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Abstract
Chemotherapy drugs are the first line of cancer treatment, but problems such as low intratumoral delivery, poor bioavailabil-
ity, and off-site toxicity must be addressed. Cancer-specific drug delivery techniques could improve the therapeutic outcome 
in terms of patient survival. The current study investigated the loading of chemotherapy drugs loaded into exosomes for 
cancer treatment. Exosomes are the smallest extracellular vesicles found in body fluids and can be used to transfer informa-
tion by moving biomolecules from cell to cell. This makes them useful as carriers. As the membranes of these nanoparticles 
are similar to cell membranes, they can be easily transported to carry different components. As most chemotherapy drugs 
are not easily soluble in liquid, loading them into exosomes can be a suitable solution to this problem. This cancer treatment 
could avert the injection of high doses of drugs and provide a more appropriate release mechanism.

Keywords  Cancer · Exosome · Chemotherapy drugs · Carrier

Abbreviations
EXO	� Exosome
MSC	� Mesenchymal stromal cell
PI3K/Akt/mTOR	� Phosphatidylinositol 3-kinase/phos-

phatidylinositol 3-kinase (PI3K)/mam-
malian target of rapamycin

CTX	� Cabazitaxel
DTX	� Docetaxel
CRPC	� Castration-resistant prostate cancer
IPSCS	� Induced pluripotent stem cells
NSCLC	� Non-small cell lung cancer
OXA	� Oxaliplatin

TEM	� Temozolomide
DEC	� Decitabine
CEL	� Celastrol
GEM	� Gemcitabine
CRC​	� Colorectal cancer
MIT	� Mitoxantrone
GBM	� Glioblastoma multiform
BBB	� Blood–brain barrier
AML	� Myeloid leukemia
CRC​	� Colorectal cancer

Introduction

Despite being effective tumor suppressors, chemotherapy 
drugs are subject to low intratumoral delivery, poor bio-
availability, and off-site toxicity. Systemic chemotherapy is 
a common method for slowing the spread of cancer, but it 
has several side effects. Targeted drug delivery systems have 
undergone extensive research as a way to reduce the side 
effects of chemotherapy. In order to improve the therapeu-
tic results in terms of patient survival, cancer-specific drug 
delivery strategies could be used.

Therapies that reduce systemic toxicity can increase 
the effectiveness of treatment for people with breast can-
cer [1]. Pharmaceuticals have been successfully encap-
sulated in tumor-targeting material by Jang et al. [2], and 
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doxorubicin-loaded exosomes and nanovesicles have been 
employed as efficient cytotoxic drug delivery systems.

Small extracellular vesicles (sEVs) have recently been 
increasingly used for targeted drug delivery and therapies 
(Fig. 1).

Three main elements make up an sEV-based delivery 
system: vesicles, cargoes, and surface decorations. Either 
passive loading or active loading can be used to add med-
icines to exosomes. For passive loading, in order for the 
medications to be present in exosomes that are produced by 
maternal cells, the drugs either must be transferred into the 
cells or be grown alongside them (Fig. 2). Active loading 
involves physical processes such as ultrasound, electropora-
tion, extrusion, and freeze–thaw techniques that can be used 
to load pharmaceuticals into exosomes [3, 4].

Doxorubicin (DOX)

Doxorubicin is a highly effective anthracycline antibiotic 
that is commonly used in its liposomal formulation (Doxil) 
to treat hematological malignancies and solid tumors. How-
ever, the significant cardiotoxicity associated with long-term 
doxorubicin exposure limits its therapeutic use. Encapsula-
tion of the drug to prevent non-specific uptake and improve 
the drug’s pharmacokinetic properties is one strategy for 
preventing doxorubicin uptake into cardiac cells [5, 6].

The HER2, MDA-MB-231, and MFC-7 [7, 8] breast 
cancer cell lines are among the malignancies studied using 
doxorubicin nanocarriers. Some of this research has been 
carried out on mouse models of breast cancer [9]. The 
efficient delivery of doxorubicinloaded targeted exosomes 
in vitro has been verified by the considerable reduction in 
the tumor growth rate in a mouse breast cancer model [10].

