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Abstract
One of the major causes of cancer resistance to chemotherapy has been found to be the presence of
Cancer Stem Cells (CSCs) in cancerous tissues. Probably, these cells are the source of cancer and the
cause of malignancy and recurrence in the affected population. Therefore, it is possible to target CSCs to
treat cancer. Since the percentage of CSCs in the total tumor mass is very low, so studies about these
cells depend on their isolation and enrichment methods.

Some studies have suggested that EMT induction in population of normal epithelial cells and cancer cells
by inhibiting of E-cadherin, protects them against chemotherapy, anticancer and apoptosis drugs,
moreover they get characteristics of CSCs. So in order to study CSCs can enrich them by inhibiting of E-
cadherin in tumor population.

In this study, we tried to examine how the effect of Pioglitazone and Cetuximab, two drugs used in
chemotherapy of Colon Cancer, on CSCs enriched HT29 cell line (was called HT29-shE) in which CSCs
were enriched with induction of EMT by inhibiting of E-cadherin using shRNA.

For this purpose, after cell preparation EMT and CSCs markers in Pioglitazone and Cetuximab treated
cells were assessed and compared with untreated cells using �ow cytometry, real‐time PCR and
microscopic monitoring. The �ndings showed mesenchymal morphology of HT29-shE changed to
epithelial morphology after Pioglitazone and Cetuximab treatment, moreover E-cadherin expression
increased and Vimentin expression decreased. In addition, expression of CSC markers (CD133+ and
CD44+) were reduced in HT29-shE after treatment. 

Introduction
Colon cancer is one of the most frequently malignancies in the world. The yearly incidence of colon
cancer is estimated to be 1.0 million. Despite the emergence of new targeted agents and the use of
various therapeutic combinations, none of the available treatment options is useful in patients with
advanced cancer. [1]

Evidence is supporting the idea that human cancers can originate from a small fraction of cancer cells
that have the potential for self-renewal and differentiation and are capable of initiating and sustaining
tumor growth and they are called Cancer-initiating cells or “Cancer Stem Cells” (CSCs). CSCs are resistant
to many current cancer treatments, including chemotherapy, radiotherapy, and surgery. This suggests that
many cancer therapies while killing the bulk of tumor cells, may ultimately fail because they do not
eliminate CSCs, which survive to regenerate new tumors.

As a result, �nding medications that affect these cells, may be able to �nd a way to effectively treat
cancer. [1–2] Achieving this goal requires enough information about CSCs. Because of the rarity of CSCs
within tumor cell populations and their relative instability in culture, understanding the biology of CSC
and �nding CSC-targeting agents need applicable methods for CSCs isolation and enrichment. [2]
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An Epithelial-Mesenchymal Transition (EMT) is a biologic process which plays central role in
embryogenesis. In recent years, it has been found that occurrence of EMT can create malignant traits,
such as migration, invasiveness, and resistance to apoptosis, on neoplastic cells. Also EMT induction in
normal and tumor cells makes them resistant to Chemotherapy [3].

Mani et al. (2008) have shown EMT induction in normal or neoplastic mammary epithelial cell
populations causes enrichment of cells with stem-like properties. [3]

Today, the current strategy for the enrichment of CSCs is using transforming growth factor-β (TGFβ) to
induce EMT. However, the cells that are produced by this method are not useful for long‐term culture since
they can easily differentiate. E‐cadherin is an epithelial cell adhesion molecule which plays a role in cell
signaling, migration, proliferation, and differentiation. It is also an integral molecule in tumor progression
and EMT. Many molecules that are involved in that occurrence of EMT directly or indirectly suppress E‐
cadherin. Therefore, loss of E‐cadherin gene(CDH1) is a main hallmark of EMT. [2–4]

Gupta et al. (2009) shown knockdown of E-cadherin by shRNA, led to EMT induction and so on
enrichment of CD24low /CD44high cells that known as breast cancer stem cells. [2]

Then Gupta and Weinberg exploit this observation to develop and implement a high-throughput screening
method to identify agents with speci�c toxicity for epithelial CSCs. The results of their screen and
subsequent experiments demonstrated that it is possible to �nd agents with strong selective toxicity on
breast CSCs. [4]

Saltanatpour et al. (2019) succeed to enrich Cancer stem-like cells in HT29 cell line with induce EMT by
knockdown of E-cadherin using lentiviral vector carrying shRNA. [5] In the following was tried to
investigate the effects of Pioglitazone and Cetuximab on these CSCs enriched HT29 cell line (was called
HT29-shE) to �nd agents with strong selective toxicity on colon cancer stem cells.

