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1. Abstract 

Objectives: To screen out sensitive chemotherapy regimens 

for cancer stem cells (CSCs) from colorectal cancer (CRC) 

pa- tients in northeast Sichuan of China and provide the basis 

for "re- gional precision" targeted therapy. 

Methods: Primary colorectal CSCs from the northeast Sich- 

uan of China were extracted using the CRC CSCs protocol 

de- veloped previously. The chemotherapeutic agents, 

FOLFOX, Curcumin, Salinomycin, and Mithramycin-A 

(Mit-A) were used to assess changes in the proportion of 

CD133+, CD44+ and CD133+CD44+ cells in each group 

using flow cytometry. Colony Formation Assay, Sphere-

Forming Assay, Cell migration and cell invasion assay, and 

CCK-8 were utilized to detect the prolifera- tion, migration 

and invasion ability of primary CRC CSCs in vitro. QT-PCR 

detected expression of the core CSC genes, Oct-4, Sox2, 

Nanog, and KLF4, CRC CSCs marker genes, and Wnt/β-

catenin pathway related genes. By comparing the 

effectiveness of the three regimens on primary CRC CSCs in 

northeast Sichuan of China, chemotherapy regimens that are 

sensitive to CSCs in CRC patients from this area could be 

screened out. 

Results: The proportion of CD133+CD44+ cells in the DLD- 

1 cell line reached 54.42%, and the proportion of 

CD133+CD44+ cells in primary CRC cells was 13.72%. In 

response to the C4 regimen, the proportions of CD133+, 

CD44+ and CD133+CD44+ cells were significantly reduced, 

the volume and number of cell spherules were suppressed, cell 

survival rate was significantly re- 
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duced, and almost no cells were able to migrated or invade. In 

addition, there was a reduction in mRNA expression of the CSC 

related genes, Oct-4, Nanog, SOX2 and KLF4, the CRC CSCs-

re- lated gene, Lgr5, the mesenchymal genes, Vimentin and Snail, 

and Wnt/β-catenin pathway related genes. 

Conclusion: The combination of FOLFOX and Mithramycin A 

can effectively inhibit the occurrence, metastasis and recurrence 

of colorectal cancer CSCs and inhibit the dryness and 

mesenchymal properties using the Wnt/β-catenin and TGF-

β1/snail pathways. 

2. Introduction 

Colorectal cancer (CRC) is second only to lung cancer as the 

most common malignancy, with more than 1.9 million new 

diagnoses made each year in developed countries [1-3]. CRC 

incidence is increasing worldwide likely as a result of changes 

in human be- havior, including reduced exercise, increased 

consumption of ani- mal-derived foods, and excessive alcohol 

intake [4]. The incidence of CRC in transitioning countries is 

four times that of other areas, in particular North America and 

Europe [5,6]. CRC incidence in Asia is increasing in countries 

such as China that are becoming more westernized [7-9]. Of 

note, CRC accounts for nearly 45% of all cancer-related deaths 

due to late diagnoses in China [10,11]. FOLFOX is one of the 

most common first-line chemotherapeutic drugs used to treat a 

variety of cancers [12,13]. CRC patients are frequently resistant 

to chemotherapy regimens using FOLFOX, however, and often 

require additional conventional chemothera- peutic agents such 

as Capecitabine, Irinotecan, angiogenesis inhib- 
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itors and anti–epidermal growth factor receptor (EGFR) antibod- 

ies, to enhance tumor cell chemosensitivity [14-18]. As a result, 

CRC treatment remains unsatisfactory. Cancer stem cells (CSCs) 

are a subpopulation of cancer cells identified in multiple malig- 

nancies, including breast cancer and CRC, that have the ability to 

self-renew and give rise to new tumors and metastases [19-25]. 

Thus, there is an urgent need for safer and more effective chemo- 

therapeutic treatments that target CSC activity. 

3. Materials and Methods 

3.1 Ethics Statement 

The informed written consent was obtained from patients. This 

study was conducted in accordance with the Declaration of Hel- 

sinki and approved by the institution's ethics board (Permit Num- 

ber#S255). 

Cell Lines and Culture 

DLD-1 human CRC cell lines were obtained from the American 

Type Culture Collection (ATCC) and authenticated by short tan- 

dem repeat PCR profiling at ATCC. Cell lines were obtained in 

March 2016 and cultured in ATCC medium in a humidified incu- 

bator with 5% CO2 at 37°C. 

Collection: and treatment of CRC tissues and enrichment of 

primary tumor stem cells Samples from patients receiving surgical 

therapy at Affiliated Hospital of North Sichuan Medical College 

were histologically diagnosed as CRC. Surgically resected tumor 

tissues were stored in PBS containing 1000 units/mL penicillin, 

1000 μg/mL streptomycin, and 3 μg/mL fungizone. Samples were 

repeatedly washed with PBS after transportation to the labora- 

tory to remove blood, fat, and feces, cut into 1×1×1 mm pieces, 

soaked for 15 min in high concentration antibiotics independently 

developed by our research group, and then digested with 2 mg/ 

ml collagenase II (Invitrogen) on an oscillator for 3 h at 37°C. 

Cells were triturated, filtered through 100 μm and 50 μm filters to 

obtain a single-cell suspension, submerged in high concentration 

antibiotics for 30 min at 37°C, and washed three times with sterile 

PBS [29]. Primary human CRC stem cells were collected by add- 

ing serum-free medium (SFM) (described below). Cultures were 

maintained in an incubator with 5% CO2 at 37°C during the whole 

culturing period. The cultures were treated every other day with 2 

ml SFM, digested every ten days, cultured until the thirtieth day, 

and relevant experiments were carried out. 

Enrichment of Tumor Atem Cells 

DLD-1 cells were grown at a density of 2×106 cells/ml in se- 

rum-free DMEM/F12 medium containing 20 ng/ml epidermal 

growth factor (EGF, PeproTech), 10 ng/ml basic Fibroblast Growth 

Factor (bFGF, PeproTech), 5 µg/ml insulin (Sigma), 0.4% BSA 

(Amresco), and 2% B27 (Invitrogen). All cells were maintained in 

a humidified incubator at 37°C and 5% CO2. 

Chemotherapy Regimens 

Oxaliplatin, 5-FU, Salinomycin, and Curcumin were purchased 

from Sigma Pharmaceuticals, North Liberty, IA, USA. Mithramy- 

cin-A was purchased from Merck & Co., Kenilworth, NJ, USA. 

After every thirty days of culturing the cells, the solution was 

changed and the following chemotherapeutic drugs were added for 

48 h: C1(5.4 μM/m of Oxaliplatin, 220 μM/ml of 5-Fu), C2(5.4 

μM/m of Oxaliplatin, 220 μM/ml of 5-Fu,17.82 μM/ml of Cur- 

cumin), C3(5.4 μM/m of Oxaliplatin, 220 μM/ml of 5-Fu, 8 μM/ 

ml of Salinomycin) and C4(5.4 μM/m of Oxaliplatin, 220 μM/ml 

of 5-Fu, 0.5 μM/ml of Mithramycin-A) [31-34]. 

 Flow Cytometry 

Surface expression of CD133 + CD44 + on DLD-1 cells was 

detected using flow cytometry. After the spheroid cells are tryp- 

sinized and resuspended in PBS, 5×105 cells were added to the 

blocking solution, blocked at 4°C for 1 hour, and the supernatant 

was discarded following centrifugation (1500 r/min 5min). Twen- 

ty-five microliters of blocking solution and 1.25μl of the corre- 

sponding CD133+CD44+ antibodies were added. The cells were 

then blocked for 0.5 h at 4℃ in the dark, centrifuged and suspend- 

ed in 500 μl PBS. Surface expression was detected using a BD 

FACSVerse flow cytometer. 

