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Abstract
Purpose Exosomes have the potential to create new therapeutics as drug loading carriers. Their important inherent roles 
are stem from structures (also known natural liposomes) and strong biological stability in many cellular processes. The 
formation of a new drug delivery system in cervical cancer by loading a chemotherapeutic agent docetaxel into exosomes 
obtained from HELA cells is intended.
Methods In this study, exosomes were isolated from HELA cells by ultracentrifugation method. Exosome membrane proteins 
CD9 and CD63 were analyzed by western blotting. Docetaxel was loaded into the exosomes by electroporation. Structures 
and sizes of docetaxel-loaded exosomes (Exo-Doc) were analyzed by scanning electron microscopy and dynamic light scat-
tering technique. Cell viability with MTT assay and cell migration with scratch assay were measured. Apoptotic changes 
were measured by Annexin-V binding, Bax, Bcl-2, Caspase-3 protein, and gene expressions by western blotting and qPCR.
Results It was observed that cell viability and cell migration were decreased, and Annexin-V binding increased after 1µg/
mL Exo-Doc application to HELA cells by 24-h incubation. Bax and caspase-3 protein and gene expression were increased 
and Bcl-2 protein and gene expressions were decreased in cells. Exo-Doc induced mitochondrial apoptosis in HELA cells.
Conclusion As a result, docetaxel-loaded HELA-derived exosome was generated as a new drug carrier and delivery system 
which was used to treat the cell itself with low doses of chemotherapeutic. Exo-Doc may be preferred for treating cervical 
patients in the clinic due to its low toxicity.
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Introduction

Exosomes can be found in many body fluids such as plasma, 
serum, urine, tears, saliva, breast milk, lymph, bile, cer-
ebrospinal fluid, and joint fluid. Exosomes are a form of 
vesicles and carry important molecules such as protein, 
lipid, miRNA, mRNA, and DNA. Besides, exosomes act 

as mediators in intercellular communication and molecule 
transfer [1, 2]. Exosomes are similar to microvesicles found 
in biological fluids, but among them the distinction based 
on phenotypic properties such as density, size, morphology, 
protein, and lipid composition can occur [3]. Exosomes 
usually contain tetraspanins (CD63, CD81, CD9, TSPAN6, 
TSPAN8), heat shock proteins (Hsp70 and Hsp90), cell 
adhesion proteins (integrin, lactaderin), tetraspanin, heat 
shock proteins, fusion proteins (GTPase, annexin, flotillin), 
cytosolic proteins (actin, tubulin), and lysosomal proteins; 
they also contain unique surface proteins (Alix, TSG101), 
nucleic acids, and receptors specific to the endosomal path-
way to distinguish them from other vesicles [4, 5]. Various 
methods have been developed to effectively isolate exosomes 
from cells and biological fluids. It takes advantage of the 
properties of exosomes such as size, shape, density, or 
surface antigens in order to isolate exosomes. However, 
the most challenging part of all the methods used is to 
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specifically purify exosomes from other extracellular vesi-
cles, cellular debris, and interacting molecular components 
[4]. Techniques used in exosome isolation are ultracentrifu-
gation, ultrafiltration, Immunoaffinity chromatography, gel 
filtration chromatography, polymer-based precipitation, and 
microfluidic-based isolation. But ultracentrifuge-based exo-
some isolation is considered the gold standard [6].

Worldwide, cervical cancer is the second most common 
type of cancer among women living in underdeveloped 
areas. Mortality rate is more than 18 times higher in low-
income and middle-income countries than in richer countries 
[7]. Low economic status, poor personal and sexual hygiene, 
smoking, early sexual activity, and having more than one 
sexual partner are some of the risk factors in the develop-
ment of cervical cancer. However, the primary risk factor 
for cervical cancer is human papillomavirus infection [8]. 
When epithelial cells in the cervix are infected with HPV, 
the cells become dysplastic. The thickness of the epithe-
lial cell increases over the years and intraepithelial lesions 
develop over time. As the period prolongs, the cancer begins 
to progress as it spreads in the pelvis and distant organs. 
Therefore, rapid progression of cervical cancers is rarely 
seen [9, 10]. Treatment depends on the stage of the disease, 
and options include surgery, radiotherapy, and chemotherapy 
[8, 11].

