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บทคดัย่อ 

 โรคมะเร็งลาํไส้ใหญ่และไส้ตรง เป็นโรคมะเร็งทีCพบไดท้ัCวโลก รวมถึงประเทศไทย ปัจจยัเสีCยงทีC

ทาํให้เกิดโรคมีหลายปัจจยั โดยปัจจยัหลกัทีCก่อให้เกิดมะเร็งลาํไส้ คือ จุลินทรียใ์นลาํไส้ ซึC งจุลินทรียใ์น

ลาํไส้มีบทบาทสําคญัต่อระบบนิเวศภายในลาํไส้ ทัOงในดา้นการรักษาความสมดุลภายในลาํไส้ และการ

ก่อให้เกิดการดาํเนินของโรคมะเร็งลาํไส้ บิวทิเรต เป็นกรดไขมนัสายสัOน ผลิตจากจุลินทรียใ์นลาํไส้ มี

คุณสมบติัเป็นสารตา้นมะเร็ง โดยบิวทิเรตสามารถยบัย ัOงการเจริญของเซลลแ์ละกระตุน้ให้เซลลเ์กิดการ

ตายแบบอะพอพโทสิส อยา่งไรกต็าม การศึกษาการเปลีCยนแปลงของจุลินทรียใ์นลาํไส้พบวา่ ผูป่้วยมะเร็ง

ลาํไส้ทีCมีภาวะดืOอต่อการรักษาดว้ยยาเคมีบาํบดัมีความชุกของจุลินทรียที์Cสร้างบิวทิเรตในปริมาณสูง เมืCอ

เปรียบเทียบกบักลุ่มควบคุม เป็นทีCน่าสนใจว่า สารบิวทิเรตอาจจะมีส่วนเกีCยวขอ้งกบัการเกิดมะเร็งลาํไส้ 

และภาวะดืOอต่อการรักษาดว้ยยาเคมีบาํบดั การศึกษาในครัO งนีO  ผูวิ้จยัไดศึ้กษาลกัษณะของเซลลม์ะเร็งลาํไส้

ทีCถูกชกันาํให้เกิดภาวะดืOอต่อสารบิวทิเรต เพืCอจาํลองสภาวะการเกิดภาวะดืOอต่อสารบิวทิเรตภายในลาํใส้ 

โดยใชเ้ซลลม์ะเร็งลาํไส้จาํนวน 2 ชนิด คือ HCT-116 และ PMF-Ko14 นาํมาบ่มดว้ยสารบิวทิเรต ทีC

ความเขม้ขน้สุดทา้ยเป็น 3.2 mM เมืCอไดเ้ซลลที์CดืOอต่อสารบิวทิเรต ทาํการทดสอบเซลลด์งักล่าวในแง่

ของกลไกการเกิดภาวะดืOอต่อบิวทิเรต ไดแ้ก่ การแสดงออกของยีนทีCเกีCยวขอ้งกบัการนาํสารเขา้และออก

จากเซลล์ ซึC งผลการทดสอบพบว่า เซลล์ทีC ดืOอต่อสารบิวทิเรต (BR cell) มีการแสดงออกของยีนทีC

เกีCยวข้องกับการนําสารเข้าและออกจากเซลล์เพิCมขึO น เมืCอเปรียบเทียบกับเซลล์ตัO งต้น (PT cell) 

นอกจากนัOน ผลของการวิเคราะห์โปรตีนพบวา่ มีการแสดงออกของโปรตีนทีCแตกต่างกนัในเซลลท์ัOงสอง

ชนิด ซึC งสามารถจัดกลุ่มและระบุเซลล์แต่ละชนิดออกจากกันได้ การศึกษาครัO งนีO  ใช้วิธีทดสอบการ

เคลืCอนทีCของเซลล ์เพืCอวิเคราะห์ความรุนแรงของเซลล ์อีกทัOงยงัพบว่า BR cell มีการดืOอต่อยาเคมีบาํบดั

ด้วย โดยเซลล์ HCT-BR มีภาวะดืOอต่อยาเมทฟอร์มิน (MET) และยา oxaliplatin ในขณะทีCเซลล์ 
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PMF-BR มีภาวะดืOอต่อยา 5-fluorouracil จากผลขา้งตน้ สามารถยืนยนัไดว้่า เซลลที์CเกิดภาวะดืOอต่อ

สารบิวทิเรต จะมีภาวะดืOอต่อยาเคมีบาํบัดร่วมด้วย ซึC งภาวะเช่นนีO  มีความสําคัญต่อการดาํเนินของ

