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WHO reports, Cancer is a leading cause of death in worldwide, accounting 

for an estimated 9.6 million deaths in 20186about 1 in 6 deaths is due to 

cancer. The most common cancers are: Lung (2.09 million cases), Breast 

(2.09 million cases), Colorectal (1.80 million cases), Prostate (1.28 million 

cases), Skin cancer (non-melanoma) (1.04 million cases) and Stomach (1.03 

million cases). Meanwhile, the most common causes of cancer death are 

cancers of: Lung (1.76 million deaths), Colorectal (862, 000 deaths), Stomach 

(783, 000 deaths), Liver (782, 000 deaths) and Breast (627, 000 deaths). 

Approximately 70% of deaths from cancer occur in low- and middle-income 

countries. The economic impact of cancer is significant and is increasing. 

Therefore, each year billions of funds are allocated towards the research and 

development of new therapeutic strategies to combat this growing menace. 

With the advent of new scientific technologies and advancement in molecular 

cancer research, the future does seem promising. Nevertheless, considerable 

measures need to be taken in order to solve key issues revolving around this 

disease such as late presentation of symptoms, development of resistance to 

available treatments and lack of awareness.  

Targeted cancer therapies are drugs or other substances that block the 

growth and spread of cancer by interfering with specific molecules 

("molecular targets") that are involved in the growth, progression, and spread 
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of cancer. Many different targeted therapies have been approved for use in 

cancer treatment. These therapies include hormone therapies, signal 

transduction inhibitors, gene expression modulators, apoptosis inducers, 

angiogenesis inhibitors, immunotherapies and toxin delivery molecules. They 

have improved the disease outcomes in many cancer types but still the most 

serious challenge often encountered in cancer therapy is the development of 

drug resistance. It is believed that this acquisition of resistance is typically 

caused by small population of cells in tumor with pre-existing alterations, 

which can drive the resistance. Since the concept of Cancer stem cells (CSC) 

has been introduced in late 1990s, its importance in cancer research and 

development of novel anti-cancer therapies is widely accepted. CSC which 

are also known as ‘tumor initiating cells’ represent very small population of 

tumor sharing common properties with normal stem cells. They are unique 

cells with self-renewing and tumorigenic potential. Current radio and 

chemotherapies are able to eliminate the bulk of cancer cells but not cancer 

stem cells since they are endowed with specific resistance mechanisms. They 

give rise to new tumors and metastases leading to relapse of the disease. The 

recurring tumors are more malignant, prone to faster metastasis and exhibits 

enhanced drug resistance. Overall, this leads to therapy failure reducing the 

survival rate of cancer patients with specific resistance mechanisms. They 

give rise to new tumors and metastases leading to relapse of the disease. The 

recurring tumors are more malignant, prone to faster metastasis and exhibits 

enhanced drug resistance. Overall, this leads to therapy failure reducing the 

survival rate of cancer patients.  
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Previous studies by our group have been investigating the new insight in 

cancer stem cells (CSCs) by developing a CSC model from mouse and human 

induced pluripotent stem cells (iPSCs). The novelty of this method was the 

use of conditioned medium from cancer cell lines to direct the differentiation 

of iPS towards cancer stem like cells without undertaking any supporting 

genetic modifications. The evidence of CSCs was widely accepted as small 

percentage of cell population in tumor that a self-renewal capability and are 

malignant. Microenvironment is crucial to regulate the proliferation, self-

renewal ability and differentiation of normal stem cells. 

We established a model of CSCs by culturing mouse induced pluripotent 

stem cells (miPSCs) in the presence of conditioned medium (CM) of Lewis 

Lung Carcinoma (LLC) cells. Base on this methodology of developing CSCs 

from miPSCs, we assessed the risk of carcinogenesis of 110 non-mutagenic 

chemical compounds, most of which were known as inhibitors of cytoplasmic 

signaling pathways. We treated miPSCs with each compound for one week in 

the presence of the CM of LLC cells, while one week was too short for the 

CM to convert miPSCs into CSCs. As the result, miPSCs treated with 

PDO325901, CHIR99021 and Dasatinib respectively were found to survive 

and keep growing while the non-treated miPSCs differentiated and slowed 

their growth. The survived cells after the treatment exhibited the expression 

of stemness markers and the spheroid formation in suspension culture 

indicating that the stemness and the self-renewal capacity were significantly 

maintained for a week. When the cells were subcutaneously transplanted into 
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Balb/c nude mice, they formed tumors, which were histopathologically 

diagnosed malignant. Collectively, we found the three signal inhibitors 

accelerated the conversion of miPSCs into CSCs. The expression levels of 

PI3K related genes were assessed and the expression of pi3kca was found 

extensively enhanced 10 to 30 folds of that in miPSCs. Simultaneously, 

pik3r5 and pik3r1 genes were moderately upregulated. These indicated PI3K 

in either class IA or IB should be enhancing the responsible signaling pathway. 

Consistently, AKT phosphorylation was found upregulated in the obtained 

CSCs. Since mTOR expression was recognized in all cells assessed in the 

experiments, survival of the converted cells might be explained by the 

sustained pluripotency, which was secured by the expression of stemness 

markers. Although the mechanism is not clear, inhibition of ErK1/2, tyrosine 

kinase and/or GSK3-β should closely be involved in the enhancement of 

PI3K-AKT-mTOR signaling pathway in undifferentiated cells resulting in the 

sustained stemness, which should lead the conversion into CSCs. 
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CHAPTER 1 

GENERAL INTRODUCTION
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1.1 The concept of cancer stem cells 

A Russian cell biologist Alexander A. Maximow firstly proposed the 

concept of stem cell in 1909 (1). In 1961, the two basic features defining stem 

cells, namely abilities of self-renewal and differentiation into mature cells, 

were revealed by Till and McCulloch (2). Cancer stem cells (CSCs) were first 

identified in the granulocytes of acute myeloid leukemia (AML) in 1994 (3). 

Studies have demonstrated that the CSCs exist in various types of cancers, 

including breast, brain, lung, gastric, colorectal and so on (4), since 1997 when 

Bonnet and Dick identified the cancer stem cells by the ability of self-renewal 

from heterogeneous tumor xenograft (5). CSCs has been indicated a 

subpopulation of stem-like cells within tumors, which exhibit characteristics 

of both stem cells and cancer cells. In addition to self-renewal and 

differentiation capacities, CSCs have the ability to form tumors when 

transplanted into an animal host.  

Currently, with the development of new technologies and advanced 

technologies, research on cancer has undergone tremendous changes. These 

have significantly improved our understanding of the molecular and cellular 

mechanisms of cancer progression, but how tumors evade treatment remains 

elusive. CSCs are nowadays generally considered to represent a unique 

population of cancer cells that are tumorigenic and resistant to most 

chemotherapeutic agents and radiation therapy supporting cancer progression 

and recurrence. 
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1.2 The function of Cancer Stem Cells 

1.2.1 Key Signaling Pathways Regulation of Cancer Stem Cells 

The self-renewal and differentiation of CSC is tightly controlled by multiple 

regulatory networks, many researchers are focusing on the mechanism of the 

maintenance of CSC from the cancer cell microenvironment. The function of 

several signaling pathways control cancer, including the Hedgehog, Notch, and 

Wnt/β-catenin pathway have been previously reviewed (6,7). 

Wnt signaling pathway plays an important role in regulating developmental 

processes and in regulating function of stem cell (8). In classical Wnt signaling 

pathway, Wnt binding to frizzled (Fzd) receptor activates disheveled (Dsh), 

inactivating GSK-3β, stabilizing β-catenin, and thereby inducing target genes, 

including cyclin D1. A second type of receptor related to the low-density 

lipoprotein (LDL) receptor, known as LRP 5/6, also binds Wnt, together inducing 

classical Wnt-β-catenin signaling. Dickkopf binds to and represses LRP. In non-

classical, Wnt signaling, Wnt binds Fzd and glypican to activate Dsh and thereby 

Rho and JNK or Ca2+influx, NFAT, PKA and CamkII. An additional non-canonical 

pathway relevant to this review is the planar cell polarity pathway (PCP) which 

drives symmetric cell division by enhancing planar polarization of stem cells (9, 

10).  

The activation of Notch signaling pathway contributes to expansion of a variety 

of stem and early progenitor cells (11). Notch receptors are single pass 
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transmembrane proteins. The receptor is processed and cleavage, producing a 

glycosylated Ca2+stabilized heterodimer. The processed receptor is translocated to 

the membrane where it binds ligands, members to the Delta-like and Jagged family, 

located in the signal-sending cells.  

Hedgehog signaling is an evolutionarily-conserved pathway essential for self-

renewal and cell fate determination. Hedgehog coordinates organismal 

development and expansion of tissue progenitor or stem cells (12). The Hedgehog 

ligand is translated as a precursor, which undergoes autocatalytic processing to 

form an N-terminal fragment (HWN). Secretion and paracrine signaling requires 

participation of the Dispatched proteins. HhN (including Indian hedgehog (Ihh), 

desert hedgehog (Dhh), and Sonic hedgehog (Shh)) bind the patched receptor 

(PTCH1), depressing its constitutive repression of smoothened (Smo), leading to 

activation of the Gli transcription factors. Compounds targeting this pathway to 

regulate stem cell function include cyclopamine, vismodegib, itraconazole, 

antibodies to PTCN and Gli3 and arsenic trioxide which interferes with Gli function. 

Gross talk between the Notch and Wnt pathway and with receptor tyrosine kinase 

(RTK) coordinate interactions between growth factor receptor signaling and stem 

cell expansion. 

1.2.2 miRNA regulations of Cancer Stem Cells 

miRNAs regulate CSC self-renewal, differentiation, and tumorigenesis, and 

play an essential role in establishing ESC identity (13). They also play important 

functional roles in the establishment and maintenance of a core network of 
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transcription factors and RNA binding proteins (OCT4, Sox2, Nanog, Klf4, c-Myc, 

Tcf3, Lin28) that ensure ESC identity. Several of these factors occupy the regulatory 

region of a cluster of miRNA that regulate their abundance in a coordinated manner 

in ESCs (14). The ESC miRNA maintains the ESC program by inhibiting the 

epigenetic silencing of pluripotency factors Let-7 miRNA opposes the function of 

ESC miRNA by repression common target genes activated by ESC miRNA. A 

CSC-specific miRNA expression profiles have been previously reported. 