Materials And Methods
Cell culture

The human colon cancer cell line HT29 and HT29-shE (CSCs enriched HT29) {14} were cultured in
Dulbecco's Modi�ed Eagle's medium (Gibco, Germany) supplemented with 20% FBS (GibCo, Germany),
1% L-glutamine (Gibco-Invitrogen, USA) and 1% penicillin/streptomycin (Gibco-Invitrogen, USA) solution.
Cells were incubated at 37˚C and 5% CO2. When cells reached over 80% con�uency, they were washed
with phosphate-buffered saline (PBS,

Biosera, France) trypsinized (0.25%)/EDTA (1 µM) (Gibco, USA) at 37°C for 1 to 3 min. Then, the cells
were centrifuged at 125 g for 5 min. Eventually, they were sub-cultured into two plates. All experiments in
this study were performed on low passage number cells (between passage 3–9).
Drug preparation
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Pioglitazone (Pio) (Osve Pharmaceutical Company, Tehran, Iran) was dissolved in dimethyl sulfoxide
(DMSO)(Gibco) to make a 50mM stock solution and then diluted to the �nal selected concentration (100-
200-300-400-500-1000 𝜇M) with DMEM + 20% FBS. The stock preparation was stored at − 20∘C. Different
concentrations of Cetuximab (Pharmacy 13 Aban, Tehran, Iran)10 to 100 µg from the main drug stock (5
mg/ml), was prepared in full media. The stock preparation was stored at − 4∘C.
MTT assay

The impact of Pio and Cetuximab treatments on cell proliferation was evaluated using the MTT (5-
diphenyltetrazolium bromide) assay. Cells were seeded in 96-well plates at 1 ×104 cells/well and
incubated at 37∘C. After 24 h, different concentrations of drugs were added to the cell culture medium,
individually. After 3,5,7 days, MTT solution (1mg/mL, Sigma) was added to each well and incubated for 4
h. Then the medium was removed and 200 µl of DMSO was added to each well. After 10 min the optical
absorption of each well was measured by an ELISA Reader device at 570/630 nm. The graphs were
plotted and IC50 was calculated. In the following in other techniques, drug treatment was performed
based on their IC50 and untreated cells were used as a control group to compare of them.
Flow Cytometry

Flow cytometry assay was used to analysis of cells expressing CD44 and CD133. 125 × 103 Cells were
seeded in 6-well plates and incubated at 37∘C for 24h. Then Pio 300 𝜇M and cetuximab 70 µg were
added to cell cultures individually. After 3 days, cells were harvested and suspended in 1% Bovine Serum
Albumin (BSA) and were stained with antibodies against CD44 and CD133 (PE) (bioscience, Germany).
Unstained cells were used as a control. After 15 minutes remaining in, antibodies were neutralized with
staining buffer and centrifuged at 1500 rpm and 4°C for 10 minutes. CD markers were detected by FACS
�ow cytometry and Cell Quest Software (Becton Dickinson, UK). Flowing software2 was used for �nal
analysis.
RNA extraction and cDNA synthesis

RNA extraction from untreated cells and Pio10 𝜇M and cetuximab 70 µg treated cells, on the third day,
was performed using the RNeasy Mini Kit (Favor Gen, Taiwan), according to the manufacturer’s protocol
and DNA contamination was eliminated via treating samples with 0.5 µl DNase (Thermo Fisher Scienti�c,
USA). The concentration of RNA was measured with the Nano drop (Thermo Fisher Scienti�c, USA) at
260 nm. Extracted RNA stored at -70°C until further analysis.

Total RNA was converted to cDNA, according to cDNA synthesis kit (Yekta Tajhiz, Iran). Quality and
concentration of cDNA were determined by Nanodrop Device.
Quantitative RT-PCR (qRT-PCR)

E-cadherin and Vimentin expressions were assessed by real-time PCR (RT-qPCR). The primers were
designed by primer 3 software and blasted at NCBI (shown in Table 1). Gene runner software (ver.6.0.04)
was used to validate the accuracy and speci�city of the primers. PCR reactions were done in duplicate on
Rotor-Gene Q Series (Qiagen, Germany). SYBR Green Master Mix (Applied Biosystems) was used in a �nal
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volume of 20 ml containing 2 µl of reverse-transcribed cDNA and 0.8 µl speci�c primers. Finally, the
relative expression of target genes was evaluated using the REST 2009 software version 2.0.13. Human
GAPDH was used to normalize the gene expression data.