In this study, exosomes were isolated in an attempt to use 
as a new drug delivery system. Doxorubicin, a well-known 
chemotherapeutic agent, was selected as a model drug and 
was loaded into exosomes derived from HELA cells. The 
anti-cancer potentials of these developed carriers were also 
investigated.

Material and Methods

Materials

Human cervical cancer cell lines (HELA) were purchased 
from ATCC. Dulbecco’s Modified Eagle Medium (DMEM), 
fetal bovine serum (FBS), penicillin, streptomycin, and 
3-(4,5-dimethylth-iazol-2-yl)-2,5-diphenyltetrazolium bro-
mide (MTT) were delivered by Invitrogen (Carlsbad, CA, 
USA). All the reagents and chemicals used in various experi-
ments were of analytical grade.

Cell Culture

HELA cells were inoculated in 90-mm sterile cell culture 
dishes. Cells were grown by incubation in DMEM + 10% FBS 
+ penicillin (100 U/mL) + streptomycin (100 µg/mL) at 37 
°C, in an environment containing 95% humidity and 5%  CO2.

Exosome Isolation and Characterization

When HELA cells reached sufficient confluency, they were 
washed two times with PBS (pH 7.4, Millipore 524650) 
and the medium was changed. Since FBS used for cell cul-
ture contains a high amount of exosomes, cells were kept 
in serum-free medium for 48 h to prevent cross contami-
nation and to eliminate contamination. Cell media were 
collected after 48 h and centrifuged at 15,000×g for 30 
min to remove extracellular vesicles. Then the supernatant 
was collected in tube (Beckman 342413) and the samples 
were centrifuged by ultracentrifuge at 90,000×g for 8 h 
(Beckman Coulter, Optima L100). After centrifugation, 
the pellet was removed and suspended in PBS, and protein 
concentration was determined with BCA (Intron Biotech-
nology, 21071).

Isolated exosomes were suspended in cold PBS and 
were prepared for SEM analysis. Particle size, distribution, 
and zeta potentials of exosomes were determined using 
Zeta Sizer (Nano ZS-90 Malvern Instruments, England). 
Before the experiments, exosomes were diluted at 1:1000 
in PBS, then sonicated for 10 min.

Exosome specific proteins CD9 and CD63 were ana-
lyzed by western blotting. Collected exosomes were lysed 
RIPA buffer (containing protease inhibitors) and denatur-
ized with SDS sample loading buffer at 95 °C. Cell lysates 
were used as control of proteins. Thirty-microgram protein 
of samples was loaded 4–16% SDS-PAGE gel and sepa-
rated via molecular weight. Gel were transferred to PVDF 
membrane and blocked with 3% BSA, then probed with 
primary antibody (1:500 CD9 and CD63 from Elabsci-
ence) overnight. Then membrane was washed and probed 
with HRP-conjugated secondary antibody (anti-rabbit and 
anti-mouse from Santa Cruz) and incubated with ECL rea-
gent for chemiluminescence signal. Proteins were imaged 
using SyneGene G:Box system.

Loading Docetaxel (Doc) Into Exosomes

Electroporator technique was used to encapsulate docetaxel 
in exosomes. At drug loading, the ratio of 1 µM Doc per 10 
µg protein was determined. After mixing the exosome and 
Doc in PBS, it was kept in electroporation cuvettes at 160 
V and 500 µF for 30 s and this process was repeated three 
times. After electroporation, exosomes were mixed with 
cold PBS to wash and were centrifuged by ultracentrifuge 
at 90,000×g for 4 h. Absorbance was measured at 230 nm 
in the UV spectrophotometer to determine Doc loading effi-
ciency and active substance loading capacities. In the formu-
lation obtained, after electroporation protein concentration 
was calculated in the drug-loaded exosomes.
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Biological Activity of Doc‑Loaded Exosomes