 Colony Formation Assay 

After conventional trypsin digestion and resuspension in PBS, 

5×103 cells were taken from each group and cultured in a 6-well 

plate with 1640 medium containing 10% FBS. After 14 days, the 

cells were stained with crystal violet, the number of clones were 

counted and statistical analysis was performed. 

 Sphere-Forming Assay 

After conventional trypsin digestion and resuspension in PBS, 

1×103 cells were removed from each group and seeded in a 24- 

well plate with 1ml/well of the SFM medium described above. Af- 

ter the culture reached day 14, the number of cell spheres formed 

in each well were counted and statistical analysis was performed. 

 Cell Migration and Cell Invasion Assay 

Matrigel glue was diluted to a working concentration of 200 μg/ 

ml and 100 μl was placed in the upper chamber of the Transwell 

cell at 37°C for 2 h to solidify. The spheroid cells were routine- 

ly trypsinized and resuspended in serum-free 1640 medium. The 

cell density was adjusted to 5×105 cells/ml, and 200 μl was added 

to the upper chamber of the Transwell chamber. Six-hundred mi- 

croliters of 1640 medium containing 10% FBS was added to the 

lower chamber of the Transwell cell and cultivated in a 37°C, 5% 

CO2 incubator. After 48 h, the cells were removed, fixed with 4% 

paraformaldehyde for 30 min, stained with crystal violet solution 

for 30 min, observed and photographed under a microscope, and 

counted. 

 Cell Proliferation Assay 

After routine trypsin digestion, the cells were resuspended in PBS, 

and 5×103 cells from each group were innoculated into 96-well 

plates and placed in an incubator for 24 h. Ten microliters of CCK- 
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8 solution was added to each well, the culture plate was placed 

in an incubator for 4 h, and the absorbance was measured at 450 

nm using a microplate reader. The expression of cell viability was 

measured using the following forumla: cell viability (%) = [A 

(sample)−A (blank)]/[A (control)−A (blank)] ×100%. 

Real-time-PCR 

Total mRNA was extracted from the cells and reverse transcribed 

into cDNA using Prime Script RT Master Mix (Takara, Japan) 

according to the manufacturer’s instructions. To measure mRNA 

levels in each sample, real-time PCR based on intercalators was 

used. Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was 

used as an internal control. SYBR Green Master Mix (Takara, Ja- 

pan) was used for real-time PCR in the StepOnePlus™ real-time 

PCR system (Applied Biosystems, Inc.). PCR amplification was 

performed as follows: 45 cycles of denaturation at 95°C for 30s, 

annealing at 60°C for 60s, and extension at 95°C for 5 s. The re- 

action was repeated for each sample and the 2-ΔΔCt method was 

used to assess the average mRNA level of each gene. The primer 

pairs used to measure the level of each gene are listed in Table S1. 

 Statistical Methods 

The GraphPad Prism 8.0 was used to conduct the Student's t test 

or ANOVA analysis, as appropriate. Compared with untreated 

("control") or treated cells, the difference was considered statis- 

tically significant, p<0.05. Results are expressed as the mean ± 

standard error of the mean (SEM) for at least three independent 

experiments. 

4. Results 

3.1 The combination of FOLFOX regimen and Mithramycin A can 

effectively reduce the ratio of CD133+CD44+ in CSCs. Studies 

show that CSCs exist in various solid tumors; however, their num- 

bers are scarce and they are thus difficult to obtain [19-22]. At 

present, CSCs are mainly obtained through flow cytometry sorting 

(FACS) [35-36], magnetic activated cell sorting (MAC) [37], or 

serum-free medium (SFM) suspension culture method [38]. How- 

ever, due to the small number of cells obtained by flow sorting 

and immunomagnetic bead separation, it is difficult to meet the 

experimental requirements. Thus, a self-developed serum-free 

suspension culture method was used to enrich and label the col- 

orectal cancer CSCs with CD133+CD44+ in this study (Figure 1). 

Findings indicate that the proportion of CD133+CD44+ cells in 

the DLD-1 cell line was as high as 54.42%, and the proportion 

of CD133+CD44+ cells in the primary CRC cells was 13.72% in 

serum-free suspension culture (Figure 1). After 48 hours, in both 

the DLD-1 cell line and primary cells, the ratio of CD133+CD44+ 

cells exposed to the C3 regimen were higher than those exposed 

to the other regimens, with a higher ratio of CD133+ cells and a 

lower ratio of CD44+ cells (Figure 2). After exposure to the C4 

regimen, the proportions of CD133+, CD44+ and CD133+CD44+ 

were significantly reduced. These results indicate that the FOLF- 

OX combined with Mithramycin-A regimen is more effective than 

other regimens at inhibiting CD44+ and CD133+CD44+ in pri- 

mary cells. 3.2 The combination of FOLFOX and Mithramycin-A 

can effectively inhibit the proliferation, invasion, and metastasis 

of CRC CSCs. To further study the effect of the combined pro- 

gram on the proliferation, invasion, and metastasis of primary 

CSCs, we performed a cell migration and cell invasion assay, a 

Sphere-Forming Assay, a Colony Formation Assay and CCK-8 

on cells treated with the different chemotherapy groups. Primary 

CRC CSCs formed the largest number of spheroids after 10 days. 

The spheroid cells were stable in shape, the cells were tightly ar- 

ranged, and the surface of the spheres was smooth (Figure 3A). 

A-B: As assessed by the spheroidization experiment, the growth 

of spheroid cells was restricted and the number decreased after 

chemotherapy; C-F: According to the assessment of cell invasion 

and migration experiments, the migration of tumor stem cells after 

FOLFOX combined with Mithramycin-A regimen chemotherapy. 

And invasion ability is significantly slower than other group pro- 

grams. n=3, *P＜0.05, **P ＜0.01, ns: no statistical significance. 

After chemotherapy, scattered cell particles appeared around the 

spheroid cells, the cell structure was damaged to varying degrees, 

and the cell spheroid volume was reduced (Figure 3A). At the 

same time, the ability of the CSCs to proliferate, invade, and me- 

tastasize was significantly weakened, indicating that the FOLF- 

OX and combination regimens can effectively inhibit the malig- 

nant behavior of primary CSCs in vitro (Figure 3,4A). After the 

addition of Mithramycin-A, cell sphere volume and number and 

survival rate were significantly reduced, and few cells were able 

to migrate or invade. These findings indicate that FOLFOX com- 

bined with Mithramycin-A regimen is more effective than other 

regimens in inhibiting the proliferation, migration, and invasion 

of colorectal CSCs. 3.3 FOLFOX combined with Mithramycin-A 

can effectively inhibit the stemness and mesenchymal properties 

of primary colorectal cancer CSCs. The effect of combined che- 

motherapy on the stemness of primary CRC CSCs was assessed 

by studying expression of CSCs Oct-4, Sox2, Nanog, KLF4 and 

CRC CSC marker genes. Results showed no significant differenc- 

es between expression of the cancer stem cell-related stem genes, 

Oct-4, Sox2 and Nanog following the C1 and C2 chemotherapy 

regimens (Figure 5). Mesenchymal-related gene Vimentin mRNA 

expression was higher following C2 than C1 treatment (Figure 5). 

C3 treatment resulted in decreased expression of the CSCs-relat- 

ed genes, Sox2 and KLF4, increased expression of the mesenchy- 

mal-related genes, Vimentin, and decreased expression of E-cad- 

herin. C4 treatment resulted in decreased Oct-4, Nanog, Sox2 and 

KLF4 mRNA expression, and reduced expression of Lgr5 mRNA 

(Figure 5). These findings indicate that the combination of FOLF- 

OX and Mithramycin-A can effectively inhibit the stemness and 

mesenchymal properties of colorectal cancer stem cells using the 

Wnt/β-catenin pathway. 
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Figure 1: Collection of primary colorectal cancer stem 

cells and DLD-1 cells by enrichment. 