Heat stress has been shown to increase the amount of 
doxorubicin-containing exosomes released by tumor cells 
and the antitumor effect of doxorubicin-treated tumor cell 
exosomes [7]. In vitro and in vivo studies on ectopic model 
C26 (mouse colon cancer) in BALB/c mice have indicated 
that a single intravenous injection of DOX@exosome 
reduced tumor growth substantially more than free DOX 
[11].

Paclitaxel (PTX)

Paclitaxel (PTX) is a microtubule-stabilizing agent that is 
used as an anticancer drug for both advanced and early-stage 
malignancies, including breast cancer [12] and glioblastoma 
multiforme (GBM) [13]. PTX therapy, however, is known to 
have features that harm healthy cells (cardiotoxicity, myelo-
suppression, and neurotoxicity) [14]. Hence, targeted PTX 
delivery to malignant tissues is preferable to avoid possible 
side effects in healthy cells.

Fig. 1   Schematic figure that shows the use of exosomes as a drug carrier for targeted drug delivery and therapies
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In a rat model of lung cancer, paclitaxel-encapsulated 
exosomes were reported to have greater antineoplastic 
effects than free paclitaxel [15]. Some studies have reported 
that PTX has low bioavailability and cannot cross the 
blood–brain barrier (BBB). However, in a zebrafish model, 
exosomes generated from a brain endothelial cell culture 
were able to increase doxorubicin and PTX penetration 
across the BBB [16].

In addition to inhibiting breast tumors, PTX loaded into 
MSC-derived exosomes was able to prevent metastasis to 
other tissues to a large extent. Systemic injection of these 
drug-loaded exosomes into mice with breast cancer (MDA-
hyb1), in addition to the reducing tumor size more than 60%, 
was able to prevent metastasis to the lung, kidney, liver, and 
spleen (more than 50%) [17]. Doxorubicin and paclitaxel are 
the most widely used chemotherapy drugs. The information 
about these drugs is collected in Table 1.

Cabazitaxel (CTX)

Cabazitaxel is a taxane derivative with anticancer proper-
ties. This drug induces apoptosis in cancer cells by inhibit-
ing the phosphorylation of the PI3K/Akt/mTOR pathway. 
It has shown better anticancer activity than other drugs 

in this category because of its low tendency to exhibit 
multidrug resistance 1 (MDR1). However, this drug does 
not dissolve well in solvents; thus, its use as an anticancer 
agent is limited. Loading CTX into exosomes could over-
come this problem [31]. CTX loading into MSC-derived 
EXO has been shown to effectively inhibit the growth of 
oral squamous cell carcinoma in vitro and in vivo [32].

Cisplatin

Cis-diamminedichloroplatinum (II), or cisplatin is orga-
nometallic platinum that was discovered to have powerful 
anti-neoplastic effects on tumor cells after its antibacte-
rial activities were initially described [33]. Patients with 
lymphomas, breast, testicular, ovarian, head, neck, and 
cervical cancers, and sarcomas are currently treated with 
cisplatin and other platinum-based drugs, including oxali-
platin and carboplatin, as first-line therapy. Its cytotoxicity 
is triggered by its interaction with DNA, which results in 
the formation of adducts and causes apoptosis [34]. Its 
nephrotoxicity, neurotoxicity, hepatotoxicity, and myelo-
suppression have limited the use of cisplatin as an effective 
anticancer medication [35, 36].

