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Objective(s): Known as natural nanovesicles, exosomes have attracted increased attention as 
biocompatible carriers throughout recent years, which can provide appropriate sources for 
incorporating and transferring drugs to desired cells in order to improve their effectiveness and safety. 
Materials and Methods: This study implicates the isolation of mesenchymal stem cells from adipocyte 
tissue (ADSCs) to acquire a proper amount of exosomes for drug delivery. As the exosomes were 
separated by ultracentrifugation, SN38 was entrapped into ADSCs-derived exosomes through the 
combination method of incubation, freeze-thaw, and surfactant treatment (SN38/Exo). Then, SN38/
Exo was conjugated with anti-MUC1 aptamer (SN38/Exo-Apt), and its targeting ability and cytotoxicity 
towards cancer cells were investigated.
Results: Encapsulation efficiency of SN38 into exosomes (58%) was significantly increased using 
our novel combination method. Furthermore, the in vitro results were indicative of the great cellular 
uptake of SN38/Exo-Apt and its significant cytotoxicity on Mucin 1 overexpressing cells (C26 cancer 
cells) without noticeable cytotoxicity on normal cells (CHO cells). 
Conclusion: The results propose that our approach developed an efficient method for loading SN38 
as a hydrophobic drug into exosomes and decorating them with MUC1 aptamer against Mucin 1 
overexpressing cells. So, SN38/Exo-Apt could be considered a great platform in the future for the 
therapy of colorectal cancer. 
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Introduction
Exosomes are classified as a type of extracellular vesicle 

(EV) with a size range of 30 to 150 nm that are widely involved 
in cancer biology and cancer therapy investigations (1). 
There is evidence of the crucial functionality of exosomes in 
signaling processes of both physiological and pathological 
situations, antigen presentation (2), inflammation, 
immunomodulatory functions, and tumor progression (3). 
Furthermore, they exhibited great potential for the delivery 
of drugs and genes as a result of their natural origin, ability 
to escape from rapid phagocytic cells and cross certain tight 
biological barriers, high biocompatibility, and nano-sized 
dimension (4-6).

Compared to nanoparticles, there are some advantages 
in exosome application for cancer treatments, including 
higher compatibility and stability, cell-derived membranes 
or components, and longer circulation time (7). Exosomes 
have been extracted from different cell sources, including 
neutrophils, platelets, mononuclear cells, macrophages, and 
mesenchymal stem cells (MSCs), and it has been shown that 
they could enhance cancer therapies (8, 9). 

In recent decades, numerous types of research have 
been performed on the different beneficial effects of MSCs. 
However, diverse aspects of EVs in cancer therapy are fairly 
new, and the knowledge base is not currently extensive (7). 
Compared to other cell types, MSCs can offer notable benefits 
as an exosome source, which implicate the production of 
exosomes with higher yields, lower immunogenicity, and 
superior stability in human plasma (10, 11).

Regardless of their impressive drug delivery achievements, 
the poor specificity of exosomes in targeting cancer cells 
and tumor environment was attempted to be improved by 
modifying them with various ligands (12).

Recently, the conjugation of exosomes with aptamers 
has enhanced their functionality and introduced a great 
potential for broader biomedical applications similar to 
gene knockdown and targeted drug delivery (13). Aptamers 
have obtained remarkable attention because of their non-
immunogenicity, long shelf-life, and convenient trimming 
(14). Considering the presence of Mucin 1 (MUC1) as a 
heterodimeric protein with a remarkable rate of expression 
on cancer cells membrane, the potential of anti-MUC1 
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aptamer attracted a lot of attention for cancer therapy (15).
7-ethyl-10-hydroxycamptothecin (SN38) is an anticancer 

member of the camptothecin (CPT) family that can cause 
significant inhibitory effects on topoisomerase 1 and is also 
capable of destroying the structure and function of DNA 
(16). In spite of its much superior potency than CPT-11(17), 
SN38 was observed to be quite unstable in a physiological pH 
range due to its extremely low solubility in pharmaceutically 
acceptable media (18).

In the current study, exosomes derived from adipocyte 
mesenchymal stem cells (ADSCs) were extracted and 
loaded with SN38. As a result, the therapeutic efficiency 
of SN38 was increased subsequent to the conjugation of 
exosomes with anti-MUC1 aptamer as a targeting ligand 
(19). Therefore, we evaluated the in vitro assays of targeted 
and non-targeted complexes (SN38/Exo-Apt and SN38/
Exo, respectively) on C26 and CHO cell lines.