The miRNA circuitry of ESC includes miRNA promoting pluripotency (miR-

290, 302, 371 families), are induced by pluripotency transcription factors (Oct, 

Sox2, Nanog, Tcf3, Kfl4), which also induce Lin28 and c-Myc. In contrast, 

proliferation or anti-stemness miRNAs (miR-134, miR296, miR-200c, miR-203, 

miR-183 and Let7 miRNAs) oppose the action of the pluripotent ESC miRNA (15). 

Although sharing many phenotypic similarities, significant differences in miRNA 

profiling has been found between human iPSCs and human ESCs (16-18). In 

several circumstances, there is some, often limited, overlap between the pluripotent 

stem cell miRNA signature and cancer stem cell miRNA profiles. 

However, there is an important interplay between miRNA and the regulation 

of factors that govern stemness through heterotypic signals. The tumor 

microenvironment (immune cells, cancer associated fibroblasts) signals to cancer 

stem cells. Secreted cytokines and chemokines that may promote stem cell 

expansion are also regulated by miRNA. miR-17/20 inhibits IL-8 secretion to block 
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tumor stem cell migration and metastasis. The role of miRNA in regulating 

heterotypic signaling remains to be further explored. 

1.2.3 CSC and Cancer Therapy Resistance 

CSC can generate a tumor when transplanted into an immune-deficient animal. 

Most CSCs are believed to be resistant to chemo- and/or radiation- therapy, 

indicating the important roles CSCs play in cancer relapse and metastasis. Some 

breast cancer clinical studies provide clinical evidence for a subpopulation of 

chemotherapy-resistant CSCs (19, 20). However, there are some publication 

reported that only a part of patients displayed resistance to chemotherapy due to 

individual differences in patients (21). Therefore, the clinical application of CSCs 

in the future will have to account for the differences between individual patients. 

1.3 CSC Niche and Metastasis 

Niches are specialized microenvironments located within each tissue. The 

tumor microenvironment or niche is composed of diverse cells each contributing in 

the maintenance and homeostasis of the neoplastic cells in tumor. Stem cells reside 

in the niche. Just as the normal stem cells depend on its microenvironment for 

survival, self-renewal and differentiation CSCs are not autonomous. They require 

constant input from its surrounding microenvironment or niche.�The local tissue 

environment contributes to the onset and progression of tumorigenesis. The growth 

factors, cytokines, and small RNAs in the cellular microenvironment are essential 

for cell nutrition, intercellular communication, signal transduction, and cell fate (22, 
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23). The mechanism by which the niche regulates CSC self-renewal, differentiation, 

tumorigenesis and metastasis is of fundamental importance. Metastasis is a 

complex process by which primary solid tumor cells invade adjacent and distant 

tissues and grow into secondary tumors. Pre-metastatic niche formation may be an 

initial event of metastasis.  

1.4 Clinical relevance 

In recent years, CSCs are a novel cancer target. The gold standard for CSCs is 

the regeneration of a tumor that resembles the original tumor from which the CSCs 

was derived. However, a lack of correlation between the proportion of CSCs and 

clinical outcome restrains the translational application of targeting CSCs. CSCs 

may have the ability to resist current cancer therapies, resulting in the recurrence 

and metastasis of cancer. It has also been hypothesized that the proportion of CSCs 

within a tumor may correlate with the severity of the cancer (24). However, more 

clinical evidence and research is needed to demonstrate the correlation between the 

therapy-resistant CSC proportion in a tumor and tumor aggressiveness. Progress in 

identifying the CSC-specific surface markers, understanding the regulation of CSC 

tumorigenic capacity, and linking CSC to clinical outcomes will be helpful to drive 

the therapeutic application of targeting CSCs into the clinic.
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CHAPTER 2 

Assessed the risk of carcinogenesis of non-

mutagenic chemical compounds during the 

Conversion of iPSCs into CSCs 
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Abstract 

In the present chapter, a model of CSC was evaluated from iPSCs with the 

effect of cancer cells derived conditioned medium. Making use of the procedure of 

developing CSCs, we tried to assess the effect of various non-mutagenic chemical 

compounds that are inhibiting various signaling pathways on the conversion of 

iPSCs to CSCs. As the result, we found that some inhibitors such as GSK-3β and 

MEK were enhancing the development of CSCs. The exposure of these inhibitors 

in the presence of conditioned medium exhibited some significant changes in 

phenotypes that are the maintenance of stemness, sphere forming ability and the 

malignant tumorigenesis in vivo. The gene expression profiling by microarray 

analysis implied that the inhibitors affected the pathways related with cancer 

development and poor prognosis. We report in this study that the inhibitors have 

tuning effect on the development of CSCs under the condition provided by the 

conditioned medium from cancer derived cells. 
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2.1 Introduction 

Chemical compound has been well known for their carcinogenicity, which are 

evaluated by various assays such as mutagenicity test, repeated dose toxicity study, 

employing different statistical analysis. However, in recent cancer research, the 

tumor and their diseased tissues are not only by the uniform cell aggregation of 

specific gene mutation, but the heterogeneous cell populations, and cancer stem 

cells induced by cancer niche (Fig. 2.1). We are proposing here the necessity to 

assess the inducibility of miPSCs to CSCs with chemical compounds.  

CSCs has been indicated a subpopulation of stem cells within tumors, which 

exhibit characteristics of both stem cells and cancer cells. The CSCs are considered 

to significantly be responsible for growth, metastasis, invasion and recurrence of 

all cancer. CSCs are typically characterized by continuous proliferation and self-

renewal while stem cells are considered to differentiate into tissue specific 

phenotype of mature cells under the influence of microenvironment. CSCs which 

is the main cause of cancer recurrence and malignant transformation. CSCs can be 

traced back to the stem cell lineage which under the influence of a 

microenvironment, the ‘cancer niche’, induces malignant tumor. The underlying 

mechanisms of such switching in the cells are not clear because of the major 

challenges in isolating CSCs. Moreover, there is no established method for anti-

CSC drug screening. On the other hand, we established CSCs derived from miPSCs 

using conditioned medium collected from cancer cells. In this study, we aim to 

develop a novel method to evaluate the inducibility of miPSCs to CSCs with 

chemical compounds, and anti-CSC properties of drugs in vitro. 
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Figure 2.1 Models of tumor heterogeneity.  

Courtesy: J.E Dick. Looking ahead in cancer stem cells research. Nature 

Biotechnology, 27:44-46. 2009 
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2.2 Results 

2.2.1 Risk assessment of carcinogenicity by chemical compounds  

Our group previously established a model of CSC cells by culturing mouse iPS 

cells (miPSCs) in conditioned medium (CM) from mouse cancer cell lines (1-3). 

On the basis of the previously established protocol, we generated CSC-like cells by 

culturing miPSCs with conditioned medium for a period of four weeks. Hence, the 

procedure of developing CSC cells from miPSCs were used to assess the effect of 

various non-mutagenic 110 chemical compounds in mediating the conversion of 

miPSCs to CSC cells (Tab. 2.2).  

2.2.2 Microscopic evaluation of cell plasticity 

Using miPSCs expressing a gene encoding green fluorescent protein (GFP) 

under the control of Nanog promoter (Nanog-GFP miPSCs) (4). Thereby we could 

distinguish undifferentiated cells from differentiated cells by the presence or 

absence of GFP expression, respectively. According to this system, conversion into 

CSC-like cells should keep GFP fluorescence on in the presence of carcinogen. We 

evaluated the effect of compounds on the conversion of miPSCs cultured with 

conditioned medium which was collected from Lewis lung carcinoma (LLC) (Fig. 

2.2 A). Following a 1-week treatment, the GFP fluorescence of miPSCs persisted 

during the undifferentiated state, while GFP fluorescence decreased when the 

miPSCs normally differentiates to die in the absence of Leukemia Inhibitor Factor 
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(LIF). The miPSCs with conditioned medium without LIF, some of the cells 

differentiate. Meanwhile, the miPSCs with conditioned medium with compound, 

we found certain compounds enhanced the expression of GFP in miPSCs while 

some decreased and others gave no significant effect (Fig. 2.2 B). Subsequently, we 

evaluated each of the 110 candidate compounds to establish the threshold and 

concentration by detecting the intensity of GFP fluorescence (Fig. 2.2 C; Tab. 2.1). 
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Figure 2.2 The conversion of miPSCs into CSCs accelerlated by the treatments 

with chemical compounds.  

(A) Schematic flow chart of the conversion from miPSCs into CSCs by chemical 

compounds. (B) Representative images of the conversion from miPS cells into 

CSCs. Cells were cultured with media containing CM and chemical compound, 

colonies were observed for the GFP expression after treatment one week. (C) 

Quantifying the GFP fluorescence to make a threshold to distinguish the 

compounds.
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Table 2.1 Thresholds to distinguish positive and negative results 

 

GFP fluorescence intensity (GFPi*1) depicted the read from each well of miPSCs present in 

CM and the average of the reads were calculated for each experiment. Then the relative 

fluorescence intensity (RFi*2) was depicted in the table after division by each average value*3. 

