
3D Culture Cells Technique for Exosomes Isolation of HEK293 and 
its Application on WiDr Cells

Mia Audina1*, Silmi Mariya2,3, Bella Fatima Dora Zaelani2, Yuliana2, Huda Shalahudin Darusman1,2,3,4

1Biotechnology Graduate School of Bogor Agricultural University, Kampus IPB Dramaga, Bogor 16680, Indonesia
2Primate Research Center Bogor Agricultural University, Bogor 16151, Indonesia
3Primatology Graduate School of Bogor Agricultural University, Kampus IPB Dramaga, Bogor 16680, Indonesia
4Faculty of Veterinary Medicine Bogor Agricultural University, Kampus IPB Dramaga, Bogor 16680, Indonesia

1. Introduction
  

 Colon cancer, also known as colorectal cancer, is 
a type of adenocarcinoma that originates from the 
glandular epithelial cells found in the large intestine, 
specifically the rectum. The development of colon 
cancer occurs as a result of acquired epigenetic 
mutations within these cells (Alzahrani et al. 2021). 
Colon cancer occurs in more than 931,950 cases 
worldwide, and 935,173 people die yearly due to 
colon cancer. In Indonesia, colon cancer that occurs 
in men is the second ranks after lung cancer, with 
a percentage of 11.9% or 21,764 of the total cancer 
cases (Sutnick and Gunawan 2020). Oncologists 
often perform colon cancer treatments, including 
surgery, chemotherapy and radiotherapy (Rai et 
al. 2023). Technological developments in modern 
medicine have led to regenerative approaches to 

treating cancer, exosome therapy stands out as a 
promising approach in the fight against cancer. 
 Exosomes are extracellular vesicles measuring 
40-100 nm secreted by all cells, including cancer 
cells. Exosomes may be helpful for therapeutic since 
they include a variety of proteins, RNA, and DNA 
from the original cell (Bellavia et al. 2017). Exosomes 
play a crucial role in a variety of pathological 
conditions, including cancer (Kar et al. 2023), liver 
and kidney disease, neurodegenerative disorders, 
and various cardiopulmonary disorders (Ailawadi et 
al. 2015). Exosomes possess inherent cargo-carrying 
capabilities, rendering them highly potential 
therapeutic agents for a wide range of ailments, 
such as cancer and degenerative diseases. These 
microscopic vesicles can be extracted from various 
cell sources, including Human Embryonic Kidney 
cells (HEK293).
 The HEK293 cell line, frequently utilized in 
the production of therapeutic proteins, has also 
been employed in the generation of exosomes for 
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therapeutic purposes, alongside stem cells and 
immune cells (Hu et al. 2018) (Malm et al. 2020). 
HEK293 cells, possessing stable transfection 
capabilities, are considered as normal cells that are 
highly suitable for both exosome production and 
modification, as highlighted by Wang et al. in 2023. 
HEK293 cells express E1A and E1B, which allows 
continuous culture The apoptosis of HEK293 cells 
can be hindered and the transcription pathways as 
well as cell cycle control can be disrupted through 
various means (Berk 2005). The research employs 
apoptosis markers BAX and BCL-2, both belonging 
to the BCL-2 gene family. BCL-2 functions as an 
anti-apoptotic factor, whereas BAX acts as a pro-
apoptotic factor (Putra et al. 2015). The exosomes 
containing miRNA-129-5p have been shown to 
trigger apoptosis in colon cancer cells, while also 
suppressing their proliferation, as demonstrated by 
Ji et al. in 2021.
 A three-dimensional (3D) cell culture refers 
to a synthetically engineered setting where 
biological cells are cultivated or engage with their 
environment across all three spatial dimensions. In 
contrast to two-dimensional (2D) environments, 
three-dimensional (3D) cell cultures provide a 
conducive setting for cell growth all directions 
in-vitro, simulating their in-vivo characteristics 
(Malhão et al. 2022). In-vitro 3D cell spheroids 
have proven to be comparable to in-vivo studies 
for investigating the toxicity of drug compounds, 
and resulting in a higher cytotoxic effect than in 2D 
culture (Prasetyaningrum and Septisetyani 2019), 
Furthermore, it serves as a noteworthy therapeutic 
stimulus that can be examined on experimental 
animals to assess the safety of drugs prior to 
conducting clinical trials (Costard et al. 2021). 
 Isolate exosomes from HEK293 cells in 
3-dimensional culture, and exosome treatment is 
carried out on WiDr cells with 3-dimensional cell 
culture to see cell apoptosis (BAX and BCL-2) and 
growth of CD133+ WiDr cells. The WiDr cell line is 
a cancer cell isolated from a woman's colon with 
colorectal cancer.

