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Current advances in the use of exosomes, liposomes, and
bioengineered hybrid nanovesicles in cancer detection and
therapy
Anubhab Mukherjee1, Bharti Bisht2, Suman Dutta3 and Manash K. Paul4

Three major approaches of cancer therapy can be enunciated as delivery of biotherapeutics, tumor image analysis, and
immunotherapy. Liposomes, artificial fat bubbles, are long known for their capacity to encapsulate a diverse range of bioactive
molecules and release the payload in a sustained, stimuli-responsive manner. They have already been widely explored as a delivery
vehicle for therapeutic drugs as well as imaging agents. They are also extensively being used in cancer immunotherapy. On the
other hand, exosomes are naturally occurring nanosized extracellular vesicles that serve an important role in cell–cell
communication. Importantly, the exosomes also have proven their capability to carry an array of active pharmaceuticals and
diagnostic molecules to the tumor cells. Exosomes, being enriched with tumor antigens, have numerous immunomodulatory
effects. Much to our intrigue, in recent times, efforts have been directed toward developing smart, bioengineered, exosome-
liposome hybrid nanovesicles, which are augmented by the benefits of both vesicular systems. This review attempts to summarize
the contemporary developments in the use of exosome and liposome toward cancer diagnosis, therapy, as a vehicle for drug
delivery, diagnostic carrier for tumor imaging, and cancer immunotherapy. We shall also briefly reflect upon the recent
advancements of the exosome-liposome hybrids in cancer therapy. Finally, we put forward future directions for the use of
exosome/liposome and/or hybrid nanocarriers for accurate diagnosis and personalized therapies for cancers.
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INTRODUCTION
A rising number of research studies are being conducted to look at
the function of cell-secreted membrane-bound vesicles to better
understand the pathophysiology of cancer and develop therapeu-
tic targets for patient care and cure. “Extracellular vesicles” (EVs) are
defined as extracellular mobile, membrane-limited cell-derived
vesicles released in the extracellular space. Considering their
biogenesis, size, and membrane composition, they can be sub-
categorized into three major groups: micro-vesicles (MVs),
apoptotic bodies (ABs), and exosomes [1, 2]. Though secreted
membrane vesicles’ functional existence was shrouded by skepti-
cism, of late, their existence and role in regulating diverse
biological functions have been well documented. Exosomes are
evocative of their respective parent cells and contain the parent
cell’s physiological state-specific proteins (e.g., transcription factors,
surface receptors, heat-shock proteins, lipids, and nucleic acids
(including DNA, mRNA, miRNA, and noncoding RNAs) [3]. Current
research interest in the field primarily focuses on getting a deeper
insight into the tumor by studying tumor cell-derived exosomes
and EVs released into the blood and other body fluids. An exosome
is a “nanosphere” and serves as a potential source of cancer
biomarkers [1]. “Exosome” refers to EVs (30–150 nm in diameter),

and their biogenesis occurs by the fusion of multivesicular bodies
(MVBs) to the cell’s plasma membrane (Fig. 1). Exosomes are
produced and secreted from all eukaryotic cell types so far tested
and found in most body fluids, including serum/plasma, saliva,
cerebrospinal fluid, breast milk, and urine and play a significant
role in intercellular communication [1, 2]. The bilayer structure of
exosomes comprises of different lipids like cholesterol, phospha-
tidylcholine, phosphatidylserine, ceramide, saturated fatty acids,
etc. Exosomes differ from MVs and ABs in that they originate from
the endocytotic compartment and are nanometric (<150 nm) in
scale. Exosomes and EVs potentially serve as a noninvasive source
of cancer-related information and are thereby widely explored as
diagnostic and therapeutic agents [4].
On the other hand, liposomes are artificial fat bubbles that

constitute of a bilayer structure spontaneously achieved when
natural or synthetic amphipathic lipids are dispersed into water.
Since their inception, they have primarily been exploited as drug
delivery vehicles because of biocompatibility and a favorable safety
profile. Polyethylene glycol (PEG) may be coated on their surface to
alter their half-life in the bloodstream [5]. Two major liposomal
Doxorubicin (Dox), Doxil and Myocet, got Food and Drug
Administration (FDA) clearance in 1995 and 1999, respectively,
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followed by several more in the category [6]. Several liposomal
therapeutics have been clinically authorized for use in the market.
According to recent studies, commercialized liposomal medicines
improved overall survival (OS) compared to the parent drug [7, 8].
In recent years, numerous studies have focused on exploring

the drug delivery potential of exosomes and liposomes, ranging
from small molecules (paclitaxel (PTX), Dox, curcumin, etc.) to a
variety of large molecules (siRNA, miRNA, proteins, etc.) [9]. The
history of exosomes and liposomes has been an intellectually
stimulating adventure and is summarized in Fig. 2. To harness
unique ascendancies of liposomes and exosomes and overcome
limitations related to restricted circulation time, structural break-
down, and cargo leakage, a new generation of a delivery system
termed exosomes-liposome hybrids, has evolved that attracted
significant attention. This review attempts to summarize recent
accomplishments in using liposome, exosome, and bioengineered
hybrid nanovesicles in cancer therapy, the pitfalls, and future
possibilities.

FORMATION AND COMPOSITION
Defining the formation, composition, and functions of exosomes
and liposomes can help understand how they can be better used
in cancer therapy. Understanding the similarity of the nanosized,
naturally occurring exosomes and their artificial mimic liposomes
can help establish advanced platforms like engineered exosomes,
exosome-mimetics, and exosome-liposome hybrids. The forma-
tion and composition of both the exosomes and liposomes are
hereby discussed.

Exosomes
In 1983, Harding et al. and Pan et al. published two separate
papers within a week and described transferrin receptor-linked
small (~50 nM) vesicles being exuded from the reticulocyte cells to
the extracellular space and therefore named “exosomes”. The term
“exosome” was used by Canadian scientist Rose Johnstone but

Trams et al., in 1981 and Mitchell et al., in 1997 also used the term
for describing other membrane fragments [10]. Exosome forma-
tion is generally divided into three stages: (1) The development of
ILVs and exosome biosynthesis inside MVBs, (2) MVB trafficking,
and (3) fusion with the mother cell’s plasma membrane, resulting
in the release of ILVs and exosomes through exocytosis [2] (Fig. 1).
First, endocytic vesicles are generated from the plasma mem-
brane, resulting in an early endosome, which matures into late
endosomes during the second stage of the process late
endosome’s limiting membranes bulge inward, resulting in the
formation of vesicles inside the lumen. MVBs are the accumulation
of these ILVs within the late endosomes. The creation of MVBs
may be explained by two distinct routes, one is endosomal sorting
complexes required for transport (ESCRT)-dependent, and the
other one is ESCRT-independent. MVBs may either fuse with
lysosomes for destruction or with the cell’s plasma membrane,
releasing ILVs as exosomes into the extracellular area [11].
Approximately 98,769 proteins and 1116 lipids have been

discovered to be linked with exosomes, according to ExoCarta
(http://www.exocarta.org/), an exosome database [12]. Exosomes
include proteins such as heat shock proteins (Hsp70 and Hsp90),
membrane transport and fusion proteins (GTPases, Annexins, and
flotillin), and many tetraspanins (CD9, CD63, CD81, and CD82)
since they originate from the intracellular endosomal component
[11]. Exosomes cargo includes a number of heat shock proteins,
annexins, and Rab family proteins, which are involved in their
intracellular formation and trafficking. Exosomes frequently
contain tetraspanins, a transmembrane protein family. Tetraspa-
nins have a role in cell fusion, motility, cell–cell adhesion, and
intercellular communication. However, their function in exosomes
is poorly understood [2]. Integrins, which are adhesion molecules
that allow cell attachment to the extracellular matrix, are another
common protein present in exosomes. Exosomal integrins are
important in the adhesion of exosomes to their target cells [13].
These proteins are considered as molecular markers to detect
exosomes. Elevated exosome secretion may be associated with

Fig. 1 Exosomes are formed from late endosomes and are formed by the inward budding of the multivesicular body (MVB) membrane.
The ESCRT machinery is critical for the formation of exosomes. During exosome biogenesis, ESCRT-independent functions are played by
nSMase2 and members of the RAB GTPase family. Micro-vesicles are formed by the plasma membrane budding, which is controlled by
cytoskeletal and regulatory proteins. Phosphatidylserine (PS) and phosphatidylethanolamine (PEA) are homogeneously expressed throughout
their membrane (PE). The development of apoptotic bodies occurs during the event of apoptosis. These vesicles are irregular in size and form,
and they comprise nuclear fractions and cytoplasmic organelles, as well as phosphatidylserine in large quantities on their membrane.
Exosomes are internalized by cells directly through a variety of pathways, including by phagocytosis, plasma membrane fusion,
macropinocytosis, and endocytosis. Exosomes may have a significant impact on cellular processes by participating in genetic/protein
transition, transcriptional control, and post-transcriptional regulation. Alternatively, exosomes can fuse with the lysosomes for degradation.
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malignancy and genotoxic stress [14]. Exosome production may
be favorably modulated in tumor cells with aberrant signal
transduction pathways, particularly those connected to p53
response elements like Steap3 [15].