From the table above the thresholds to distinguish the results were determined as 1.00+0.24*4 

to show the following: positive > 1.24; 0.76 5 no significant difference 51.24; negative < 

0.76. 
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Table 2.2 The list of chemical compounds (110) 

Name CAS No. Company Target of signaling pathway 

GFP fluorescence  optimal concentration 

(µM) (P, N, NSD) 

Masitinib 790299-79-5 AdooQ BioScience Kit, PDGF!/" P 6.25 

Quizartinib 950769-58-1 AdooQ BioScience FLT3 P 1.25 

Alk5 Inhibitor II 446859-33-2 STEMGENT TGF-" P 10 

Bafetinib (INNO-406) 859212-16-1 Selleck Chemicals BCR/ABL P 1.25 

BIRB-796 285983-48-4 AdooQ BioScience p38-MAPK P 5 

CHIR99021 252917-06-9 Selleck Chemicals GSK3 P 2.5 

Cycbpamine 4449-51-8 STEMGENT Hedgehog P 5 

Dasatinib 302962-49-8 AdooQ BioScience BCR/ABL, Src P 1.25 

DCC-2036 (Rebastinib) 1020172-07-9 Selleck Chemicals Src, ABL1  P 2.5 

DMAXX (vadimezan) 117570-53-3 Selleck Chemicals VDAs P 0.63 
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Fingolimod (FTY720)  162359-56-0 Selleck Chemicals TGF-" P 1 

GZD824 1421783-64-3 Selleck Chemicals BCR/ABL P 0.63 

imatinb mesylate 220127-57-1 Selleck Chemicals BCR/ABL P 25 

Imatinib 152459-95-5 AdooQ BioScience BCR/ABL P 6.25 

KAAD-Cycbpamine 306387-90-6 STEMGENT GLI1 P 5 

PD0325901 391210-10-9 Selleck Chemicals MEK P 5 

ponatinib 943319-70-8 Selleck Chemicals ABL, PDGFR, VEGFR, FGFR, Src P 0.63 

R(+)Bay K8644 98791-67-4 Selleck Chemicals L-type Ca2+ channel activator1,2 P 5 

R406 841290-80-0 Cayman Chemical Company Syk P 10 

Thiazovivin 1226056-71-8 STEMGENT RHO/ROCK P 15 

2-Methoxyestradiol  362-07-2 Selleck Chemicals TGF-" NSD ��

AG-013736 319460-85-0 Selleck Chemicals VEGFR NSD ��

AST-487 630124-46-8 Adipogen Life Sciences FLT3 NSD ��

AT9283 896466-04-9 Selleck Chemicals Aurora B NSD ��

AZD-6244/ARRY-886 606143-52-6 Selleck Chemicals VEGFR NSD ��
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BI-2536 755038-02-9 AdooQ BioScience Plk1 NSD ��

BIBF-1120 (derivative) 656247-17-5 AdooQ BioScience VEGFR, PDGF, FGFR NSD ��

BIBW-2992 850140-72-6 AdooQ BioScience Her2, EGFR NSD ��

BIO 667463-62-9 Cayman Chemical Company GSK3 NSD ��

BIX01294 935693-62-2 STEMGENT Histone lysine methyltransferase  NSD ��

BMS-345541 547757-23-3 AdooQ BioScience NF-κB NSD ��

BMS-387032/SNS-032 345627-80-7 AdooQ BioScience CDKs NSD ��

BMS-540215 649735-46-6 AdooQ BioScience VEGFR NSD ��

CEP-701 111358-88-4 Focus Biomolecules FLT3, JAK2, TrkA NSD ��

CHIR-258/TKI-258 405169-16-6 AdooQ BioScience FGFR NSD ��

CHIR-265/RAF-265 927880-90-8 AdooQ BioScience RAF, VEGFR NSD ��

CI-1033 289499-45-2 Cayman Chemical Company ErbBR NSD ��

Crizotinib 877399-52-5 LC Laboratories, Inc ALK NSD ��

Danusertib (PHA-739358) 827318-97-8 Selleck Chemicals FGFR, ABL NSD ��
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Degrasyn (WP1130) 856243-80-6 Selleck Chemicals BCR/ABL NSD ��

DMF 1968/12/2 SIGMA prepare solution NSD ��

DMSO 67-68-5 SIGMA prepare solution NSD ��

Dorsomorphin 866405-64-3 STEMGENT AMPK NSD ��

Doxycycline hyclate 24390-14-5 Selleck Chemicals Inhibit the inflammatory NSD ��

Erlotinib 183321-74-6 Cayman Chemical Company EGFR NSD ��

FG-4592 808118-40-3 Selleck Chemicals HIF-PH NSD ��

Forskolin 66428-89-5 STEMGENT MAPK NSD ��

GDC-0879 905281-76-7 AdooQ BioScience CDK NSD ��

GDC-0941 957054-30-7 AdooQ BioScience CLASS I PI3K NSD ��

Gefitinib 184475-35-2 AdooQ BioScience EGFR NSD ��

GSK-690693 937174-76-0 Synkinase Pty Ltd AK1/2/3 NSD ��

GW-2580 870483-87-7 Cayman Chemical Company cFMSR NSD ��

HKI-272 698387-09-6 AdooQ BioScience EGFR NSD ��

IDE-1 11160927-48-9 STEMGENT Inducer ofdefinitive endoderm NSD ��
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IDE-2 N/A STEMGENT TGF-" NSD ��

JNJ-28312141 885692-52-4 AdooQ BioScience CSF1R NSD ��

KW-2449 1000669-72-6 AdooQ BioScience FLT3, STAT5 NSD ��

Lapatinib 231277-92-2 AdooQ BioScience Her2 NSD ��

LY-317615 170364-57-5 AdooQ BioScience PKC-" NSD ��

LY-333531 169939-93-9 Cayman Chemical Company PKC-" NSD ��

MLN-120B 783348-36-7 MedChemexpress Co., limited IKK-" NSD ��

MLN-518 387867-13-2 AdooQ BioScience FLT3, cKit, PDGFR NSD ��

MLN-8054 869363-13-3 AdooQ BioScience Aurora A NSD ��

Nilotinib 641571-10-0 AdooQ BioScience BCR/ABL NSD ��

PD-173955 260415-63-2 Synkinase Pty Ltd Src/ Abl NSD ��

PHA-665752 477575-56-7 AdooQ BioScience c-Met/HGF/SF  NSD ��

PI-103 371935-79-4 AdooQ BioScience PI3K NSD ��

Pifithrin-alpha 63208-82-2 STEMGENT p53 NSD ��
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plinabulin(NPI-2358) 714272-27-2 Selleck Chemicals Angiogenesis and Tumor vasculature NSD ��

PLX-4720 918505-84-7 Cayman Chemical Company B-raf NSD ��

PP-242 1092351-67-1 AdooQ BioScience mTOR NSD ��

PTK-787 212141-51-0 AdooQ BioScience VEGFR NSD ��

pumorphamine 483367-10-8 STEMGENT Hedgehog NSD ��

R547 741713-40-6 AdooQ BioScience CDKs NSD ��

RG108 48208-26-0 STEMGENT DNA methyltransferase NSD ��

ROCK II Inhibitor N/A STEMGENT ROCK NSD ��

Saracatinib (AZD0530) 379231-04-6 Selleck Chemicals Src NSD ��

SB431542 301836-41-9 STEMGENT TGF-" NSD ��

SC1(Pluripotin) 839707-37-8 STEMGENT ERK1 NSD ��

SGX-523 1022150-57-7 AdooQ BioScience MET NSD ��

Sorafenib 475207-59-1 AdooQ BioScience VEGFR NSD ��

Staurosporine 62996-74-1 Cayman Chemical Company Prevent ATP binding to the kinase NSD ��

SU-14813 627908-92-3 AdooQ BioScience VEGFR, PDGF, FGFR NSD ��
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Sunitinib 341031-54-7 Cayman Chemical Company VEGFR NSD ��

TAE-684 761439-42-3 Synkinase Pty Ltd ALK NSD ��

TG-100-115 677297-51-7 AdooQ BioScience PI3K NSD ��

TG-101348 936091-26-8 AdooQ BioScience JAK NSD ��

Tranylcypromine 1986-47-6 STEMGENT MAO NSD ��

Vandetanib 443913-73-3 Cayman Chemical Company VEGFR, EGFR NSD ��

Veliparib (ABT-888) 912444-00-9 Selleck Chemicals PARP NSD ��

Wnt inhiitor iwp-2 686770-61-6 STEMGENT Wnt NSD ��

Wnt inhiitor iwp-3 N/A STEMGENT Wnt NSD ��

Wnt inhiitor iwp-4 N/A STEMGENT Wnt NSD ��

Y27632 146986-50-7 STEMGENT ROCK NSD ��

A-674563 552325-73-2 AdooQ BioScience PKA, CDK2, AKT N 12.5 

A83-01 909910-43-6 Selleck Chemicals TGF-", ALK5 N 10 

ABT-869 796967-16-3(4) AdooQ BioScience RTK, VEGF, PDGF N 6.25 
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All-Trans Retinoic Acid 302-79-4 Selleck Chemicals Ligand for the retinoic acid receptor N 1 

AMG-706 857876-30-3 AdooQ BioScience VEGFR N 10 

DAPT 208255-80-5 STEMGENT Notch N 10 

IOX2 931398-72-0 Selleck Chemicals PHD N 0.63 

IPA3 42521-82-4 STEMGENT Pak1 N 2.5 

LDN-193189 1062368-24-4 STEMGENT BMP N 5 

Nibtinib (AMN-107) 641571-10-0 Selleck Chemicals ERK1/2, PDGF N 0.31 

NVP-BHG712 940310-85-0 Selleck Chemicals RTK N 15 

Olaparib (AZD2281) 763113-22-0 Selleck Chemicals BRCA1, BRCA2 N 1 

PD173034 219580-11-7 STEMGENT FGFR N 5 

Pifithrin-mu(u) 64984-31-2 STEMGENT p53 N 10 

SMO antagonist N/A STEMGENT Hedgehog N 5 

Tanespimycin (17-AAG) 75747-14-7 Selleck Chemicals Her2, AKT N 0.5 

P: Positive compound, N: Negative compound, NSD: No Significant Difference compound 
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2.3 Discussion 

The risk assessment of carcinogen for the chemical compound has always been 

performed by different procedures such as mutagen tests, repeated dose toxicity 

studies, and statistical analyses. Our group developed a simple and feasible method 

for the preliminary screening in this study. According to the reports of producing 

CSCs (1-3), we exploited miPSCs expressing GFP under the control of Nanog 

promoter to assess the risk of generating CSCs for 110 non-mutagenic chemical 

compounds, most of which were known as inhibitors of cytoplasmic signaling 

pathways. Since Nanog was considered as a marker widely associated with 

stemness (5, 6), the assessment procedure was designed to observe miPSCs with 

GFP for 1-week in the presence of each chemical compound. Compared with the 

control group, the intensity of GFP fluorescence from the miPSCs was monitored 

to judge the effects of the chemical compounds. Twenty chemical compounds in 

110 exhibited significantly enhanced GFP fluorescence. After evaluating the colony 

forming efficiency, we selected 8 chemical compounds. Then the sphere formation 

potential, which contributes to the cell stemness maintenance and self-renewal, was 

successful to select 6. Finally, evaluating the tumorigenic potential, three 

compounds, PD0325901, CHIR99021 and Dasatinib, were found to facilitate the 

tumor formation. Taking spheroid formation in the suspension culture and high 

tumorigenic potential of the resultant cells into consideration as the basic 

characteristics of CSCs (7-9), we concluded the cells were CSCs converted from 

miPSCs. 
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CHAPTER 3 

Signaling Inhibitors Accelerate the 

Conversion of miPS Cells into Cancer Stem 

Cells in Tumor Microenvironment 
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Abstract 