2. Materials and Methods

2.1. 3D culture HEK293
 HEK293 cells (ATCCCRL 1573) were cultured in 
6-well Ultralow Attachment Surfaces plates (Merck 
KGaA, Darmstadt, Germany), with 50,000 cells seeded 
per well in DMEM medium (Dulbecco's Modified 

Eagle's Medium) (Merck KGaA) supplemented with 
10% Fetal Bovine Serum (FBS) (Merck KGaA), 100 
units/L penicillin, and 100 g/ml streptomycin. The 
cells were then placed in an incubator at 37°C with 
5% CO2. Once multicellular spheres had formed, the 
media was harvested and transferred to a 50 ml tube, 
followed by centrifugation at 750 × g for 5 minutes. 
The resulting supernatant containing HEK293 was 
collected for exosome isolation.

2.2. Isolation Exosomes Derived HEK293 Cell 
 The process of isolating exosomes derived 
from HEK293 cells in this investigation involved 
the utilization of ultracentrifugation. Initially, the 
cell supernatant was subjected to centrifugation 
at a force of 2,000 × g for a duration of 20 minutes 
at a temperature of 4°C. Subsequently, the 
supernatant obtained from the HEK293 cells was 
carefully transferred into a centrifuge tube for 
ultracentrifugation using a W32Ti rotor (L-80XP; 
Beckman Coulter, Brea, CA, USA) at a force of 10,000 
× g for a period of 30 minutes at 4°C. This step 
facilitated the isolation of exosomes, which were then 
transferred into a fresh tube and subjected to further 
centrifugation at a force of 100,000 × g for a duration 
of 70 minutes at 4°C. The resulting pellet, containing 
the exosomes, was subsequently resuspended in 
PBS to eliminate any debris protein originating from 
the cells. Following this, the resuspended exosomes 
were subjected to another round of centrifugation 
at a force of 100,000 × g for a period of 60 minutes 
at 4°C. Ultimately, the pellets obtained contained 
the exosomes, which were resuspended in 100 µL of 
PBS. To validate the obtained exosomes, molecular 
techniques such as quantitative PCR were employed, 
specifically targeting CD9 (236 bp) and CD81 (246 
bp). 

2.3. WiDr Treatment by Exosomes 
 WiDr (ATCC CCL 218) cells were plated at a density 
of 50,000 cells per well in RPMI 1640 medium (Roswell 
Park Memorial Institute) (Merck KGaA) using 6-well 
Ultralow Attachment Surfaces plates. The cells were 
then incubated at 37°C with 5% CO2 for 18-20 hours 
to allow for sphere growth. Subsequently, exosomes 
derived from HEK293 cells were added to the WiDr 
cells at concentrations of 3.5 µg/ml, 7 µg/ml, and 14 
µg/ml. The culture was maintained for an additional 
48 hours with 5% CO2 (Faruqu et al. 2018). Following 
incubation, the cells were harvested, processed into 
dry pellets, and subjected to qRT-PCR analysis to assess 

1174                                                                                                                                                                Audina M et al.



the expression levels of apoptotic markers BAX and 
BCL-2, as well as the cancer stem cell marker CD133 
(180 bp). 

2.4. WiDr Cell Morphology and Cell Viability
 HEK293 cells and WiDr cells were observed from 
the 6 wells Ultralow Attachment Surfaces plates 
under an inverted phase-contrast microscope. The 
photograph of WiDr cells were captured using an 
inverted microscope connected to a computer using 
The software used for capturing images, Dinocapture 
2.0, was employed in conjunction with the Dino-lite-
Digital Microscope from the Netherlands, Europe. To 
determine cell viability, both live and dead cells were 
quantified using a haemocytometer and trypan blue 
staining. The resulting values were then calculated 
as a percentage of viability. This dataset represents 
the average of four separate experiments, with the 
standard deviation (SD) also taken into account.