Materials and Methods
Materials

C26 and CHO cell lines were obtained from the 
Pasteur Institute of Iran (Tehran, Iran). MUC1 aptamer 
was prepared from Microsynth (Balgach, Switzerland). 
Exosome-depleted FBS was purchased from System 
Bioscience (SBI, Palo Alto, USA). 3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide (MTT), 1-ethyl-3-(3-
dimethylaminopropyl) carbodiimide hydrochloride (EDC) 
and N-hydroxysulfosuccinimide (NHS) were bought from 
Sigma-Aldrich (Schnelldorf, Germany). FITC Mouse Anti-
Human CD90 – BD and APC Mouse Anti-Human CD44 
were provided from Pharmingen, APC Mouse Anti-Human 
CD45, PerCP/Cyanine5.5 anti-human CD34 Antibody were 
provided from Cytognos. 

Dulbecco’s modified Eagle’s medium (DMEM), RPMI 
1640, and fetal bovine serum (FBS) were purchased from 
GIBCO (Darmstadt, Germany).  

MSC extraction from adipose tissue
Human adipose tissue samples were prepared by 

liposuction from a healthy donor and were immediately 
transferred into the cell culture room of the pharmaceutical 
technology institute (Mashhad, Iran) subsequent to 
providing informed consent. All of the involved procedures 
were approved by the review committee of Mashhad 
University of Medical Sciences (Approval number 950533). 
The isolation of ADSCs from adipose tissue was done in 
accordance with our previous study. Briefly, the liposuction 
suspension was immediately transferred into a sterile bottle. 
In order to remove red blood cells, the sample was washed 
with phosphate-buffered saline (PBS), and its upper-fat layer 
was mixed with 0.1% collagenase (type I; Sigma-Aldrich, 
St. Louis, MO, USA) in PBS for 45 min at 37 ˚C, which 
was followed by inhibiting enzymatic activity through the 
usage of an equal volume of complete media. Thereafter, the 
suspension was centrifuged subsequent to being filtered 
via a 100-μm mesh. Once the cells were suspended in a 
complete media composed of DMEM, FBS, antibiotics, and 
amphotericin, they were transferred into a T25 flask to be 
cultivated in a CO2 incubator. The media was refreshed after 
48 hours to discard the non-adherent cells. Lastly, the cells 
were subcultured into new flasks subsequent to reaching 
70-80% of confluence (20, 21).

Characterization of the isolated cells
The ADSCs surface markers were studied by flow cytometry 
using CD44 and CD90 as the positive markers and CD45 
and CD34 as the negative markers (FACS Calibur machines, 
Becton Dickinson, USA) according to the manufacturer’s 
protocol (Human mesenchymal stem cell marker antibody 
panel, R&D) (20, 22).

Exosome isolation 
In this section, the cells were cultivated for 3 days 

in a DMEM comprised of 10% exosome-depleted FBS 
subsequent to ensuring that the ADSCs had reached 
the confluence of 70-80% at passage 3. The supernatant 
was used to isolate exosomes by performing a series of 
centrifugations, including 300 g for 10 min, 1000 g for 20 
min, and 10000 g for 30 min at 4 °C. In the following, two 
rounds of ultracentrifugation were performed (Hitachi, 
Himac, CS150GXL, Hokkaido, Japan) at 120000 g for 70 
min at 4 °C (23), and then, the final pellet was suspended 
in 100 μl of PBS to be frozen at -80 °C (24). The protein 
concentration was assessed by the bicinchoninic acid (BCA) 
assay kit according to the manufacturer’s instructions 
(Parstous, Iran) explained in our previous study (25).  

Exosome characterization
Atomic force microscopy (AFM) and particle size 
measurement  

The AFM images were obtained through the dilution 
of exosomes in PBS that were subsequently dropped on 
coverslips. Thereafter, the droplet was thoroughly dried at 25°C 
for 12 hr to collect the images by the employment of an atomic 
force microscope (Nano Wizard II Nanoscience AFM, JPK 
Instruments, Germany) (26, 27).

The size and zeta potential of exosomes were assessed by 
dynamic light scattering (Nano-ZS; Malvern, UK). In addition, 
we evaluated the exosome suspension in PBS through a JEOL-
5300 scanning electron microscope (SEM) (28).

Aptamer conjugation to exosomes
The amine MUC1 aptamer 5′-GAAGTGAAAATGAC-

AGAACACAACA-3’ was covalently conjugated to the 
exosomes. In brief, NHS (35 mg, 0.6 mmol) and EDC (46 
mg, 0.3 mmol) were separately dissolved in PBS to be mixed 
with exosomes at 4°C overnight. Once 12 μg of activated 
exosome was mixed with the aptamer solution (50 μM stock 
solution), the attained mixture was eventually centrifuged 
by Amicon centrifugal ultra-filter (cut off = 100 kDa) at 
9000 g for 10 min to remove all the free aptamers from 
exosome-conjugated aptamers (Exo-Apt) (29).