Figure 2: The proportion of CD133+、CD44+、CD133+CD44+ cells in each group of 

chemotherapy regimens. 

 
 

 
 

Figure 3: FOLFOX combined with Curcumin, Salinomycin and Mithramycin-A inhibit the stemness and metastasis of CSC. 
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Figure 4: The proliferation of primary colorectal cancer CSCs is 

weakened after chemotherapy. 

 

Figure 5: The mRNA expression of the core genes of CSCs and the CSCs 

marker genes of primary colorectal cancer. 

 

 
 

Figure 6: The mRNA expression of mesenchymal-related genes and 

Wnt/β-catenin pathway-related genes. 

5. Discussion 

The treatment of CRC is primarily dependent on surgery and com- 

prehensive treatment that includes radiotherapy and chemothera- 

py [39,40]. The chemotherapy regimen for CRC has transitioned 

from single to combined drugs following the development of tar- 

geted drugs like Capecitabine, 5-Fu, and Oxaliplatin [41,42]. As 

FOLFOX treatment continues to be used, a higher proportion of 

patients are showing resistance [43,44]. This study explored the ef- 

fectiveness of FOLFOX combined with other drugs on CRC CSCs 

by obtaining the primary cells of colorectal cancer in northeast 

Sichuan of China in order to screen out sensitive chemotherapy 

options for CRC patients. CSC research has led to the identifi- 

cation of more surface markers that can be used to label cancer 

stem cells, including CD133, CD44, ALDH, Lgr5, and EpCAM 

[45-49]. CD44+ cells have the characteristics of CSCs, a higher 

tumor-forming ability than CD44- cells, and lower sensitivity to 

5-FU in vitro [50]. CD133 is one of the most well-characterized 

biomarkers used to isolate CSCs [51]. The current study finds that 

reduction of CD44+ cells does not affect the proliferation and in- 

vasion ability of CSCs, however CD133+ cells are linked to cell 

proliferation, metastasis, and invasion. Thus, while CD44+ cells 

may have high tumorigenicity, they are not as likely to be CSCs as 

CD133+ cells. Mithramycin-A is a polyketide antibiotic that binds 

to the minor groove of DNA, thus inhibiting binding of transcrip- 

tion factor SP1 to DNA [52]. Research has also shown that Mi- 

thramycin-A can inhibit g-MDSCs by blocking PD-L1 receptors 

resulting in increased T cell infiltration and inhibiting proliferation 

of CSCs [28]. This study finds that FOLFOX combined with Mith- 

ramycin-A can effectively kill CSCs and inhibit the proliferation, 

migration, and invasion of CRC cells using Wnt/β-catenin and 

TGF-β1/snail pathways. FOLFOX combined with Mithramycin-A 

can effectively inhibit the occurrence, metastasis, and recurrence 

of CRC stem cells, using the Wnt/β-catenin and TGF-β1/snail 

pathway to inhibit CSCs and mesenchymal characteristics. 

6. Funding 

This study was supported by the Foundation of the National Nat- 

ural Science Foundation of China (No. 81402444), Bureau of 

Science and Technology Nanchong City (No.18SXHZ0460), the 

Department of Science and Technology of Sichuan province (No. 

2017JY0170), 2019 National Natural Science Foundation Pre-re- 

search of North Sichuan Medical College (No.CBY-19YZ06), Sci- 

entific Research of Affiliated Hospital of North Sichuan Medical 

College(No.2019ZD007); Research and Development Project of 

North Sichuan Medical College(No.CBY17-A-YB53). 



Volume 9 Issue 1 -2022 Technical Paper 

7 http://www.acmcasereports.com/ 

 

 

 

References 

1. Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer Statistics, 2021. 

CA Cancer J Clin. 2021; 71(1): 7-33. 

2. Zhang N, Hu X, Du Y, Du J. The role of miRNAs in colorectal can- 

cer progression and chemoradiotherapy. Biomed Pharmacother. 

2021; 134: 111099. 

3. Biller LH, Schrag D. Diagnosis and Treatment of Metastatic Col- 

orectal Cancer: A Review. JAMA. 2021; 16: 325(7): 669-685. 

4. Akimoto N, Ugai T, Zhong R, Hamada T, Fujiyoshi K, Giannakis M. 

Rising incidence of early-onset colorectal cancer - a call to action. 

Nat Rev Clin Oncol. 2021; 18(4): 230-243. 

5. Elangovan A, Skeans J, Landsman M, Ali SMJ, Elangovan AG, 

Kaelber DC. Colorectal Cancer, Age, and Obesity-Related Comor- 

bidities: A Large Database Study. Dig Dis Sci. 2021; 66(9): 3156- 

3163. 

6. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal 

A. Global Cancer Statistics 2020: GLOBOCAN Estimates of Inci- 

dence and Mortality Worldwide for 36 Cancers in 185 Countries. CA 

Cancer J Clin. 2021; 71(3): 209-249. 

7. Cao W, Chen HD, Yu YW, Li N, Chen WQ. Changing profiles of 

cancer burden worldwide and in China: a secondary analysis of the 

global cancer statistics 2020. Chin Med J (Engl). 2021; 134(7): 783- 

791. 

8. Wong MCS, Huang J, Lok V, Wang J, Fung F, Ding H. Differences 

in Incidence and Mortality Trends of Colorectal Cancer Worldwide 

Based on Sex, Age, and Anatomic Location. Clin Gastroenterol 

Hepatol. 2021; 19(5): 955-966.e61. 

9. Chen H, Li N, Shi J, Ren J, Liu C, Zhang Y. Comparative evalua- 

tion of novel screening strategies for colorectal cancer screening in 

China (TARGET-C): a study protocol for a multicentre randomised 

controlled trial. BMJ Open. 2019; 9(4): e025935. 

10. Yang Y, Han Z, Li X, Huang A, Shi J, Gu J. Epidemiology and risk 

factors of colorectal cancer in China. Chin J Cancer Res. 2020; 

32(6): 729-741. 

11. Wang W, Yin P, Liu YN, Liu JM, Wang LJ, Qi JL. Mortality and 

years of life lost of colorectal cancer in China, 2005-2020: findings 

from the national mortality surveillance system. Chin Med J (Engl). 

2021; 134(16): 1933-1940. 

12. Manca P, Corallo S, Randon G, Lonardi S, Cremolini C, Rimassa 

L. Impact of early tumor shrinkage and depth of response on the 

outcomes of panitumumab-based maintenance in patients with RAS 

wild-type metastatic colorectal cancer. Eur J Cancer. 2021; 144: 31- 

40. 

13. Lin SM, Wang XJ, Huang SH, Xu ZB, Huang Y, Lu XR. Construc- 

tion of artificial neural network model for predicting the efficacy of 

first-line FOLFOX chemotherapy for metastatic colorectal cancer. 

Zhonghua Zhong Liu Za Zhi. 2021; 43(2): 202-206. 

14. Escalante PI, Quiñones LA, Contreras HR. Epithelial-Mesenchymal 

Transition and MicroRNAs in Colorectal Cancer Chemoresistance 

to FOLFOX. Pharmaceutics. 2021;13(1):75. 

15. 

Ghatak S, Hascall VC, Markwald RR, Misra S. FOLFOX Therapy 

Induces Feedback Upregulation of CD44v6 through YB-1 to Main- 

tain Stemness in Colon Initiating Cells. Int J Mol Sci. 2021; 22(2): 

753. 

16. Shinozaki E, Makiyama A, Kagawa Y, Satake H, Tanizawa Y, Cai Z. 

Treatment sequences of patients with advanced colorectal cancer and 

use of second-line FOLFIRI with antiangiogenic drugs in Japan: A 

retrospective observational study using an administrative database. 