Table 1
Primer sequences used in the study.

Gene name Primer sequence Product size Gene bank ID

CDH1 F: 5’ TCCTGGGCAGAGTGAATTTT 3’

R: 5’ CCAGGCGTAGACCAAGAAAT 3’

149 NM 000088.3

Vimentin F: 5’ CAGGATGTTGACAATGCGT 3’

R: 5’ CTCCTGGATTTCCTCTTCGT 3’

144 NM 000090.3

GAPDH F: 5’ GAAGGTGAAGGTCGGAGTCA 3’

R:5’ AATGAAGGGGTCATTGATCA 3’

145 NM 001256799.2

 

Microscopic analysis

The effect of drugs on cells morphology were monitored daily with light and �orescent inverted
microscopes (Olympus, Japan). (HT29-shE cells were GFP+)

Statistical analysis
Data were analyzed by Prism software statistical package version 5 (GraphPad Software, USA). Data
were presented as Mean and standard deviation (SD); Two-way analysis of variance (ANOVA) was used
to examine differences among the groups. Signi�cant was set as difference P-value is less than 0.05 (P-
value < 0.05).

Results
IC50 calculation of Pioglitazone and Cetuximab

After culturing the cells in a 96-well plate and treating them with different doses of Pio and Cetuximab for
3,5 and 7days, MTT assay was performed. Duo to high cell death on days 5 and 7, day 3 was selected to
continue the experiments. Data were entered into Excel and Prism softwares and �nally IC50s were
calculated. The calculated IC50s for Pio and Cetuximab were 300 µM and 70 µg/l, respectively. (Fig. 1)

Flow cytometry analysis revealed that treatment of cells with Pio and Cetuximab decreased the
expression of CD133 and CD44

The expression of Colon CSC markers (CD133 and CD44) were evaluated using �ow cytometery 3 days
after the treatment. The results showed that the expression of the CD133 and CD44 decreased after
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treatment of cells with drugs. These changes were more signi�cant in HT29-shE than HT29 and with
Cetuximab was more effective than Pio. (Fig. 2)
Expression analysis of E-cadherin and Vimentin after cell treatment with Pio and Cetuximab

In treated HT29 and HT29-shE E-cadherin expression increased and Vimentin expression decreased in
comparison with untreated cells. (Fig. 3)

Microscopic studies showed that the proliferation of cells decreased after drug treatment and
mesenchymal morphology changed after treatment with Cetuximab

Untreated HT29 cells were easily grown in DMEM medium containing FBS. The cells had an epithelial
morphology. Daily observation and imaging of cells showed their epithelial structure were maintained
during the study (Fig. 4a) and after treatment they did not have morphological changes. However,
proliferation and cell number decreased after treatment with 300 µM Pio and 70 µg/l Cetuximab for three
days. (Fig. 4b-c).

Untreated HT29-shE grew quickly and easily in DMEM with 20% FBS as mesenchymal morphology and
their structure remained stable to the end of the experiment (Fig. 4d). After treatment for three days, no
change in morphology was observed and their mesenchymal structure was retained. But their growth and
proliferation rats were decreased. (Fig. 4e-f).

Further morphological investigation for more than three day treatments showed after 2 weeks’
morphological changes were observed in Cetuximab treated HT29-shE and their mesenchymal structure
changed to the epithelial structure (Fig. 4l). However, no morphological change was observed in Pio
treated HT29-shE and untreated HT29-shE (Fig. 4j-k). Moreover, morphological change was not observed
in untreated and treated HT29 cells after two weeks. (Fig. 4g-i)

Discussion
Colon cancer is the third most common cancer among men and the second most common in women
worldwide, and its treatment has always been challenging [6]. One of the major problems in cancer
treatment is the resistance of cancer cells to chemotherapy. The most important causes of cancer
resistance and relapse after standard treatments has been found to be CSCs in cancerous tissues. These
cells are the source of cancer and the cause of malignancy and recurrence in patients. [7–8]. This
suggests that many cancer therapies, while killing the bulk of tumor cells, may ultimately fail because
they do not destroy CSCs, which survive to regenerate new tumors [4]. Therapies with CSC-speci�c agents
could provide a strategy for successful treatment that it requires enough information about biology and
molecular mechanism of these cells. Since the CSCs are a small percentage of the total cancer cells in a
tumor and current cell culture techniques have some limitations for their isolation and cultivation,
therefore screening of CSCs faces major challenges [5].
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There have been different studies on CSCs drug screening [3] [18–20]. Many studies have been
performed on the EMT process and its association with cancer [8] [18–20]. During EMT, cells undergo
extensive changes like migration/invasion abilities and resistance to apoptosis and senescence. Also,
EMT induction in normal and cancerous cells results in resistance to chemotherapeutics [8–11].

