible with the solvent, whereas the other block
is incompatible, inducing the self-assembly process. The
self-assembly process in aqueous solutions results from
the strong repulsion between the two incompatible blocks,
also known as long range repulsion forces, that induce the
blocks of the copolymers to segregate. At the same time,
there are short range attractive forces between the incom-
patible blocks due to the covalent linkage, keeping them
together. These two opposing forces cause microphase sep-
aration of the incompatible blocks, leading to the formation
of different self-assembled superstructures. The self-
assembly is typically driven by non-covalent interactions,

such as hydrophobic interactions, hydrogen bonds, electro-
static forces and Van der Waals interactions [3,6].

Typically, polymersomes are hollow spheres consisting
of an aqueous interior surrounded by a polymer bilayer
membrane. The hydrophobic blocks of the amphiphilic
copolymers are protected from the aqueous environment
within the bilayer by the hydrophilic blocks, which are
exposed inside and outside to the aqueous environ-
ment [7]. Among other self-assembled nanostructures,
the morphology of the polymersomes has attracted
considerable attention due to their unique tunable
physicochemical properties in terms of composition, size,
surface, membrane properties like thickness, permeability,
responsiveness, and chemical functionalities; all these
can be modulated for specific applications. Polymersomes
can dramatically improve pharmacological properties of
therapeutic agents like pharmacokinetics, drug exposure
kinetics, and cell/tissue-specific targeting, resulting in
enhanced therapeutic efficiency and efficacy. Further-
more, copolymers can offer desirable biological properties,
such as biodegradability, biocompatibility and negligible
toxicity, which are essential requirements for therapeutic
applications. In addition, multiple functionalities can be
introduced into a single polymersome to improve the
performance of the nanocarriers (see elsewhere for details
[8,9]). Rapid progress in synthetic polymer chemistry offers
wide possibilities to synthesize a broad spectrum of poly-
mers with high diversity in terms of nature, properties and
composition, leading to a spectacular variety of building
blocks, in order to design polymersomes. Among others,
amphiphilic di- or triblock copolymers are predominantly
studied for vesicle formation [10–13]. Nevertheless, other
types of polymers such as alternating copolymers [14] and
graft copolymers [15–17] have also been explored to a
lesser extent (Fig. 1). Unlike diblock copolymers, triblock
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