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ABSTRACT

Introduction: Recently reported data have suggested that only a small subset of cancer cells pos-
sess the capability to initiate malignancies. These observations were based on investigation of cells
within the primary tumors displaying a distinct surface marker pattern. CD133 marker is a putative
hematopoietic and neuronal stem cell marker, which is also considered to be a tumorigenic marker
in brain, prostate and liver. Recent studies have shown that a small population of CD133-positive
cells, indeed, exists in human hepatocellular carcinoma (HCC) cell lines and primary HCC tissues.
This study was aimed at isolating the cancer stem-like cells from hepatocellular carcinoma cell line
HepG2 using three different methods: magnetic-activated cell sorting (MACS), spheroid culture
(SC), and anti-tumor drug (ATD) resistant selection. Methods: HepG2 hepatocellular carcinoma
cells were expanded to yield enough cells that could be used to isolate cancer stem-like cells by
these three methods. For MACS, cancer stem-like cells were sorted using anti-CD133 monoclonal
antibody. For the second method, cancer stem-like cells were enriched by selection of anti-tumor
drug resistance property. Lastly, for the third method, three-dimensional (3D) culture was used to
enrich for the cancer stem-like cells. The cells obtained by the three methods were expanded to ob-
tain an adequate number of cells for confirmation of CD133 expression. Results: The expression of
CD1337 cells in the three methods was found to be different. In the MACS method, the expanded
CD133" sorted cells cultured through 2 passages only contained 0.40 % CD133™ cells. In the 3D
spheroid cell culture, of the population of cells there were 38.39 % that were CD133T cells. Lastly,
in the anti-tumor drug (doxorubicin at 150 nM) resistant selection, 66.22 % were CD133% cells.
Conclusion: This study shows that isolation of HepG2 derived CD133™ population by culture with

doxorubicin (150 nM) yields the highest efficiency and purity of the 3 methods studied.
Key words: cancer stem cell, CD133, doxorubicin, spheroid, magnetic

INTRODUCTION

Stem cells are characterized by their ability to renew
and differentiate into other cells in the body. Adult
stem cells play an important role in tissue repair!.
Recent studies have shown that there is a popula-
tion of stem cells in human solid tumors including
breast cancer? and brain cancer®. In addition, sub-
sequent reports have identified stem cell populations
in a range of tumors, such as colon, pancreatic, lung,
prostate and glioblastoma tumors. These cells are
called cancer stem cells (CSCs), and they carry the
characteristics of both of cancer cells and stem cells.
In addition to the ability to self-renew and differenti-
ate, CSCs also have the ability to increase the produc-
tion of new tumors. CSCs can be differentiated from
other cells in the tumors through the way they divide

and the variation in their gene expression .

Cancer stem cells are a rare tumor cell population
capable of forming and maintaining tumors. The
three distinguishing features of CSCs include: (1) the
ability to proliferate and form new tumors, (2) self-
renewal, and (3) the ability to differentiate into other
cell typesS. In cancer research, the identification and
isolation of CSCs are done via the identification of
surface marker expression. Based on modern meth-
ods, such as immunohistochemistry and flow cytom-
etry (FCM) analysis, CSC identification is fairly quick
and feasible.

The expression of cell surface markers, such as CD44,
CD24, CD29, CD133, tissue specific antigens (ESA),
and aldehyde dehydrogenase 1 (ALDH1), were used
to isolate and enrich CSC populations from various
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tumors 23°,

However, recent research studies have
shown that the expression of CSC surface markers is
specific to each tissue type and even specific to each
tumor. For example, CD44+CD44 /1w expression
and ALDH™ expression are specific to breast cancer
stem cells; CD133™" expression is typical for CSCs of
brain, lung, liver and colon; CDh44*t expression is typ-
ical for CSCs of head and neck; additionally, CDh44T,
CD24" and ESA™ expression are typical for pancre-
atic CSCs”.

Several studies have recorded CD133 expression on
the surface of CSC cells in liver cancer. According
to a 2006 study, the CD133" population in Huh-7
cells has a strong ability to proliferate in in vitro cul-
ture and the ability to form tumors when injected into
NOD/SCID mice®. Along with the CSC hypothe-
sis, many studies have also shown that the CD133%
cell population is resistant to chemotherapy and ra-
diotherapy®. Many molecular mechanisms have been
studied to understand the mechanisms of CD133%
CSCs in liver cancer and how to use them to avoid
conventional therapies. Similarly, Dinh ef al. demon-
strated that CD1337 liver cancer cells were resistant
to transforming growth factor beta (TGF)-f-induced
apoptosis '°. In addition, recent studies have shown
that CD133 also has an impact on the ability of cells
to invade and metastasize in liver cancer'!.