Liposome
Liposomes are artificial nanosized vesicular systems with an
aqueous center and encapsulating phospholipid bilayers. Lipo-
somes have undergone substantial research as a drug delivery
mechanism (DDS) for enhancing the delivery, safety, and efficacy
of therapeutic molecules such as drugs, proteins, vaccines,
enzymes, oligonucleotides, genetic material, and other biomole-
cules [9]. The size and lamellarity of the liposome can have a big
impact on the half-life of liposomal formulations and the amount
of encapsulated active pharmaceutical ingredients (API). Depend-
ing on the size and lamellarity of liposomes, they are categorized
as unilamellar or multilamellar. Unilamellar vesicles can be small
(20–100 nm), large (100–250 nm), and giant (>1000 nm). The other
types includes, the Oligolamellar vesicles (2–5 concentric phos-
pholipid layers; 100–1000 nm), multilamellar (> 5 concentric
phospholipid layers; 1–5 µm), and multivesicular liposomes (500
nm–5 µm; with discontinuous non-concentric compartments filled
with water) (Fig. 3) [16, 17]. Liposomes may also be categorized
depending on their in vivo applications, such as conventional,
sterically stabilized, or ligand-targeted, stimuli-responsive, stealth
liposomes, catatonic, antibody-targeted liposomes, and so on.
Though liposomes are a secure and efficient way to deliver

therapeutic agents, they often suffer from opsonization. The
mononuclear phagocyte system (MPS) or the reticuloendothelial
system clears conventional liposomes from the bloodstream by
binding with Opsonins (serum proteins) [18]. Conventional
liposomes, also known as first-generation liposomes, are made
up of cationic, anionic, or acidic phospholipids in conjunction with
cholesterol and have been shown to improve the therapeutic
index of APIs like Dox [19, 20]. Stealth liposomes or PEGylated
liposomes are made by using a hydrophilic polymer, such as PEG,
is applied to the liposomal surface to shield the liposomes from
serum proteins [21]. Tumors overexpress particular receptors or
ligands and, therefore, can be attacked with specific binding
partners such as antibodies, polypeptides, proteins, and other
molecules. Liposomal surface engineering with different ligands,
such as protein, peptide, aptamer, and small molecule, could

achieve targeted drug delivery (as shown in Fig. 3). Immune-
liposomes characterized by the liposomal-surface coupling of a
monoclonal antibody, specific for a particular tumor antigen are
among the most specific approaches in targeting tumors. Since
immune liposomes have reduced in vivo effectiveness, newer
generations of liposomes are engineered utilizing a hybrid design
strategy to improve tissue targeting and precise drug delivery [22].
Though Liposome and Micelle are excellent vehicles for

therapeutic delivery but there exist some structural differences
between liposomes and micelles. Liposomes are made up of
bilayers of amphiphilic lipids which cocoon an aqueous interior
from the external bulk aqueous phase. The non-polar hydro-
phobic lipid tails reside close to each other by a stabilizing van
der waals force while hydrophilic head groups divulge outwards
in the aqueous phase and are stabilized by polar interactions.
Thin lipid-film hydration, ethanol injection are a few well-known
methods of nanometric liposome synthesis. Clearly, in this
structural orientation, hydrophilic drugs can be entrapped within
the aqueous interior while hydrophobic drug molecules can be
encapsulated in the lipid bilayer. Drug encapsulation is followed
by a protracted circulation time and sustained systemic release
of the therapeutic entities [23]. On the other hand, micelles are
composed of closed lipid monolayers with a non-polar lipid tail
core and the polar surface of the head group as a shell. There
also exist some micelles where the polar core is observed with
lipid tail on the surface, they are known as an inverted micelle. It
has been observed that block-copolymers can aggregate in a
micellar structure when dispersed in an aqueous phase. In
nanotechnology, various methods such as nanoprecipitation or
double emulsion have been described to synthesize polymeric
NPs. These micellar self-assemblies of biodegradable amphiphilic
are well adequate for systemic administration. The benefit
derived from this core-shell structural orientation is the
encapsulation of hydrophobic molecules with the sustained-
release property having prolonged circulation time [24].
Interestingly, surface modification with PEG for both the

delivery systems has drawn significant attention of the formula-
tors worldwide. This actually improved the pharmacokinetic
profiles of the active ingredients. Many FDA-approved and
successfully commercialized liposomes contain DSPE-PEG as a
co-polymer in the delivery system which was shown to render
protection from the Kupffer cells. A polymeric NP, PLGA-mPEG

Fig. 2 Timeline: Breakthroughs in exosome and liposome research. The timeline and significant milestones in the progress of extracellular
vesicle (EV) and liposome research in cancer drug delivery, detection and therapy. siRNA small interfering RNA, CRISPR clustered regularly
interspaced short palindromic repeats.
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based PTX delivery system (Genexol-PM), has also been approved
by EMA for metastatic breast cancer therapy which is being used
in Korea and the European Union [25]. It is worth mentioning here
that the addition of DSPE-PEG (2000) in liposomes should be
limited up to a particular concentration. The excess amount of the
presence of the co-polymer DSPE-PEG (2000) breaks down the
bilayer into an intermediate discoidal structure and further excess
can lead to micelle formation [26].

CANCER DRUG DELIVERY
Traditional chemotherapy exhibited some effectiveness, but its
significant disadvantages include low bioavailability, high dosage
requirement, adverse side effects, low therapeutic indices, multi-
ple drug resistance generation, and non-specific targeting. Hence,
an efficient drug delivery vehicle is needed to overcome these
delivery-related challenges and move medications to the target
sites for effective clinical intervention. To date, a significant
number of nanotechnology-based products have demonstrated
potential, including liposomes, polymeric nanoparticles (NP),
albumin NPs, and inorganic NPs, and few among them have
already gained access to clinical use [22]. Exosomes, packed with
biological and chemical cargos, act as natural drug delivery
carriers and currently being used to target tumor cells and are
considered a potential alternative to artificial NPs. The use of
exosomes as drug delivery vectors for cancer is described here,
emphasizing on small molecule chemotherapeutics, proteins, and
nucleic acid.

Exosome as a drug delivery vehicle
Owing to their endogenous origin, low immunogenicity, the
innate ability to cross the blood-brain barrier (BBB), high target
specificity, and biocompatibility, the therapeutic potential of
exosome-mediated drug delivery has also been investigated by
numerous research teams across the world [2, 3]. The recent
advances are summarized in the following section.

Exosomal delivery of small molecule. The uptake of exosomes by
specific recipient tumor cells is mediated by exosomal surface
proteins and this can control successful drug delivery and
distribution. Shrivastava et al. created an exo-Gold NP-based

therapeutic delivery method for Dox, named “nanosomes” for
lung cancer treatment. The data demonstrated the therapeutic
effectiveness of nanosomes and effectual Dox distribution in
H1299 and A549 non-small cell lung cancer cells [27]. In the last
two decades, global efforts were witnessed toward exhibiting
ramifications of curcumin treatment, including anti-inflammatory,
antineoplastic, antioxidant, and chemo-preventive activity, both
in vitro and in vivo [28]. Sun et al. isolated EL-4 cell-derived
exosomes using sucrose gradient centrifugation and introduced
curcumin into the exosomes, which enhanced solubility, curcumin
stability in vitro, and its bioavailability, in vivo. In an LPS-induced
murine septic shock model, curcumin, loaded and delivered in
exosomes, showed an enhanced anti-inflammatory effect, protect-
ing the mice, compared to its curcumin-free empty counterpart.
They further showed that exosomal curcumin diminished the
number of CD11b+Gr-1+ cells, which is increased upon LPS-shock
[29]. The BBB is formed by a compact network of endothelial cells,
astrocytes, and pericytes. The BBB inhibits many chemotherapeu-
tic drugs from entering the brain. To breach the BBB, Yang et al.
isolated exosomes from glioblastoma and brain endothelial cells,
incorporated PTX and Dox into them, and demonstrated their
successful transport across BBB in a zebrafish model [30]. In
another study, Tian et al. isolated exosomes from mouse immature
dendritic cells (DCs) pulsed with a plasmid construct to express
Lamp2b (exosomal membrane protein) fused with αv integrin
targeting iRGD peptide. This was followed by Dox loading in
engineered exosomes through electroporation. Intravenous
administration of Dox-loaded exosome in a MDA-MB-231 trans-
planted nude Balb/c murine model showed effective tumor
growth inhibition [31]. Recently McAndrews et al. developed
engineered exosomes loaded with “small molecule STING agonist
cyclic GMP-AMP” (iExoSTINGa). Exosome-mediated transmission of
STING agonist suppresses B16F10 subcutaneous tumor develop-
ment and boosts antitumor immunity [32].