2.5. Quantitative Reverse Transcription 
Polymerase Chain Reaction (qRT-PCR)
 The RNeasy kits from Qiagen, Hilden, Germany 
were utilized to extract mRNA from cells, while the 
SuperScript III Reverse Transcriptase from Invitrogen, 
Carlsbad, CA was used for reverse transcription, 
following the manufacturer's guidelines. The 
quantitative reverse transcription polymerase chain 
reaction (qRT-PCR) technique was employed to 
evaluate the expression levels of BAX, BCL-2, CD9, 
CD81, and CD133 markers. The primer sequences 
used in this study are provided in Table 1. PCR mix 
reactions were carried out using SsoFast EvaGreen 
Supermix from BioRad, Hercules, CA on the Icycler iQ5 
machine from BioRad. The thermocycler conditions 
consisted of an initial denaturation at 95°C for 5 

seconds, followed by 40 cycles of denaturation at 
98°C for 5 seconds and annealing–elongation at the 
optimal primer annealing temperature (Table 1) for 
10 seconds. The expression levels were normalized 
to the glyceraldehyde 3-phosphate dehydrogenase 
(GAPDH) reference gene. The relative RNA expression 
levels were determined using the comparative Ct 
(ΔΔCt) method (Rao et al. 2013).

2.6. Data analysis 
 Cell morphology data were analyzed descriptively. 
Log transformation was used to normalise the data. 
The analysis was carried out using One way ANOVA 
(Microsoft excel 2019) tests all comparisons were 
conducted using a significance level of 0.05, which 
was deemed to be statistically significant. The 
findings are displayed as mean ± standard deviation. 

3. Results

3.1. Exosome Derived from HEK293
HEK293 (Human Embryonic Kidney) cells are 

cell lines derived from human embryonic kidney 
cells with epithelial morphological characteristics. 
HEK293 cells have been successfully cultured in 3D 
technique using the 6 wells Ultra Low Attachment 
Surfaces Plate formed multicellular spheroids, the 
morphology of the sphere transformed from round 
to oblong, with a size ranging from 40 to 100 µm. 
(Figure 1). The cell pellets containing exosomes were 
successfully isolated using the ultracentrifugation 
method in 3D cell culture. The concentration obtained 
was 1.47 µg/ml, which was derived from a supernatant 
volume of 32 ml. Validation of exosome obtained 
was carried out using qRT-PCR for the expression 
of CD9 and CD81, the mRNA level expression shown 
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Table 1. Primer sequences used for qRT-PCR

Primer Annealing (°C) ReferencesNucleotide sequences (5’-3’)

TCTTGGTGATATTCGCCATT
TTCGAGTACGTCCTTCTTGG
CTGTATCTGGAGCTGGGAGA
GAACTGCTTCACATCCTTGG
CCCGAGAGGTCTTTTTCCGAG
CCAGCCCATGATGGTTCTGAT
GCTCTAAAATCCATCCAG
CCTCTCCATCATCAACTT
TCTTGACCGACTGAGACCCAAC
ACTTGATGGATGCACCAAGCAC
CGGATTTGGTCGTATTGG
TCAAAGGTGGAGGAGTGG

CD9 

CD81 

BCL-2 

BAX 

CD133 

GAPDH 

48

53

56

48

53

56

(Kumar et al. 2015)

(Kumar  et al. 2015)

(Hussain  et al.  2015)

(Hussain  et al.  2015)

(Tirino  et al.  2011)

(Tian  et al.  2010)

F
R
F
R
F
R
F
R
F
R
F
R



in Figure 2. The results of level expression indicated 
that the exosome were obtained in the cell pellet of 
supernatant of HEK293.

3.2. Exosome Treatment on WiDr Cells
The morphology of WiDr cells treated by 

exosomes are presented at Figure 3. The sphere 
morphology of WiDr cells without exosome showed 
round, 40-100 µm in size, while the sphere in 
exosome treated showed oblong until occurred cell 
shrinkage, 20-60 µm in size, the cells population 
were not demonstrating multiseluler sphere formed. 