In recent years, many studies on isolating and enrich-
ing cancer stem cell populations- based on CD133
marker expression- have been effective and demon-
strated high purity; this is important for studies on
tumor progression as well as studies of new can-
cer treatments. The research of D.D. Fang et al
(2010) demonstrated successful isolation of CD133%
cell population in primary colorectal tumors. Cells af-
ter isolation were able to produce spheroids and main-
tain CD133 expression !2. A study by Xia Sheng et
al. (2012) isolated and enriched populations of PC-
3 cells (prostate cancer stem cells) through magnetic-
activated cell sorting (MACS), and culture in serum-
free medium (SFM). PC-3 cells after isolation had
high expression of CD133 and CD44!3. In addi-
tion, in 2017, Jue Wang et al. isolated the cell popu-
lations expressing CD133~CD44 ", CD133-CD44,
CD1331tCD44 ™, and CD1337CD44™ from two lines
oflaryngeal carcinoma (Hep2 and TU -177) by MACS
method; cells expressing CD133T CD44 ™ were shown
to have a higher probability of survival, metastasis, in-
vasion and new tumor formation than the other pop-
ulations !4,

To date, many studies on cancer treatment have been
conducted and have yielded some positive results.
Currently, cancer patients can be treated with many
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methods, such as surgery, chemotherapy, radiation
therapy, and/or a combination of different treatments
to destroy the cancer cells. However, following treat-
ment with chemotherapy and radiotherapy for some
time, tumors may recur again and be more malignant
than before. To overcome this problem, a study led
by Ho Huu Duc (2018) focused on the isolation and
identification of cells positive for CD133 and Epcam
markers from colorectal gland tumors of NOD/SCID
mice by means of flow analysis. They found these two
colorectal cancer cell populations could grow robustly

in in vitro culture conditions!?.

In this study, we
aimed to isolate cancer stem-like cells, from HepG2
cells, and study their CD133 expression by 3 different
methods: magnetic-activated cell sorting, spheroid

culture, and anti-tumor drug-resistant selection.

MATERIAL AND METHODS

Cell culture

HepG2 cells were obtained from ATCC (Manassas,
VA, USA) and were cultured in DMEM/F12 medium
(Thermo Fisher Scientific, Waltham, MA) contain-
ing 10% fetal bovine serum (FBS) and 5% antibi-
otic (Gibco, Thermo Fisher Scientific, MA). HepG2
cells were cultured at 5% CO, humidified atmo-
sphere at 37°C. Cells were passed at 80% confluency
by trypsin/EDTA (0.025%).

Anti-tumor drug-resistant selection

HepG2 cells were seeded on 96-well E-plate at a den-
sity of 2000 cells/well (100 ul). Cells were cultured
at 379C, 5% CO, for 24 hours. After 24 hours of
culture, cells were treated with doxorubicin (Sigma-
Aldrich, St. Louis, MO) at the following concentra-
tions: 600 nM, 300 nM, 150 nM, 37 nM, 18 nM, 7
nM, and 0 nM (untreated control). The E-plate was
placed in the culture cupboard of the xCELLigence
system (ACEA Biosciences, San Diego, CA) culture
for 96 hours. Based on the results of resistance, the
cells that were resistant to doxorubicin were then se-
lected to evaluate for expression of CD133.

Magnetic-activated cell sorting

HepG2 cells were mixed with CD133 microbeads
(Mitenyi Biotec, CA) at a ratio of 16 ul cell suspension
to 16 ul CD133 microbeads, and then mixed well. The
mixture was incubated at 4°C for 15 minutes, with
minimal light exposure, and shook well every 5 min-
utes during the incubation. Then, the cell suspen-
sion was centrifuged at 100 g, at 22°C for 5 minutes.
The cell pellet was collected and then resuspended
in 2 ml of cold PBS buffer. The cell suspension was
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loaded onto the magnetic column. The CD133™ cells
would theoretically pass through the column while
the CD133™ cells would be caught on the column. Fi-
nally, trapped cells were pushed out of column into
a 15 mL centrifuge tube. The cells were expanded in
the same condition to obtain enough cells for further

evaluation.