PLoS One. 2021; 16(2): e0246160. 

17. Denda T, Takashima A, Gamoh M, Iwanaga I, Komatsu Y, Takahashi 

M. Combination therapy of bevacizumab with either S-1 and irino- 

tecan or mFOLFOX6/CapeOX as first-line treatment of metastatic 

colorectal cancer (TRICOLORE): Exploratory analysis of RAS sta- 

tus and primary tumour location in a randomised, open-label, phase 

III, non-inferiority trial. Eur J Cancer. 2021; 154: 296-306. 

18. Huang CW, Ma CJ, Su WC, Chen YT, Tsai HL, Yeh YS. Prognostic 

Value of EGFR Expression for Patients With Stage III Colorectal 

Cancer Receiving Fluoropyrimidine Metronomic Maintenance Ther- 

apy After Radical Resection and Adjuvant Oxaliplatin-Based Che- 

motherapy. Oncol Res. 2021; 28(7): 701-714. 

19. Sorrentino C, Ciummo SL, D’Antonio L, Fieni C, Lanuti P, Turdo A. 

Interleukin-30 feeds breast cancer stem cells via CXCL10 and IL23 

autocrine loops and shapes immune contexture and host outcome. J 

Immunother Cancer. 2021; 9(10): e002966. 

20. Yamashita T, Kaneko S. Liver cancer stem cells: Recent progress in 

basic and clinical research. Regen Ther. 2021; 17: 34-37. 

21. Garza-Treviño EN, Martínez-Rodríguez HG, Delgado-González P, 

Solís-Coronado O, Ortíz-Lopez R, Soto-Domínguez A, et al. Che- 

mosensitivity analysis and study of gene resistance on tumors and 

cancer stem cell isolates from patients with colorectal cancer. Mol 

Med Rep. 2021; 24(4): 721. 

22. Lu Y, Zhu Y, Deng S, Chen Y, Li W, Sun J, et al. Targeting the Sonic 

Hedgehog Pathway to Suppress the Expression of the Cancer Stem 

Cell (CSC)-Related Transcription Factors and CSC-Driven Thyroid 

Tumor Growth. Cancers (Basel). 2021; 13(3): 418. 

23. Cao J, Bhatnagar S, Wang J, Qi X, Prabha S, Panyam J. Cancer stem 

cells and strategies for targeted drug delivery. Drug Deliv Transl Res. 

2021; 11(5): 1779-1805. 

24. Gheytanchi E, Naseri M, Karimi-Busheri F, Atyabi F, Mirsharif ES, 

Bozorgmehr M, et al. Morphological and molecular characteristics 

of spheroid formation in HT-29 and Caco-2 colorectal cancer cell 

lines. Cancer Cell Int. 2021; 21(1): 204. 

25. Lim JH, Go G, Lee SH. PrPC Regulates the Cancer Stem Cell Prop- 

erties via Interaction With c-Met in Colorectal Cancer Cells. Anti- 

cancer Res. 2021; 41(7): 3459-3470. 

26. Fan X, Zhu M, Qiu F, Li W, Wang M, Guo Y, et al. Curcumin may 

be a potential adjuvant treatment drug for colon cancer by targeting 

CD44. Int Immunopharmacol. 2020; 88: 106991. 

27. Klose J, Trefz S, Wagner T, Steffen L, Preißendörfer Charrier A, Rad- 

hakrishnan P, et al. Salinomycin: Anti-tumor activity in a pre-clinical 

colorectal cancer model. PLoS One. 2019; 14(2): e0211916. 