โรคมะเร็งลาํไส้ ส่งผลให้ไม่ตอบสนองต่อการรักษาและการกลบัเป็นซํO าของโรคได ้ผูวิ้จยัจึงไดท้ดสอบ

ความเป็นพิษต่อเซลลข์องยา MET โดยยา MET เป็นยารักษาโรคเบาหวาน แต่ไดมี้การศึกษาถึงฤทธิV ตา้น

มะเร็งในมะเร็งหลายชนิด โดยผูวิ้จยัไดศึ้กษาเซลลม์ะเร็ง PMF-ko14 ทีCมีสภาวะดืOอและไม่ดืOอต่อสารบิว

ทิเรต ในรูปแบบ 3D spheroid ซึC งพบว่า MET สามารถลดขนาดของ spheroid ยบัย ัOงการเจริญ และ

การเคลืCอนทีCของเซลล์ได ้นอกจากนัOน MET กระตุน้ให้เซลล์เกิดการตายแบบอะพอพโทสิส ผ่านทาง

กลไก caspase 3/7 ผูวิ้จยัยงัไดศึ้กษากลไกของ MET โดยพบว่า MET กระตุน้วิถีสัญญาณ AMP-

activated protein kinase (AMPK) และ AKT serine/threonine kinase 1(Akt) อีกทัOงยบัย ัOงวิถี

สัญญาณ Acetyl-CoA-carboxylase (ACC) และ mammalian target of rapamycin (mTOR) 

ซึC งทัOงสองวิถีสัญญาณส่งผลใหมี้การกระตุน้กลไก caspase 3/7 ส่งผลใหเ้ซลลเ์กิดการตายได ้การศึกษา

ในครัO งนีO  แสดงใหเ้ห็นวา่ MET มีฤทธิV ในการตา้นเซลลม์ะเร็ง โดยเฉพาะอยา่งยิCงเซลลม์ะเร็งทีCเกิดภาวะดืOอ

ต่อยาเคมีบาํบดั การใชย้า MET ร่วมกบัการใชย้าเคมีบาํบดั อาจเป็นทางเลือกในการรักษาโรคมะเร็งลาํไส้

ได ้

 

 

คาํสําคญั : เซลลม์ะเร็งลาํไส้; ภาวะดืOอต่อบิวทิเรต; ยาเมทฟอร์มิน; การเพาะเลีOยงเซลลแ์บบ 3 มิติ  

 

 

 

 

 

 

 
 
 
 
 



  vii 

 
Thesis title  Characterization of butyrate resistant colorectal cancer spheroid 
   cells and its response to anticancer drugs 

Author  Miss Kesara Nittayaboon 

Major Program Biomedical Sciences 

Academic Year 2022 
 

ABSTRACT 

 Colorectal cancer (CRC) is the most common cancer worldwide, including 

Thailand. There are several risk factors for CRC, especially microbiome. Gut-

microbiota plays a critical role in homeostasis and carcinogenesis. Butyrate, a short-

chain fatty acid-producing by gut-microbiota, plays a role in intestinal homeostasis. 

Butyrate acts as anti-cancer agent by growth inhibition and apoptosis induction. 

However, microbiota study reveals that butyrate-producing bacteria were found in CRC 

patients more than normal and correlated to chemoresistance feature. We characterized 

the butyrate resistance (BR) CRC cells by treating the HCT-116 and PMF-ko14 cells 

line with a maximum butyrate concentration of 3.2 mM. The butyrate 50% inhibitory 

concentration (IC50) were increase in BR cells. The butyrate resistance mechanism was 

investigated with butyrate influx, and drug efflux genes expression. The increasing of 

influx and efflux gene expression in BR cells were found comparing to parental (PT) 

cells. Proteomic analysis was used to distinguish the normal and butyrate-resistant 

phenotype. Cell migration was used to evaluate the aggressive behavior of BR cells. 

The analysis reveal that HCT-BR cell show lower migration rate; however, the PMF-

BR cell show higher migration rate than their PT cell. The cross-resistance to anti-

cancer drugs was elucidated. We found the cross-resistance of metformin (MET) and 

oxaliplatin in HCT cells, and 5-fluorouracil was cross-resistance in PMF cells. Our 

study suggests that acquisition of resistance to butyrate induces chemoresistance in 

CRC cells, which may play an important role in CRC development, treatment, and 

metastasis. Moreover, we would like to further investigate the cytotoxicity of MET, an 

anti-diabetic drug with an anti-cancer activity, on PMF-BR -CRC cells in a 3D spheroid 

culture model. The results demonstrated that MET decreases spheroid size, viability, 

migration. Meanwhile, MET increases spheroid death through caspase 3/7 activity. The 
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molecular mechanism from western blotting revealed that AMP-activated protein 

kinase (AMPK) and AKT serine/threonine kinase 1(Akt) were significantly 

upregulated in MET treatment group, whereas Acetyl-CoA-carboxylase (ACC) and 

mammalian target of rapamycin (mTOR) were downregulated. This situation leads to 

caspase activation and apoptosis. Our results confirm that MET show a potential 

cytotoxicity especially on the BR cells. This finding suggest that MET is an effective 

strategy for drug-resistant CRC cells.  