In the present chapter, we treated miPSCs with each compound for 1 week in 

the presence of a CM of Lewis lung carcinoma (LLC) cells however the 1-week 

period was too short for the CM to convert miPSCs into CSCs. Consequently, 

PDO325901 (MEK inhibitor), CHIR99021 (GSK-3β inhibitor) and Dasatinib (Abl, 

Src and c-Kit inhibitor) were found to confer miPSCs with the CSC phenotype in 1 

week. The tumor cells that survived exhibited stemness markers, spheroid 

formation and tumorigenesis in Balb/c nude mice. Hence, we concluded that the 

three signal inhibitors accelerated the conversion of miPSCs into CSCs. In the 

accordance with our previous study, we found that the PI3K-Akt signaling pathway 

was upregulated in the CSCs. Herein, we focused on the expression of relative 

genes after the treatment with these three inhibitors. Our results demonstrated an 

increased expression of pik3ca, pik3cb, pik3r5 and pik3r1 genes indicating class IA 

PI3K as the responsible signaling pathway. Hence, AKT phosphorylation was 

found to be up-regulated in the obtained CSCs. Inhibition of Erk1/2, tyrosine kinase, 

and/or GSK-3β were implied to be involved in the enhancement of the PI3K-AKT 

signaling pathway in the undifferentiated cells, resulting in the sustained stemness, 

and subsequent conversion of miPSCs into CSCs in the tumor microenvironment. 
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3.1 Introduction 

Recent reports have shown that the interaction between non-CSCs and the 

microenvironment plays a crucial role in promoting the dynamic conversion of non-

CSCs into CSCs, which possess hierarchical heterogeneity and plasticity (1-3). 

Although the factors involved in regulating the conversion have not been identified, 

epithelial mesenchymal transition (EMT) is considered to be closely related to the 

presence of CSCs. The phosphoinositide 3-kinase (PI3K), AKT (protein kinase B, 

PKB) and mammalian target of rapamycin (mTOR), which constitutes the core 

cascade called the PI3K/AKT/mTOR signaling cascade, are considered to have 

regulatory roles in cell survival, proliferation, and differentiation, and a critical role 

in tumorigenesis (4). PI3K is reported to be associated with the development of 

various human tumors, including breast cancer, lung cancer, melanoma and 

lymphomas (5-9). Furthermore, the PI3K downstream kinase, AKT, is reported to 

be involved in malignant transformation (10). In this context, some environmental 

factors could be important stimulants to understand the mechanism of conversion 

of non-CSCs to CSCs.  

Some chemical compounds are well known as mutagens and/or carcinogens. 

Some as inhibitors of cytoplasmic signaling pathways. And others as both mutagens 

and/or carcinogens and inhibitors. Chemical compounds are usually evaluated for 

their risk to induce cancer by various assays such as mutagenicity assays, repeated 

dose toxicity studies, and statistical analyses. In our previous study, the conversion 

of miPSCs into CSCs was demonstrated by the treatment with a conditioned 
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medium (CM) prepared from different cancer cell lines, for a period of 4 weeks 

(11-13). This implies that the essential factors should be contained in the CM 

derived from cancer cells mimicking the tumor microenvironment. In the current 

study, we proposed a simple method to assess the risks of tumor-inducing factors 

in the presence of chemical compounds that accelerated the conversion of miPSCs 

into CSCs. Furthermore, we used the signaling inhibitors to elucidate the signaling 

pathways responsible for the appearance of CSCs. 
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3.2 Results 

3.2.1 Stemness of GFP positive miPSCs after 1-week treatment 

Previous evidence suggests that the ability to form spheroids is associated with 

CSC properties (14,15). Therefore, GFP-positive cells that survived following a 1-

week treatment were further assessed for the sphere-forming potential. We assessed 

the chemical compounds, which exhibited positive capability to the cell survival 

following1-week treatment (Tab. 2.1, 2.2), for sphere formation potential in a 

suspension culture. Our results indicated that six compounds promoted the sphere 

formation (Fig. 3.1 A-B), while the remaining candidate compounds failed to 

demonstrate this property. The surviving cells were then cultured in adhesive 

condition analyzed by Fluorescence Activated Cell Sorter (FACS) and found 

approximately 60-80% of the cells expressing GFP (Fig. 3.1 C).  

We assessed the expression of endogenous stemness markers, Oct3/4, Sox2, 

Nanog, Klf4 and c-Myc, which have a dominant role in the maintenance of ESCs 

and iPSCs, self-renewal in the surviving cells, using rt-qPCR. The expression level 

of each endogenous gene and transgene was confirmed by using specific primers 

(16). The expression of endogenous Oct3/4, Sox2 and Nanog genes was 

significantly increased in miPSCs treated with Masitinib, PD0325901, CHIR99021 

and Dasatinib when compared to miPSCs without treatment (Fig. 3.1 D). As for the 

Klf4 gene, only PD0325901, CHIR99021 and Dasatinib increased the expression 

while Masitinib failed to do so. We did not detect any aberrant activation of the 
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transgene, pertinent to viral-transduction for establishment of miPSCs (Fig. 3.1 E). 

Since PD0325901, CHIR99021 and Dasatinib were feasibly enhanced the sphere 

formation and the expression of stemness marker, we also confirmed the increased 

expression of Nanog and Oct3/4 by immunoblotting analysis in the presence of 

PD0325901, CHIR99021 and Dasatinib (Fig. 3.1 F). The amounts of Nanog and 

Oct3/4 increased in miPSCs when treated with these three compounds. Collectively, 

PD0325901, CHIR99021 and Dasatinib were confirmed to maintain the stemness 

of miPSCs. 
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Figure 3.1 Positive chemical compounds promote self-renewal capacity in the 

conversion of miPSCs into CSCs. (A) Sphere formation assay shows spherogenic 

potential and the expression of GFP. (B) Graphical representation of the number of 

spheroids after the conversion of 1-week. (C) FACS analysis shows GFP population 

in the conversion cells after treated with chemical compounds. (D) The expression 

levels of stemness markers (endogenous genes) were analyzed by rt-qPCR. The 

data were analyzed using ordinary one-way ANOVA multiple comparisons and 

presented as the mean ± standard deviation ****P<0.0001, ***P<0.001, **P<0.01, 

*P<0.05. (E) Representative agarose gel electrophoresis of PCR products for the 

detection of stemness markers (endogenous, transgenes and total genes) in miPSCs. 

(F) Immunoblotting analysis the expression of Oct3/4 and Nanog. 
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3.2.2 Differentiation potential in converted cells 

Differentiation potential is another property of CSCs as well as self-renewal. 

miPSCs and other three converted cells were assessed for the potential to 

differentiate into endothelial-like cells forming capillary-like tubes on Matrigel (Fig. 

3.2). Capillary-like tubes were confirmed to form by these cells indicating pro-

angiogenic properties in tumorigenesis. These cells showed high potential of tube 

formation. 

 

Figure 3.2. Tube formation assays in miPSCs and other three converted cells 

after 20 hours of culture with on Matrigel. These cells showed high potential 

of tube formation. 
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3.2.3 Tumorigenicity of GFP positive miPSCs after 1-week treatment  

Considering the rise of self-renewal capacity of these cells and the results from 

our previous study, we investigated whether these compounds were effective in 

promoting the conversion from miPSCs into CSCs. To evaluate the tumorigenicity 

of these cells, 1×106 of these cells were subcutaneously transplanted into Balb/c 

nude mice and the tumor formation were excited for 6 weeks (Fig. 3.3A). Tumors 

formed at 6-week were excised (Fig. 3.3B) and subjected to histological and 

immuno-histochemical analysis (Fig. 3.3). As previously reported (16), miPSCs 

formed a teratoma phenotype with various normal germ layers, including the 

squamous epithelium, so called keratinized ball, skeletal muscle, cartilage and 

benign glandular epithelium (Fig. 3.4A). Tumors derived from miPSCs treated with 

PD0325901, CHIR99021 and Dasatinib formed malignant tumors, sections of 

which demonstrated poorly differentiated phenotype, high nuclear to cytoplasmic 

ratio, severe nuclear atypia and multiple pathological mitotic figures (Fig. 3.4B-D). 

They also exhibited multiple abnormal glands, trabecular patterns, necrosis in the 

glandular cavity, and large zones of necrosis in the mesenchymal tissue. Immuno-

histochemical analysis demonstrated that the staining with Ki-67 antibody was 

highly proliferative, supporting the rapid tumor growth. The expression of CK and 

Sox2 indicated phenotypes of poor differentiation (Fig. 3.4E). Hence, the 

development of malignant tumor was confirmed by the GFP positive miPSCs 

treated with the inhibitors for 1-week (Tab. 3.1).
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Table 3.1 Summary of tumorigenic potential of miPSCs treated in 

various conditions. 

Supplement 
Conditioned 

medium 

Cell 

number 

Tumor 

formation 

Histologic 

examination 

LIF (1000U/mL) - 1x106 3/3 Benign teratoma 

- + 1x106 0/3 - 

Mastinib  

(6.25 µM) 
+ 1x106 0/3 - 

PD0325901  

(5 µM) 
+ 1x106 3/3 

Malignant tumor, 

adenocarcinoma 

CHIR99021  

(2.5 µM) 
+ 1x106 3/3 

Malignant tumor, 

adenocarcinoma 

Rabastinib  

(2.5 µM) 
+ 1x106 0/3 - 

ALK5 Inhibitor  

(10 µM) 
+ 1x106 0/3 - 

Dasatinib  

(1.25 µM) 
+ 1x106 3/3 

Malignant tumor, 

adenocarcinoma 

Imatinib  

(2.5 µM) 
+ 1x106 0/3 - 

Ponatinib  

(0.625 µM) 
+ 1x106 0/3 - 
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Figure 3.3 Tumorigenicity of CSCs converted from miPSCs treated with 

chemical compounds.  