Determination of Exo-Apt conjugation 
The gel retardation assay was performed to confirm 

the exosome–aptamer conjugation. Electrophoresis was 
accomplished on 2.5% agarose gel in TBE buffer at 100 V 
for 60 min, while the application of alliance 4.7 gel doc was 
considered to analyze the results (Uvitec, UK) (29). 

SN38 Loading into Exo-Apt
For loading SN38 into exosomes, the novel method 

consisted of three common procedures, including simple 
incubation, surfactant process, and freeze-thawing cycle 
was used. For this purpose, SN38 was incubated with 
various concentrations of exosomes in the presence of 0.1% 
tween-20 for 18 hr under stirring conditions. Then, freeze−
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thaw cycles were performed three times in accordance with 
our previous article (28). 

The collection of SN38-loaded exosomes was done 
through ultracentrifugation for 70 min at 120000g. In order 
to remove the unincorporated free SN38, the exosomes 
were washed with PBS and ultracentrifuged (120000g, 70 
min). We also assessed the absorbance of unloaded SN38 
in the supernatant at 366 nm and quantified the value of 
loading efficiency through the following equation (30).

Encapsulation efficiency of SN38 (%) = (Weight of SN38 
entrapped in exosome) / (Total SN38 added) ×100

Cellular uptake 
The exosome uptake was studied by using BD 

FACSCalibur Flow Cytometer. Briefly, C26 and CHO cells 
were cultured in a 24-well plate, and on the next day, Exo-Apt 
(containing FAM-labeled Apt) was appended to each well 
for 4 hr. Once the cells were washed with PBS, we evaluated 
the gathered data through the usage of Flow Jo (FlowJo, LLC, 
Ashland, OR, USA) and Flowing software 7 (28). 

Cell viability assay
The cytotoxicity of different formulations was examined 

by treating the cells with free SN38, Exo-Apt, and SN38/
Exo-Apt containing SN38 (8 and 10 μM, IC50 for CHO 
and C26 cells, respectively) for 6 hr, which was followed by 
refreshing the media and performing further incubation 
for 24 hr. The next step implicated the addition of MTT 
solution (5 mg/ml in PBS) to each well, as well as DMSO 
(100 µl) subsequent to 4 hr. We measured the absorbance of 
the sample at a wavelength of 570 nm with a reference of 630 
nm through the usage of a microplate reader (Tecan Group 
Ltd Mannedorf, Switzerland) (22, 31).

Statistical analysis 
Graph pad prism 8 was used to calculate the statistical 

significance. The data were analyzed by one-way ANOVA, 
and P values were calculated to determine the significance 
of the difference between groups. The significance level was 
set at less than 0.05. Results are presented as mean ± SD.

Resultss
Extraction and analysis of ADSCs surface markers

Flow cytometry was used to study cell surface markers on 

the isolated cells. The results revealed that these cells expressed 
MSC markers (CD90 and CD44), but hematopoietic markers 
(CD45 and CD34) were not expressed in the cells. The isotype 
control is displayed in red (Figure 1).

Isolation and characterization of exosome
The size and morphology of exosomes were investigated 

with AFM. Figure 2A illustrates spherical nanoparticles 
around 50 nm. Furthermore, DLS analysis of ADSCs-
derived vesicles verified the size obtained from the AFM 
experiment. In addition, the shape of exosomes was 
observed in SEM. Figure 2B reveals spherical nanoparticles 
with narrow size distribution. The yield concentration of 
exosome was measured to be 86 ± 16.9 μg/mL using the 
BCA protein assay kit (Parstous).

 

 

  Figure 1. Flow cytometry of ADSCs approved the expression of CD44 and 
CD90 and the absence of CD45 and CD34 on ADSCs
ADSCs: Adipocyte tissue 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 2. (A) Scanning electron microscope (SEM) image of exosomes with scale bar 200 nm, (B) Scanning electron microscope (AFM) images of exosomes, 
(C) Size of exosomes with dynamic light scattering (DLS)
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Characterization of Exo-Apt bioconjugate and loading of 
SN38