 

Key word: Colorectal cancer cell; Butyrate resistance; Metformin; Spheroid 
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CHAPTER 1 

INTRODUCTION 

 
 Based on the GLOBOCAN 2020 data, Colorectal cancer (CRC) is one of most 

common cancer worldwide. CRC was ranking in the fourth with 1.8 million in new 

cancer case, and in the second with 935,000 cases of mortality (1,2). In Thailand, CRC 

is still a leading cause of cancer-associated death. It is the third rank of new case with 

20,748 cases in both male and female. Moreover, 11,331 cases is account to mortality 

rate (3).  Previous report on colon and rectum cancer prediction showed that the number 

of death case is increase due to the increasing of population and ageing. The early 

diagnosis and treatment improvement are the key factor to reduce mortality rate of CRC 

(4). Presently, CRC treatment is surgery and chemoradiotherapy. Conventional 

chemotherapy targets cells with rapidly dividing and is the main treatment strategy for 

improving the mortality rate of patients with CRC. In Thailand, a combination of 5-

fluorouracil (5-FU) and oxaliplatin (Oxa) or FuOx is the major chemotherapeutic 

treatment for CRC (5). However, 90% of failures in the chemotherapy during the 

invasion and metastasis of cancers are related to drug resistance (6). The risk factors of 

CRC are genetic and epigenetic alteration, dietary and exercise behavior, including 

microbial diversity in our intestinal as shown in Figure 1 (7–9). The accumulation of 

genetic alteration in host and environmental factors play an important role to contribute 

cancer progression. The microbiota plays a critical role in intestinal homeostasis and 

carcinogenesis. Microbial metabolites maintain the intestinal barrier and immune 

homeostasis. There are multi-step process of carcinogenesis driving by the influence of 

the microbiome. Imbalance of normal flora and pathogenic bacteria leads to cancer 

development. (10–12). 
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Figure 1. The figure illustrated a potential risk factor of colorectal cancer. 
 
 Butyrate is one of short-chain fatty acids (SCFAs) producing by human gut 

microbiota through fermentation of non-digestible carbohydrates. Butyrate plays an 

important role in homeostasis of gut. Butyrate at low-to-moderate concentration, which 

are present near the base of colonic crypts, are readily metabolized in the mitochondria 

to stimulate cell proliferation as an energy source. On the other hands, higher 

concentrations of butyrate presenting near the lumen exceed the metabolic capacity of 

the colonocyte. Unmetabolized butyrate enters to the nucleus and functions as a histone 

deacetylase (HDAC) inhibitor that epigenetically regulates gene expression to inhibit 

cell proliferation and induce apoptosis as the colonocytes exfoliate into the lumen (13). 

Additionally, glucose and aerobic glycolysis have been used for energy production 

instead of butyrate resulting in accumulation of butyrate in nucleus of the cancerous 

colonocyte. Then, butyrate competitively binds to the zinc sites of class I and II 

HDACs. This binding affects hyperacetylation of histones, resulting in a modified 

DNA conformation, which subsequently leads to the uncoiling or relaxing of 

chromatin leading to apoptosis of cancerous cells (14). Figure 2 show a mechanism of 

butyrate on normal and cancerous colonocyte. 
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Figure 2. The action of butyrate on homeostasis. Butyrate at low-to-moderate 

concentration promote cell proliferation in normal colonocyte at base crypt. Butyrate at 

high concentration induce apoptosis in normal colonocyte at luminal site and cancerous 

colonocyte (13). 

 
 

 Butyrate also shows a controversy effect in CRC patients. On one hand, butyrate 

induces cancer cell to apoptosis. However, the microbiota study found that butyrate 

producing and inflammatory bacteria is higher in CRC patients than normal population 

(7). Long-term exposure of butyrate may transform cancer cell into butyrate-resistant 

cancer cell (BR cell) (15). The BR cells showed a malignant phenotype such as a 

survival in stress environment including glucose deprivation, and heat shock condition. 

Moreover, this BR cell has been considered as chemo-resistant cell which leading to 

treatment failure and cancer relapse (16,17).  