3.3. Viability of Widr Cells after Exosome 
Treatment

The viability percentage of WiDr cells after 
being treated with exosomes presented in Figure 
4. The cells viability showed different percentage 
on its concentration of exosome treated. The WiDr 
cells were treated 3.5 µg/ml, 7 µg/ml, and 14 µg/
ml exosomes resulting in a calculated average cell 
viability of 73.44% with a standard deviation of 
8.74%. Two concentrations showed the percentage 
above 75%, indicating that there were more live cells 
observed than dead cells in this treatment. WiDr 
cells showed low percentage of viability 63.35% at 
concentration 14 µg/ml, which indicated the number 
of dead cells was higher than exosome concentration 
3.5 µg/ml and 7 µg/ml.

3.4. Expression of Molecular Marker BAX and 
BCL-2

To further assess the effect of HEK293 exosomes on 
WiDr cell apoptosis, we evaluated the manifestation 
of proteins associated with apoptosis (BAX and BCL-
2). The qRT-PCR results showed that BCL-2 expression 

at each treatment concentration decreased, and BAX 
expression increased at concentrations of 3.5 µg/ml 
and 14 µg/ml. Figure 5 revealed that exosomes the 
apoptosis rate of WiDr cells was markedly reduced 
by exosomes from HEK293 cells. These findings 
indicate a potential crucial involvement of HEK293 
cell-derived exosomes in promoting apoptosis in 
WiDr cells.

3.5. Expression of Molecular Marker CD133
The expression of cancer stem cell in this study 

were carried out using the CD133 marker gene, 
which was performed using the qRT-PCR technique 
presented in Figure 6. Expression levels of the CD133 
cancer stem cell marker gene in WiDr cells treated by 
exosomes 3.5 µg/ml, 7 µg/ ml, and 14 µg/ml resulted 
lower than the negative control. This research is also 
equipped with a schematic of an experimental study 
(Figure 7).

A

10 µm 10 µm 10 µm

B C
Figure 1. HEK293 cell culture successfully grown using 3D culture. (A) D0, the cell population was in the single form, 

not attached to the substrate, (B) D3, the cells attached each other to form spheres, (C) D7, the cells showed 
multicellular spheroids form
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Figure 2. mRNA expression level of markers exosomes CD9 
and CD81 are indicated with a different asterisk
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Figure 3. WiDr Colon Cancer Cells with exosome treatment. (A) 3.5 µg/ml, (B) 7 µg/ml, (C) 14 µg/ml, and (D) WiDr cells 
without the addition of exosomes. The morphology showed shrinking cell size and appearing denser, the cells 
population did not formed multicellular sphere
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Figure 4. Percentage of WiDr cell viability after treatment 
of exosomes cultures incubated for 48 hours. 
Cells treated with exosomes showed decreased 
cell viability compared to cells control without 
treatment

Figure 5. Graph of BCL-2 and BAX gene expression levels in 
WiDr cell samples treated with exosomes. WiDr 
cells treated with exosomes at all concentrations 
BCL-2 gene was lower than the untreated cells. 
The expression level of BAX protein in the 
respective treatments was 3.5 µg/ml and 14 µg/
ml higher than the untreated cells
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4. Discussion

 Exosomes exhibit promise in the realm of cancer 
treatment for their ability to offer therapeutic 
solutions owing to their minimal immunogenic 
response. These vesicles, released through cell 
exocytosis, are well-tolerated by a wide range of cell 
types, making them suitable for the development of 
innovative biomanufacturing systems aimed at drug 
administration and cancer treatment (Bagheri et al. 
2020). 3D cell culture allows enhanced communication 
between cells by enabling spatial cell-cell interactions 
(Edmondson et al. 2014), it creates an optimal setting 
for exosome production and release. Throughout this 
research, exosome isolation was taken from HEK293 
cell supernatant grown in 3D cell culture. Exosomes 
are microscopic membrane vesicles found in the 
supernatants of cell cultures (Logozzi et al. 2020). The 
HEK293 cell line, while lacking tumorigenic or toxic 
properties towards other cells both in vitro and in vivo, 
presents uncertainties regarding the intrinsic effects of 
exosomes derived from naïve HEK293 cells. Therefore, 