https://pubmed.ncbi.nlm.nih.gov/33433946/
https://pubmed.ncbi.nlm.nih.gov/33433946/
https://pubmed.ncbi.nlm.nih.gov/33338745/
https://pubmed.ncbi.nlm.nih.gov/33338745/
https://pubmed.ncbi.nlm.nih.gov/33338745/
https://pubmed.ncbi.nlm.nih.gov/33591350/
https://pubmed.ncbi.nlm.nih.gov/33591350/
https://pubmed.ncbi.nlm.nih.gov/33219329/
https://pubmed.ncbi.nlm.nih.gov/33219329/
https://pubmed.ncbi.nlm.nih.gov/33219329/
https://pubmed.ncbi.nlm.nih.gov/32954457/
https://pubmed.ncbi.nlm.nih.gov/32954457/
https://pubmed.ncbi.nlm.nih.gov/32954457/
https://pubmed.ncbi.nlm.nih.gov/32954457/
https://pubmed.ncbi.nlm.nih.gov/33538338/
https://pubmed.ncbi.nlm.nih.gov/33538338/
https://pubmed.ncbi.nlm.nih.gov/33538338/
https://pubmed.ncbi.nlm.nih.gov/33538338/
https://pubmed.ncbi.nlm.nih.gov/33734139/
https://pubmed.ncbi.nlm.nih.gov/33734139/
https://pubmed.ncbi.nlm.nih.gov/33734139/
https://pubmed.ncbi.nlm.nih.gov/33734139/
https://pubmed.ncbi.nlm.nih.gov/32088300/
https://pubmed.ncbi.nlm.nih.gov/32088300/
https://pubmed.ncbi.nlm.nih.gov/32088300/
https://pubmed.ncbi.nlm.nih.gov/32088300/
https://pubmed.ncbi.nlm.nih.gov/31005927/
https://pubmed.ncbi.nlm.nih.gov/31005927/
https://pubmed.ncbi.nlm.nih.gov/31005927/
https://pubmed.ncbi.nlm.nih.gov/31005927/
https://pubmed.ncbi.nlm.nih.gov/33446996/
https://pubmed.ncbi.nlm.nih.gov/33446996/
https://pubmed.ncbi.nlm.nih.gov/33446996/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8382386/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8382386/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8382386/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8382386/
https://pubmed.ncbi.nlm.nih.gov/33321462/
https://pubmed.ncbi.nlm.nih.gov/33321462/
https://pubmed.ncbi.nlm.nih.gov/33321462/
https://pubmed.ncbi.nlm.nih.gov/33321462/
https://pubmed.ncbi.nlm.nih.gov/33321462/
https://pubmed.ncbi.nlm.nih.gov/33601485/
https://pubmed.ncbi.nlm.nih.gov/33601485/
https://pubmed.ncbi.nlm.nih.gov/33601485/
https://pubmed.ncbi.nlm.nih.gov/33601485/
https://pubmed.ncbi.nlm.nih.gov/33451103/
https://pubmed.ncbi.nlm.nih.gov/33451103/
https://pubmed.ncbi.nlm.nih.gov/33451103/
https://pubmed.ncbi.nlm.nih.gov/33451103/
https://pubmed.ncbi.nlm.nih.gov/33451103/
https://pubmed.ncbi.nlm.nih.gov/33556095/
https://pubmed.ncbi.nlm.nih.gov/33556095/
https://pubmed.ncbi.nlm.nih.gov/33556095/
https://pubmed.ncbi.nlm.nih.gov/33556095/
https://pubmed.ncbi.nlm.nih.gov/33556095/
https://pubmed.ncbi.nlm.nih.gov/34304054/
https://pubmed.ncbi.nlm.nih.gov/34304054/
https://pubmed.ncbi.nlm.nih.gov/34304054/
https://pubmed.ncbi.nlm.nih.gov/34304054/
https://pubmed.ncbi.nlm.nih.gov/34304054/
https://pubmed.ncbi.nlm.nih.gov/34304054/
https://pubmed.ncbi.nlm.nih.gov/32859280/
https://pubmed.ncbi.nlm.nih.gov/32859280/
https://pubmed.ncbi.nlm.nih.gov/32859280/
https://pubmed.ncbi.nlm.nih.gov/32859280/
https://pubmed.ncbi.nlm.nih.gov/32859280/
https://pubmed.ncbi.nlm.nih.gov/34663639/
https://pubmed.ncbi.nlm.nih.gov/34663639/
https://pubmed.ncbi.nlm.nih.gov/34663639/
https://pubmed.ncbi.nlm.nih.gov/34663639/
https://pubmed.ncbi.nlm.nih.gov/33816720/
https://pubmed.ncbi.nlm.nih.gov/33816720/
https://pubmed.ncbi.nlm.nih.gov/34396431/
https://pubmed.ncbi.nlm.nih.gov/34396431/
https://pubmed.ncbi.nlm.nih.gov/34396431/
https://pubmed.ncbi.nlm.nih.gov/34396431/
https://pubmed.ncbi.nlm.nih.gov/34396431/
https://www.google.com/search?q=22.%2BLu%2BY%2C%2BZhu%2BY%2C%2BDeng%2BS%2C%2BChen%2BY%2C%2BLi%2BW%2C%2BSun%2BJ%2C%2Bet%2Bal.%2BTargeting%2Bthe%2BSonic%2BHedgehog%2BPathway%2Bto%2BSuppress%2Bthe%2BExpression%2Bof%2Bthe%2BCancer%2BStem%2BCell%2B(CSC)-Related%2BTranscription%2BFactors%2Band%2BCSC-Driven%2BThyroid%2BTumor%2BGrowth.%2BCancers%2B(Basel).%2B2021%3B%2B13(3)%3A%2B418.&oq=22.%09Lu%2BY%2C%2BZhu%2BY%2C%2BDeng%2BS%2C%2BChen%2BY%2C%2BLi%2BW%2C%2BSun%2BJ%2C%2Bet%2Bal.%2BTargeting%2Bthe%2BSonic%2BHedgehog%2BPathway%2Bto%2BSuppress%2Bthe%2BExpression%2Bof%2Bthe%2BCancer%2BStem%2BCell%2B(CSC)-Related%2BTranscription%2BFactors%2Band%2BCSC-Driven%2BThyroid%2BTumor%2BGrowth.%2BCancers%2B(Basel).%2B2021%3B%2B13(3)%3A%2B418.&aqs=chrome..69i57.517j0j4&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=22.%2BLu%2BY%2C%2BZhu%2BY%2C%2BDeng%2BS%2C%2BChen%2BY%2C%2BLi%2BW%2C%2BSun%2BJ%2C%2Bet%2Bal.%2BTargeting%2Bthe%2BSonic%2BHedgehog%2BPathway%2Bto%2BSuppress%2Bthe%2BExpression%2Bof%2Bthe%2BCancer%2BStem%2BCell%2B(CSC)-Related%2BTranscription%2BFactors%2Band%2BCSC-Driven%2BThyroid%2BTumor%2BGrowth.%2BCancers%2B(Basel).%2B2021%3B%2B13(3)%3A%2B418.&oq=22.%09Lu%2BY%2C%2BZhu%2BY%2C%2BDeng%2BS%2C%2BChen%2BY%2C%2BLi%2BW%2C%2BSun%2BJ%2C%2Bet%2Bal.%2BTargeting%2Bthe%2BSonic%2BHedgehog%2BPathway%2Bto%2BSuppress%2Bthe%2BExpression%2Bof%2Bthe%2BCancer%2BStem%2BCell%2B(CSC)-Related%2BTranscription%2BFactors%2Band%2BCSC-Driven%2BThyroid%2BTumor%2BGrowth.%2BCancers%2B(Basel).%2B2021%3B%2B13(3)%3A%2B418.&aqs=chrome..69i57.517j0j4&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=22.%2BLu%2BY%2C%2BZhu%2BY%2C%2BDeng%2BS%2C%2BChen%2BY%2C%2BLi%2BW%2C%2BSun%2BJ%2C%2Bet%2Bal.%2BTargeting%2Bthe%2BSonic%2BHedgehog%2BPathway%2Bto%2BSuppress%2Bthe%2BExpression%2Bof%2Bthe%2BCancer%2BStem%2BCell%2B(CSC)-Related%2BTranscription%2BFactors%2Band%2BCSC-Driven%2BThyroid%2BTumor%2BGrowth.%2BCancers%2B(Basel).%2B2021%3B%2B13(3)%3A%2B418.&oq=22.%09Lu%2BY%2C%2BZhu%2BY%2C%2BDeng%2BS%2C%2BChen%2BY%2C%2BLi%2BW%2C%2BSun%2BJ%2C%2Bet%2Bal.%2BTargeting%2Bthe%2BSonic%2BHedgehog%2BPathway%2Bto%2BSuppress%2Bthe%2BExpression%2Bof%2Bthe%2BCancer%2BStem%2BCell%2B(CSC)-Related%2BTranscription%2BFactors%2Band%2BCSC-Driven%2BThyroid%2BTumor%2BGrowth.%2BCancers%2B(Basel).%2B2021%3B%2B13(3)%3A%2B418.&aqs=chrome..69i57.517j0j4&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=22.%2BLu%2BY%2C%2BZhu%2BY%2C%2BDeng%2BS%2C%2BChen%2BY%2C%2BLi%2BW%2C%2BSun%2BJ%2C%2Bet%2Bal.%2BTargeting%2Bthe%2BSonic%2BHedgehog%2BPathway%2Bto%2BSuppress%2Bthe%2BExpression%2Bof%2Bthe%2BCancer%2BStem%2BCell%2B(CSC)-Related%2BTranscription%2BFactors%2Band%2BCSC-Driven%2BThyroid%2BTumor%2BGrowth.%2BCancers%2B(Basel).%2B2021%3B%2B13(3)%3A%2B418.&oq=22.%09Lu%2BY%2C%2BZhu%2BY%2C%2BDeng%2BS%2C%2BChen%2BY%2C%2BLi%2BW%2C%2BSun%2BJ%2C%2Bet%2Bal.%2BTargeting%2Bthe%2BSonic%2BHedgehog%2BPathway%2Bto%2BSuppress%2Bthe%2BExpression%2Bof%2Bthe%2BCancer%2BStem%2BCell%2B(CSC)-Related%2BTranscription%2BFactors%2Band%2BCSC-Driven%2BThyroid%2BTumor%2BGrowth.%2BCancers%2B(Basel).%2B2021%3B%2B13(3)%3A%2B418.&aqs=chrome..69i57.517j0j4&sourceid=chrome&ie=UTF-8
https://pubmed.ncbi.nlm.nih.gov/33095384/
https://pubmed.ncbi.nlm.nih.gov/33095384/
https://pubmed.ncbi.nlm.nih.gov/33095384/
https://pubmed.ncbi.nlm.nih.gov/33849536/
https://pubmed.ncbi.nlm.nih.gov/33849536/
https://pubmed.ncbi.nlm.nih.gov/33849536/
https://pubmed.ncbi.nlm.nih.gov/33849536/
https://pubmed.ncbi.nlm.nih.gov/34230141/
https://pubmed.ncbi.nlm.nih.gov/34230141/
https://pubmed.ncbi.nlm.nih.gov/34230141/
https://pubmed.ncbi.nlm.nih.gov/33182071/
https://pubmed.ncbi.nlm.nih.gov/33182071/
https://pubmed.ncbi.nlm.nih.gov/33182071/
https://pubmed.ncbi.nlm.nih.gov/30763370/
https://pubmed.ncbi.nlm.nih.gov/30763370/
https://pubmed.ncbi.nlm.nih.gov/30763370/


Volume 9 Issue 1 -2022 Technical Paper 

8 http://www.acmcasereports.com/ 

 

 

 

28. Dutta R, Khalil R, Mayilsamy K, Green R, Howell M, Bharad- 

waj S, et al. Combination Therapy of Mithramycin A and Immune 

Checkpoint Inhibitor for the Treatment of Colorectal Cancer in an 

Orthotopic Murine Model. Front Immunol. 2021; 12: 706133. 