Exosomal delivery of protein. Engineered exosomes are ideal for
delivering small molecules, genes, or proteins intracellularly to
reprogram targeted cells and can be effectively used for tumor
targeting. Surface engineering of exosomes by genetic modifica-
tion and chemical alteration is done with the apparent aim of
enhancing targeting precision. Many tumors overexpress a “don’t

Fig. 3 Graphical presentation of the liposome as a theranostic nano-platform. Left-hand panel: liposomes are classified depending on their
size and lamellarity. Right-hand panel: the schematic shows the many permutations that may be utilized to create multifunctional liposomes,
which can subsequently be employed for theranostic applications such as cargo transport, tumor targeting, and diagnostics. a Liposomes
with stimuli-responsive structures. b Surface changes, including PEGylated liposomes, to create targeted liposomes. c Tumor screening
diagnostics applications. d Hybrids of exosomes and liposomes for tumor targeting. Reproduced from Madamsetty et al. [144]. DOI: 10.1016/
C2019-0-02790-2 Copyright © 2021 Elsevier Inc. In Press.
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eat me” signal (CD47) that interacts with phagocytic cell’s signal
regulatory protein (SIRP). CD47 prevents macrophage’s capacity to
engulf tumor cells by activating SIRP. Koh et al. engineered
exosomes harboring SIRPα variants (SIRPα-exosomes). SIRPα-
exosomes could disrupt CD47-SIRP interaction, resulting in tumor
cell death through macrophage-mediated phagocytosis [33].
Many other groups have demonstrated the broad potential of
exosomal membrane-associated protein therapeutics, and the
strategy can be employed to treat cancer.

Exosomal delivery of siRNA/miRNA. RNA-interference (RNAi) is a
sequence-specific, unique spatiotemporal, post-transcriptional
gene silencing process that has been preserved throughout
evolution. Since the discovery of RNAi in cultured mammalian
cells, studies aimed at demonstrating the therapeutic potential of
small interfering RNAs (siRNAs) have been reported in mouse
models and in non-human primates and more recently in humans
[34]. Global attempts have been devoted to create vectors for
therapeutic siRNA delivery in vivo [35]. FDA has approved Alnylam
Pharmaceuticals Inc.‘s lipid-based RNAi therapy (ONPATTROTM),
the first of its kind in 2018, which treats Polyneuropathy of
Hereditary Transthyretin-Mediated Amyloidosis in Adults [36].
Nevertheless, a few cellular and preclinical studies have already
been performed for exosome-mediated RNAi delivery [37]. Here
we summarize a few of them.
In 2011, Wood et al. made a successful attempt to load siRNA

onto DC-derived exosomes (DEXs) by electroporation and
delivered to the mouse brain via intravenous injection. Electro-
poration at 400 V and 125 μF yielded the highest retention of
siRNA. Specificity to target the brain was introduced by triggering
DCs to express CNS-specific rabies viral glycoprotein peptide
(YTIWMPENPRPGTPCDIFTNSRGKRASNG) that specifically binds to
the acetylcholine receptor fused with the N-terminus of murine
Lamp2b, an exosomal membrane protein. To assess the ther-
apeutic activity, they delivered siRNA against BACE1, a target for
Alzheimer’s disease, and achieved substantial dose-dependent
knockdown of mRNA and protein levels [38]. In another study
performed by Banizs et al. in 2014, exosomes were obtained from
mouse aortic endothelial cells expressing CD9 and CD63 and were
examined to deliver luciferase siRNA to luciferase-expressing
endothelial cells, where more than 40% gene knockdown was
observed. In this study, electroporation was employed to load
siRNA onto exosomes, specifically, at 400mV/200 μF using 100 μl
volume and the BTX ECM 600 electroporation system [39].
Similarly, Wahlgren et al. isolated exosomes from peripheral
blood, loaded MAPK1 siRNA by electroporation at 0.150 kV/100
mF, and delivered into monocytes and lymphocytes, resulting in
specific gene silencing [40]. In 2013, Filatov et al. also incorporated
siRNAs against RAD51 and RAD52 into HeLa and HT1080 cells
using chemical transfection and electroporation. HeLa cells, when
treated with these exosomes, underwent massive cell death [41].
Notably in a study performed in 2013, Ohno et al. loaded let7a
miRNA onto HEK293 cell-derived exosomes by lipofection and
delivered to EGFR overexpressing murine RAG2–/– breast cancer
xenografts upon intravenous administration. Tumor targeting was
attained by modifying exosomes with GE11 peptide (YHWY-
GYTPQNVI), less mitogenic than EGF [42]. Considering the wide
applications of exosome in cancer, Table 1 summarizes the recent
clinical trials that involved exosomes.

Liposome as a drug delivery vehicle
Several clinical studies are currently undergoing for
nanotechnology-based products, including as liposomes, NP
polymers, albumin NP, and inorganic particles etc., and few among
them have already gained access to clinical use. Among these
nanocarriers, one of the best characterized is “liposomes”. Ever
since its discovery in 1965, liposomes have drawn enormous
attention in nanomedicine research due to their unique properties, Ta

bl
e
1.

Li
st

o
f
ex
o
so
m
al

fo
rm

u
la
ti
o
n
s
u
n
d
er
g
o
in
g
cl
in
ic
al

tr
ia
ls
ai
m
ed

at
d
ia
g
n
o
si
s
an

d
tr
ea
tm

en
t
o
f
ca
n
ce
r.