comprehensive investigations are necessary to elucidate 
the characteristics of HEK293-derived exosomes (Kim 
et al. 2021; Zhang et al. 2023).
 Exosomes were successfully isolated using the 
ultracentrifugation method in 3D cell culture. The 
ultracentrifugation method is commonly used for 
isolating exosomes and producing sufficiently pure 
exosomes (Panlilio 2020). Exosomes contain annexins 
and the proteins tetraspanin (CD9 and CD81), which 
act as exosome markers. Expression levels in exosome 
marker assays indicate that 3D culture conditions 
and exosome isolation methods are suitable for in-
vitro exosome studies. The production of exosomes is 
significantly higher in 3D spheroid culture compared 
to 2D culture, potentially due to the non-adherent 
round cell morphology inherent in the former (Kim 
et al. 2018).
 The treatment of exosomes in this study had an 
effect on the morphology of WiDr. In this study, WiDr 
cells were observed not to form spheroids, which was 
possible due to several factors, Specifically due to 
exosome therapy, there was a reduction in the quantity 
of cells and a decline in cell survival (Sirenko et al. 2015). 
The shrink cells of WiDr cells is one of the positive 
effects of adding exosomes as a cancer therapy agent 
(Zhang et al. 2006). In recent years, there has been 
extensive utilization of preclinical approaches involving 
exosomes derived from HEK293 cells. In-vivo breast 
cancer development is inhibited by HEK293-derived 
exosomes that contain let-7a miRNA (Morishita et al. 
2017). Katakowski et al. (2013) In this investigation, WiDr 
cells were exposed to exosomes derived from HEK293 
cells, leading to the examination of apoptosis markers 
and CD133 expression in WiDr cells in an in-vitro setting. 
Although this study has limitations because the role 
of HEK293 exosomes was only evaluated in-vitro, 
this is the latest study to show that HEK293-derived 
exosomes without drug insertion can induce apoptosis 

HEK293 cell culture

Data analysis

Isolation of exosome by 
ultracentrifugation

qRT-PCR of BCL-2, BAX, and CD133 
markes

qRT-PCR exosome (CD9 and CD81)

WiDir treatment by exosome

Figure 7. Schematic of the experimental study
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Figure 6. CD133 gene expression levels in WiDr cell 
samples treated with exosomes. All treatment 
concentrations showed lower of CD133 gene 
expression than the untreated cells.
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and decrease CD133 expression of WiDr cells in-vitro 
with 3D cell culture. Exposure to radiation resulted in 
elevated levels of BAX protein and reduced levels of 
BCL-2 protein in exosomes derived from HEK293 cells, 
which was induced by exosomal miR-22 and led to 
heightened apoptosis (Konishi et al. 2020). Exosomes 
encompass a diverse array of molecules, comprising 
proteins, nucleic acids, and lipids. The composition of 
exosomes' cargo can differ significantly, and certain 
proteins in exosomes may have different effects on BAX 
gene expression. In this study, it is possible that at a 
concentration of 7 µg/ml, certain proteins in exosomes 
contributed to the downregulation of BAX. Exosomes 
derived from HEK293 cells encompass miRNAs that 
play a dual role in regulating cellular functions. These 
miRNAs can either facilitate the preservation of normal 
cellular processes or exert their influence as either 
tumor suppressors or promoters, contingent upon 
the specific target gene they interact with. Zhou et al. 
(2018) discovered that, consistent with prior research, 
the exosomes derived from HEK293 cells exhibited 
the ability to trigger apoptosis. This was achieved 
through the downregulation of BCL-2 expression and 
the upregulation of BAX expression.
 Cancer therapy using exosomes has been further 
developed. CD133, also known as AC133 or prominin-1, 
is a glycoprotein located on the cell membrane. It serves 
as a surface marker for cancer stem cells (CSCs) in 
different cancer types, including colon, liver, and 
lung cancer. In the case of colon cancer, patients with 
increased CD133 expression levels are at a higher risk 
of developing metastasis and experiencing relapse 
(Sakaue et al. 2019). In this study, exosomes from 
HEK293 cells with all treatment concentrations given 
to WiDr cells expressed a decrease in CD133. CD133 
expression was higher at a concentration of 7 µg/ml 
due to the influence of the dose-dependent (Copaescu 
et al. 2021) and several other influencing factors, such 
as cell response to stress and microenvironment (Wan 
et al. 2020). 
 Based on research that has been conducted and 
increasing research in this area, Extracellular vesicles 
such as exosomes will identify the mechanisms by 
which these exosome molecules interact under three-
dimensional (3D) various factors that can lead to the 
onset of diseases may uncover novel opportunities 
for the creation of exosome biomarkers that hold 
significance in the detection, prediction, and treatment 
of cancer.
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