Cytotoxicity of docetaxel and docetaxel-loaded exosomes 
on HELA cancer cells and NIH-3T3 fibroblast cells were 
determined by using MTT method. Cells were inoculated 
into a 96-well plate in 100 µL of growth medium DMEM at 
10,000 cells per well. Cells were grown for 24 h at 37 °C, 
in 5%  CO2. For cytotoxicity studies, cells were incubated 
with different concentrations containing 0–1000 nM Doc, 
0–10 µg/mL exosome (Exo), and 0–10 µg/mL Doc-loaded 
exosome (Exo-Doc) for 24 h. The interaction of the cells and 
their morphological changes were checked under an inverted 
microscope.

The Scratch test was performed to investigate the effect of 
Doc-loaded exosomes on cell migration on HELA cells [12]. 
HELA cells were seeded at 2×105 cells/well in a 24-well 
plate and grown in an incubator at 37 °C, 5%  CO2 for 24 h. 
Lines were made in HELA cells with a pipette tip and 10 µg/
mL Exo (0.1 µg/mL) and Exo-Doc (0.1 µg/mL) were added. 
Migration capacities were evaluated by taking 0- and 24-h 
cell images.

Apoptotic activity measurement was performed with 
Muse Annexin V and Dead Cell kit (Millipore, USA) using 
manufacturing protocol. HELA cells were seeded at 2×106 
cells/well in a 6-well plate and incubated with 10 µg/mL Exo 
(0.1 µg/mL) and Exo-Doc (0.1 µg/mL) for 24 h. After treat-
ment, cells were harvested with trypsin EDTA solution and 
suspended with DMEM medium. One-hundred-microliter 
cell suspension buffer and 100-μL Annexin-V reagent were 
mixed and incubated for 30 min at room temperature. Live 
and apoptotic cells were analyzed with Muse Cell Analyzer 
(Millipore, USA). The percentages of late and early apopto-
sis in cells were calculated.

Caspase‑3 Enzyme Activity

Cell caspase-3 enzyme activity was measured using com-
mercial kit (Sigma CASP3C-1KT) according to the kit 
manufacturer’s protocol previously described [13]. HELA 
cells were seeded at 2×106cells/well in a 6-well plate and 
incubated with 10 µg/mL Exo (0.1 µg/mL) and Exo-Doc (0.1 
µg/mL) for 24 h. After treatment, cells were harvested with 
trypsin EDTA solution and lysed. Cells were centrifuged at 
8000×g for 15 min at 4°C. The supernatant was collected 
and used to caspase-3 enzyme activity. Results were calcu-
lated as nmol pNA/µg protein per 1 min.

Protein and Gene Expression Assay

Pro-caspase-3 (cas-3) and Pro-caspase-9 (cas-9) protein 
expressions were measured by western blotting. After the 
cells were incubated with Exo and Exo-Doc, cells were lysed 
using RIPA buffer (Millipore, USA), as previously described 

[12]. Protein concentrations were determined by the BCA 
kit. Samples were denatured and resolved by 4%–12% SDS-
PAGE. Samples were transferred to the PVDF membrane 
and then blocked with 3% BSA. The membrane was incu-
bated with primary antibody (1:500, Santa Cruz) overnight 
and then washed with TBST. ECL reagent was added after 
treatment with secondary antibody (1:200, Santa Cruz). 
Band images were taken in the imaging system (Synegene 
G:BOX Chemi, UK). GAPDH was used reference protein 
band.