Conjugation of aptamer on the surface of the exosomes 
was evaluated by agarose gel electrophoresis. Exo-Apt had a 
higher molecular weight compared to free aptamer (aptamer 
alone). So, Exo-Apt moved slower and less than free aptamer 
through the gel. As shown in Figure 3, the Exo-Apt band 
was retarded compared to the band of the free aptamer. DLS 
results indicated that the size of the exosomes (100.2±0.02 
nm, PDI=0.4±0.04) increased after aptamer conjugation 
(125 ± 5 nm, PDI=0.3±0.006). Moreover, the zeta potential 
became more negative (-25 mV± 2.2) compared to native 

exosomes (−15 mV± 3.1). SN38 was loaded into the 
exosomes by the combination technique (incubation, 
freeze-thawing, and surfactant treatment). Subsequently, 
the amount of encapsulated SN38 was evaluated by UV–Vis 
spectrophotometry of free SN38 at 366 nm against a serial 
dilution of standards. The result indicated that the loading 
efficiency of SN38 was 58 ± 3.5% for SN38/Exo-Apt and 55 
± 1.8% for SN38/Exo.

Flow cytometry analysis of SN38/Exo-Apt
MUC1 glycoprotein is overexpressed on the tumor cells, 
so MUC1 Apt was used to specifically deliver drug-
loaded exosomes to cancer cells. C26 and CHO cells were 
treated with SN38/Exo-FAM-labeled Apt. Flow cytometry 
histograms showed that the targeted exosomes bound to 
C26 (18.8%) more efficiently compared to CHO cells (2.6%) 
(Figure 5). 

Cytotoxicity evaluation of SN38/Exo-Apt
The cytotoxicity of the exosomes, SN38/Exo, and SN38/

Exo-Apt was evaluated with the MTT test (Figure 5). The 
IC50 value of SN38 (free drug) was obtained to be about 10 
and 8 µM for the C26 and CHO cell lines, respectively. The 
results revealed higher cellular toxicity of SN38/Exo-Apt 
compared to other treatments, which could be attributed to 
its higher cellular uptake. There was no significant toxicity 
in CHO cells treated with SN38/Exo and SN38/Exo-Apt 
compared to C26 cells (Figure 5). For CHO cells, the lower 
cellular toxicity of targeted SN38/Exo-Apt compared to free 
SN38 could be attributed to the lower expression of MUC1 
receptors in these cells.

 

 

  Figure 3. Agarose gel electrophoresis (2.5%) of Exo-Apt. Lane 1; Exo-Apt, 
lane 2; free MUC1 aptamer

 

 

  

 
 

 

 

Figure 4. Flow cytometry analysis in (A) C26 and (B) CHO cells after incubation with SN38/Exo-FAM-labeled Apt (blue) and control (red) non-treated cells

Figure 5. Cytotoxicity of free SN38, SN38/Exo, and SN38/Exo-Apt using the MTT assay in C26 and CHO cells after 48 hr incubation (the concentration of 
SN38 is 10 and 8 µM for the C26 and CHO cell lines)
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Discussion
SN38 has been used as an active metabolite form 

irinotecan for people who suffer from various tumors, 
especially colon cancer (32). However, SN38 reveals high 
cytotoxic potency in its clinical use (32, 33). One approach 
is the encapsulation of SN38 into nanoparticles such as 
polymeric nanoparticles including amphiphilic chitosan, 
(CS)-g-poly(methyl methacrylate)-poly(acrylic acid) (34), 
and liposomes to surpass this limitation (35).

Recently, exosomes have been utilized as nanoscale 
drug/gene delivery carriers because of their better 
biocompatibility, small size, and decreased toxicity 
compared to synthetic nano-formulations like polymers, 
liposomes, and dendrimers (36). Furthermore, the 
delivery of antineoplastic drugs in exosomes enhances the 
pharmacokinetic and pharmacodynamics features of these 
drugs and can improve anticancer activity compared to free 
drugs (33, 37).  

In the present study, we extracted ADSCs-derived 
exosomes and then confirmed their identity by methods 
including AFM, DLS, and SEM. The size of exosomes 
verified a nanoscale diameter of 100.2 nm. AFM was applied 
to study the size and morphology of isolated exosomes. 
SEM images showed the homogenous and spherical 
nanoparticles were about 50 nm which was in accordance 
with the result of DLS and disclosed that the exosomes had 
a mean diameter of about 100 nm and a surface charge of – 
15 mV. The presence of exosomal surface markers like CD9 
and CD63 was verified in our previous research (25, 38).  

Different approaches have been used for importing 
drugs and therapeutic ingredients into exosomes, including 
incubation, transfection, and physical treatment (sonication, 
electroporation, freeze-thawing, and surfactant treatment) 
(39-41).