Fig. 2   A Exosomes from various sources will be used as a specific drug delivery system. B Exosomes in treatment of several malignancies

Downloaded from https://iranpaper.ir
https://www.tarjomano.com https://www.tarjomano.com



	 Medical Oncology           (2023) 40:31 

1 3

   31   Page 4 of 12

Ta
bl

e 
1  

D
ox

or
ub

ic
in

 a
nd

 p
ac

lit
ax

el
 lo

ad
ed

 in
 v

ar
io

us
 e

xo
so

m
es

 fo
r t

he
 tr

ea
tm

en
t o

f d
iff

er
en

t k
in

ds
 o

f c
an

ce
rs

D
ru

g
Ex

os
om

e 
so

ur
ce

s
C

an
ce

r t
yp

e/
ce

ll 
lin

e
Fi

nd
in

g
Re

f

D
ox

or
ub

ic
in

B
on

e 
m

ar
ro

w
 m

es
en

ch
ym

al
 st

em
 c

el
ls

TU
BO

/H
ER

2+
 

M
TT

 a
ss

ay
 sh

ow
ed

 th
at

 c
yt

ot
ox

ic
ity

 o
f t

ar
ge

te
d 

do
xo

ru
bi

ci
n-

lo
ad

ed
 

ex
os

om
es

 w
as

 h
ig

he
r t

ha
n 

fr
ee

 d
ox

or
ub

ic
in

 a
t 7

2 
h/

effi
ci

en
t d

el
iv

-
er

y 
of

 ta
rg

et
ed

 d
ox

or
ub

ic
in

-lo
ad

ed
 e

xo
so

m
es

 in
 v

itr
o,

 c
or

ro
bo

ra
te

d 
w

ith
 a

 si
gn

ifi
ca

nt
 re

du
ct

io
n 

of
 m

ur
in

e 
br

ea
st 

ca
nc

er
 m

od
el

 tu
m

or
 

gr
ow

th
 ra

te

[1
0]

M
D

A
-M

B
-2

3 
ce

ll 
lin

e
M

D
A

-M
B

-2
3/

m
ou

se
 m

od
el

Ex
oD

O
X

 in
cr

ea
se

 to
le

ra
bi

lit
y 

an
d 

effi
ca

cy
 o

f D
O

X
/M

yo
ca

rd
ia

l 
en

do
th

el
ia

l c
el

ls
 li

m
it 

ex
oD

O
X

 c
ro

ss
in

g,
 a

vo
id

in
g 

ac
cu

m
ul

at
io

n 
of

 
dr

ug
 in

 th
e 

he
ar

t. 
Th

e 
ki

ne
tic

s o
f m

yo
ca

rd
ia

l e
nd

ot
he

lia
l e

xt
ra

va
sa

-
tio

n 
ar

e 
sl

ow
er

 in
 e

xo
D

O
X

 c
om

pa
re

d 
w

ith
 D

O
X

[9
]

Tu
m

or
-c

el
l-d

er
iv

ed
 e

xo
so

m
es

M
FC

-7
H

ea
t s

tre
ss

 in
cr

ea
se

d 
th

e 
qu

an
tit

y 
of

 d
ox

or
ub

ic
in

-c
on

ta
in

in
g 

ex
os

om
es

 fr
om

 tu
m

or
 c

el
ls

, /
en

ha
nc

ed
 th

e 
an

ti-
tu

m
or

 e
ffe

ct
 o

f 
ex

os
om

es
 fr

om
 th

e 
do

xo
ru

bi
ci

n-
tre

at
ed

 tu
m

or
 c

el
ls

[7
]

M
ou

se
 b

on
e 

m
ar

ro
w

 M
SC

s
C

26
 (m

ou
se

 c
ol

on
 c

an
ce

r)
Si

ng
le

 d
os

e 
in

tra
ve

no
us

 in
je

ct
io

n 
of

 D
O

X
 @

 e
xo

so
m

e 
su

pp
re

ss
in

g 
C

26
-tu

m
or

 g
ro

w
th

[1
1]

U
-8

7 
M

G
Ze

br
afi

sh
 e

m
br

yo
s

Ze
br

afi
sh

 tr
ea

te
d 

w
ith

 e
xo

so
m

e 
de

liv
er

ed
 d

ox
or

ub
ic

in
 h

ad
 a

 si
gn

ifi
-

ca
nt

ly
 sm

al
le

r a
re

a 
of

 th
e 

U
-8

7 
M

G
/s

up
pr

es
se

d 
th

e 
R

N
A

s o
f V

EG
F 

in
 b

ra
in

 tu
m

or
 m

od
el

 in
 z

eb
ra

fis
h

[1
6]