 In general, AMP-activated protein kinase (AMPK) is a crucial regulator for 

balancing energy supply and maintaining homeostasis, ultimately prevent cells from 
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stressful situations. AMPK is a metabolic sensor for various anabolic and catabolic 

signaling pathways (18). AMPK was induced by adiponectin and LKB1 signaling 

pathway resulting in phosphorylation and mTOR inhibition. The mTOR control various 

cancer cell activities including cell proliferation and invasion. Inhibition of mTOR 

leading to inhibit cell proliferation and invasion (19). Previous report suggested 

AMPK-activation drug or compound can sensitize these BR cells (20). Therefore, 

AMPK activation drugs seem to be a good candidate for CRC with BR cells. Metformin 

(MET) is one of anti-diabetic drugs with AMPK activation effect.  

 MET inhibits complex I (NADPH: ubiquinone oxidoreductase) of the 

mitochondrial respiratory chain, thereby increasing the cellular AMP to ATP ratio and 

leading to activation of AMPK and regulating AMPK-mediated transcription of target 

genes. This eventually prevents hepatic gluconeogenesis, enhances insulin sensitivity 

and fatty acid oxidation, and ultimately leads to a decrease in glucose levels. The drug 

show ability to decrease plasma insulin, reduce insulin resistance, and lower levels of 

circulating glucose in patients with type II DM (21). Previous retrospective study 

suggested that MET used is associated with lower cancer incidence in diabetic patients 

with endometrial, cervical, and lung cancer (22–24). MET showed a decreasing of brain 

tumor invasion through increasing of adhesion collagen (25). In CRC studies, MET is 

associated with metastasis inhibition in vivo and lower mortality rate in patients 

(26,27). Molecular mechanism of MET including growth and proliferation inhibition, 

migration and invasion suppression, and apoptosis induction. There are several actions 

of MET, for instant, activation of AMPK and caspase activity and downregulation of 

mTOR and Akt (25,28,29).   Moreover, in vitro model shows an improvement of MET 

on chemotherapy (30–32). This information suggested the potential anticancer effect of 

MET. Figure 3 shows molecular mechanism of MET on cancer.     
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Figure 3. Molecular mechanisms of MET in cancer. MET generally modulates AMPK 

activation through mitochondria complex I inhibition and LKB1 leading to activates or 

inactivates downstream signaling target, including p21, p53, mTOR, PI3K/Akt, 

MAPKs. The activation or inactivation of these pathway resulting in inhibition of 

tumorigenesis, cell survival, migration, and invasion (Adapted from 28). 

 

 

 Taken together, we proposed the hypothesis that long-time-exposure of butyrate 

in CRC leads to butyrate-resistant phenotype or butyrate-resistant cell (BR cell) 

resulting in chemoresistant feature. To overcome their resistance to chemotherapy, we 

hypothesized that MET would show a potential cytotoxicity and therapeutic effect on 

those BR cell.  
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CHAPTER 2 

OBJECTIVES 

Part 1 Butyrate-resistant cell establishment and characterization 

1. To establish butyrate-resistant (BR) cell lines using HCT-116 and PMF-ko14 

colorectal cancer cells  

2. To characterize the BR cells in view of cell morphology, butyrate sensitivity, 

expression of butyrate- and drug efflux-related genes, and migration rate. 

3. To investigate the anti-cancer drug response of parental (PT) and BR cells. 

 
Part 2 The effect of MET on BR spheroid cells 

1. To construct spheroid model on PMF-PT and PMF-BR for anti-cancer drug 

response.  

2. To determine the cytotoxic effect of MET on PMF spheroids. 
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CHAPTER 3 

RESULTS AND DISCUSSION 
Scope of study 

 
Figure 4. Research workflow. 

 

 Two types of colorectal cancer cells including HCT-116 and PMF-Ko14 were 

induced with Sodium butyrate. The characteristic of parental and butyrate-resistant cell 

(PT and BR cell) was investigated. Cell morphology was captured by inverted 

microscope. Butyrate sensitivity was determined by 3-[4,5-dimethylazol-2-yl]-2,5-

diphenyltetrazolium bromide (MTT) assay. The expression of butyrate influx- and drug 

efflux- related genes were evaluated by Quantitative Reverse-Transcription polymerase 

chain reaction (qRT-PCR) and proteomic analysis were performed to determine their 
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difference. The aggressiveness of PT and BR cells were determined by wound healing 

assay and the anti-cancer drugs screening were evaluated by MTT assay. Next, spheroid 

formation was used as a 3-Dimentional (3D) model to investigate the drug testing. The 

cytotoxicity of MET was evaluated in term of spheroid formation, spheroid viability, 

and caspase activity. We firstly evaluated the effect of MET on spheroid size. Then, 

spheroid cell viability was evaluated by Live/dead assay. Caspase 3/7 activity were 

determined by Apo-live Glo assay kit. The aggressiveness of spheroid was evaluated 

by spheroid migration. Then, the expression level of protein in molecular pathway of 

spheroid were investigated after MET testing. The scope of study was shown in figure 

4. 