Exo and Exo-Doc-treated HELA cells were collected and 
total RNA isolated using an extraction kit (Invitrogen), as 
previously described [12]. RNA concentration was meas-
ured; then, 1 µg RNA was synthesized cDNA synthesis 
using transcription Kit (Applied Biosystem). cDNA and 
specific primers were amplified using Sybr Green (Applied 
Biosystem), programmed for 95°C for 5 min, then 40 cycles 
of: 95 °C for 15 s, 58 °C for 1 min, and 72 °C for 15 s. The 
amplification and expression results were analyzed using 
StepOne Software v2.3 (Applied Biosystems, Foster City, 
CA). Primer sequences BAX F: 5′-GCC CTT TTG CTT CAG 
GGT TT-3′, R: 5′-TCC AAT GTC CAG CCC ATG AT-3′, Bcl-2 
F: 5′-GAC AGA AGA TCA TGC CGT CC-3′, R: 5′-GGT ACC 
AAT GGC ACT TCA AG-3′, Caspase-3 F: 5′-CAG TGG AGG 
CCG ACT TCT G-3′, R: 5′-TGG CAC AAA GCG ACT GAT -3′, 
GAPDH F: 5′-AGG GCT GCT TTT AAC TCT GGT-3′, and R: 
5′-CCC CAC TTG ATT TTG GAG GGA-3′. GAPDH was used 
for the housekeeping gene for normalization. Gene expres-
sion was expressed as fold change relative to the control.

Results

HELA‑Derived Exosome Characterization

HELA exosomes collected from serum-free culture medium 
were characterized by western blotting, their size, zeta 
potential, and morphology. Basic membrane proteins CD9 
and CD63 were investigated in the characterization of 
exosomes. High rates of CD9 and CD63 in exosomes were 
demonstrated in western blot bands made on cell lysate and 
exosomes loaded in equal amounts (Fig. 1a). SEM results 
showed that all exosomes are morphologically spherical 
(Fig. 1b). The size of exosomes without drug loading (Exo) 
was 78.0±11.0 nm, and the size of exosomes loaded with 
docetaxel by electroporation (Exo-Doc) was 102.9±14.6 nm 
(Fig. 1). While the zeta potential of Exo was −42.9±3.5 mV, 
the zeta potential of Exo-Doc was measured as −11.1±1.6 
mV. Polydispersity index (PDI) of Exo was 0.376±0.082, 
and PDI of Exo-Doc was measured as 0.341±0.008 (Fig. 1c). 
In the calculation of the docetaxel loading amount, it was 
measured at 230 nm in the UV spectrophotometer. It was 
found that entrapment efficiency % is 65.85±12.43.
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Effect of Doc‑Loaded Exosomes in Cell Viability

HELA and NIH-3T3 cells were treated with different con-
centrations of Doc, Exo, and Exo-Doc for 24 h. Cell via-
bility levels were not changed with Exo on both cell lines. 
In NIH-3T3 cells, cell viability levels were decreased with 
using 100 nM of Doc or more and were decreased by 10 
µg/mL of Exo-Doc. Moreover, higher concentration of Exo-
Doc reduced the number of viable cells to 50% (Fig. 2a). 
In HELA cells, cell viability levels were decreased in 10 
nM and more concentration of Doc and were decreased by 
1 µg/mL and higher concentration of Exo-Doc reduced the 
number of viable cells to 50% (Fig. 2b). Death rates cells of 
HELA were increased with the rising concentration of Exo-
Doc. Exo-Doc treatment showed a tendency to accumulate 
in HELA cells, especially in low doses. When Doc at 10-6 
unit applied to NIH-3T3, the cell viability was around 90%, 
and applied to HELA, it was around 70%. On the other hand, 
Exo-Doc led to approximately 80% of cell viability at that 
concentration. Furthermore, when it was applied to HELA 
cells, cell viability fell to 30%. According to these findings, it 
can be deduced that exosomes substantially boosted the anti-
neoplastic effect of Doc. However, the difference between 
the effect of compounds was not quite apparent at higher 

concentrations. Overall, it can be said that Exo-Doc presented 
the cell selectivity to either cancer cells or only HELA cells. 
Yet, further studies are needed to verify it. In the microscopic 
images of HELA cells, it was seen that the morphology of the 
cells was like the control cells in Exo treatment. Treatment of 
Exo-Doc cells became sparse and the interaction with each 
other decreases (Fig. 2c). Exo and Exo-Doc concentrations 
were determined as 1µg/mL for HELA cells.