M
D

A
-M

B
-2

31
 a

nd
 H

C
T-

11
6 

ce
ll 

lin
es

X
en

og
ra

ft 
tu

m
or

 M
D

A
-M

B
-2

31
 c

el
ls

 in
 n

ud
e 

m
ic

e
Ex

oD
O

X
 w

as
 le

ss
 to

xi
c 

th
an

 D
O

X
 th

ro
ug

h 
its

 a
lte

re
d 

bi
o 

di
str

ib
u-

tio
n/

ex
oD

O
X

 sh
ow

ed
 n

o 
ca

rd
io

to
xi

ci
ty

[1
8]

Pa
cl

ita
xe

l
R

AW
 2

64
.7

 m
ac

ro
ph

ag
es

M
D

R
 c

el
ls

In
co

rp
or

at
io

n 
of

 P
TX

 in
to

 e
xo

so
m

es
 in

cr
ea

se
d 

cy
to

to
xi

ci
ty

 m
or

e 
th

an
 5

0 
tim

es
 in

 d
ru

g-
re

si
st

an
t M

D
CK

M
D

R
1 (

Pg
p+

) c
el

ls
[1

5]

R
AW

 2
64

.7
 m

ac
ro

ph
ag

es
C

57
B

L/
6 

m
ic

e/
in

je
ct

ed
 3

LL
-M

27
 c

el
ls

/L
un

g 
C

ar
ci

no
m

a 
pu

lm
on

ar
y 

m
et

as
ta

se
s

C
on

fo
ca

l i
m

ag
es

 re
ve

al
ed

 e
xo

so
m

es
 w

er
e 

co
-lo

ca
liz

ed
 w

ith
 lu

ng
 

m
et

as
ta

se
s, 

in
di

ca
tin

g 
effi

ci
en

t t
ar

ge
tin

g 
of

 e
xo

PT
X

 in
 v

iv
o

[1
5]

Ex
os

om
e-

lik
e 

se
qu

en
tia

l-b
io

ac
tiv

at
in

g 
pr

od
ru

g 
na

no
pl

at
fo

rm
 (E

M
PC

s)
M

D
A

-M
B

-2
31

, M
C

F-
7 

an
d 

R
AW

26
4.

7 
ce

lls
/a

nd
 

br
ea

st 
ca

nc
er

 m
ou

se
 m

od
el

Effi
ci

en
t t

ar
ge

tin
g 

of
 c

irc
ul

at
in

g 
tu

m
or

 c
el

ls
 (C

TC
s)

/e
nh

an
ce

d 
br

ea
st 

ca
nc

er
 m

et
as

ta
si

s i
nh

ib
iti

on
[1

9]

A
54

9 
ce

lls
/a

de
no

ca
rc

in
om

ic
 h

um
an

 a
lv

eo
la

r 
ba

sa
l e

pi
th

el
ia

l c
el

ls
In

 v
itr

o 
an

d 
in

 v
iv

o 
of

 lu
ng

 c
an

ce
r

Pa
cl

ita
xe

l e
nc

ap
su

la
te

d 
in

 a
ut

ol
og

ou
s e

xt
ra

ce
llu

la
r p

ro
vi

de
s a

 se
le

c-
tiv

e 
ca

nc
er

 c
el

l t
ro

pi
sm

 a
nd

 c
on

tri
bu

te
s t

o 
en

ha
nc

in
g 

PT
X

 a
nt

ic
an

-
ce

r e
ffe

ct
s i

n 
vi

tro
 a

nd
 in

 v
iv

o

[2
0]

H
um

an
 b

on
e 

m
ar

ro
w

-d
er

iv
ed

 M
SC

s
B

re
as

t c
an

ce
r (

M
D

A
-M

B
-2

31
) c

el
ls

PT
X

-M
SC

EM
s s

ig
ni

fic
an

tly
 d

ec
re

as
ed

 th
e 

vi
ab

ili
ty

 o
f M

D
A

-
M

B
-2

31
 c

el
ls

/in
 v

iv
o 

tu
m

or
 g

ro
w

th
 w

as
 si

gn
ifi

ca
nt

ly
 in

hi
bi

te
d

[1
]