C
lin

ic
al

Tr
ia
l
ID

D
es
cr
ip
ti
o
n

D
u
ra
ti
o
n

C
an

ce
r
ty
p
e

Sp
o
n
so
r/
A
g
en

cy

N
C
T0

17
79

58
3

C
ir
cu

la
ti
n
g
ex
o
so
m
es

as
p
ro
g
n
o
st
ic

an
d
p
re
d
ic
ti
ve

b
io
m
ar
ke
r
in

ad
va
n
ce
d
g
as
tr
ic

ca
n
ce
r

p
at
ie
n
t

20
13

–
20

16
G
as
tr
ic

H
o
sp
it
al

M
ig
u
el

Se
rv
et

N
C
T0

23
93

70
3

In
te
rr
o
g
at
io
n
o
f
Ex
o
so
m
e-
m
ed

ia
te
d
In
te
rc
el
lu
la
r
Si
g
n
al
in
g
in

Pa
ti
en

ts
w
it
h
Pa

n
cr
ea
ti
c
C
an

ce
r

20
15

–
20

19
Pa

n
cr
ea
ti
c

M
em

o
ri
al

Sl
o
an

K
et
te
ri
n
g
C
an

ce
r
C
en

te
r

N
C
T0

16
68

84
9

Ed
ib
le

p
la
n
t-
d
er
iv
ed

ex
o
so
m
e
ab

ili
ty

to
p
re
ve

n
t
o
ra
lM

u
co

si
ti
s
as
so
ci
at
ed

w
it
h
ch

em
o
ra
d
ia
ti
o
n

tr
ea
tm

en
t
o
f
h
ea
d
an

d
n
ec
k
ca
n
ce
r

20
12

–
20

18
H
ea
d
an

d
n
ec
k

Ja
m
es

G
ra
h
am

B
ro
w
n
C
an

ce
r
C
en

tr
e

N
C
T0

12
94

07
2

St
u
d
y
in
ve
st
ig
at
in
g
th
e
ab

ili
ty

o
f
p
la
n
t
ex
o
so
m
e
to

d
el
iv
er

cu
rc
u
m
in

to
n
o
rm

al
an

d
co

lo
n

ca
n
ce
r
ti
ss
u
e

20
11

–
20

20
C
o
lo
n

Ja
m
es

G
ra
h
am

B
ro
w
n
C
an

ce
r
C
en

tr
e

N
C
T0

20
71

71
9

Pr
ed

ic
ti
n
g
re
sp
o
n
se

to
ki
n
as
e
in
h
ib
it
o
rs

b
as
ed

o
n
p
ro
te
in

p
h
o
sp
h
o
ry
la
ti
o
n
p
ro
fi
le
s
in

tu
m
o
r

ti
ss
u
e
fr
o
m

ad
va
n
ce
d
re
n
al

ce
ll
ca
n
ce
r
p
at
ie
n
ts

20
12

–
20

17
R
en

al
ce
ll

V
U

U
n
iv
er
si
ty

M
ed

ic
al

C
en

te
r

N
C
T0

15
50

52
3

Pi
lo
t
Im

m
u
n
o
th
er
ap

y
tr
ia
l
fo
r
re
cu

rr
en

t
m
al
ig
n
an

t
g
lio

m
as

IG
F-
1R

/A
S
O
D
N

20
12

–
20

13
M
al
ig
n
an

t
g
lio

m
a
o
f
b
ra
in

Th
o
m
as

Je
ff
er
so
n
U
n
iv
er
si
ty

N
C
T0

24
54

93
0

Ev
al
u
at
io
n
o
f
m
ic
ro
R
N
A
ex
p
re
ss
io
n
in

b
lo
o
d
an

d
cy
to
lo
g
y
fo
r
d
et
ec
ti
n
g
B
ar
re
tt
’s
Es
o
p
h
ag

u
s

an
d
as
so
ci
at
ed

n
eo

p
la
si
a

20
15

–
20

18
Es
o
p
h
ag

ea
l
ad

en
o
ca
rc
in
o
m
a

M
id
w
es
t
B
io
m
ed

ic
al

R
es
ea
rc
h
Fo

u
n
d
at
io
n

N
C
T0

23
10

45
1

St
u
d
y
o
f
m
o
le
cu

la
r
m
ec
h
an

is
m

im
p
lic
at
ed

in
th
e
p
at
h
o
g
en

es
is
o
f
m
el
an

o
m
a

20
14

–
20

16
M
et
as
ta
ti
c
m
el
an

o
m
a

C
en

te
r
H
o
sp
it
al
ie
rU
n
iv
er
si
ta
ir
e
d
e
N
ic
e

N
C
T0

21
47

41
8

Ex
o
so
m
e
te
st
in
g
as

a
sc
re
en

in
g
m
o
d
al
it
y
fo
r
h
u
m
an

Pa
p
ill
o
m
a-
p
o
si
ti
ve

O
ro
p
h
ar
yn

g
ea
l

Sq
u
am

o
u
s
C
el
l
C
ar
ci
n
o
m
a

20
15

–
20

19
O
ro
p
h
ar
yn

g
ea
l

N
ew

M
ex
ic
o
C
an

ce
r
C
ar
e
A
lli
an

ce

N
C
T0

35
42

25
3

C
o
m
b
in
ed

D
ia
g
n
o
si
s
o
f
C
T
an

d
Ex
o
so
m
e
in

Ea
rl
y
Lu

n
g
C
an

ce
r

20
18

–
20

19
Lu

n
g

Se
co

n
d
A
ffi
lia
te
d
H
o
sp
it
al
o
f
So

o
ch

o
w

U
n
iv
er
si
ty

N
C
T0

33
17

08
0

D
yn

am
ic

M
o
n
it
o
ri
n
g
C
ir
cu

la
ti
n
g
Tu

m
o
r
D
N
A
in

Su
rg
ic
al

Pa
ti
en

ts
w
it
h
Lu

n
g
C
an

ce
r

20
17

–
20

23
Lu

n
g

W
es
t
C
h
in
a
H
o
sp
it
al

D
et
ai
ls
o
b
ta
in
ed

fr
o
m

h
tt
p
s:
//
cl
in
ic
al
tr
ia
ls
.g
o
v/
.

Exosomes, liposomes, and bioengineered vesicles in cancer
A Mukherjee et al.

2763

Acta Pharmacologica Sinica (2022) 43:2759 – 2776

https://clinicaltrials.gov/


including targeting particular cells or tissues, protecting the
payload, high biocompatibility, and low toxicity rendering
enhanced bioavailability to the cargo, etc. Liposomes are artificially
manufactured biomembrane-mimetic spherical vesicles containing
a hydrophilic aqueous interior and lipidic bilayer exterior [24].
Owing to their unique structure, they can carry hydrophilic drugs in
the cocooned aqueous core and hydrophobic biotherapeutics
inside the lipid bilayer. An array of bioactive molecules, including
anticancer agents, antiangiogenic agents, antimicrobial agents,
chelating agents, peptides, hormones, enzymes, proteins, vaccines,
and genetic materials, can be delivered via liposomes [43, 44]. It
turns out that almost 17 different liposomal formulations are
already out in the market for use against many pathological
indications, and a plethora of them are undergoing various phases
of clinical trials. The clinical translation of the liposomal vehicles
can be attributed to their small nanometric particle size, high drug
loading capacity, high bilayer permeability, colloidal stability (as
indicated by surface charge), and surface modification PEGylation
for obtaining better pharmacological profile and targetability
[18, 45]. Liposomal formulations improved the pharmacokinetic
profile of the drug and diminished off-target toxicity associated
with the cytotoxic molecules [46, 47]. As mentioned above,
liposomes have been successfully explored to deliver nucleic acids
as well. For example, siRNA-based drug Onpattro (Alnylam) was
recently approved by the FDA and EMA [48]. Here, in Table 2, we
provide a brief account of liposomes undergoing clinical trials.
Table 3 summarizes already marketed liposomes respectively for
use in cancer therapy. Two very well-known liposomes, Doxil and
Myocet, were approved by FDA in 1995 and 1999, with the
subsequent approval of many of them [6]. As of now, 16 liposomal
drugs received clinical approval and thereby marketed, including
AmBisome, DaunoXome, DepoCyt, DepoDur, Visudyne, etc. Until
2017 no marketed liposomal drugs showed OS enhancement than
the parent drug [7]. Recent phase III outcome of liposomal
cytarabine-daunorubicin (Vyxeos; CPX-351) as contrasted with its
individual counterparts cytarabine and daunorubicin (“7+ 3”) in
60–75 years old patients with high-risk acute myeloid leukemia,
revealed enhanced OS of 9.56 months versus 5.95 months [8].
Liposomes are thus a promising vehicle for delivering anticancer
drugs to specific locations and can be engineered for personalized
cancer treatment.

DIAGNOSTIC CARRIER IN CANCER DETECTION
Diagnostic testing entails scans and techniques that are used to
confirm the existence of cancer and to determine the type,
location, severity, and stage of the tumor. The most sought-after
aim is to detect cancers early using sophisticated diagnostic
technology to identify and analyze tumors and develop a
therapeutic plan. Exosome and liposome-based molecular diag-
nostics are discussed below.

Exosome as diagnostic carrier
Exosomes were initially thought of as circulatory vehicles
collecting and discarding scrap materials from cells; however,
later a paradigm shift occurred in understanding their biological
functions. It is quite clear now that exosomes’ content and
physiological functions solely depend on the parent cell. Besides
having tremendous possibilities as therapeutic delivery systems,
they can also be viewed as potential prognostics and diagnostics
agents with clinical significance [3]. It turns out that tumor cells
discharge a higher number of exosomes compared to their normal
counterpart and exosomes originated from tumor carry signature
protein and nucleic acids of that particular tumor, which in turn, is
capable of influencing normal healthy cells to instigate drug
resistance, malignancy, immune-modulation, etc. Exosomes, thus,
can be conceived as a diagnostic and prognostic tool for cancer
detection, discerning the differences between histotypes [3]. For

instance, in 2015, Melo et al. identified a cell surface proteoglycan,
glypican-1 (GPC1) abundant in cancer cell-derived exosomes,
found in pancreatic cancer patient’s serum with high specificity
and sensitivity. This unequivocally enunciated that exosomes with
plentiful of glypican-1 have the potential for prognosis and
differentiate between healthy subjects, patients with benign
tumor and early/late stage of pancreatic cancer. For pancreatic
cancer diagnosis, the authors used flow cytometry to isolate
exosomes from the serum of pancreatic cancer patients, and
proposed an explanatory early detection method [49].

Imaging of exosomes
Spatiotemporal investigation of the metabolic activities of
exosomes, EVs both in therapeutic and diagnostic fields of study
requires the robust accompaniment of a variety of imaging
techniques. They may be classified based on how they are
detected [50].

Fluorescence. Optical imaging by fluorescence microscopy is a
widely accepted technique to trace molecular and sub-cellular
events. Exosomes have been traced using organic dyes, geneti-
cally encoded fluorescent proteins, fluorescent nanomaterials, and
immunofluorescent reporters.

Bioluminescence. Luciferase, without an excitation source for
emission of light, emits bioluminescence via reaction of its
substrate with either ATP and Mg2+ or oxygen. In 2014, Lai
et al. developed mbGluc-BAP, a membrane-bound (mb) version of
Gluc (gaussia princeps luciferase) linked to a biotin acceptor
peptide (BAP) for labeling and tracking EVs. Consequently, EVs
isolated from HEK293T cells already overexpressing mbGluc-BAP
were injected into nude mice. In vivo bioluminescence images
revealed that the spleen and liver exhibited a prominent signal
compared to control (only PBS) after 30min of injection [51].

MRI. Magnetic resonance imaging is a robust contrivance in
anatomy and physiology to produce 3D images of healthy and
diseased organs with high sensitivity. The working principle is
based on finding contrast in images that takes its origin from the
differences in relaxation time of H nuclei in different tissue
environments under study. Chemical contrast agents, such as
superparamagnetic iron oxide nanoparticles (SPIONs) have been
used in MRI to enhance sensitivity [52]. Recently, Hu et al.
constructed melanoma exosomes for MRI tracking by loading
SPIONs onto them using electroporation. Following standard
in vivo MRI procedure, it was revealed that accumulation of
SPIONs in the ipsilateral lymph node of C57BL/6 mice at 48 h was
remarkably higher when delivered by exosomes compared to free
SPIONs [53]. Interestingly, Marzola et al. made a tweak in the
exosomes labeling strategy, i.e., they incubated ultra-small super-
paramagnetic iron oxide NPs with adipose stem cells (ASC), which
can be viewed as an indirect labeling. The ASCs produced, labeled
exosomes for MRI visualization [54]. These can eventually open a
broad door for medical applications of noninvasive techniques in
near future.

Computed tomography. Computed tomography (CT) scans,
another vastly used noninvasive medical imaging technology
with high spatiotemporal specificity, relies on cross-sectional
images primarily arising from combinations of multiple X-ray
absorptions by an object under investigation. A few studies have
been performed to elucidate exosomes-tracing by CT as well.
For instance, Lee et al. isolated exosome-mimetic nanovesicles
(ENV) from RAW 264.7 cells, radio-labeled them with 99mTc-
hexamethylpropyleneamineoxime (HMPAO) by 1 h incubation and
tracked their distribution in mice. Single-photon emission
computed tomography (SPECT)/CT images revealed a significant
uptake of 99mTc-HMPAO-ENVs in mouse liver after 30min and in
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salivary glands after 3 h but no accumulation in the brain even 5 h
after injection. On the other hand, mice administered with only
99mTc-HMPAO show higher brain uptake [55]. In another study
conducted by Bezter in 2017, MSC-secreted exosomes were
labeled by glucose-coated Au-NP and administered via the
intranasal route murine model of focal brain ischemia. Neuroima-
ging by CT revealed substantial brain accumulation of the
exosomes [56].