29. Tang N, Zhou L, Cheng Z, Deng Y, Ding Y. Culture and identifica- 

tion of tumor stem cells from surgically resected colorectal cancer 

tissues. Nan Fang Yi Ke Da Xue Xue Bao. 2019; 39(4): 415-421. 

30. Leng Z, Li Y, Zhou G, Lv X, Ai W, Li J, et al. Krüppel-like factor 4 

regulates stemness and mesenchymal properties of colorectal can- 

cer stem cells through the TGF-β1/Smad/snail pathway. J Cell Mol 

Med. 2020; 24(2): 1866-1877. 

31. Soltanian S, Riahirad H, Pabarja A, Jafari E, Khandani BK. Effect 

of Cinnamic acid and FOLFOX in diminishing side population and 

downregulating cancer stem cell markers in colon cancer cell line 

HT-29. Daru. 2018; 26(1): 19-29. 

32. Huang YT, Lin YW, Chiu HM, Chiang BH. Curcumin Induces 

Apoptosis of Colorectal Cancer Stem Cells by Coupling with CD44 

Marker. J Agric Food Chem. 2016; 64(11): 2247-53. 

33. Dong TT, Zhou HM, Wang LL, Feng B, Lv B, Zheng MH. Sali- 

nomycin selectively targets ‘CD133+’ cell subpopulations and de- 

creases malignant traits in colorectal cancer lines. Ann Surg Oncol. 

2011; 18(6): 1797-804. 

34. Quarni W, Dutta R, Green R, Katiri S, Patel B, Mohapatra SS, et 

al. Mithramycin A Inhibits Colorectal Cancer Growth by Targeting 

Cancer Stem Cells. Sci Rep. 2019; 9(1): 15202. 

35. Mourtzikou A, Stamouli M, Karakitsos P, Athanasas G. Colorectal 

Cancer CTCs Detection Using Two FCM Protocol Approaches[J]. 

Clinical laboratory. 2019; 65(6). 

36. Lai C, Lin C, Liao W, Hour TC, Wang HD, Chuu CP. CD44 Pro- 

motes Migration and Invasion of Docetaxel-Resistant Prostate Can- 

cer Cells Likely via Induction of Hippo-Yap Signaling[J]. Cells. 

2019; 8(4): 295. 

37. Wang KJ, Wang C, Dai LH, Yang J, Huang H, Ma XJ. Targeting an 

Autocrine Regulatory Loop in Cancer Stem-like Cells Impairs the 

Progression and Chemotherapy Resistance of Bladder Cancer[J]. 

Clinical cancer research: an official journal of the American Asso- 

ciation for Cancer Research. 2019; 25(3):1070-1086. 

38. Duan JJ, Qiu W, Xu SL, Wang B, Ye XZ, Ping YF, et al. Strategies 

for isolating and enriching cancer stem cells: well begun is half do- 

ne[J]. Stem cells and development. 2013; 22(16): 2221-2239. 

39. Wang S, Song Y, Cao K, Zhang L, Fang X, Chen F, et al. Photother- 

mal therapy mediated by gold nanocages composed of anti-PDL1 

and galunisertib for improved synergistic immunotherapy in col- 

orectal cancer. Acta Biomater. 2021; 134: 621-632. 

40. 

Recio-Boiles A, Cagir B. Colon Cancer. 2021 Jan 25. In: StatPearls 

[Internet]. Treasure Island (FL): StatPearls Publishing. 2021. 

41. Marks EI, Matera R, Olszewski AJ, Yakirevich E, El-Deiry WS, 

Safran H, et al. Mutations in DNA Repair Genes and Clinical Out- 

comes of Patients with Metastatic Colorectal Cancer Receiving Ox- 

aliplatin or Irinotecan-containing Regimens. Am J Clin Oncol. 2021; 

44(2): 68-73. 

42. Iveson TJ, Sobrero AF, Yoshino T, Souglakos I, Ou FS, Meyers JP, 

et al. Duration of Adjuvant Doublet Chemotherapy (3 or 6 months) 

in Patients With High-Risk Stage II Colorectal Cancer. J Clin Oncol. 

2021; 39(6): 631-641. 

43. Sreekumar R, Al-Saihati H, Emaduddin M, Moutasim K, Mellone 

M, Patel A, et al. The ZEB2-dependent EMT transcriptional pro- 

gramme drives therapy resistance by activating nucleotide excision 

repair genes ERCC1 and ERCC4 in colorectal cancer. Mol Oncol. 

2021; 15(8): 2065-2083. 

44. Crawford N, Stott KJ, Sessler T, McCann C, McDaid W, Lees A, et 

al. Clinical Positioning of the IAP Antagonist Tolinapant (ASTX660) 

in Colorectal Cancer. Mol Cancer Ther. 2021; 20(9): 1627-1639. 

45. Mukohyama J, Shimono Y, Minami H, Kakeji Y, Suzuki A. Roles of 

microRNAs and RNA-Binding Proteins in the Regulation of Col- 

orectal Cancer Stem Cells. Cancers (Basel). 2017; 9(10): 143. 

46. Leng Z, Xia Q, Chen J, Li Y, Xu J, Zhao E. Lgr5+CD44+EpCAM+ 

Strictly Defines Cancer Stem Cells in Human Colorectal Cancer. 

Cell Physiol Biochem. 2018; 46(2): 860-872. 

47. Miyoshi N, Haraguchi N, Mizushima T, Ishii H, Yamamoto H, Mori 

M. Targeting cancer stem cells in refractory cancer. Regen Ther. 

2021; 17: 13-19. 

48. Terraneo N, Jacob F, Peitzsch C, Dubrovska A, Krudewig C, Huang 

YL, et al. L1 Cell Adhesion Molecule Confers Radioresistance to 

Ovarian Cancer and Defines a New Cancer Stem Cell Population. 

Cancers (Basel). 2020; 12(1): 217. 

49. Kim J, Choi KW, Lee J, Lee J, Lee S, Sun R, et al. Wnt/β-catenin 

Signaling Inhibitors suppress the Tumor-initiating properties of a 

CD44+CD133+ subpopulation of Caco-2 cells. Int J Biol Sci. 2021; 

17(7): 1644-1659. 

50. Okuyama H, Nogami W, Sato Y, Yoshida H, Tona Y, Tanaka Y. Char- 

acterization of CD44-positive Cancer Stem-like Cells in COLO 201 

Cells. Anticancer Res. 2020; 40(1): 169-176. 

51. Barzegar Behrooz A, Syahir A, Ahmad S. CD133: beyond a cancer 

stem cell biomarker. J Drug Target. 2019; 27(3): 257-269. 