(A) The size of tumors growing in 6 weeks. (B) Generation of tumors after 

subcutaneously transplanted miPSCs and the 1-week of converted cells.
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Figure 3.4 Histopathological observation of the tumors formed by the CSCs. 

(A) Benign teratoma fromed by miPSCs transplanted s.c. Normal tissue types 

derived from three germ layer, including squamous epithelium (Keratinized ball), 

skeletal muscle, cartilage and benign glandular epithelium are observed. Sections 

from the tumors formed by miPS-LLCcm-PD (B), miPS-LLCcm-CH (C) and 

miPS-LLCcm-Da (D) cells transplanted sc. Malignant structures are observed in 

glandular cavities (square8bottom right in B) composed of multiple abnormal 

glands, which are crowded back to back exhibiting high nuclear to cytoplasmic ratio, 

severe nuclear atypia and multiple pathological mitotic figures (asterisks in B, C, 

D). Abnormal glands, inside of glandular cavity has necrosis (arrow in C), and large 



�

��
47-5���

� ���

area necrosis (oval in C). Original magnification was 20X and 40X (A, B, C8D). 

(E) Immunohistochemical analysis showed malignancies with highly proliferative 

areas strongly stained for Ki-67 and poorly differentiated areas, poorly stained for 

CK and strongly for Sox2 in the tumor formed by miPS-LLCcm-PD, miPS-

LLCcm-CH and miPS-LLCcm-Da when compared with the benign teratoma 

formed by miPSCs. 
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3.2.4 Self-renewal capacity of primary cells derived from tumors 

To further evaluate the properties of primary tumors, the primary cells were 

cultured from the tumors developed in the previous section. The adhesive culture 

of the primary cells showed positive for GFP, indicating that they were originated 

from the miPSCs (Fig. 3.5A). In suspension culture, these cells were able to form 

spheroids indicating self-renewal capacity, and all spheroid-forming cells were 

expressing GFP (Fig. 3.5B). The expression level of Oct3/4, Sox2, Nanog, Klf4 and 

c-Myc were observed in these cells using rt-qPCR (Fig. 3.5 C). Oct3/4, Sox2, Nanog 

and Klf4 were found to be upregulated when compared with miPSCs. These results 

indicated that these cells possessed the self-renewal capacity. 
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Figure 3.5 Primary culture cells possess self-renewal capacity.  

(A and B) Primary cells in adherent culture and sphere formation in suspension 

culture with the expression of GFP. (C) rt-qPCR analysis of stemness markers in 

primary tumor cells. The data were analyzed using ordinary one-way ANOVA 

multiple comparisons and presented as the mean ± standard deviation 

****P<0.0001, ***P<0.001, **P<0.01, *P<0.05. 
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3.2.5 Signaling inhibitors accelerated the conversion of miPSCs into 

CSCs activating the PI3K-AKT pathway 

We labelled the primary cultured cells, obtained from the malignant tumors 

developed by transplanting miPSCs treated with each PD0325901, CHIR99021 and 

Dasatinib as miPS-LLCcm-PDpr, miPS-LLCcm-CHpr, miPS-LLCcm-Dapr, 

respectively. The signaling pathways of Ras-Raf-MEK-ERK, Abl, Src, c-Kit, Wnt-

GSK3 and PI3K-Akt-mTOR are considered typically important in cancer cell 

growth and survival (17-19). Our results demonstrated that the inhibition of the 

pathways, expect PI3K, was effective in enhancing the induction of the CSCs. On 

the other hand, PI3K inhibitors did not enhance the induction of CSCs (Table S2). 

Furthermore, in our previous study, we reported that PI3K-Akt signaling pathway 

was up-regulated in the CSCs developed from miPSCs (20). Therefore, we 

evaluated the expression of PI3Ks in the CSCs, developed from miPSCs, in the 

presence of PD0325901, CHIR99021 and Dasatinib. Simultaneously, the 

expression of PTEN, which is considered to be antagonized by PI3K through the 

dephosphorylation of PIP3 (21), was evaluated. We assessed the expression of 

Pik3ca, Pik3cb, Pik3cg, Pik3r1, Pik3r5, Pik3r6 and PTEN using rt-qPCR in the 

primary cultured cells (Fig. 3.6 A). In the comparison to the miPSCs, Pik3ca, 

Pik3cb, Pik3r1 and Pik3r5 showed significantly high expression in the miPS-

LLCcm-PDpr, miPS-LLCcm-CHpr and miPS-LLCcm-Dapr cells while PTEN 

showed low and Pik3cg and Pik3r6 no expression. We assessed the phosphorylation 

of AKT by western blotting (Fig. 3.6B). We found AKT was constitutively 

activated in miPS-LLCcm-PDpr, miPS-LLCcm-CHpr, miPS-LLCcm-Dapr cells. 
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We then confirmed the expression of AKT1, AKT2 and mTOR using rt-qPCR (Fig. 

3.6C). These findings are consistent with the enhanced PI3K-AKT signaling 

pathway enhanced in CSCs, as demonstrated in our previous study (20). 
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Figure 3.6 PI3K signaling pathway was activated in primary culture cells.  

(A) rt-qPCR analysis of Pik3ca, Pik3cb, Pik3r1, Pik3r5 and PTEN expression. (B) 

Immunoblotting analysis the AKT expression and phosphorylation. (C) rt-qPCR 

analysis of AKT1, AKT2 and mTOR.
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3.3 Discussion 

Our previous study demonstrated that the CM from cancer cell lines could 

provide a tumor microenvironment for conversion of miPSCs to CSCs (11-13). The 

tumor microenvironment (TME) plays an indispensable role in the development 

and progression of cancer. The stromal compartment of the TME comprises a 

variety of cell types, including endothelial cells, fibroblasts, and immune cells, each 

possessing distinct yet complementary functions that support the tumor architecture 

and maintenance. The specific tumor microenvironment can promote the 

occurrence of metastasis by affecting the proliferation of tumor cells, regulating the 

expression level of metastasis-associated genes, inducing angiogenesis, and 

promoting the degradation of the extracellular matrix (22). Recently we have found 

the overexpression of pik3r5 and pik3cg, which are the components of class IB PI3 

kinase, in CSCs derived from miPSCs cultured in the presence of CM (20). 

Although the miPS-LLCcm-PD, miPS-LLCcm-CH, miPS-LLCcm-Da cells are the 

resulted from the a 1-week treatment, we postulated that the PI3K/AKT pathway 

may be activated, as reported in our previous work. The western blotting analysis 

(Fig. 6B) detected a significant amount of immune reactive PI3K and 

phosphorylated AKT were detected in all the converted CSCs and the primary 

cultures derived from transplanted tumors. In accordance with the results obtained, 

we further investigated the expression levels of each moiety of PI3K, namely 

Pik3ca, Pik3cb, Pik3cg, Pik3r1, Pik3r5 and Pik3r6. As the results, we found the 

overexpression of Pik3ca, Pik3cb, Pik3r1 and Pik3r5 as the candidates for the 

further investigation. Pik3r1and Pik3ca/Pik3cb are the components of class IA 
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PI3K while Pik3r5 is the moiety of class IB. The expression of Pik3cg, the half 

moiety of class IB for Pik3r5, was too low to be amplified by rt-qPCR, and hence 

class IB PI3K was not considered to be active. Moreover, the combination of 

Pik3r1and Pik3ca formed PI3K that is activated through tyrosine kinase receptors 

and Pik3r1 and Pik3cb form PI3K that is activated by G Protein-Coupled Receptors 

(GPCRs). Therefore, in response to various ligand stimulation, PI3K/AKT signal 

contributes to a variety of processes that are critical in mediating several aspects of 

cellular function, including nutrient uptake, metabolic reactions, cell growth and 

survival. Several previous studies have demonstrated that PI3K and AKT are 

frequently hyperactivated in the majority of cancers (23, 24). 

Stemness markers, Oct3/4, Sox2, Klf4 and c-Myc, are considered to perform a 

dominant role in the maintenance and self-renewal of ESCs and iPSCs (14). The 

expression of these four factors in miPS-LLCcm-PD, miPS-LLCcm-CH, and miPS-

LLCcm-Da cells was found to vary when compared to miPSCs but the Nanog 

expression both as an endogenous gene and as GFP expression appeared steadily 

up-regulated. Therefore, the undifferentiated state of these cells could be 

maintained. Masatinib and Dasatinib were known as tyrosine kinase inhibitors of 

c-Kit and ABL1 / BCR-ABL1, respectively. Interestingly, miPSCs treated with 

Masatinib was not indicated as an inducer of CSCs in this study. These results may 

imply the different functions of tyrosine kinases involve in the stages of cellular 

differentiation. As c-Kit is known as the Stem Cell Factor receptor, Masatinib could 

have inhibited the signaling pathway essential for the self-renewal. On the other 

hand, Dasatinib might inhibit the growth of certain cells at partially differentiated 
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stages, resulting in the enhancement of self-renewal of the undifferentiated cells. 

PD0325901 is well known as MEK1/2 inhibitor. MEK is a main downstream of 

tyrosine kinases from the Ras/Raf/MAP kinase cascade, and PD0325901 appeared 

to conceivably induce the conversion of miPSCs to CSCs, as did Dasatinib. 

CHIR99021 is an inhibitor of GSK-3β, which plays a role in the downstream of 

signaling of Wnt. As Wnt suppresses the function of GSK-3β, CHIR99021 should 

act as Wnt resulting in the activation of β-catenin-Lef/Tcf signaling, which is 

considered necessary to maintain CSCs (25-27). Ying et al. reported that the self-

renewal potential of mouse ESCs was maintained in the presence of CHIR99021 

and PD0325901 (28). In this context, down-modulation of GSK-3β could result in 

a crucial stage to maintain metabolic activity, biosynthetic capacity and overall 

viability resulting in the decrease of phospho-ERK through the attenuation of 

MEK1/2, which reversed, would support our results. Hence, these inhibitors appear 

to relatively activate the PI3K/AKT pathway.  