Exosome and liquid biopsies
A liquid biopsy, popularly known as fluid phase biopsy or fluid
biopsy, is the characterization and analysis of liquid-state
biological tissue, primarily blood or other liquid specimens like
saliva, urine etc. Liquid biopsy has been mainly used for the
diagnostic and prognostic detection and monitoring tool for
diseases like cancer. This technique aids in detection and
characterization of molecules (e.g., tumor DNA), as well as whole
cells (e.g., circulating tumor cells (CTC)) in a largely noninvasive
mode instead of biopsies of tumor tissues [57]. Having the
advantage of being barely invasive the detection is faster and
can be tested more frequently for better monitoring tumors and
mutations over time, monitor a patient’s reaction to therapy as a
“surveillance” strategy for those who have concluded treatment
yet are at high relapse of their cancer. Blood-based liquid
biopsies offer easy access to altered tumor genetic material thus
relieving the dependency on more invasive tissue biopsy [58].
These technological advances, of detecting rare mutations in a
background of wild-type targets, have generated a boom in the
field of liquid biopsies. Liquid biopsy source materials are of
mainly three types: (1) tumor-derived exosomes (TEX) and EVs,

(2) CTCs, and (3) circulating tumor DNA (ctDNA) [57, 58]. Analysis
of the contents of specific exosomes, derived from a particular
type of cancer, by using advanced state-of-the-art technologies
like single molecular array, Surface-enhanced Raman spectro-
scopy, Luminex, AlphaLISA, Electroluminescence ELISA have
triggered a lot of enthusiasm and hope in identifying disease
biomarkers at early stage.
Exosomes and EVs are actively released into biofluids by most

living cells including tumor cells (Figs. 1 and 4). Because most
tumor cells have an overactive MAPK pathway, they actively
secrete exosomes and EVs. Over the course of 48 h, a cancer cell is
capable of releasing more than 20,000 of these vesicles. These
vesicles carry cell- and cell-state-specific nucleic acids (RNA, DNA,
and miRNAs) and signature proteins from the tumor, including
relevant genetic material and proteins from the carcinogenic
process. Exosomes have been shown to play a significant role in
promoting tumor development, suppressing the immune
response, inducing angiogenesis, and promoting metastasis,
making them especially fascinating as cancer biomarkers.
Since RNA is intrinsically fragile, it cannot exist in biofluids such

as serum or plasma in its free form. Before it was discovered that
exosomes comprise diagnostically important RNA, the liquid
biopsy field was limited to CTCs and cfDNA [59]. When it was
revealed that tumor-derived RNA could be stably extracted from
exosomes from the serum or plasma of cancer patients, the
arsenal for cancer diagnostics became much larger. Ratajczak et al.
found Oct4 and other pluripotency factor mRNAs in vesicles
produced from murine stem cells in 2006, which was the first
discovery of RNA in vesicles from cell lines. Studies after this one
established the existence of exosomal RNA, proved intercellular

Fig. 4 Liquid biopsy workflow for cancer diagnosis and treatment. First panel showing exosome and EV release sites. Tumor-derived
exosomes and EVs can be isolated from different types of bodily fluids. Second panel showing different methods for exosome isolation from
bodily fluid and cell culture media. Third panel shows different methods used for the analysis of exosome biophysical properties and the
molecular profiling of cargo. The available information can be used for diagnosis and treatment.
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transport of exosomal RNA and offered a new medium for
intercellular communication between cells [37].
Biomarker discovery in exosomes has traditionally focused on

miRNA, although the exosomal long RNA (mRNA, lncRNA, etc.) has
more usefulness in detecting somatic mutations and changes in
gene transcription. Long RNAs provide new avenues for investi-
gating disease states or progression. The study of KRAS and BRAF
mutations in serum exosomal mRNA and tissue DNA from
colorectal cancer patients revealed a high degree of agreement
between these nucleic acids. For the first time, exosome long
RNAs enabled for the detection of oncogenic fusion transcripts, as
well as alternative splice variants, and the RNA transcriptome
profile of a liquid biopsy from serum or plasma [60]. The existence
of miRNAs has been associated to cancers of the lung, prostate,
and pancreas. These various exosomal nucleic acids (exoNA)
reflect benefits specific to exosomes that may not be detectable
using cfDNA, short RNA, or protein tests, together with previously
described RNA editing and circular RNAs.
It is worth noting that, in addition to RNA, exosomes contain other

potential cargos that could be used as biomarkers, such as proteins
including membrane proteins, lipids, and metabolites. Immuno-
pulldowns can be designed in biofluids to enrich or deplete tissue-
specific exosomes based on surface protein markers for subsequent
biomarker analyses, including protein analytes (Fig. 4). Using plasma,
this approach has been shown to significantly improve the clinical
correlation of biomarkers with disease states, which is otherwise
either poorly represented or undetectable when crude plasma was
analyzed [57, 60].
After rigorous clinical validations, the first commercial prostate

cancer exosome testing has lately been introduced. For the
intended use population: males, this noninvasive urine test
employs an unique expression profile of three RNA transcripts
(two mRNAs and one lncRNA). PSA readings of 2 to 10 ng/ml, 50
years of age or older, no previous biopsy. In one extensive clinical
validation involving over 1000 patients, the gene signature within
exosomes analyzed from voided urine was indicated as a rule-out
test for high-grade (>GS7) prostate cancer with an NPV of 91%,
avoiding about 27% of biopsies [61]. The urine gene expression
signature test is based on genes linked to prostate cancer
development and progression, demonstrating the therapeutic
value of exosome-derived RNA biomarkers. A workflow of the use
of exosomes for the liquid biopsy of cancer is shown in Fig. 4.

Exosome enhances detection limit of liquid biopsy
Recent publications on cfDNA analysis reported detection of allelic
frequency as little as 0.001%, i.e., ten mutant copies in a
background of 1,000,000 wild-type alleles. While this approaches
even the highest fidelity of DNA polymerase, strategies such as
unique molecular indexing and bioinformatical background
correction have helped improve the performance of next-
generation sequencing (NGS) assays for mutant alleles at low
frequencies in more targets. However, the biological limitation of
low mutant copy number present in circulation, especially in
patients with early-stage cancers, cannot be addressed by the
improved methods for allelic frequency discrimination.
Exosome RNA has the potential to enhance the overall number

of mutant copies accessible for sampling. A recent publication
comparing ctDNA mutation detection vs. combined exoNA+
ctDNA showed that the combined exosome assay had ~10-fold
more mutated copies of activating EGFR mutations in NSCLC
patients (median of 24 mutant copies/ml plasma on ctDNA vs. 234
copies/ml plasma with the combined approach) [62]. In addition,
the allelic frequency of the mutations was ~3-fold higher when
the mutation targets were analyzed by the combined exosome
approach vs. ctDNA-only mutation detection by BEAMing.
Furthermore, a recent longitudinal research examining the levels
of BRAF, KRAS, and EGFR mutations in exosomes and cfDNA over
time found that combining exoNA and cfDNA analysis increased

the association of biomarkers with treatment success much more
than cfDNA alone [63].
In all three kinds of liquid biopsy targets, the wild-type target is

present in very high concentrations as compared to the tumor-
derived components. Finding a single CTC in a backdrop of 106–107
leukocytes would be difficult assuming the cell in question were to
be identified at all. Exosomes and cfDNA both face analogous
limitations. A range of variables, including activity and disease status,
have been shown to impact the absolute quantity of cfDNA,
however there is no indication that only wild-type material, and not
diseased material, is vulnerable to these perturbations. It is possible
to get false negative responses because of the large background of
wild-type nucleic acid and the modest, often undetectable, levels of
mutations present in the sample. Positive identification of mutations,
particularly when they occur in low allelic frequency, should, on the
other hand, be read with care, since healthy persons, too, may
display low allelic frequency of mutations as a result of clonal
hematopoiesis, which is a rare occurrence [64].