52. Junjappa RP, Kim HK, Park SY, Bhattarai KR, Kim KW, Soh JW, et 

al. Expression of TMBIM6 in Cancers: The Involvement of Sp1 and 

PKC. Cancers (Basel). 2019; 11(7): 974. 

https://pubmed.ncbi.nlm.nih.gov/34381456/
https://pubmed.ncbi.nlm.nih.gov/34381456/
https://pubmed.ncbi.nlm.nih.gov/34381456/
https://pubmed.ncbi.nlm.nih.gov/34381456/
https://pubmed.ncbi.nlm.nih.gov/31068284/
https://pubmed.ncbi.nlm.nih.gov/31068284/
https://pubmed.ncbi.nlm.nih.gov/31068284/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6991673/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6991673/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6991673/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6991673/
https://pubmed.ncbi.nlm.nih.gov/30209760/
https://pubmed.ncbi.nlm.nih.gov/30209760/
https://pubmed.ncbi.nlm.nih.gov/30209760/
https://pubmed.ncbi.nlm.nih.gov/30209760/
https://pubmed.ncbi.nlm.nih.gov/26906122/
https://pubmed.ncbi.nlm.nih.gov/26906122/
https://pubmed.ncbi.nlm.nih.gov/26906122/
https://pubmed.ncbi.nlm.nih.gov/21267784/
https://pubmed.ncbi.nlm.nih.gov/21267784/
https://pubmed.ncbi.nlm.nih.gov/21267784/
https://pubmed.ncbi.nlm.nih.gov/21267784/
https://pubmed.ncbi.nlm.nih.gov/31645574/
https://pubmed.ncbi.nlm.nih.gov/31645574/
https://pubmed.ncbi.nlm.nih.gov/31645574/
https://pubmed.ncbi.nlm.nih.gov/31232030/
https://pubmed.ncbi.nlm.nih.gov/31232030/
https://pubmed.ncbi.nlm.nih.gov/31232030/
https://pubmed.ncbi.nlm.nih.gov/30935014/
https://pubmed.ncbi.nlm.nih.gov/30935014/
https://pubmed.ncbi.nlm.nih.gov/30935014/
https://pubmed.ncbi.nlm.nih.gov/30935014/
https://pubmed.ncbi.nlm.nih.gov/30397177/
https://pubmed.ncbi.nlm.nih.gov/30397177/
https://pubmed.ncbi.nlm.nih.gov/30397177/
https://pubmed.ncbi.nlm.nih.gov/30397177/
https://pubmed.ncbi.nlm.nih.gov/30397177/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3730373/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3730373/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3730373/
https://pubmed.ncbi.nlm.nih.gov/34329782/
https://pubmed.ncbi.nlm.nih.gov/34329782/
https://pubmed.ncbi.nlm.nih.gov/34329782/
https://pubmed.ncbi.nlm.nih.gov/34329782/
https://www.ncbi.nlm.nih.gov/books/NBK470380/
https://www.ncbi.nlm.nih.gov/books/NBK470380/
https://www.ncbi.nlm.nih.gov/books/NBK470380/
https://pubmed.ncbi.nlm.nih.gov/33298767/
https://pubmed.ncbi.nlm.nih.gov/33298767/
https://pubmed.ncbi.nlm.nih.gov/33298767/
https://pubmed.ncbi.nlm.nih.gov/33298767/
https://pubmed.ncbi.nlm.nih.gov/33298767/
https://pubmed.ncbi.nlm.nih.gov/33439695/
https://pubmed.ncbi.nlm.nih.gov/33439695/
https://pubmed.ncbi.nlm.nih.gov/33439695/
https://pubmed.ncbi.nlm.nih.gov/33439695/
https://www.google.com/search?q=43.%2BSreekumar%2BR%2C%2BAl-Saihati%2BH%2C%2BEmaduddin%2BM%2C%2BMoutasim%2BK%2C%2BMellone%2BM%2C%2BPatel%2BA%2C%2Bet%2Bal.%2BThe%2BZEB2-dependent%2BEMT%2Btranscriptional%2Bprogramme%2Bdrives%2Btherapy%2Bresistance%2Bby%2Bactivating%2Bnucleotide%2Bexcision%2Brepair%2Bgenes%2BERCC1%2Band%2BERCC4%2Bin%2Bcolorectal%2Bcancer.%2BMol%2BOncol.%2B2021%3B%2B15(8)%3A%2B2065-2083.&oq=43.%09Sreekumar%2BR%2C%2BAl-Saihati%2BH%2C%2BEmaduddin%2BM%2C%2BMoutasim%2BK%2C%2BMellone%2BM%2C%2BPatel%2BA%2C%2Bet%2Bal.%2BThe%2BZEB2-dependent%2BEMT%2Btranscriptional%2Bprogramme%2Bdrives%2Btherapy%2Bresistance%2Bby%2Bactivating%2Bnucleotide%2Bexcision%2Brepair%2Bgenes%2BERCC1%2Band%2BERCC4%2Bin%2Bcolorectal%2Bcancer.%2BMol%2BOncol.%2B2021%3B%2B15(8)%3A%2B2065-2083.&aqs=chrome..69i57.122j0j4&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=43.%2BSreekumar%2BR%2C%2BAl-Saihati%2BH%2C%2BEmaduddin%2BM%2C%2BMoutasim%2BK%2C%2BMellone%2BM%2C%2BPatel%2BA%2C%2Bet%2Bal.%2BThe%2BZEB2-dependent%2BEMT%2Btranscriptional%2Bprogramme%2Bdrives%2Btherapy%2Bresistance%2Bby%2Bactivating%2Bnucleotide%2Bexcision%2Brepair%2Bgenes%2BERCC1%2Band%2BERCC4%2Bin%2Bcolorectal%2Bcancer.%2BMol%2BOncol.%2B2021%3B%2B15(8)%3A%2B2065-2083.&oq=43.%09Sreekumar%2BR%2C%2BAl-Saihati%2BH%2C%2BEmaduddin%2BM%2C%2BMoutasim%2BK%2C%2BMellone%2BM%2C%2BPatel%2BA%2C%2Bet%2Bal.%2BThe%2BZEB2-dependent%2BEMT%2Btranscriptional%2Bprogramme%2Bdrives%2Btherapy%2Bresistance%2Bby%2Bactivating%2Bnucleotide%2Bexcision%2Brepair%2Bgenes%2BERCC1%2Band%2BERCC4%2Bin%2Bcolorectal%2Bcancer.%2BMol%2BOncol.%2B2021%3B%2B15(8)%3A%2B2065-2083.&aqs=chrome..69i57.122j0j4&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=43.%2BSreekumar%2BR%2C%2BAl-Saihati%2BH%2C%2BEmaduddin%2BM%2C%2BMoutasim%2BK%2C%2BMellone%2BM%2C%2BPatel%2BA%2C%2Bet%2Bal.%2BThe%2BZEB2-dependent%2BEMT%2Btranscriptional%2Bprogramme%2Bdrives%2Btherapy%2Bresistance%2Bby%2Bactivating%2Bnucleotide%2Bexcision%2Brepair%2Bgenes%2BERCC1%2Band%2BERCC4%2Bin%2Bcolorectal%2Bcancer.%2BMol%2BOncol.%2B2021%3B%2B15(8)%3A%2B2065-2083.&oq=43.%09Sreekumar%2BR%2C%2BAl-Saihati%2BH%2C%2BEmaduddin%2BM%2C%2BMoutasim%2BK%2C%2BMellone%2BM%2C%2BPatel%2BA%2C%2Bet%2Bal.%2BThe%2BZEB2-dependent%2BEMT%2Btranscriptional%2Bprogramme%2Bdrives%2Btherapy%2Bresistance%2Bby%2Bactivating%2Bnucleotide%2Bexcision%2Brepair%2Bgenes%2BERCC1%2Band%2BERCC4%2Bin%2Bcolorectal%2Bcancer.