Our study demonstrated that the three cellular signaling inhibitors accelerated 

the conversion of miPSCs into CSCs during 1-week treatment in the presence of a 

CM from LLC cells. In each case of treatment, the PI3K/AKT signaling pathway 

was reported to be activated. The genes responsible for PI3K were considered to 

form class IA and IB. This means that the CM from LLC contains the crucial 

factor(s), which could stimulate tyrosine kinase receptors and/or the GPCRs, 

responsible for the conversion resulting in the enhancement of PI3K/AKT signaling 

pathway. The mechanisms, by which PI3K regulates self-renewal and pluripotency, 

remain somewhat elusive. However, the contribution of PI3K/AKT signaling in 
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preserving the ability of iPSCs to self-renewal and differentiation is being 

delineated in recent studies (29, 30). Finally, this signaling pathway has been found 

crucial for CSC development as well as for embryonic and/or iPSCs development. 

Hishida et al suggested that PI3K promoted the retention of ES cell properties 

mainly through the inhibition of the two downstream pathways, the mitogen-

activated protein kinases/extracellular signal-regulated kinase (MAPK/ERK) 

pathway and the GSK3 signaling pathway (31). Previous studies from several 

groups have demonstrated that certain AKT downstream factors such as Oct3/4, 

Sox2 and Nanog, play an important role in self-renewal of ESCs and the early 

development of embryos (32-34). Meanwhile, these markers are also the targets of 

the AKT signaling pathway phosphorylating T235 in Oct4 to maintain stemness and 

inhibit differentiation of iPS cells (35). Thus, the enhanced conversion of the iPSCs 

into CSCs could be explained in as similar manner. An important factor to be 

considered is that the iPSCs derived from malignant cells differentiated in to cancer 

cell types of interest. Henceforth, the finding of our study will allow the possibility 

of a short evaluation time to identify the crucial factor(s) present in the tumor 

microenvironment. 
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CHAPTER 4 

Upregulated Ccl20 and Ccr6 in cancer stem 

cells converted from mouse iPS cells 
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Abstract 

Previous studies by our group have demonstrated the establishment of the 

model of cancer stem cells (CSCs) converting mouse iPS cells (miPSCs) into CSCs 

by treating the miPSCs with a conditioned medium (CM) of Lewis Lung Carcinoma 

(LLC) cells,  with or without the non-mutagenic chemical compounds. CSCs 

converted from miPSCs developed highly malignant adenocarcinoma when 

subcutaneously transplanted into the nude mice. We evaluated the gene expression 

in the resultant CSCs comparing that in miPSCs by microarray analysis. As the 

result, the expression of chemokine (C-C motif) ligand 20 (Ccl20) was found 

upregulated in the presence of CM supplemented with PD0325901. Then we 

assessed the expression of C-C chemokine receptor type 6 (Ccr6), which was 

considered to be stimulated by Ccl20, using rt-qPCR. Then the expression of Ccr6 

was also found upregulated. Interestingly, IL17A expression was also observed 

only in the CSCs from the primary tumor implying the effect of the tumor 

microenvironment. Moreover, significantly high level of CCR6 was detected by 

flow cytometric analysis and western blotting. These results suggest that a model 

of CSCs with Ccl20-Ccr6 autocrine loop was obtained as the result of the 

conversion of miPSCs. This CSC should be a good model to study targeting CCR6 

as a G protein-coupled receptor (GPCR). 
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4.1 Introduction 

CSCs has been identified as a subpopulation of stem-like cells within tumors 

exhibiting characteristics of both stem cells and cancer cells. CSCs are 

characterized by the abilities of self-renewal, differentiation in vitro and 

tumorigenesis in vivo (1). CSCs are nowadays generally considered to represent a 

unique population of cancer tissues that are tumorigenic and resistant to most 

chemotherapeutic agents and radiation therapy supporting cancer progression and 

recurrence. 

The molecular and cellular mechanisms of cancer progression are now 

significantly being studied due to the finding of CSCs. Chronic inflammation is 

considered one of the reasons essential for cancer initiation and progression 

providing tumor microenvironment. Chemokines are known to play a prominent 

role in inflammation and spreading of cancer. Therefore, chemokines and their 

cognate receptors should be important factors involved in wound healing and 

angiogenesis. The ligands and their receptors are generally expressed in various 

cells in response to inflammation to recover homeostasis from imbalanced situation 

(2).  

Previously, our group has demonstrated the development of CSCs from 

miPSCs treating with the CM derived various cancer cell lines (3-5). The 

conditioned medium was supposed to be enriched with various factors related with 

tumor microenvironment including inflammatory cytokines, chemokines and 
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growth factors. One of our recent findings in the CSCs was an enhanced expression 

of PI3 kinase, which was considered to be responsible for the activation of GPCRs 

(6). 

On the other hand, chemokine CCL20 is considered a sole known ligand 

specific to CCR6, one of the GPCRs. Their interaction has been confirmed in B and 

T cells as well as dendritic cells (DCs) (7-9). The interaction of CCL20 and CCR6 

plays a key role in lung immunity while CCR6 has recently been reported to 

promote the carcinogenesis of non-small-cell-lung cancer (NSCLC) in 

CCR6/CCL20/IL17 axis (10-14).  

IL17, a pro-inflammatory cytokine, stimulates several signaling cascades 

inducing chemokines including CCL20 as well. A recent study in a mouse model 

of rheumatoid arthritis has shown that Th17 cells express both CCR6 and CCL20, 

suggesting CCL20 induced recruitment of Th17 cells to the inflamed joints (15). 

Responding to IL17 in an autocrine manner, Th17 cells differentiate to produce 

CCL20 in vitro and in vivo (16,17). Since we found our CSCs overexpress CCL20 

by microarray analysis, the presence of CCR6/CCL20/IL17 axis in the CSCs is 

evaluated in the current study.  
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4.2 Results and Discussion 

4.2.1 The effect of chemical compounds during the conversion of 

miPSCs into CSCs 

Previously, we found miPSCs converted into CSCs, exhibiting self-renewal, 

differentiation potential and tumorigenesis, in the presence of CM of cancer derived 

cell lines in 4 weeks (3-5). We employed miPSCs expressing a gene encoding green 

fluorescent protein (GFP) under the control of Nanog promoter (18) to distinguish 

the undifferentiated/differentiated condition of the cells. In the miPSCs, the GFP 

fluorescence is kept on during the undifferentiated state, while GFP fluorescence is 

turned off if the miPSCs normally differentiate in the absence of leukemia 

inhibitory factor (LIF). Applying this procedure, we assessed the risk of non-

mutagenic chemical compounds to accelerate the conversion, which was taken as 

cancer initiation, in this study. Most of the compounds assessed were the inhibitors 

of cytoplasmic signaling pathways. As the results, the expression of GFP 

fluorescence were obviously maintained after 1 week when miPSCs were cultured 

with PD0325901 in the presence of CM from LLC cells (Fig.4.1). In contrast, All-

Trans Retinoic Acid (ATRA) significantly accelerated diminishing GFP 

fluorescence indicating the cells differentiated. In our recent study, we have 

demonstrated that three compounds, PD0325901, CHIR99021 and Dasatinib, out 

of 110 could accelerate the conversion of miPSCs into CSCs, and the expression of 

GFP fluorescence were maintained (6). PD0325901 is known as an inhibitor of 

MEK, and MEK is a main downstream of tyrosine kinases from Ras/Raf/MAP 
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kinase cascade. Since Dasatinib is known as the tyrosine kinase inhibitor of src, bcl 

and c-kit, PD0325901 and Dasatinib appeared to have similar role in converting 

miPSCs into CSCs. When PD0325901 combined with CHIR99021 together the 

self-renewal potential of mouse ESCs was maintained while CHIR99021 was an 

inhibitor of GSK-3β (19). In this context, the functions of three inhibitors might 

closely be related one another to enhance the expression of GFP fluorescence and 

maintain the stemness resulting in the conversion from miPSCs into CSCs. 
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Fig. 4.1. Representative images of the conversion from miPSCs into CSCs. 

Cells were cultured with media containing CM and positive (PD0325901) / 

negative (All-Trans Retinoic Acid) chemical compound, colonies were observed 

for the GFP expression after treatment one week. 
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4.4.2 Gene expression difference during the conversion into CSCs 

treated with MEK inhibitor 

PD0325901 kept the expression of GFP fluorescence high in the treated cells. 

In our previous study, we demonstrated that the PD0325901promoted the 

conversion from miPSCs into CSCs (6). Herein we analyzed the difference of gene 

expression between the cells treated with PD0325901and ATRA by microarray 

followed by gene clustering analysis with self-organizing map (SOM) (20-22). First 

of all, miPSC and miPSC treated with CM was compared to reveal the genes which 

is related to CSC conversion. There were 507 upregulated and 447 downregulated 

genes (Fig. 4.2). PD0325901 should have effects on them during the CSC 

conversion. These gene expressions were analyzed again and found 389 genes, 

whose expression was significantly upregulated or downregulated by PD0325901 

when compared with those in miPSCs treated with ATRA (Table 4.1). Then, SOM 

was used to find an ideally expressed gene, which was named as an ideal probe (IP) 

and was not expressed in miPSC treated with CM or with CM and ATRA but highly 

expressed in miPSCs treated with CM and PD0325901. The distance from the IP 

was sorted from the shortest to the longest and the shortest genes are shown in 

Fig.4.2C. The genes in the short distance to IP should have larger effect by 

PD0325901. From this point of view, CCL20 could be the candidate to be analyzed 

for the relationship with CSCs and PD0325901.  
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Table 4.1. Distance from ideal probe and heat map for their expression levels. 