Liposome in cancer diagnostics
In biomedical research, molecular imaging has vastly found its
application for the diagnosis of pathological conditions as well as
for monitoring of treatment progression [65]. To our intrigue, in
addition to transporting a wide range of tiny and big molecules,
liposomes have also been explored to deliver a myriad of
diagnostic agents, namely, 64Cu [66], 14C isotopes [67], quantum
dots [68], gadolinium (Gd)-based contrast agents [69] SPIONs [70],
and fluorescent probes [71–73]. Moreover, liposomes loaded with
these probes can be targeted passively or actively to the diseased
tissue. Here, we shall briefly reflect upon few important studies.
Mostly, long circulating PEGylated liposomes are used to carry
radionuclides with short half-life, which is necessary to better
signal-to-noise ratio. The radionuclides are loaded into various
parts of the liposomes such as (1) aqueous core, (2) lipid bilayer,
(3) outer surface, and (4) remote loading via a transmembrane
gradient [18]. Generally, surface chelation or remote loading are
preferred for higher and faster encapsulation, while chelators are
routinely used in the aqueous interior of the liposomes for
entrapping the radionuclides toward improving efficacy. The
widely applied technologies for detecting and imaging of various
radio-labels (99mTc, 111In, 123I, 18F, 68Ga, etc.) are—positron
emission tomography and SPECT [45]. For instance, remote
loading via a transmembrane gradient of 99mTc-N,N-bis(2-mer-
captoethyl)-N′,N′-diethyl-ethylenediamine onto liposomes with
variable composition was examined by Li et al. in a report [74].
Similarly, different imaging agents are required for different

imaging instruments, such as, paramagnetic metals for MRI,
contrast agents for CT imaging, or microbubbles for US
sonography. For example, Erdogan et al. subsumed an amphiphilic
polymeric chelator inside the lipid bilayer to heavily load Gd and
modify the surface of the liposome with 2C5 mAb for specific
targeting the cancer cell and effectively MR imaged the tumors in
murine model after 4 h of injection [75]. In 2016, Ghaghada et al.
demonstrated the efficacy of liposomal iodine (275 mg/kg) toward
CT visualization of sub-cm sized primary as well as metastatic liver
carcinoma in companion dogs [76]. Furthermore, facilitating the
application of contrast-enhanced targeted ultra-sound imaging,
an Annexin V-conjugated lipidic nanobubble was prepared and
tested to observe the cisplatin induced apoptotic response in mice
harboring MDA-MB 231 tumor. It demonstrated its efficacy by
detecting apoptosis in tumor cells within 70 s post-injection [77].
Interestingly, toward achieving a multimodal diagnostic, Wu

et al. loaded liposomes with IR820, Iohexol and Gd-chelates for
fluorescent, CT and MRI imaging of C6 tumor in nude mice [78]. In
recent times, cancer theranostics (therapy plus diagnostics) have
attracted significant attention of the researchers, where a
therapeutic drug and an imaging agent are co-delivered to the
site of action [17, 79]. Individuals with advanced pleural
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mesothelioma exhibited higher (99mTc)-liposomal DOX uptake
with ameliorated survival compared to the control cohort. Higher
uptake as predicted by the image analysis of the theranostic
liposome was directly proportional to the efficacy of the
chemotherapeutic drug [80]. Importantly, Martinez et al. used
biomimetic liposomes such as leukosomes (with leukocyte
membrane protein) to load DOPE-Rh and imaged activated
endothelial cells corroborating enhanced affinity (~14 times) of
the leukosomes for the endothelium [81]. In addition, target
activatable probes have also found their application in liposomal
delivery [82, 83]. Taken these facts into consideration, scientists
are nurturing high hopes for clinical translation of liposomes as a
diagnostic nanocarrier for use in cancer in near future.

CANCER IMMUNOTHERAPY
In recent years, cancer immunotherapy has made significant strides.
By optimizing cell type-specific distribution and enhancing medica-
tion effectiveness, nanocarriers such as exosomes and liposomes
have the ability to further enhance cancer immunotherapy and help
generate an even stronger immune response. Both exosomes and
liposomes may help overcome some of the challenges that cancer
immunotherapies pose and is described below.

Exosomes and cancer immune modulation
Several reports showed that cancer cells produce and release
exosomes that are abundantly found in body fluids. Based on the
cancer type the respective exosomes show specific differences in
the expression of tumor-associated antigens, especially those found
in association with the cell membrane. A comparison of whole-
tumor-cell lysates with the TEX exhibits interesting enrichment of
tumor antigens within the exosomes. Several reports suggest the
expression of tumor antigen in respective exosomes, e.g., such as
HER2/neu, melan-A [84], carcinoembryonic antigen [85], mesothelin
[86], and others. There are several examples of cancer exosomes
exerting a negative influence on the immune system and may be
very highly relevant in the clinical setting. Regardless of the fact that
cancer exosomes can activate immune response, but current
theories rely on the fact that cancer exosome would encourage
immune suppression as this will suffice the cancer cell’s interest. The
fact that the cancer pursues a progressive course thereby contra-
dicting the role of cancer exosomes in immune activation.

Dendritic cell-derived exosomes. DC secrete a high number of
exosomes to cause successful anticancer effects as the most
efficient antigen-presenting cell. In recent years, owing to its
immunotherapeutic effects and immunoregulatory capacity in
management of cancer, DEXs have attracted substantial attentions
of the scientists across the globe. DEX presents antigens directly as
well as indirectly to T cells, and in turn, they not only induce T cells
dependent antitumor responses but also circumvent some
technical limitations of DC based immunotherapy [87]. DEX’s
therapeutic potential is obviously controlled by its composition.
DEX contains a copious amount of MHC Class I and II molecules, as
well as costimulatory molecules (CD80 and CD86), Ig family
member ICAM-1, tetraspanins (CD63, CD81, CD9), milk fat globule
EGF factor 8 (MFG-E8), and the heat shock protein hsc73 [88–90].
DEX has the potential to trigger a tumor-specific cytotoxic T
lymphocyte (CTL)-response by presenting MHC-peptide complexes
to T cells, which is aided by costimulatory molecule and
tetraspanin. ICAM-1, MFG-E8, and hsc73 may also boost immune
response by triggering a T-cell-dependent antitumor response
[90, 91]. IL-15R, TNF, NKp30 ligand BAT3 and NKG2D expressed on
the surface of DEX can trigger an NK cell-dependent antitumor
immune response [92–94]. With this background, researchers have
conducted studies to develop DEX vaccine for different tumor cells
[87, 95]. Much to our intrigue, phase I clinical trials in melanoma
and advanced NSCLC showed promising results [95, 96].

Tumor-derived exosomes. TEX are responsible for cancer growth,
progression, induce malignancy, and suppress antitumor functions
of T cells. It has been reported earlier that TEX engulfed by DCs
could induce antigen-specific CTL response and is covered in
details in other reviews [97, 98]. The different aspects of TEX-
mediated pro-tumorigenic role are shown in Fig. 5. DCs loaded
with ascites exosomes from melanoma increased the amount of
peripheral blood CD8+ T cells and stimulated lymphocytes to
destroy tumor cells or produce IFN, according to Andre et al. [99].
Bu et al. discovered that TEX-stimulated DCs could activate T

lymphocytes to become glioma-specific CTLs, and that CD8
antibodies could block CTL-mediated cytotoxicity to tumor cells,
but not CD4 antibodies [100]. Marton et al. found that the number
of CD8+ T lymphocytes was remarkably enhanced in serum and
tumor tissues of mice treated with TEX-loaded DCs in immu-
notherapy of hepatocellular carcinoma [101]. Yao et al. also
demonstrated that in vivo, EXOEG7-targeted DCs stimulated CD8+

T-cell differentiation into CTL effectors [102].

Liposome in cancer immunotherapy
It is needless to mention that liposomes have found tremendous
application in cancer immunotherapy. We will briefly reflect upon
in the following sections.

As antigen carriers. Antigen-presenting cells (APCs) take up
exogenous antigens and subsequently process them in endo-
some/lysosomes into antigenic peptides. These peptides, after
being tethered to MHC class II molecules, are presented to CD4+

T cells, which triggers helper T cells-based humoral immune
responses. On the other hand, endogenous antigenic peptide
present in APCs’ cytoplasm are degraded in proteasome and are
then tied to MHC class I molecules. Matured APCs migrate to
lymph nodes to present these complexes to CD8+ T cells which
produce CTL-based cellular immune responses. A portion of the
exogenous antigen, being transferred from endosome to cytosol,
gets bound MHC class I molecules. This presentation of exogenous
antigens on MHC class I molecules, coined as cross-presentation, is
crucial for the commencement of CD8+ T-cell activation and
ensuing responses [103]. Hence, the effective antigen delivery to
APCs in the body, intracellular distribution of antigen in APCs for

Fig. 5 Schematic showing potential pro-tumorigenic role of
tumor-derived exomes (TEX) in cancer. This figure is inspired by
Zhang et al. [93].
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induction of antigen-specific CTLs is critically important to achieve
cancer immunotherapy. To date, among various kinds of antigen
carriers, liposomes are widely used for immune induction by cross-
presentation, APC activation and counterbalancing immunosup-
pression in various cancers [104]. Here, we provide a brief account
of these attempts.

Cross-presentation. In general, cross-presentation can follow
two paths: cytosolic pathway and vacuolar pathway. In cytosolic
pathway, as obvious from its name, cytoplasmic delivery of
antigen is of primary importance. To achieve this, pH-sensitive
liposomes have extensively been used as they release the
payloads in pH-dependent manner and can destabilize the
endosomal membrane. For example, in 2013, Yuba et al.
developed a liposome with Egg-PC and polymer-lipids consist-
ing of pH-sensitive fusogenic polymer moieties such as
3-methylglutarylated poly(glycidol) and 2-carboxycyclohexane-
1-carboxylated poly(glycidol), grafted to a PE head group. These
liposomes, when administered subcutaneously to mice, deliv-
ered antigenic protein ovalbumin (OVA) in the cytosol of DC
followed by induction of antigen-specific cellular immunity with
subsequent rejection of OVA-expressing E.G7-OVA cells and
significant regression of E.G7-OVA tumors [105]. In another
study performed in 2017, IMP-3-LPs (Insulin-like growth factor II
mRNA-binding protein 3 derived long peptides) entrapped in
these pH-sensitive liposomes were successfully cross-presented
in vitro, and this LP efficaciously potentiated CTLs in HLA-A2
transgenic mice in vivo. Importantly, one of the IMP-3-LPs
primed IMP-3-specific Th cells from PBMCs of head-and-neck
malignant tumor patients [106].