Spheroid cell culture

In brief, 5000 cells/50u] were seeded in a well of a
hanging drop plate (3D Biomatrix, Tampa, FL). The
plate was then placed in an incubator at 37 °C, 5%
CO; for 3 days. All spheroids were collected into a
centrifuge tube. The spheroids were washed twice by
PBS. Then, the spheroids were suspended in 2 mL of
PBS and vortexed to break the spheroids up into sin-
gle cells. These single cells were used in further exper-
iments.

CD133 expression analysis

In brief, the collected cells from the three meth-
ods were stained with 3 uL CD133 (AC133, Mitenyi
Biotec, CA) antibody in 500 ul of binding buffer for
15 min. Then, the cells were washed with PBS to re-
move the antibody. Cells were analyzed using a FAC-
SCalibur Flow Cytometer (BD Biosciences, Franklin
Lakes, NJ). The data was analyzed statistically by
GraphPad Prism 7 software (GraphPad Software, La
Jolla, CA).

RESULTS
Isolation of CD133" HepG2 cells by MACS

HepG2 cells after being separated will have a uniform
round shape, in the form of single cells, and have in-
tact cell membranes (Figure 1A). After 24 hours of
culture, the CD133™ HepG2 cells started to attach to
the surface of the culture bottle (Figure 1B). After 3
days of culture, from the single CD133" HepG2 cells,
cell proliferation and spread occurred around the sur-
face of the culture flask to form cell clusters. After 7
days of culture, the clusters of cells continued to grow
and spread around, giving rise to cells with large sizes
and different shapes than the original HepG2 popula-
tion.

After sorting to select for CD133% HepG2, cells were
cultured in medium for 72 h. The results showed
that CD133" HepG2 cells have a non-homogenous
phenotype. Cells showed a robust spreading on the
flask surface; the original HepG2 cells have a small
round shape compared to the CD133" HepG2 cells
(Figure 2).

Anti-tumor drug-resistant selection

Before drug treatment, the cells were plated and ad-
hered to create a certain resistance. However, when
the drug was added, after a period of stabilization,
the groups of cells began to show changes that led
to variations in the electrode in different directions
(Figure 3). Group 1 (DOX 7 nM, 18 nM, 37 nM)- af-
ter 24 hours of DOX treatment- had an increase in cell
index over time compared to control samples, proving
that DOX (at these concentrations) was not enough to
cause lethal effects cells. In other words, cells contin-
ued to multiply and adhere normally, resulting in in-
creased resistance. Group 2 (DOX 300 nM, 600 nM)
showed a downward trend in the growth curve. The
cells after proliferation began to decrease in cell in-
dex over time (about 36 hours for DOX 600 nM and
72 hours for DOX 300 nM). This showed that DOX
inhibits the cells from performing growth and devel-
opmental functions such that they do not adhere to
the surface of the culture plate. Group 3 (DOX 150
nM) growth curves fluctuated, similar to Group 2 at
the first stage of proliferation, and then cell adhesion
was reduced. However, after 72 hours of culture, re-
growth of cells was observed, which induced an in-
crease in the resistance value. Therefore, the experi-
ments preliminarily demonstrate that the DOX drug
resistance level of HepG2 cells was at 150 nM.

The above experiments showed that treatment with
DOX at a concentration of 150 nM was most effec-
tive. From there, we deduce that isolated and enriched
HepG2 populations are resistant to DOX treatment at
a concentration of 150 nM. After treatment with 150
nM of DOX, over time the cell morphology changed
significantly. On the second day, it was noticed that
some cells began to shrink and float in the culture
medium (Figure 4A). On days 3, 4 and 5, there was
an increase of dead cells and the shape of some cells
changed (Figure 4C, D,E). Drug-affected HepG2 cells
were almost eliminated after environmental change
on day 5, leaving the cells with different shapes and
with sizes larger than the original HepG2 cells. After
6 days of 150 nM DOX treatment, only abnormally-
shaped cells continued to grow and proliferate on the
surface of the flasks (Figure 4F).

There is a difference in morphology and size be-
tween HepG2 population before and after drug treat-
ment when using doxorubicin (150 nM) to enrich for
the population of drug-resistant HepG2 cancer cells.
Cells treated with DOX (150 nM) were larger, flatter,
and displayed more branching than the cells before
treatment (Figure 5).
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Figure 1: Cells after isolated by Magnetic method. HepG2 was stained with magnetic CD133-beads and
flowthrough the magnetic field to select the CD133 HepG2. (A) HepG2 CD133 T after selection by magnetic col-

umn, (B) HepG2 CD133 after 24 hours of culturing.