Some studies have shown EMT derived mesenchymal cells have similar attributes with CSCs and
suggested that EMT induction in normal and tumor epithelial cells can result in the enrichment of CSCs
[3–4] [12].

Mani et al. (2008) showed in human and rat breast cancer cells, CD44High / CD24Low cells that have
properties of stem cells and are called breast CSCs can be increased by TGF-β‐induced EMT. Therefore,
the author found a possible link between EMT and CSCs.

During EMT, markers of epithelial cells such as E-cadherin are lost and mesenchymal markers, such as
Vimentin are expressed. E-cadherin is considered as the key protein of EMT, and its decreased expression
leads in the collapse of cell joints and EMT induction [5] [13–22]. Considering the key roles of E‐cadherin
in EMT and the association of EMT with CSC phenotype, Gupta et al (2009) and Onder et al (2008) in
order to enrichment of CSCs used lentiviral vector carrying shRNA to knockdown of E‐cadherin in cancer
cell lines to induce EMT [2] [23]. Gupta (2009) used this method to develop and implement a high-
throughput screening method to identify agents with speci�c toxicity for epithelial CSCs. The results of
their screen and subsequent experiments demonstrate that it is possible to �nd agents with strong
selective toxicity for breast CSCs [4].

Here, the effects of Pio and Cetuximab, were investigated on CSC enriched HT29 cell line (HT29-shE (, in
which CSCs were enriched by EMT induction using lentiviral vector carrying shRNA for knockdown of E-
cadherin.

Cetuximab is a monoclonal antibody that has been successful in the treatment of some cancers such as
head, neck and colorectal cancer by immunotherapy. It binds to the epitopes of the human epidermal
growth factor receptor (EGFR1) and prevents binding EGF to the EGFR by shutting down EGFR activity at
the molecular level. Since this receptor plays a role in stimulating cell growth, proliferation and
differentiation, stopping its function by Cetuximab inhibits tumor cell growth and proliferation. Studies
have also shown that this drug can reduce EMT and metastasize cancerous tumors [24].

Pio is a thiazolidinediones family that is used clinically to treat type 2 diabetes. Recently, it has been used
to treat some cancers, including colon cancer. Pio is a synthetic ligand of peroxisome proliferator-
activated gamma receptor (gamma PPAR), and increases the activity of this receptor by binding to it.
Activation of PPAR result in increased expression of several genes, including the gene encoding E-
cadherin. Therefore, Pio can prevent cancer metastasis and invasion by increasing E-cadherin expression
and effect on EMT and therefore probably on CSCs [25–27].
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To investigate the effect of these drugs on CSCs after preparation and culturing of HT29 and HT29-shE,
drug treatment was performed on cells.

Cells were treated with different doses of Pio (100–1000 µM) and Cetuximab (10–100 µg / ml) for 5,3
and 7 days and MTT assay was done to �nd the appropriate dose and duration of treatment. Finally, IC50
values for Pio and Cetuximab were obtained on day 3, 300 µM and 70 µg/ml, respectively. Then cells
were treated with the drugs for 3 days based on their IC50. In the following the colon CSC markers and
expression of E-cadherin and Vimentin genes were evaluated before and after drug treatment.

Prior studies showed that CD133 and CD44 are the potential markers of CSCs in HT29 colon cell line [28–
29]. Therefore, we selected and analyzed these markers using �ow cytometry. The expression of CD44
and CD133 markers in untreated HT29 cell line were 2.31% and 1.7%, respectively, which are nearly the
same as other studies' �ndings [29–30]. After treatment of HT29 with Pio and Cetuximab, �ow cytometry
data showed decrease in expression of these markers. In untreated HT29-shE, the expression of CD44
and CD133 markers were 10.9% and 3.7% respectively and the expression of these markers decreased
after cell treatment. As a result, drugs were able to reduce CSC markers. In our previous study the
expression of CD44 and CD133 markers in HT29 were 1.99% and 2.07 respectively, in HT29-shE were
8.11% and 15.6%. We expected these data be similar to each other, but this may be due to different
laboratory conditions and changes in cell function over time. Also rate of CSCs enrichment and rate of
CSCs reduction after drug treatment are not the same with the Gupta test, this difference was probably
due to differences in the type of cell lines, drugs, CD markers and other conditions that were used in the
two studies. However, the expression of CSC markers in the Gupta study also decreased after the cells
were treated with the Salynomysin [4].