B
ov

in
e 

m
ilk

-d
er

iv
ed

 e
xo

so
m

es
H

um
an

 lu
ng

 c
an

ce
r (

A
54

9 
an

d 
H

12
99

), 
br

ea
st 

ca
nc

er
 (M

D
A

-M
B

-2
31

 a
nd

 T
47

D
)

A
 b

io
co

m
pa

tib
le

 a
nd

 c
os

t-e
ffe

ct
iv

e 
so

ur
ce

 o
f e

xo
so

m
es

. E
nh

an
ce

d 
an

tic
an

ce
r a

nd
 a

nt
i-i

nfl
am

m
at

or
y 

eff
ec

ts
[2

1]

R
AW

 2
64

.7
 m

ac
ro

ph
ag

es
M

ou
se

 m
od

el
 o

f p
ul

m
on

ar
y 

m
et

as
ta

se
s

PT
X

-lo
ad

ed
 e

xo
so

m
es

 w
ith

 in
co

rp
or

at
ed

 a
m

in
oe

th
yl

an
is

am
id

e-
po

ly
et

hy
le

ne
 g

ly
co

l (
A

A
-P

EG
-e

xo
PT

X
) s

ho
w

ed
 h

ig
h 

an
tic

an
ce

r 
effi

ca
cy

[2
2]

B
ra

in
 n

eu
ro

na
l g

lio
bl

as
to

m
a-

as
tro

cy
to

m
a 

U
-8

7 
M

G
, e

nd
ot

he
lia

l b
EN

D
.3

, n
eu

ro
ec

to
de

rm
al

 
tu

m
or

 P
FS

K
-1

/g
lio

bl
as

to
m

a 
A

-1
72

 c
el

l l
in

es

U
-8

7 
M

G
, a

nd
 b

EN
D

.3
, Z

eb
ra

fis
h 

em
br

yo
s

In
 z

eb
ra

fis
h 

in
 v

iv
o,

 e
xo

so
m

e 
de

liv
er

y 
al

lo
w

ed
 d

ox
or

ub
ic

in
 a

nd
 

pa
cl

ita
xe

l t
o 

cr
os

s t
he

 b
lo

od
 b

ra
in

 b
ar

rie
r (

B
B

B
), 

w
he

re
as

 w
he

n 
gi

ve
n 

al
on

e 
ne

ith
er

 d
ru

g 
sh

ow
ed

 b
ra

in
 u

pt
ak

e

[1
6]

U
87

 g
lio

bl
as

to
m

a 
ce

lls
C

el
l l

in
e 

of
 g

lio
bl

as
to

m
a,

 U
87

 a
nd

 T
98

G
C

yt
ot

ox
ic

ity
 o

f P
TX

 o
n 

U
87

 c
el

ls
 w

as
 in

cr
ea

se
d/

w
hi

le
 o

n 
T9

8 
ce

lls
 

ex
os

om
al

 fo
rm

ul
at

io
n 

of
 P

TX
 c

ou
ld

 n
ot

 in
cr

ea
se

 P
TX

 to
xi

ci
ty

[2
3]

R
AW

26
4.

7 
m

ac
ro

ph
ag

e
M

ur
in

e 
br

ea
st 

ca
nc

er
 c

el
ls

 4
T1

/x
en

og
ra

ft 
tu

m
or

s 
in

 m
ur

in
 m

od
el

PT
X

 -M
1-

Ex
os

 p
ro

vi
de

d 
a 

pr
o-

in
fla

m
m

at
or

y 
en

vi
ro

nm
en

t w
hi

ch
 

en
ha

nc
ed

 th
e 

an
tit

um
or

 a
ct

iv
ity

 v
ia

 c
as

pa
se

-3
 m

ed
ia

te
d 

pa
th

w
ay

[2
4]

Downloaded from https://iranpaper.ir
https://www.tarjomano.com https://www.tarjomano.com