Effects of Doc‑Loaded Exosomes in Cell Migration 
and Apoptosis

The effect of Exo and Exo-Doc on migration was measured by 
the scratch test. The effect on wound closure was found to be 
lower in HELA cells treated with Exo-Doc than what observed 
in control cells or cells treated with Exo compared to cells that 
received control and Exo (Fig. 3a). The wound closure was 
calculated at 40% in treated Exo-Doc cells (p<0.001; Fig. 3b). 
These results show that Exo-Doc affected migration slightly in 
HELA cells compared to control. It was observed that Exo-Doc 
treatment can target HELA cells; they enter into cells and form 
apoptotic bodies in cells. These results indicated that exosomes 
facilitate the Doc uptake in HELA cells, and consequently cell 
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death increased. The apoptotic death of rates of the cells were 
measured with Annexin-V binding (Fig. 3c). Apoptotic cells 
increased and viable cells decreased in HELA cells after the 
treatment with Exo-Doc (p<0.001; Fig. 3d).

Changes of Doc‑Loaded Exosomes in Apoptotic 
Proteins and Genes

Western blot bands of Bax, Bcl-2, pro-cas-3, and pro-cas-9 
proteins associated with apoptosis are shown in Fig. 4. When 
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the band analysis was examined, it was seen that the pro-
apoptotic proteins pro-cas-3, pro-cas-9, and Bax signifi-
cantly decreased in the Exo-Doc compared to the control 
(p<0.01, p<0.001; Fig. 4b–d). Bcl-2 protein expression 
levels, which are anti-apoptotic, slightly decreased in Exo 
and showed a high decrease in Exo-Doc (p<0.05, p<0.001; 
Fig. 4e). Caspase-3 activity levels, which is an indicator of 
activation of apoptosis, increased significantly in the Exo-
Doc group (p<0.001; Fig. 5a). In the expression levels of 
apoptotic genes, Cas-3 (p<0.05; Fig. 5b) and Bax (p<0.001; 
Fig. 5c) gene expressions increased while Bcl-2 (p<0.01; 
Fig. 5d) gene expressions decreased in Exo-Doc compare 
to control.

Discussion

Taxane drugs are widely used as chemotherapeutics in many 
cancer types. The most used taxanes are known docetaxel 
and paclitaxel. The main goal of these drugs is to prevent 
the cell from dividing by binding to microtubules in the cell. 
However, it has been reported that these drugs have high 
potential for developing resistance [14]. It has been shown 
that the chemotherapeutic resistance of taxane drugs may be 
responsible for the mechanism drug efflux, blocking of death 
signals, or tubulin binding site mutations [15]. In our pre-
vious studies with taxane drugs (docetaxel, paclitaxel, and 
cabazitaxel) in androgen receptor positive and negative cells 
in prostate cancer cells, we showed not only microtubule 
inhibition but also changes in apoptotic proteins on cells. 
We commented that these resistance mechanisms can be 
reduced by designing different carrier systems for docetaxel, 
paclitaxel, and cabazitaxel [16]. Drug delivery systems are 
needed to act selectively on cancer cells without damag-
ing normal cells for chemotherapeutic drugs. Exosomes are 
the new approach for cells to accept carrier systems and 
ideal drug delivery system and not show reactivity [17, 18]. 
Exosome-mediated drug delivery systems can also be repre-
sented as a very valuable and effective “nanovector,” “natural 
liposomes,” or “natural carrier” for the delivery of targeted 
anti-cancer drugs with low immunogenicity and toxicity 
[19]. Since it is small, non-toxic, non-immunogenic, and its 
membrane composition is human-specific, it can be used as a 
drug delivery tool to target cells, making it one of the popu-
lar studies in recent years [20]. Different methods are used to 
load drugs into exosomes, passive diffusion of hydrophobic 
molecules, mechanical (such as sonication), electropora-
tion, or chemical-mediated transfer of hydrophilic molecules 
(lipofection) [21]. In most cases, incubation is preferred to 
charge lipophilic small molecules to an exosome. There-
fore, low molecular anti-oxidants, catalase [22], curcumin 
[23], siRNA [24, 25], miRNA [26], doxorubicin [27], pacli-
taxel [28], dopamine [29], and nanoparticles [30] have been 