Activation of antigen-presenting cells (APC). Consolidation of an
adjuvant to liposomal antigen delivery system is a beneficial
way to activate APCs and reinforce immune responses. In a
study carried out by Yoshizaki in 2017, an adjuvant named CpG-
DNA, which happens to be a ligand to Toll-like receptor 9
expressed in DC-endosomes, was introduced to cationic lipo-
somes modified with 3-methylglutarylated hyperbranched poly
(glycidol). They reported liposomally stimulated production
of cytokine from DC and costimulatory molecules in vitro and
induced antigen-specific immune responses in vivo [107]. Yuba
et al., in 2017, fabricated liposomes with Curdlan and mannan
based pH-sensitive polymers to activate DCs (by interacting
with Dectin-1 and Dectin-2 respectively) which is indicated
by Th1 cytokine release from DC. These liposomes showed
better in vivo antigen-specific immune responses and stronger
antitumor effects than dextran derivative modified liposomes
[108].

Negating immunosuppression. Owing to secretion of immuno-
suppressive cytokines like IL-10 or TGF-β from Myeloid-derived
suppressor cells or regulatory T-cell (Treg), tumor microenviron-
ment remains immunosuppressive and thwarts conventional
immunotherapy. In order to circumvent this immunoinhibitory
behavior of tumor microenvironment, Park et al., in 2012,
developed liposomal polymeric gel for simultaneous delivery of
IL-2 and TGF-β type I receptor inhibitor. These liposomes, releasing
their content in the tumor microenvironment, demonstrated a
marked tumor growth inhibition, enhanced CD8+ T-cell infiltration
and improved survival rate [109]. In 2014, Xu et al. synthesized two
NPs, namely, a mannose-modified lipid-calcium-phosphate NP
and liposome-protamine-hyaluronic acid NP. The former, although
effectively delivered Trp 2 peptide vaccine and adjuvant CpG
oligonucleotide to DC, remained less effective against later stage
B16F10 tumor in a subcutaneous syngeneic model. The latter
delivered TGF-β siRNA to augment the vaccine efficacy and
inhibited tumor growth by 52% compared with vaccine treatment
alone [110].

As RNA carriers. RNAs encoding for tumor-specific antigens or
tumor-associated antigens have emerged as a potent immuno-
genic trigger. In a phase Ib/IIa clinical trial, the safety and efficacy
of cationic liposomes encapsulating siRNA (Atu027) directed
against protein kinase N3 in the vascular endothelium in
combination with conventional gemcitabine therapy for patients
with advanced or metastatic pancreatic adenocarcinoma were
assessed (NCT01808638) [111]. In another ongoing investigational
phase I clinical trial, knockdown of EphA2 is being achieved by
siRNA entrapped in neutral DOPC liposomes in patients with
advanced recurrent solid tumors (NCT01591356) [112].

EXOSOME AND LIPOSOME-BASED THERANOSTICS
Most important advancements in nanotechnology are directed
toward the identification and treatment of cancerous develop-
ment. The fundamental technology for theranostics is the creative
combining diagnostic and therapeutic agents on a single
nanocarrier such as exosomes and/or liposome. These small
molecule-based theranostic (therapeutic and diagnostic) capaci-
ties can be used in different cancers. Exosome or liposome
imaging may be a reliable way to establish effective diagnostic
and prognostic modalities. The distribution of tumor-targeted
exosomes or liposomes can be verified in real-time, and the exact
position of tumors can be determined [17, 79]. A vast array of
imaging strategies includes bioluminescence, photoacoustic
imaging (FPA, SPECT, MRA), radioactive (PET), and MR imaging
tumors. Srivastava et al. generated a structure called “fexosomes”
by attaching Dox and 5–10 nm SPION to standard lung fibroblast
cell (MRC9)-derived exosomes. Flexible oligonucleotide aptamer
with high affinity and specificity for targets has been widely used
as molecular probes in exosome research and theranostic
applications [113]. Exosomes are natural carriers ideal for
developing theranostics, and detailed descriptions are provided
in other reviews [17, 114–116].
Similarly, the prospect of the use of liposomes in cancer

theranostics is promising. Cheng et al. investigated a novel EGFR-
binding peptide GE11 with DOX-loaded liposomes and found that
the GE-11 modified liposomes had higher deposition and
retention than the control unmodified liposomes using a near-
infrared fluorescence imaging system [117]. Lin et al. engineered
double ligand (anti-carbonic anhydrase IX antibody and CPP33)-
modified triptolide-loaded liposomes (dl-TPL-lip) with enhanced
tumor accumulation and cytotoxicity in NSCLC in vitro and in vivo
models [118]. MSEE et al. generated theranostic dextran core-
based stealth liposomal formulation using Iron oxide for MRI
contrast, Dox for tumor targeting, PEGylated for immune system
evasion, and BODIPY for optical fluorescence detection of Lewis
lung carcinoma tumors in vivo [119]. Cittadino et al. designed
liposomes with a cargo of glucocorticoid prednisolone phosphate
(PLP) and a paramagnetic contrast agent [Gd-DOTAMA(C18)2] for
MRI-guided in vivo imaging of PLP delivery, biodistribution, and
therapeutic monitoring suing a B16 melanoma syngeneic mouse
model [120]. Other liposomal theranostics are described in detail
in other reviews [17, 121–123].

NOVEL HYBRID BIOENGINEERED NANOVESICLE, EXOSOME-
LIPOSOME HYBRID
Much to our intrigue, membrane fusion techniques are employed
to generate exosomes-liposome hybrids, a next-generation drug
delivery vehicle (Fig. 6) [124]. Three methods are generally
adopted to accomplish this membrane fusion—incubation,
sonication, and freeze-thaw cycles [22]. For instance, in 2016,
Sato et al. isolated exosomes from Raw 264.7 cells and HER2-
expressing CMS7 cells, fused them with liposomes made up of
different lipids by freeze-thaw cycles, and evaluated the cellular
uptake efficiency. The primary goal of the research was to alter the
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exosome surface toward diminishing the immunogenicity, enhan-
cing the colloidal stability and circulation half-life [125]. Liposomes
from anionic and neutral lipids showed better uptake compared
to cationic lipids. It is now well known that for in vivo gene editing
targeted delivery of the CRISPR/Cas9 system to the recepient cells
is critical. In a study conducted by Lin et al. in 2018, exosomes
extracted from sgRNA expressing HEK293FT cell line, were fused
to liposomes, and loaded with dCas9 expressing vector by
incubating 12 h at 37 °C. It has been demonstrated that the
hybrids could successfully deliver CRISPR–Cas9 to mesenchymal
stem cells [126]. In reality, membrane fusion is a crucial cellular
process by which a mingled membrane architecture is formed by
merging two separate lipid bilayers. While examining whether
vascular stomatitis virus-G protein expression on the surface of
exosome can enable the delivery of therapeutic membrane

proteins to the targeted cells, Yang et al. developed a FRET-
based imaging assay for measuring fusion efficacy of exosomes
with liposomes that mimic lipidic plasma membranes [127].
Similar ideation was conceived by Gao et al., and they designed a
virus mimicking fusogenic vesicle to detect exosomal miRNAs in a
fast and fruitful manner [128].
In 2018, Piffoux et al. demonstrated that PEG facilitated

membrane fusion of EVs with synthetic cargo-carrying liposomes.
These complexed membrane-bound hybrid nanovesicles showed
enhanced drug delivery efficacy (3–4 times) compared to only
liposomal drugs and free drugs [129]. Interestingly, in a recent
report, Rayamajhi et al. prepared bioengineered vesicles by
hybridizing exosomes from murine macrophage with liposomes
using a thin-film hydration technique followed by sequential
membrane extrusion. Furthermore, they loaded DOX into the

Fig. 6 Schematic diagram showing the process to engineer the exosome-liposome hybrids. Figure inspired from Sato et al. [118].
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hybrid vesicles and found higher toxicity toward cancer cells and
enhanced pH-triggered drug releases in the acidic tumor
microenvironment [129]. In all these exercises, the targeting
property of endogenous exosomes is coupled with the drug
delivery property of the synthetic liposomes [130]. The added
benefits of the hybrid nanovesicles are enhanced circulation
stability, better pharmacokinetic profiles, less immunogenicity, etc.
[131]. We envisage that many possibilities will be opened up in
the future for this field of study to move ahead into clinical
translation. Further research into the exosome-liposome hybrid
will include the development of theranostic applications and
personalized medicine.