Medical Oncology           (2023) 40:31 	

1 3

Page 5 of 12     31 

Docetaxel (DTX)

Docetaxel is a taxoid antitumor agent that is used clinically 
as a cytotoxic manager in the treatment of many cancers. 
Raw264.7 macrophage-derived exosomes transfected with 
DTX and inactivated exosome loading for chemotherapy 
have been studied to treat castration-resistant prostate can-
cer (CRPC). CRPC has a high resistance to treatment and 
undergoes extensive progression and mortality. In vitro 
and in vivo models have shown acceptable results for can-
cer inhibition. Suppression of tumor growth was greater in 
groups conjugated to exosome-DTX folate. This technique 
prevented the widespread release of the drug into the body 
and reduced systemic toxicity [37].

Exosome-loaded DTX should be able to inhibit cancer 
cells by inducing apoptosis. The HELA cell line of cervi-
cal cancer frequently has been used in studies to find a 
treatment for this disease. In one study, exosomes derived 
from this cell were isolated, and cervical cancer was evalu-
ated after loading with DTX. Increase mitochondrial apop-
tosis was reported in this treatment, as well as an increase 
in the expression of Bax and caspase-3 and a decrease in 
the expression of Bcl-2 [38].

DTX loaded into induced pluripotent stem cells derived 
exosomes inhibited metastatic prostate cancer cells in a 
mouse model relatively better than liposomes, resulting 
in significantly reduced tumor growth in this group. This 
approach was clearly more effective in inhibiting prostate 
cancer compared to free DTX [39].

DTX is a first-line of treatment for NSCLC cancer. Due 
to the poor solubility of this drug in water, it has been 
suggested to be loaded into exosomes. Lung cell-derived 
exosomes were loaded with DTX and examined in vitro 
and in vivo in a cancer model. Decrease in cell survival, 
tumor size, and weight occurred. This technique stopped 
the cell cycle in phase G and increased apoptosis. Exo-
some drug loading can be more effective than free DTX 
through its slow-release system for controlling cancer [40].

Oxaliplatin (OXA)

Oxaliplatin combined with 5-fluorouracil (5-Fu) is a prev-
alent systemic treatment for colorectal cancer CRC [41], 
and its use in targeted therapies has expanded [42]. The 
prospects of patients with metastatic CRC remain serious 
because of inherent or acquired resistance to the medica-
tion. Oxaliplatin is the first drug approved to treat colorec-
tal cancer; however, it inhibits division and transcription, 
which results in cell death [43]. Resistance to oxaliplatin 
has become a major problem [44]. The exosome-mediated 
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mechanisms underlying the tumor microenvironment, 
distant cellular interaction, exosome heterogeneity, and 
the molecular mechanisms responsible for resistance and 
metastasis have become increasingly apparent. Designing 
new investigative approaches based on tumor background 
expands knowledge about exosome-mediated cancer treat-
ment and prepares new and advantageous cures for cancer 
patients [45].

Temozolomide (TMZ)

Temozolomide is used to treat various types of cancer, 
including brain tumors. It is an alkylating drug that is an 
international standard for treating glioblastoma and halts 
cancer cells’ growth. Glioblastoma is the deadliest human 
cancer and is the most common type of brain cancer. How-
ever, resistance to TMZ and subsequent tumor recurrence 
have become critical problems in the clinical treatment of 
glioblastoma [46]. Exosomes in human serum may serve as 
a possible diagnostic marker for therapy-refractory GBM.

Decitabine (DEC)

Decitabine hypomethylated DNA by inhibiting DNA meth-
yltransferase. It functions in a similar manner to azacy-
tidine, although decitabine can only be incorporated into 
DNA strands, while azacytidine can be incorporated into 
both DNA and RNA chains. Decitabine acts as a nucleic 
acid synthesis inhibitor. It is a medication for treating mye-
lodysplastic syndrome, a class of conditions where certain 
blood cells are dysfunctional, and acute myeloid leukemia. 
Increased exosomal expression of miR-200c and miR-141 
may be biomarkers for mesenchymal-epithelial transmission 
of CRC cells [47].