%2BMol%2BOncol.%2B2021%3B%2B15(8)%3A%2B2065-2083.&aqs=chrome..69i57.122j0j4&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=43.%2BSreekumar%2BR%2C%2BAl-Saihati%2BH%2C%2BEmaduddin%2BM%2C%2BMoutasim%2BK%2C%2BMellone%2BM%2C%2BPatel%2BA%2C%2Bet%2Bal.%2BThe%2BZEB2-dependent%2BEMT%2Btranscriptional%2Bprogramme%2Bdrives%2Btherapy%2Bresistance%2Bby%2Bactivating%2Bnucleotide%2Bexcision%2Brepair%2Bgenes%2BERCC1%2Band%2BERCC4%2Bin%2Bcolorectal%2Bcancer.%2BMol%2BOncol.%2B2021%3B%2B15(8)%3A%2B2065-2083.&oq=43.%09Sreekumar%2BR%2C%2BAl-Saihati%2BH%2C%2BEmaduddin%2BM%2C%2BMoutasim%2BK%2C%2BMellone%2BM%2C%2BPatel%2BA%2C%2Bet%2Bal.%2BThe%2BZEB2-dependent%2BEMT%2Btranscriptional%2Bprogramme%2Bdrives%2Btherapy%2Bresistance%2Bby%2Bactivating%2Bnucleotide%2Bexcision%2Brepair%2Bgenes%2BERCC1%2Band%2BERCC4%2Bin%2Bcolorectal%2Bcancer.%2BMol%2BOncol.%2B2021%3B%2B15(8)%3A%2B2065-2083.&aqs=chrome..69i57.122j0j4&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=43.%2BSreekumar%2BR%2C%2BAl-Saihati%2BH%2C%2BEmaduddin%2BM%2C%2BMoutasim%2BK%2C%2BMellone%2BM%2C%2BPatel%2BA%2C%2Bet%2Bal.%2BThe%2BZEB2-dependent%2BEMT%2Btranscriptional%2Bprogramme%2Bdrives%2Btherapy%2Bresistance%2Bby%2Bactivating%2Bnucleotide%2Bexcision%2Brepair%2Bgenes%2BERCC1%2Band%2BERCC4%2Bin%2Bcolorectal%2Bcancer.%2BMol%2BOncol.%2B2021%3B%2B15(8)%3A%2B2065-2083.&oq=43.%09Sreekumar%2BR%2C%2BAl-Saihati%2BH%2C%2BEmaduddin%2BM%2C%2BMoutasim%2BK%2C%2BMellone%2BM%2C%2BPatel%2BA%2C%2Bet%2Bal.%2BThe%2BZEB2-dependent%2BEMT%2Btranscriptional%2Bprogramme%2Bdrives%2Btherapy%2Bresistance%2Bby%2Bactivating%2Bnucleotide%2Bexcision%2Brepair%2Bgenes%2BERCC1%2Band%2BERCC4%2Bin%2Bcolorectal%2Bcancer.%2BMol%2BOncol.%2B2021%3B%2B15(8)%3A%2B2065-2083.&aqs=chrome..69i57.122j0j4&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=44.%2BCrawford%2BN%2C%2BStott%2BKJ%2C%2BSessler%2BT%2C%2BMcCann%2BC%2C%2BMcDaid%2BW%2C%2BLees%2BA%2C%2Bet%2Bal.%2BClinical%2BPositioning%2Bof%2Bthe%2BIAP%2BAntagonist%2BTolinapant%2B(ASTX660)%2Bin%2BColorectal%2BCancer.%2BMol%2BCancer%2BTher.%2B2021%3B%2B20(9)%3A%2B1627-1639.&oq=44.%09Crawford%2BN%2C%2BStott%2BKJ%2C%2BSessler%2BT%2C%2BMcCann%2BC%2C%2BMcDaid%2BW%2C%2BLees%2BA%2C%2Bet%2Bal.%2BClinical%2BPositioning%2Bof%2Bthe%2BIAP%2BAntagonist%2BTolinapant%2B(ASTX660)%2Bin%2BColorectal%2BCancer.%2BMol%2BCancer%2BTher.%2B2021%3B%2B20(9)%3A%2B1627-1639.&aqs=chrome..69i57.122j0j4&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=44.%2BCrawford%2BN%2C%2BStott%2BKJ%2C%2BSessler%2BT%2C%2BMcCann%2BC%2C%2BMcDaid%2BW%2C%2BLees%2BA%2C%2Bet%2Bal.%2BClinical%2BPositioning%2Bof%2Bthe%2BIAP%2BAntagonist%2BTolinapant%2B(ASTX660)%2Bin%2BColorectal%2BCancer.%2BMol%2BCancer%2BTher.%2B2021%3B%2B20(9)%3A%2B1627-1639.&oq=44.%09Crawford%2BN%2C%2BStott%2BKJ%2C%2BSessler%2BT%2C%2BMcCann%2BC%2C%2BMcDaid%2BW%2C%2BLees%2BA%2C%2Bet%2Bal.%2BClinical%2BPositioning%2Bof%2Bthe%2BIAP%2BAntagonist%2BTolinapant%2B(ASTX660)%2Bin%2BColorectal%2BCancer.%2BMol%2BCancer%2BTher.%2B2021%3B%2B20(9)%3A%2B1627-1639.&aqs=chrome..69i57.122j0j4&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=44.%2BCrawford%2BN%2C%2BStott%2BKJ%2C%2BSessler%2BT%2C%2BMcCann%2BC%2C%2BMcDaid%2BW%2C%2BLees%2BA%2C%2Bet%2Bal.%2BClinical%2BPositioning%2Bof%2Bthe%2BIAP%2BAntagonist%2BTolinapant%2B(ASTX660)%2Bin%2BColorectal%2BCancer.%2BMol%2BCancer%2BTher.%2B2021%3B%2B20(9)%3A%2B1627-1639.&oq=44.%09Crawford%2BN%2C%2BStott%2BKJ%2C%2BSessler%2BT%2C%2BMcCann%2BC%2C%2BMcDaid%2BW%2C%2BLees%2BA%2C%2Bet%2Bal.%2BClinical%2BPositioning%2Bof%2Bthe%2BIAP%2BAntagonist%2BTolinapant%2B(ASTX660)%2Bin%2BColorectal%2BCancer.%2BMol%2BCancer%2BTher.%2B2021%3B%2B20(9)%3A%2B1627-1639.&aqs=chrome..69i57.122j0j4&sourceid=chrome&ie=UTF-8
https://pubmed.ncbi.nlm.nih.gov/29064439/
https://pubmed.ncbi.nlm.nih.gov/29064439/
https://pubmed.ncbi.nlm.nih.gov/29064439/
https://pubmed.ncbi.nlm.nih.gov/33598510/
https://pubmed.ncbi.nlm.nih.gov/33598510/
https://pubmed.ncbi.nlm.nih.gov/33598510/
https://pubmed.ncbi.nlm.nih.gov/31952346/
https://pubmed.ncbi.nlm.nih.gov/31952346/
https://pubmed.ncbi.nlm.nih.gov/31952346/
https://pubmed.ncbi.nlm.nih.gov/31952346/
https://pubmed.ncbi.nlm.nih.gov/31892565/
https://pubmed.ncbi.nlm.nih.gov/31892565/
https://pubmed.ncbi.nlm.nih.gov/31892565/
https://pubmed.ncbi.nlm.nih.gov/29911902/
https://pubmed.ncbi.nlm.nih.gov/29911902/
https://pubmed.ncbi.nlm.nih.gov/31336725/
https://pubmed.ncbi.nlm.nih.gov/31336725/
https://pubmed.ncbi.nlm.nih.gov/31336725/

	Wei Ying1,2*, Wenbo Li12*, Yanchao Feng1,2*, Guojun Zhou1,2, Xiao Hong1,2, Ke Chen1,2, Zhengwei Leng1,2 and Shunhai Jian3
	Keywords:
	Copyright:
	Citation:
	1. Abstract
	2. Introduction
	3. Materials and Methods
	3.1 Ethics Statement
	Cell Lines and Culture
	Enrichment of Tumor Atem Cells
	Chemotherapy Regimens
	Flow Cytometry
	Colony Formation Assay
	Sphere-Forming Assay
	Cell Migration and Cell Invasion Assay
	Cell Proliferation Assay
	Real-time-PCR
	Statistical Methods

	4. Results
	5.  Discussion
	6. Funding
	References