To analysis the expression rate of E-cadherin (main molecular marker of epithelial cells) and Vimentin
(main molecular markers of mesenchymal cells (RT-qPCR was done.

RT-qPCR results showed the increased expression of E-cadherin in addition the decreased expression of
Vimentin in treated HT29-shE and HT29 cells. These results were in agreement with the other studies.
Thus, the drugs were able to activate epithelial molecular markers and inhibit mesenchymal molecular
markers, causing the transition from EMT to MET. [4, 6]

Since E-cadherin is involved in cellular attachments, we expected structural changes to be observed in
treated HT29-shE after increasing the expression of E-cadherin. Therefore, the cells were monitored and
photographed daily after treatment for 2 week using light and �uorescent microscopy. In the second
week, the morphology of HT29-shE treated with Cetuximab changed from mesenchymal to epithelial. As
a result, this drug was able to deformation of cells and lead to the MET process, which is the reverse of
EMT. In the Gupta study, these deformations and processes also occurred. [4]

Finally, it might be better to study more drugs and use more techniques to con�rm the results, but due to
some limitations, we could not.
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Conclusion
Overall, the results suggest that the treatment of HT29-shE with Pio and Cetuximab leads to increasing
the expression of E-cadherin and decreased expression of Vimentin. Moreover, under the in�uence of
these drugs, the cells expressing CD133 and CD44 markers are decreased. Also because of the increased
E-cadherin expression in HT29-shE treated with Cetuximab, these cells transformed from mesenchymal to
epithelial, and the process of converting EMT to MET occurs. These �ndings suggest that these drugs
(especially Cetuximab) could be helpful in the cure of colon cancer by the effect on EMT and CSC.
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Figure 1

Column and curve diagram of Absorbance changes of HT29 at 630/570nm relative to different doses of
Pio (a), Column and curve diagram of Absorbance changes of HT29 at 630/570nm relative to different
doses of Cetuximab (b), Column and curve diagram of Absorbance changes of HT29-shE at 630/570nm
relative to different doses of Pio (c), Column and curve diagram of Absorbance changes of HT29-shE at
630/570nm relative to different doses of Cetuximab (d)
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Figure 2

The expression of CD44 in untreated HT29 was 2.31% (a), The expression of CD44 was reduced to 1.04%
in the treated HT29 with Pio (b), The expression of CD44 was reduced to 0.96% in the treated HT29 with
Cetuximab (c), The expression of CD133 in untreated HT29 was 1.7% (d), The expression of CD133 was
reduced to 0.9% in the treated HT29 with Pio (e), The expression of CD133 was reduced to 0.1% in the
treated HT29 with Cetuximab (f), The expression of CD44 in untreated HT29-shE was 10.9% (g), The
expression of CD44 was reduced to 9.7% in the treated HT29-shE with Pio (h), The expression of CD44
was reduced to 4.5% in the treated HT29-shE with Cetuximab (i), The expression of CD133 in untreated
HT29-shE was 3.7% (j), The expression of CD133 was reduced to 2.9% in the treated HT29-shE with Pio
(k), The expression of CD133 was reduced to 0.3% in the treated HT29-shE with Cetuximab (l).
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Figure 3

Relative expression of E-cadherin and Vimentin using real‐time PCR technique. Comparison of E-cadherin
and Vimentin expression in untreated and treated HT29 cell (a), Comparison of E-cadherin and Vimentin
expression in untreated and treated HT29-shE (b). Values were normalized to GAPDH housekeeping
genes. The data are expressed as the Mean ± SD of three independent experiments, p < .05(*), p < .01(**),
and p < .001(***), p < .0001(****) compared with control.
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Figure 4

Monitoring morphological changes in untreated and treated HT29-shE and HT29 cells. (a) Untreated
HT29 cells after 3 days, (b) Pio treated HT29 cells after 3 days, (c) Cetuximab treated HT29 cells after 3
days, (d) Untreated HT29-shE after 3 days, (e) Pio treated HT29-shE after 3 days, (f) Cetuximab treated
HT29-shE after 3 days, (g) Untreated HT29 cells after 2 weeks, (h) Pio treated HT29 cells after 2 weeks, (i)
Cetuximab treated HT29 cells after 2 weeks, (j) Untreated HT29-shE after 2 weeks, (k) Pio treated HT29-
shE after 2 weeks, (l) Cetuximab treated HT29-shE after 2 weeks.