From 
IP  Agilent ID a   b   c Systematic 

Name David ID Name  

0.000  A_51_P323770  NM_183271 68221 WAP four-disulfide core domain 15A (Wfdc15a) 

0.404  A_52_P455370  NM_175628 232345 alpha-2-macroglobulin (A2m) 
0.406  A_66_P101506 

 

AK077242   
0.453  A_55_P2728797  AK018940 68208 RIKEN cDNA 1700039O17 gene (1700039O17Rik) 
0.453  A_55_P2168383  NM_028901 74376 myosin XVlllb (Myo18b) 
0.460  A_52_P467488  NM_029529 76157 solute carrier family 35, member D3 (Slc35d3) 

0.700  A_55_P2731446  XM_011245278 101055806 predicted gene 10378 (Gm10378) 
1.281  A_51_P408595  NM_016960 20297 chemokine (C-C motif) ligand 20 (Ccl20) 
1.551  A_51_P315391  NM_138628 378431 taxilin beta (Txlnb) 
1.600  A_51_P471659  NM_145684 11685 arachidonate lipoxygenase, epidermal (Alox12e) 
1.656  A_55_P2900459  XR_868020   
1.675  A_55_P1955871  NM_175290 97895 NLR family, pyrin domain containing 4F (Nlrp4f) 

1.675  A_51_P208145  NM_021882 20431 premelanosome protein (Pmel) 
1.767  A_55_P2153021  NM_011652 22138 titin (Ttn) 
1.767  A_52_P306007  NM_024271 76413 RIKEN cDNA 1700016D06 gene (1700016D06Rik) 
1.858  A_51_P291227  NM_001005508 226652 Rho GTPase activating protein 30 (Arhgap30) 

1.858  A_55_P2031999  NM_145448 217830 RIKEN cDNA 9030617O03 gene (9030617O03Rik) 

* The maximum distance from IP was 4.222, and genes whose distance is less than 2 is shown in this list.  

(a: miPSC+CM, b: miPSC+CM+PD0325901, c: miPSC+CM+ARTA) 
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Fig. 4.2. Comparisons of gene expression among miPSC and 1 week 

converted cells. Microarray was performed on original miPSC and converted 

cells and their expression value were compared in binary logarithm among. (A) 

miPSC and miPSC+CM, and (B) miPSC+CM+All trans retinoic acid (ATRA) 

and miPSC+CM+PD0325901. (C and D) Glyph Analysis Setting > Dent rate = 1. 
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4.2.3 Expression of Il17A, Ccl20 and Ccr6 in converted cells and 

primary cultured cells were upregulated 

Considering the results of SOM analysis, we evaluated the expression of Ccl20, 

which was up-regulated the distinctive gene expression profiles of miPSCs treated 

with PD0325901 in the presence of CM because CCL20 is significantly associate 

with inflammatory events, which could be related with the initiation of cancers. 

Multiple studies have now reported that IL17 could induce CCL20 production and 

CCR6, which might be leading to PI3K activation, as the unique receptor to CCL20 

(23-25). Accordingly, we though Ccl20 expression might account for the presence 

of both Il17A and Ccr6 expression in CSCs converted from miPSCs. We further 

analyzed the expression of Il17A, Ccr6 and Ccl20 in miPSCs treated with 

PD0325901, CHIR99021 and Dasatinib by RT-qPCR. The expression level of 

Il17A, Ccr6 and Ccl20 were found to be upregulated during the 7 days of treatment 

(Fig.4.3A). Our previous work demonstrated that miPSCs treated with the three 

compounds exhibited tumorigenicity when subcutaneously transplanted into Balb/c 

nude mice (6). Meanwhile, we evaluated the expression of Il17A, Ccr6 and Ccl20 

in the primary cells (Fig.4.3B). As the result, the significantly high expression of 

Ccr6 was found in the primary cells. Recent studies have reported that IL17A, of 

which expression was driving by TGF-β and IL-6, induced Ccl20 expression via 

the transcription factor STAT3 resulting in promoting tumor progression and 

metastasis by upregulating the expression of the genes were involved in anti-

apoptotic, growth factors and angiogenesis (26,27). 
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Fig. 4.3. Expression of Il17A, Ccl20 and Ccr6 in converted cells and primary 

cultured cells. (A) RT-qPCR analysis of Ccr6 and Ccl20 in the converted cells. (B) 

RT-qPCR analysis of Il17A, Ccr6 and Ccl20 in the primary cells from tumors. The 

data were analyzed using ordinary one-way ANOVA multiple comparisons and 

presented as the mean ± standard deviation ****P<0.0001, ***P<0.001, **P<0.01, 

*P<0.05. 
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4.2.4 The inhibitors enhanced the expression of Ccr6 

Upregulation of Ccr6 expression was essentially related with organ orientation 

and significantly related with the metastasis of lung cancer (28-30). We further 

evaluated the expression of CCR6 by flow cytometry and western blot. In flow 

cytometry, the CCR6-postive population in the presence of CM was found 41.1%, 

21.7% and 31.6% in the cells when treated with PD0325901, CHIR99021 and 

Dasatinib, respectively while 27.4% in miPSCs. CCR6-postive population was 3.9% 

of miPSCs in the absence of CM (Fig.4.4A). In the primary cells from the tumors, 

CCR6-postive population was significantly increased to 53.4%, 83.1% and 61.5% 

in primary-miPSCs+CM+PD0325901 cells, primary-miPSCs+CM+CHIR99021 

cells and primary-miPSCs+CM+Dasatinib cells, respectively. CCR6-postive 

population was 10.6% of primary-miPSCs cells (Fig.4.4B). Furthermore, western 

blot analysis confirmed higher amount of CCR6 protein in the converted cells and 

primary cells than that in miPSCs (Fig.4.4C). 
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Fig. 4.4. CCR6 expression in converted cells and primary cells by flow 

cytometry and western blotting. (A) Flow cytometry analysis shows CCR6 

population in the converted cells after treated with chemical compounds. (Left: 

relative expression of cells without treatment by CCR6 (control). (Right: relative 

expression of cells with treatment by CCR6) (B) Flow cytometry analysis shows 

CCR6 population in the primary cells. (Left: relative expression of cells without 

treatment by CCR6 (control). (C)The level of Ccr6-related protein was analyzed by 

Western blotting. beta-actin served as a loading control. 

In conclusion, our study suggested that the presence of CCR6/CCL20/IL17 

axis in the CSCs converted from miPSCs and that CCR6 as one of GPCRs, which 

was the possible target of therapy and/or prevention of cancer. 
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Materials and Methods  

1. Materials 

Mouse induced pluripotent stem cells (miPSCs, iPS-MEF-Ng-20D-17; Lot 

No.012) were provided by the RIKEN Cell Bank, Japan. DMEM, 2-

mercaptoethanol, collagenase, gelatin, Hematoxylin and Eosin Y were purchased 

from Sigma, NY. EBM®-2 media Endothelial cell basal medium-2 and EBMTM-2 

SingleQuots® Kit were produced from Lonza, MD, USA. MatriGel was acquired 

from Corning Inc., Corning, NY, USA. KnockOutTM Serum Replacement (KSR) 

and Non-Essential Amino acids (NEAA) were produced from Gibco, NY. L-

Glutamine, 2.5 % Trypsin and CaCl2 were obtained from Nacalai Tesque, Japan. 

Paraformaldehyde, Hank’s balanced salt solution (HBSS) and 100 U/ml 

penicillin/streptomycin (P/S) cocktail were from Wako, Japan. Leukemia inhibitory 

factor (LIF) was obtained from Millipore, MA. Mitomycin C treated mouse 

embryonic fibroblasts (MEF) were provided by Reprocell, Japan. Mouse Lewis 

lung carcinoma (LLC) cells were obtained from ATCC, VA, USA. Insulin-

transferrin-selenium-X (ITS-X) was produced from Life technologies, CA. Signal 

transduction inhibitors used in this study were obtained as listed in Table 2.2. 

Anti-mouse Ki67 rabbit polyclonal antibody (ab15580), anti-mouse Sox2 

rabbit polyclonal antibody (ab97959) and anti-mouse panCK rabbit polyclonal 

antibody (ab191208) were purchased from Abcam, UK. Anti-mouse Akt rabbit 
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polyclonal antibody (9272), anti-mouse pAkt (Ser473) rabbit polyclonal antibody 

(9271), anti-mouse Nanog rabbit polyclonal antibody (4903), anti-mouse β-actin 

rabbit polyclonal antibody (4970), horseradish peroxidase (HRP)–conjugated anti-

rabbit IgG goat polyclonal antibody (7074) or anti-mouse IgG goat polyclonal 

antibody (7076) were purchased from Cell Signaling Technology, MA, USA. Anti-

mouse Oct3/4 mouse polyclonal antibody (5279) was purchased from Santa Cruz, 

CA, USA. 

2. Cell Culture 

miPSCs were maintained in DMEM supplemented with 15% FBS, 0.1 mM 

NEAA, 2 mM L-Glutamine, 50 U/ml P/S, 0.1 mM 2-mercaptoethanol and 1000 

U/ml of LIF on feeder layers of mitomycin C treated MEF. In the case of feeder-

free, the miPSCs were cultured on gelatin-coated dishes. LLC cells were 

maintained in DMEM containing 10% FBS supplemented with 100 U/ml P/S.  

For the primary culture, the mouse allografts were excised and cut into small 

pieces (approximately 1 mm3) and washed with HBSS three times. These pieces 

were transferred into a 15-ml tube with 4 ml of dissociation buffer prepared as PBS 

containing 0.25% trypsin, 0.1% collagenase, 20% KSR, 1 mM of CaCl2 and 

incubated at 37°C for 40 mins. To terminate the digestion, 5 ml of DMEM 

containing 10% FBS was then added. The cellular suspension was transferred into 

the new tubes and centrifuged at 1000 rpm for 5 mins. The cell pellet was 

resuspended in 5 ml HBSS, and centrifuged at 1000 rpm for 5 min. The cell pellet 
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was then placed into an appropriate volume of miPS medium without LIF and the 

cells were seeded into a dish at a density of 5×105/ml. The primary cells derived 

from the mouse allografts were treated with puromycin for 24h to remove the host 

cells.  

To prepare the CM from LLC cells, the medium was collected as previously 

described (16). The mixture of CM and miPS medium (1:1) was supplemented with 

each signal inhibitor (Table S2). The miPSCs were cultured in the mixed medium 

without LIF and MEF feeder cells. One half of the medium was replaced with fresh 

mixed medium every day, up to day 6. On day 7, the expression of green fluorescent 

protein (GFP) and cell morphology was observed and photographed using an 

inverted fluorescent microscope (Olympus IX81, Japan). miPSCs were maintained 

in DMEM supplemented with 15% FBS, 0.1mM NEAA, 2mM L-Glutamine, 50 

U/ml P/S, 0.1mM 2-mercaptoethanol and 1000 U/ml of LIF on feeder layers of 

mitomycin C treated MEF. In the case of feeder-free, the miPS cells were cultured 

on gelatin-coated dishes. LLC cells were maintained in DMEM containing 10% 

FBS supplemented with 100 U/ml P/S.  