shown to be loaded into exosomes or exosome-like vesicles 
by incubation at room temperature. In previous research, 
exosomes were isolated from U-87 glioblastoma cells and 
paclitaxel and doxorubicin were loaded into exosomes. It has 
been shown that it can cross the blood-brain barrier and can 
be used in cancer treatment in vivo and in vitro [28]. In a 
different study, doxorubicin was conjugated to silicon-coated 
nanoparticles and then encapsulated into exosomes. When 
the effect of this new modified exosome on hepatocellular 
H22 or Bel7402 cancer cells were examined, it was shown to 
induce apoptosis and autophagy, and suppress tumor growth 
in mice [30]. In exosomes isolated from different sources, 
paclitaxel (PTX) was loaded into exosomes isolated from 
RAW 264.7 macrophage cells and its effect were examined 
on multi-drug-resistant lung cancer cells 3LL-M27 (highly 
metastatic). PTX-loaded macrophage exosomes have been 
reported to inhibit the growth of pulmonary metastases in 
the LLC mouse model and passed the Pgp-induced drug 
efflux in lung cancer cells [31]. In a study using exosomes, 
exosomes of microvesicle- and exosome-enriched isolated 
from LNCaP- and PC-3 prostate cancer cells; when pacli-
taxel was loaded into exosomes, it reduced cell viability 
and activated the endocytic pathway when applied to pros-
tate cancer cells [32]. Docetaxel and PLK1 siRNA-loaded 
exosome were isolated from RAW 264.7 macrophage cells 
and folate-conjugated exosomes were developed. It has 
been demonstrated by in vivo and in vitro experiments that 
these exosomes can create a synergistic effect and be used 
chemotherapeutically in the treatment of castrate-resistant 
prostate cancer [33]. In a recent study, they showed that 
MSC-derived exosomes loaded with paclitaxel both reduce 
the metastasis ability of SK-OV-3 ovarian cancer, MDA-
hyb1 breast cancer cells, and A549 lung cancer and sup-
press toxic side effects in other tissues by in vivo models 
[34]. In another study, breast cancer cells were incubated 
with docetaxel and exosomes were isolated. It has been 
suggested that drug-resistant breast cancer cells release 
exosomes, transferring miRNAs between cells and increas-
ing chemoresistance [35]. There are many studies showing 
that docetaxel develop resistance in cancer, exosomes alone 
trigger cancer in the circulation, and exosomes increase 
metastasis abilities in resistant cells [36]. In fact, this indi-
cates that if docetaxel are externally loaded into exosomes, it 
has anti-cancer properties, but can trigger cancer if cells are 
incubated with docetaxel and exosomes are isolated. It has 
been reported in many studies that docetaxel alone or com-
bined with different molecules reduces cell death and has 
an anti-cancer effect in HELA cells [37, 38]. In this study, 
we showed that docetaxel, which we loaded with electropo-
ration technique into exosomes isolated from HELA cells, 
triggered cell death at lower concentrations. We have also 
found that it induces mitochondrial apoptosis and reduces 
cell migration in HELA cells. The development of a carrier 
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system by using exosomes without toxic effects in docetaxel 
treatment of cells with high migration ability such as HELA 
was demonstrated in this study.

As a result, loading docetaxel using a cancer cell’s self-
produced exosome creates a new anti-cancer drug delivery 
system, facilitates cell intake, and triggers cell death with 
low-dose chemotherapeutic that could lay the groundwork 
for clinical studies of cervical cancer treatments.
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