Although electroporation has been considered a common 
post-loading method for the delivery of drugs and especially 
siRNAs into exosomes, this method is associated with 
inefficient loading and disrupts exosome integrity (42). In 
the incubation method, hydrophobic drugs, such as SN38, 
interact with the lipid layers of exosomes; therefore, the 
drugs diffuse into the exosome. The low loading efficiency 
is considered the main disadvantage of this method. So, the 
time of incubation and concentration of hydrophobic drugs 
are critical factors for improving drug loading efficiency 
(8). Hany et al. assessed the efficiency of loading and uptake 
of enzyme catalase by different techniques, including 
incubation with/without saponin permeabilization; 
freeze/thaw cycles; sonication, and extrusion procedures 
into RAW264.7 cell-extracted exosomes  for treatment 
of Parkinson’s disease (PD). Their results demonstrated 
that the size, morphology, loading efficiency, and stability 
of formulations remarkably depended on the method of 
preparation. The highest loading efficiency of protein in 
exosomes was obtained by incubation method with saponin 
treatment (43). 

In the current study, the innovative procedure 
based on three techniques (incubation, freeze-thaw, 
and surfactant treatment) was used to load SN38 
to the exosomes. The results revealed that great 
encapsulation efficiency (58%) was successfully achieved.  
Stability as an important issue for using exosomes has been 
investigated in various studies. In most studies, exosomes 
showed problems in terms of stability for long-term storage, 
even at −80 ◦C. For example, some studies reported that the 

morphology of exosomes was changed when stored at -80 ◦C 
for 4 days. Furthermore, exosome surface characteristics 
and protein content were altered during storage at different 
temperatures (36). In another study, Wu et al. investigated 
the RNA quality loaded into the exosomes in storage 
conditions. The results showed that the biological activity of 
exosomes was decreased when stored at −80 ◦C for 28 days 
(44), so we preferred to use freshly extracted exosomes. 

Next, the surface of exosomes was adjusted with a MUC1 
aptamer to target C26 cells. Gel retardation assay showed 
the effective conjugation of aptamer on the exosomes 
(Figure 3). With aptamer conjugation, the size of exosomes 
was increased from 111.2 ± 6 nm to 150.5 ± 4 nm, and their 
zeta potential became more negative (from -15 mV±3.1 to 
-25 mV± 2.2 mV). Bagheri et al. encapsulated doxorubicin 
(DOX) through the electroporation method in MSC-derived 
exosomes. Their result indicated that aptamer conjugation 
on the exosomes could reduce surface charge because of 
the negative charge of the short nucleic acid sequence. They 
obtained 53% loading efficiency for DOX in exosomes via 
the electroporation method (38). The specificity of SN38/
Exo-Apt to C26 cells was evaluated using flow cytometry 
and the FAM-labeled MUC1 aptamer. The result indicated 
that SN38/Exo-Apt was attached to C26 (18.8%) stronger 
in comparison with CHO cells (Figure 4). The higher 
uptake of SN38/Exo-Apt by C26 cells is related to the higher 
expression of MUC1 on the surface of this cell line which 
is involved in receptor-mediated endocytosis of SN38/Exo-
Apt. Results of Alibolandi et al. exhibited that the surface 
modification of chitosan-stabilized PLGA matrix with 
anti-MUC1 aptamer improved the therapeutic potency 
of the formulation to C26 cell lines (45). Also, our results 
confirmed that SN38/Exo-Apt has higher cytotoxicity for 
C26 cells compared to free SN38 (Figure 5). Whereas free 
SN38 showed high cytotoxicity in both cell lines, lower 
cellular toxicity was observed after treatment of CHO cells 
with SN38/Exo and SN38/Exo-Apt. Less cytotoxicity of 
both targeted and non-targeted exosomes compared to free 
SN38 could be attributed to the lower receptors for MUC1 
aptamer on the surface of CHO cells. Taken together, SN38/
Exo-Apt could be considered a great drug carrier candidate 
to fight against cancer cells.

Conclusion
The ability of exosomes in therapeutics delivery towards 

desired cells has made exosomes a promising carrier for 
drug delivery. Nevertheless, some limitations, such as the 
efficacy of different methods used for drug loading and 
proper storage procedures, should be considered. Another 
essential factor is exosome stability in the long term, which 
should be investigated more (36).

In this study, an efficient method was developed for the 
targeted delivery and loading of SN38 as a hydrophobic 
drug into MUC1 aptamer decorated exosomes. Targeted 
SN38/Exo-Apt indicated efficient accumulation and 
effective cytotoxic effect in C26 cancer cells. These findings 
demonstrated that SN38/Exo-Apt could be considered 
a valuable formulation in the future for the therapy of 
colorectal cancer. 
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