3. Green fluorescent protein (GFP) Assay 

The miPSCs were seeded at a density of 2×103 cells/well in 96-well black 

plates (Corning Inc., NY) and cultured in miPS medium overnight. On the second 

day, half of the medium was replaced with fresh mixed medium every day, up to 

day 6. On day 7, the cells were washed twice with PBS and lysed in 50 µl/well lysis 
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buffer followed by the incubation at 37°C for 5mins. The relative fluorescence 

intensity was then measured at 509 nm, excited at 488nm, using a microplate reader 

(SH-9000lab, Corona, Japan). The read of each well was obtained from 9 points at 

a distance of 1 mm from the bottom of each well flashed 30 times.  

The GFP fluorescence from the miPSCs cultured in CM without signal 

inhibitors was used as the standard to determine the threshold of the bottom line in 

order to distinguish effect of the signal inhibitors. The fluorescence from 6 wells 

was measured 5 times from independent experiments, and the averages and 

standard deviations of read were calculated (Table S1). Next, we assessed the effect 

of the inhibitors in concentrations between 0 and 10 µM by the intensity of the GFP 

fluorescence and determined the optimal concentration which enhanced the 

fluorescence of GFP (Table 2.2). 

4. Sphere Formation Assay 

The single cells were seeded a density of 1×104 cells/well into 24-well ultra-

low attachment plates (Corning Inc., NY) in serum free medium consisting of 97.5 % 

DMEM, 0.5 U/ml P/S, 0.1 mM NEAA, 1 mM L-Glutamine, 0.1 mM 2-

mercaptoethanol and 1% v/v ITS-X. After 5 to 7 days, the number of spheroids 

were counted, and images were captured using an inverted microscope (CKX41, 

Olympus, Japan) or an inverted fluorescent microscope (IX81, Olympus, Japan). 

5. Tube Formation Assay 
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Cells were seeded in 60 mm dishes, at a density of 5×105 cells/dish, and 

incubated at 37 °C with 5% CO2 until the formation of a 70% confluent monolayer. 

Next, 5×105 cells were collected and resuspended in EBM-2 media and seeded in 

12-well plates coated with seeded in growth factors reduced MatriGel for 24h in 

the presence of human Epidermal Growth Factor (EGF, 5 ng/mL), human Vascular 

Endothelial Growth Factor (VEGF, 0.5 ng/mL), R3-Insulin-like Growth Factor-1 

(R3-IGF-1, 20 ng/mL), Ascorbic Acid (1 µg/mL), Hydrocortisone (0.2 µg/mL), 

human basic Fibroblast Growth Factor (bFGF, 10 ng/mL), Heparin (22.5 µg/mL) 

and 2% Fetal Bovine Serum (FBS). The experiments were performed in triplicate 

and the images of the formed tubes were captured using an Olympus IX81 

microscope (Olympus, Tokyo, Japan). 

6. Animal Experiments  

The plan of animal experiments were reviewed and approved by the ethics 

committee for animal experiments of at the Okayama University under the IDs 

OKU-2013252, OKU-2014157, OKU-2014429 and OKU-2016078. All 

experiments were performed according to the Policy on the Care and Use of the 

Laboratory Animals, Okayama University. Nude mice (Balb/c-nu/nu, female, 4 

weeks) were purchased from Charles River, Japan. Cells at 1x106 were suspended 

in 200 µl of HBSS and were subcutaneously transplanted into nude mice. 

7. RNA Extraction, cDNA Synthesis and reverse transcription 

quantitative PCR Analysis  
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Total RNA was extracted from cells using RNAeasy Mini kit (QUIAGEN, 

Germany) according to the manufacturer's instructions and 1 µg of RNA was 

reverse transcribed using the Superscript First-Strand kit (Invitrogen, CA). Reverse 

transcription quantitative PCR (rt-qPCR) was performed with SYBR green I Master 

Mix (Roche, Switzerland) using LightCycler® 480 Instrument (Roche, Switzerland) 

according to manufacturer’s instructions. The primers used for rt-qPCR are listed 

in Table. S1. 

8. Histological Analysis and Immunohistochemistry 

For histological analysis, tumors were excised from the mice 4-6 weeks after 

transplantation. The paraffin-embedded tissue samples were cut into 5 µm-

thickness sections, deparaffinized and stained with 0.5% Hematoxylin and Eosin Y 

(HE). The primary antibodies and dilutions used for IHC were as follows: 1:200 of 

anti-Ki67 antibody, 1:200 of anti-Sox2 antibody and 1:200 of anti-panCK antibody. 

9. Western Blotting  

Proteins extracted from the miPSCs treated with each condition were subjected 

to SDS-PAGE, transferred to Immobilon®-FL transfer membrane (PVDF, Merck 

Millipore, Germany) and probed with antibodies against Akt at the dilution of 

1:1000, pAkt (Ser473) at the dilution of 1:1000, Oct3/4 at the dilution of 1:3000 and 

Nanog at the dilution of 1:2000, β-actin1:1000. This was followed by secondary 
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antibody, either HRP–conjugated anti-rabbit or anti-mouse IgG at the dilution of 

1:2,000 or 1:5,000, respectively.  

10. Flow cytometry 

The miPSCs that survived following the 1-week treatment were transferred 

60-mm dish and harvested during the logarithmic growth phase. The cells were re-

suspended in 100 µl of ice-cold PBS and analyzed by a flow cytometer (BD 

AccuriTM C6 plus, Becton & Dickinson, NJ). Data from each experiment was 

analyzed by FlowJo software (FlowJo, LLC, Ashland, OR, USA).  

11. Statistical Analysis  

The fluorescence data read by the microplate reader were analyzed using the 

two-tailed student’s t-test and presented as the mean ± standard deviation (SD) from 

independent experiments repeated at least three times. The statistical significance 

in mean values between two groups was determined by 2-tailed student’s t-test and 

expressed as the mean value. In the data acquired from the rt-qPCR analysis, the 

statistical significance between the mean values of more than two groups was 

determined using one-way analysis of variance (ANOVA) and Dunnett's multiple 

comparisons test. P<0.05 was considered statistically significant. 
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Table S1. List of Primers Used in the Experiments 

NO. Names ACCESSION Forward Primer Sequence 5’- 3’ Reverse Primer Sequence 5’- 3’ 

1 mouse Oct3/4 endogeneous NM_013633.2 TCTTTCCACCAGGCCCCCGGCTC TGCGGGCGGACATGGGGAGATCC 

2 mouse Sox2 endogeneous NM_011443.3 TAGAGCTAGACTCCGGGCGATGA TTGCCTTAAACAAGACCACGAAA 

3 mouse Klf4 endogeneous NM_010637.3 GGACTTACAAAATGCCAAGGGGTG TCGCTTCCTCTTCCTCCGACACA 

4 mouse c-myc endogeneous NM_010849.4 TGACCTAACTCGAGGAGGAGCTGGAATC AAGTTTGAGGCAGTTAAAATTATGGCTGAAGC 

5 mouse Oct3/4 total NM_013633.2 CTGAGGGCCAGGCAGGAGCACGAG CTGTAGGGAGGGCTTCGGGCACTT 

6 mouse Sox2 total NM_011443.3 GGTTACCTCTTCCTCCCACTCCAG TCACATTGTCGACAGGGGCAG 

7 mouse Klf4 total NM_010637.3 CACCATGGACCCGGGCGTGGCTGCCAGAAA TTAGGCTGTTCTGGGCCGGGGCCACGA 

8 mouse c-myc total NM_010849.4 CAGAGGAGGAACGAGCTGAAGCGC TTATGCACCAGAGTTTCGAAGCTGTTCG 

9 mouse Oct3/4 transgene M34381.1 TTGGGCTAGAGAAGGATGTGGTTC TTATCGTCGACCACTGTGCTGCTG 

10 mouse Sox2 transgene NM_003106.4 GGTTACCTCTTCCTCCCACTCCAG TTATCGTCGACCACTGTGCTGCTG 

11 mouse Klf4 transgene XM_021200389.1 GCGAACTCACACAGGCGAGAAACC TTATCGTCGACCACTGTGCTGCTG 

12 mouse c-myc transgene NM_010637.3 CAGAGGAGGAACGAGCTGAAGCGC TTATCGTCGACCACTGTGCTGCTG 
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13 mouse Nanog NM_028016.3 AGGGTCTGCTACTGAGATGCTCTG CAACCACTGGTTTTTCTGCCACCG 

14 Pik3ca NM_008839.2 GCCACAGACACTACTGCGTA CACCGAACAGCAAAACTCCG 

15 Pik3cb NM_029094.3 CTGATTTTACGGCGGCATGG TGAGGGCCTCGTCAAACTTC 

16 Pik3cg NM_001146201 ACCTGTGCCTTCTGCCTTAC TGCGGCCTGAAACTTTTCTTC 

17 Pik3r1 NM_001024955.2 AGCGGAGAACCTATTGCGAG ACTTCGCCGTCTACCACTAC 

18 Pik3r5 NM_177320.2 AAGTCCTTTGTCAGCAGTCCC CTGGTAAACCTGCAGCAACAC 

19 Pik3r6 NM_001004435.3 TGAGACGACCACATCCTCCC TCCACATGCCCTGATTGCTC 

20 Pik3ap1 NM_031376.4 GAAGGCCATTTCTGAAGATTCTGG TCTCGTCCAGCTTGCATCTC 

21 Pten NM_001304718.2 AGCTCAGCATTTTCTGGGCTTCA GTGATGGGCTCTGAGACAGAC 

22 Ccr6 NM_001190334.1 TGAAGACCATAACCCACCACAG AGCATCTTGTTCTGTTTGTGGAAG 

23 Ccl20 NM_016960.2 CGACTGTTGCCTCTCGTACA GCTTCATCGGCCATCTGTCT 

24 IL17A NM_010552 GGGTCTTCATTGCGGTGGAGAG ATCCCTCAAAGCTCAGCGTGTC 

25 IL17A Receptor NM_008359.2 ACAGTTCCCAAGCCAGTTGC TCAGCACGATGACAGATCCC 
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