Gemcitabine (GEM)

Gemcitabine, with the molecular formula C9H11F2N3O4 
[48], is an anticancer medicine that acts as an anti-metabolite 
and prevents the development of proteins that are essential 
for the growth of tumors. Gemcitabine is used to treat pan-
creatic, lung, and bladder cancers. M1Exo-GEM-DFX can 
be an effective strategy for the treatment of drug-resistant 
pancreatic tumors and provide insight into their mechanisms 
of action [49].

Carboplatin

An analog of cisplatin, carboplatin cis-diammine 
(1,1-cyclobutane-dicarboxylate platinum) is a second-gen-
eration platinum compound. The clinical efficacy of carbo-
platin and cisplatin for all tumor types may not be the same, 

although their methods of action and preclinical activity 
spectra are similar. In both species, platinum chemothera-
peutic drugs have been the go-to treatment for osteosarcoma, 
either alone or in combination with other drugs. Similar 
mechanisms underlie resistance to both cisplatin and car-
boplatin [50].

Mitoxantrone (MIT)

Graphene oxide as a nanocarrier is widely used in drug 
delivery systems because it offers good properties, such as 
the creation of non-covalent bonds and hydrophobic interac-
tions [51]. However, it does not show proper targeting. The 
use of exosomes as a drug delivery system should assist 
in this process, as studies have shown that MIT drug load-
ing in graphene oxide and exosomes have reported effective 
antitumor effects and enhanced apoptosis [52]. All of these 
chemo-drugs are listed in (Table 2).

Natural substances

Natural substances such as curcumin and black bean extract 
loaded into exosomes also have been shown to inhibit can-
cer. Loading this extract into (HepG2) exosomes derived 
from the liver and (PC3) prostate cancer cells and then 
treating the cancer cells with this combination has shown 
a significant anti-proliferative effect [76]. Co-encapsulated 
(LPNs) lipid nanoparticles of (DTX)docetaxel and (CUR) 
curcumin were evaluated on PC3 tumor xenografts in mice 
(human prostate cancer-bearing Balb/c nude mice model). 
Compared to other groups, these strong nanoparticles greatly 
reduced tumor volume development while having no obvi-
ous negative effects. This combination may out to be a suc-
cessful therapy for prostate cancer; it was determined [77]. 
The bioactive triterpenoid β-elemene, which is obtained 
from many plants, is another natural substance. There is a 
lot of interest in using β-elemene as chemotherapy due to its 
remarkable anticancer effects, which include the reversal of 
multidrug resistance [78].

Celastrol (CLT) is a compound with the chemical formula 
C29H38O4 which is extracted from the root of Tripterygium 
wilfordii. While the plant itself is poisonous, it produces a 
variety of active compounds. Celastrol is a traditional herbal 
medicine that has the potential for the treatment of vari-
ous cancers and the ability to inhibit the growth of tumor 
cells [79]. However, clinical use of CLT is extremely limited 
by its low solubility/penetrance, insignificant bioavailabil-
ity, and potential for off-target toxicity. The development 
of nanotechnology has provided solutions to altering the 
oral bioavailability, remedial effects, and tissue-targeting 
of CLT [80]. This highlight the need to fully describe the 
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physicochemical and biopharmaceutical properties of such 
nano-formulations. Before they can be used clinically to treat 
disease, their safety and efficacy profiles must be extensively 
studied in vivo (Table 3).

Conclusion

We reviewed the literature that used exosomes as a drug 
delivery system for the treatment of malignancies. Can-
cer-specific drug delivery techniques could improve the 
therapeutic outcome in terms of patient survival. Many 
researchers have recently considered various applications 
of exosomes, but the pharmaceutical aspects will need to 
be investigated further in the future. As most chemotherapy 
drugs are not easily soluble in liquid, loading them into 
exosomes can be a suitable solution to this problem. This 
cancer treatment could avert the injection of high doses of 
drugs and provide a more appropriate release mechanism.
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