EFFECT OF PROTEIN CORONA ON NPS, LIPOSOMES AND
EXOSOMES
During the last decade, the astounding progress in nanotechnol-
ogy brought around a heterogeneous and wide range of NP-
based platforms for the diagnosis and treatment of cancers
including several other diseases. In most of the cases, the drug-
loaded liposomes/NPs are administered intravenously. When
inside the body, during the exposure with the biological materials,
a dynamic interactions occur between NPs and the circulating
proteins. During this encounter, the set of proteins that get
adsorbed to the NP surface, forming a spontaneous coating, is
referred to as the protein corona. The protein corona plays an
important role in making the NPs easily recognizable by the
immune system [132] which attributes to the immunogenicity of
NPs. Additionally, the protein corona may cause agglomeration
and destabilization of NPs. This is one of the major hurdles in
achieving efficient NP-based drug targeting, therefore, manipula-
tion of NP surface has proven to be an alternative way for
stabilizing NPs in circulation and prolonging their half-lives.
Therefore, NPs-protein interaction must be carefully studied to
predict and, thereby, control the fate of drug-loaded NPs inside
the body. The protein corona, also impedes the efficient
translation of liposome-mediated targeted drug delivery technol-
ogy. After introduction into the circulation, the liposomal lipid
surface immediately gets modified by the adsorption of the
protein corona causing hindrance to the surface functionality.
However, a long-standing protein corona with receptor-binding
sites could possibly associate with the target cell long enough to
activate the internalization machinery of the cell, thereby,
triggering the liposome endocytosis and functional cargo delivery
[133]. Nonetheless, researchers have shown that internalization of
liposome–protein corona complexes by cancer cells was greater
than that of control liposomes [134].
Though the protein corona on NPs have been looked upon, to

date, very limited information is available regarding the protein
corona of EVs, especially of exosomes. Earlier, researchers have
hypothesized that, being biological and having specific surface
markers, EVs, in theory, should not have any corona other than
specific receptors for their surface antigens and this idea was not
explored until recently. The formation of protein corona around
EVs in blood plasma has been tested very recently [135]. It has
been observed that plasma protein corona‐coated EVs had a
higher density compared to that of nascent EVs and carries several
newly associated proteins. By using advanced methods research-
ers identified that a few EV-corona proteins are shared with
viruses and synthetic NPs in blood plasma. Other studies have
indicated that presence of the protein corona may have an
influence on the vesicle diameter [136] as well as on mobility
[137]. It has also been shown that pro‐metastatic EVs could
possibly establish a distinct association with low-density lipopro-
tein, and that interaction affects the internalization of EVs by
monocytes [138]. Although our understanding of the protein
corona composition, relevance, and manipulation has significantly
expanded in the last few years, additional detailed studies are

required to fully understand the functional significance of the
protein corona around EVs.

DESIGN STRATEGIES OF NPS FOR EFFECTIVE CLINICAL USE
Till a couple of decades earlier, targeted drug delivery was
extremely challenging. In the recent times our knowledge about
the molecular biology in general as well as disease biomarkers,
drug development and delivery mechanisms has substantially
been improved and as a result several novel therapeutics have
been developed. It’s been a while now that liposomes are being
used to circumvent concerns associated with the low efficiency of
anticancer drugs. Recently, the idea started to unfold that the
limited success of liposomal drugs in clinical practice is mostly due
to our poor understanding of the NPs–biomolecules interactions,
that too, in species specific manner. Literature study suggests,
enrichment of protein corona could be used to predict the
targeting ability of NP formulations and optimization of NP design,
and surface modifications toward clinical translation are currently
being carried out. In a recent study, researchers have shown that
the predicted targeting capability of liposome–protein corona
complexes significantly correlated with cellular uptake in cancer
models [139].
In this aspect, the engineered NPs hold tremendous promise to

better disease diagnosis and treatment strategies by improving
the stability and solubility of encapsulated cargos which could
help overcome the limitations of conventional drug delivery
systems. Apart from the surface modification, other physical
properties of the NPs should be taken in to serious consideration
as this could define the success or failure of the application. It is to
be noted that beside size, the shape and the overall charge of the
NPs are equally important factors that influences lymph node
clearance of NPs, as well as cellular internalization and activation
of the immune response. Earlier NP preparations were mainly
spherical, but the recent advances in engineered NPs have
resulted in the generation of a wide variety of shapes [140]. It has
been demonstrated that, the non-spherical particles, with higher
aspect ratios, shown to have a higher blood circulation time, and
higher penetration capacities within tumors [141]. Therefore,
detailed investigations and understanding of the interactions
between biomolecules and the immune system are essential for
designing of nanomaterials appropriate for anticancer therapy.
Nonetheless, with proper understanding, scientists should have
the opportunity of developing new multifunctional NPs and
adapting the material design to the precise requirements.
The development of NP-based cancer detection, therapy, and

theranostics approaches has exploded in recent years, and thus
the importance of absorption, distribution, metabolism and
excretion (ADME) investigations for future FDA approval. Nano-
carriers tend to localize in the tumor through the leaky tumor
vascularization by the enhanced permeability and retention (EPR)
effect. The smaller (sub-200 nm) nanocarriers are excellent for
manipulating the EPR effect at the tumor while protecting healthy
cells. Moreover, ligands may be grafted onto the surface of
nanotransporters to target cancer cells and enhance drug delivery
systems (DDS) pharmacokinetics [142]. Bioinspired NPs have been
extensively studied. Therapeutic carrier systems may enhance API
effectiveness and reduce adverse effects [143]. Defective cellular
absorption, targeting precision, conducive pharmacokinetics, and
undesirable toxicity are common clinical challenges for all DDS.
Liposomal formulations may not be able to distribute API to
specified sites. The surface features, material composition, size,
and production process can modulate the pharmacokinetic
properties, circulation time, and biodistribution of liposome
formulations. The lipid phase transition temperature (TC) govern-
ing the alteration of lipid phase from ordered gel phase to liquid
crystalline phase is critical. Multiple criteria like bond unsaturation,
hydrocarbon length, charge distribution, and lipid head group are
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important determinants regulating liposomal membrane perme-
ability, drug release kinetics, and fluidity. The degree of
unsaturation also governs the TC, where lipid bilayer with long
and saturated hydrocarbons tends to be less permeable [144, 145].
The liposomal formulation method may also affect clearance and
pharmacokinetics [143].
Exosomes and exosome-liposome hybrids are nanocarriers that

may be bioengineered for achieving better biocamouflage, specific
targeting, and enhanced API delivery [146]. When developing
exosome-based formulations for preclinical and clinical use,
pharmacokinetic aspects must be studied early to better predict
tissue distribution, uptake, and elimination rate to avoid delays in
clinical approval. Multiple studies are done to understand and
maximize exosome uptake. Exosome surface glycoproteins augment
milk-exosome endocytosis in vitro in Caco-2 cells and rat small
intestine epithelial cells [147], and the role of clathrin-mediated
endocytosis in exosome absorption in PC12 cells [148]. Exosome
tissue biodistribution is critically dependent on membrane composi-
tion, surface features, and membrane transport. Exosome source
plays a key role and is under investigation to avoid clearance by the
MPS. As an example, macrophage-derived exosomes injected into
mice’s circulation largely target MPS organs such as the liver, spleen,
lungs, and kidneys and can be used to target the same [149, 150].
Bioengineering exosomes, including exosome-liposome hybrids,
may include disguise methods for avoiding phagocytosis and
long-term circulation of therapeutic exosomes [146]. The delivery
method is also crucial since it may determine whether the
exosomal-API is delivered to target tissue or not and if it is
circulated throughout the body. Exosomes post-cellular uptake
should operate in the cytosol without being trapped in endosomes
or destroyed by acidic pH or hydrolases. Morisitha et al. modified
tumor-derived exosomes by presenting a pH-sensitive fusogenic
peptide and achieved cytosolic cargo delivery, and displayed class I
tumor antigens better [151].
For nanocarriers, physiologically based pharmacokinetic (PBPK)

modeling has been used to predict ADME, effectiveness, and
toxicity of medicines and should include specified organs or
tissues, along with physiological, physicochemical, and biochem-
ical characteristics. The PBPK model and pharmacokinetics
simulation have recently been used in liposomal and exosomal-
based delivery systems and are discussed in detail in other reviews
[152–154].

FUTURE OUTLOOK
According to preliminary reports, the membrane-engineering
technique will provide a novel way for creating rationally tailored
exosomes as hybrid nanocarriers for use in sophisticated and
targeted drug delivery systems. To assist the identification of low-
copy targets in liquid biopsies, there has been a push to build and
enhance downstream analytical tools. For example, in the field of
NGS, broader panels with greater sequencing depth have been
created. For NGS solutions, novel technologies such as molecular
barcoding and background correction have evolved. Patients with
low-copy targets will continue to be a problem because of the
challenge of stochastic detection of single-digit copy numbers.
There is also a need for a front end that is both fast and precise
when it comes to sample acquisition and isolation. Therefore,
validated sample collection and isolation kits for exoNA+ cfDNA
under cGMP manufacturing can enable robust next-generation
liquid biopsy diagnostics. Liquid biopsy of CTC has been proven
and authorized by the FDA to be a valuable prognostic tool for
several forms of cancer, but its clinical application is still in its
infancy in terms of general adoption. In conclusion, in the future,
exosomes, detection agents, and therapeutic drugs can be used
together to formulate diagnostic and therapeutic integrated NPs
that could amalgamate their advantages for applications, both in
noninvasive diagnostics and precision cancer treatments.
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