Figure 2: The difference in shape of HepG2 cells before and after of sorting by MACS method. (A) HepG2
cells before sorting, (B) HepG2 CD133 ™ after sorting and culturing for 72 hours.

Spheroid cell culture

HepG2 cells were plated into 96-well Hanging drop
plates at a density of 5000 cells /well to create
spheroids. After transplanting cells of suitable den-
sity, we observed for the formation and growth of cell
clusters under reverted microscopy. Initially, the cells
seeded onto a hanging drop plate did not have any pre-
cipitation and clumping; the cells were in the form of
a single cell suspension so they did not form a bond
(Figure 6A). After 24 h of culturing cells on a hanging
drop plate, under the influence of gravity, cells tended
to clump to form a cell array, but the link between
cells was still loose. The cell array was easily disrupted
by mechanical agents and was not yet fully formed,
with single cells still scattered around. E-cadherin is
thought to be enhanced or expressed in cells in or-
der to make connections between neighboring cells.
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After the cells clump and form bonds, they begin to
make extracellular matrix proteins and strengthen the
bonds between the cells; i.e. extracellular substrates
strengthen the structure and increase the compact-
ness of spheroid blocks '°.

After 48 h of culture, the shape of the cell mass became
clear, the borders began to appear, and the bonds be-
tween cells became stronger. After 72 h of modeling,
the spheroids began to take on a specific shape, with
bold, clear borders and almost no single cells scattered
around the sphere (Figure 6B).

Evaluation of CD133 marker expression in
HepG2 cultured by different methods

Based on the results of FCM analysis, the percentage
of CD133 marker expression in CD133" HepG2 pop-
ulation by the three methods are shown (Figures 7
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Figure 3: Doxorubicin growth inhibition curve on HepG2 livercancer cell line by xCELLigence. HepG2 cells
were treated with DOX at the concentrations of 600 nM, 300 nM, 150 nM,7 nM, 37 nM, 18 nM and the untreated
sample. Cell growth is calculated as the resistance increases as the cell grows and attaches to the electrode of the

E-Plate.

and 8). In the MACS isolation method, HepG2 cells
that were positive for the CD133 marker was found
to be a lower percentage (0.63 & 0.143%). These re-
sults show that the separation of CD133 population by
MACS method is not highly effective when compared
to CD133" HepG2 population by spheroid method or
by enrichment of doxorubicin-resistant drug popula-
tion (using 150 nM of DOX). In the spheroid method,
the CD133+ HepG2 cells accounted for 27.96 £ 2.28%
of the population. In the method of enriching the
drug-resistant population following treatment with
doxorubicin 150 nM, the level of CD133 marker ex-
pression was high - at 66.22 + 4.75%. These results
show that the isolation of CD133 population by dox-
orubicin 150 nM treatment has the highest efficiency,
compared to the other two methods.

DISCUSSION

The theory of cancer stem cells (CSCs) has shown
that only a small set of cells in the tumor are able to
renew and differentiate into many different cells'”.
Many studies have confirmed that CSCs exist in both
hematological and solid tumors 8. CD133 is a mem-
ber of the pentaspan membrane protein encoded by
the PROM1 gene. It serves as a marker for tumor-

19 and,

initiating cells in certain cancers in humans
more recently, it has been used to isolate cancer

stem cells (CSCs) from liver cell carcinoma (HCC)2°.

Based on previous biological knowledge and research
on CSCs, therapies targeting CSCs through CD133
marker expression can be an effective strategy to com-
pletely eliminate a tumor for a patient. In this study,
CD133 expression cells were isolated from HepG2
hepatocellular carcinoma cell line by three different
methods. From there, the level of CD133 marker
expression was assessed and analyzed in the isolated
population in order to determine which of the 3 iso-
lation methods was most highly effective and pure.

In the MACS method, the CD133™" HepG2 cells could
dissociate as single non-adherent cells. After being
cultured in DMEM/F12 medium, those CD133% cells
were recorded to be larger in size, to grow into cell
clusters, and to have a non-specific shape, compared
to the CD133™ populations. These results are similar
to the results obtained of the morphology of CD133™
HepG2 cells after separation by MACS method, in
a study by X Lan et al. (2012)2!. However, when
evaluating CD133 marker expression in the CD133+
HepG2 cell line by FCM analysis, the results showed
that the population of CD133+ HepG2 is low. In a
study by Zhu et al. (2010), the proportion of CD133
marker expression cells in HepG2 cells initially was
very low compared to other HCC cell lines, specifi-
cally according to the analysis results. The percent-
age of CD133%cells in HepG2, SMMC-7721, or Huh-
7 populations were 0.28 %, 0.10 %, and 65.75 %,
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Figure 4: HepG2 cells phenotype through the days of treatment with Doxorubicin. HepG2 cells were seeded
and cultured for 24 hours. Then cells were treated with Doxorubicin 150 nM. Cells were observed at day 1. HepG2
atday 1 (A), 2 (B), 3 (C), 4 (D), 5 (E), 6 (F).

Figure 5: The difference of phenotype before and after treatment with Doxorubicin. HepG2 cells were treated
with Doxorubicin 150 nM. Then cells were observed at day 1 (A) and day 6 (B)
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Figure 6: HepG2 cells in the hanging drop. 5000 cells of HepG2 was added into the well of Hanging drop and
culture for 3 days. (A) Single cells after seeded into the well of Hanging drop plate. (B) Cells aggregates into

spheroid after 3 days of culturing.

respectively??. In another study by H Yanli et al.
(2014), similar results were obtained when evaluating
the level of CD133™" cells in Huh-7 and HepG2 cell
lines; the percentages were 18.80 % and 5.20 %, re-
spectively?>. From these results, it can be seen that
the number of cells expressing CD133 marker in the
HepG2 cell population is relatively low. Therefore,
CD133 " cells derived from HepG2 by MACS is weak
and easily affected by external factors. Thus, close
monitoring of the cells culture as well as a long cul-
ture period, are needed so that the cells can grow.
Many studies have shown that low oxygen concen-
tration (hypoxia) during cancer stem cell culture has
been shown to promote CD133 marker expression
by adjusting hypoxia-inducible factor 1-alpha (HIF-
1) 242>, In addition, CSCs have been shown to be
present in anoxic zone within the tumor. According
to CE Griguer et al. (2008), when studying the level
of oxidative stress affecting CD133 marker expression
in human glioma cell lines, the results showed that
when glial cells are maintained at 21% oxygen dur-
ing culture, they do not show CD133 marker until the
cells were subjected to severe hypoxia (2-3 %). The
cells continued to maintain CD133 marker expres-
sion as long as they were exposed to low oxygen con-
centrations2®. Based on the results of these studies,
it can be observed that extended culture of CD133"
HepG2 cells under culture conditions at 37 °C, 5 %
CO; and and normal level of O, may lead to a de-
crease in CD133 marker expression. Therefore, when
analyzing the level of CD133 marker expression by
flow, the results were negative.

Cancer stem cells reside in a complex 3D microenvi-
ronment and the spheroid 3D model is an indispens-

able method in tumor biology because they can sim-
ulate the microenvironment of tumors and the sur-
rounding structures. According to research by DS
Reynols et al. (2017) on MCE-7 breast cancer cells, it
was shown that cells in the spheroid core are more re-
sistant to drugs than cells located on the outer edge?’.
The subsequent results also showed that CSC cells
were present in the spheroid core at approximately 2:1
ratio, compared to the outer region. In addition, the
cell-cell interaction in the spheroid blocks increases
the number of CSCs, along with the extent of resis-
tance to chemotherapy, in the core of the sphere?’.
Our previous study showed that at the density of 5000
cells/well, the size of spheroid blocks increased from
day 3 to 4 days in culture. At this time, the process
of cell growth and division took place simultaneously
with the spheroid compaction. Once the spheroid has
been compacted to a certain extent, the proliferation
of cells inside the core is inhibited due to lack of nu-
trients and oxygen, leading to a cessation of growth in
size from days 4 to 5. At day 3, there was no sign of
a necrotic core in spheroid. Therefore, collecting the
spheroid on day 3 with a density of 5000 cells/well will
help to collect more CSC cells before the necrotic core
forms over the next following days.

In a study by Y Feng et al. (2018), a culture of hang-
ing droplets of HepG2 cells was conducted to cre-
ate spheres, and then the CD133™ subpopulation was

evaluated by FCM analysis 8.

Accordingly, in the
study herein, HepG2 cells were grown on hanging
drop plates to create a 3D model, and the spheroid
was collected after 3 days of culture and evaluated for
CD133 marker expression levels by FCM. The anal-

ysis results compared the presence of CD133™ cells
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Figure 7: HepG2 cells express CD133 by FCM. HepG2 cells from methods of MACS, Spheroids, Doxorubicin en-
richment were stained with CD133 antibody and analyzed by flow cytometry.

by 3D culture versus the MACS separation method;
our results are similar to the results of Feng et al.
(2018)28. CD133 marker expression in spheroids is
related to the hypothesis that cancer stem cell popu-
lations account for a small proportion in cancer cells
and in the microenvironment of primary tumors?’.
However, based on the hypothesis and results of the
above study, it can be seen that cancer stem cells ac-
count for only a small part of the spheroid. Thus, the
isolation of CD133" HepG2 cell population by 3D
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spheroid method is not high efficacious and the num-
ber of CD133 ™ cells is limited.

In the method of enriching doxorubicin-resistant
populations, we rely on one of the characteristics of
cancer stem cells is the ability to resist chemotherapy,
so that the population can be identified and isolated
CSC cells through their ability of resistance to drugs.
The result showed that at a concentration of 150 nM
doxorubicin, treated HepG2 cells can undergo two
processes: (1) mortality of cancer cells impacted by
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Figure 8: The percentage of HepG2 positive with CD133. HepG2 that positive with CD133 was isolated by 3
methods MACS, spheroid, enrich. Cells of each method was analyzed by flow cytometry. Data was analyzed by
Graphpad Prism. The experiment was replicated n=3.****P<0.000.

DOX, (2) proliferation of drug-resistant cancer cells
after 72 hours of culture. Based on the results ob-
tained, a procedure for isolation and evaluation of
drug-resistant cell populations was established based
on CD133 marker expression by means of FCM anal-
ysis. Numerous studies have demonstrated that CSCs
can undergo apoptosis, following cytotoxic drug and
radioactive treatment, through a variety of complex
mechanisms>°, CSCs are highly able to express drug-
resistant proteins, such as the ABC transporter. CSCs
are more capable of repairing DNA damage than nor-
A recent study by M Chartrain
et al. (2012) showed that melanoma cells enriched

mal cancer cells3!.

after temozolomide treatment showed high expres-
sion of ABCB5 channels, which increased their anti-
cytotoxic properties and stem-like characteristics 2.
According to a study of Cox et al. (2012) on the mech-
anism of doxorubicin resistance in liver carcinoma
cells, it has been shown that in cancer cell popula-
tions, there are cells capable of pumping drugs out via
the ABC transporter family3?. These channels need
ATP to pump drugs out, protecting cells from tox-
ins. Therefore, increased expression of these transport
channels in hepatocellular carcinoma cells is a cause of
drug resistance. A number of other studies by Peetla
et al.  (2013) have shown that membranes of drug-
resistant cancer cells have different lipid components
compared to other cancer cells in the population .
This difference makes the membranes of resistant cells
very flexible by changing the fluidity, structure and

lipid density. Moreover, combination with many dif-
ferent protein components can thereby reduce perme-
ability of the drug through the membrane. The re-
sults in Figure 3 show differences in cell morphology
before and after DOX treatment. When the drug is
administered, there is a change in the properties of
the membrane as well as an increase in the expres-
sion of the ABC transporter lines on the membrane,
and therefore, some cells will have a larger shape and
some cells will shrink. According to a study by Wang
et al. (2016), which assessed the multi-drug resistance
of a sub-population of prostate cancer cells, the sur-
vival rate of cells in the sub-population significantly
increased compared to other cancer cells in the pop-
ulation 3. Another study by CE Griguer et al. (2008)
showed that a high proportion of CD133% cells in
U251 glioma cells increased after treatment with dox-
orubicin and ethidium bromide2®. Taken together,
our study shows that under DOX selection pressure,
there is an overexpression of drug-resistant HepG2
cell population positive for the CD133 marker.

CONCLUSION

Based on the results of CD133" HepG2 cell isolation
and assessment of CD133 marker expression by three
cell isolation methods, it can be seen that the enrich-
ment of doxorubicin-resistant population (treated
with 150 nM doxorubicin) shows the greater percent-
age of CD133" cells than by the other two meth-
ods (magnetic-activated cell sorting and spheroid cul-
ture).
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MACS: Magnetic-activated cell sorting
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