 

 

Part 1 Butyrate-resistant cell establishment and characterization 

1. The difference of cellular morphology in PT and BR cells. 

 Colorectal cancer cell lines including HCT-116 and PMF-ko14 (PT cells) were 

used to established butyrate-resistant cells (BR cells) as HCT-BR and PMF-BR cells, 

respectively. The cells were exposed to butyrate for three months in a stepwise 

procedure up to 3.2 mM. Cell morphology of PT and BR cells were capture by inverted 

light microscope.  Figure 5 showed a micrograph with a slightly difference between PT 

and BR cells. The HCT-116 show a sharp-point morphology, while HCT-BR show 

more rounded and expanded (16). The PMF-ko14 represent a polygonal epithelial cell 

structure with robust cell-to-cell interaction, while PMF-BR cell show a decreasing of 

cell-to-cell interaction. Both BR cells also showed the increasing of vacoularization and 

cellular volume. The results correlated to previous study in colorectal adenocarcinoma 

cell line; BCS-TC2.BR2 cell was showed an increasing of cellular volume and 

vacuolization (34).  
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Figure 5. Micrographs represent HCT-116 and PMF-ko14 cell lines and their BR cells. 

Morphology of the cells were captured by inverted light microscope. The increasing of 

vacoularization (black arrow) and cellular volume (white arrow) werw observed as 

indicated in the picture. Scale bar = 50 µm 

 

2.  Butyrate sensitivity assay 

 Butyrate sensitivity of PT and BR cells were conducted by MTT assay. Cells 

were seeded in 96 well plate, then various concentration of butyrate was added. After 

72 hours of incubation, MTT assay were performed. Formazan absorbance were 

detected by microplate spectrometer (SpectraMax 190, Molecular devices, San Jose, 

USA). The absorbance was analyzed by SoftMax Pro software (Version 2.2.1). The 

results are compared to control group and represented as the percentage of cell viability. 

Then, the 50% inhibitory concentration (IC50) were calculated to evaluate the sensitivity 

of butyrate. The percentage of cell viability of PT and BR cells were shown in figure 6.  

The percent cell viability of BR cells was significantly higher than the PT cells. The 

results suggest that BR cells exhibit more resistant phenotype than those PT cells. Table 

1 shows the IC50 value of the cells. The IC50 value of BR cells showed a significantly 
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higher than the PT cells. HCT-BR showed 5.38-fold higher than HCT-PT cell; 

similarly, PMF-BR showed 3.00-fold higher than PMF-PT cell. Previous studies on 

butyrate resistance cells showed that various colorectal cancer cell developed a 

resistance phenotype after chronic exposure of butyrate resulting in inferior response 

of anticancer drugs (20).   

 

  
Figure 6. The percentage of cell survival of PT and BR cells from MTT assay. 

 

Table 1. The IC50 values of butyrate in PT and BR cells 

Cell lines Butyrate 
(mM, mean ± SD) Fold p-value 

(t-Test) 
HCT-PT 2.76 ± 0.05 5.38  < 0.01 HCT-BR 14.85 ± 0.67 
PMF-PT 6.57 ± 0.80 3.00 < 0.01 PMF-BR 19.72 ± 1.62 
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3. The butyrate-related and drug efflux pump gene expression 

 The expression of butyrate-related and drug efflux genes was evaluated by 

Quantitative Reverse-Transcription polymerase chain reaction (qRT-PCR). Table 2 

showed a list of primers in our experiment. The relative expression of each gene was 

determined using an internal control; GAPDH. Figure 7 showed relative expression of 

GPR109A, a butyrate receptor, GPR109B the homolog of GPR109A, and SLC5A8, a 

sodium-couplet monocarboxylate transporter 1. The results showed significantly higher 

of SLC5A8 in HCT-BR cell. In the same way, PMF-BR cell show a significantly higher 

of GPR109A, GPR109B, and SLC5A8 than in PMF-PT cell. We also analyzed the 

correlation between butyrate-related gene expression and survival outcome of cancer 

patients with 5-FU and/or Oxa treatment using Kaplan-Meier survival analysis. The 

results showed in figure 8. We found the significantly correlated of SLC5A8 gene 

expression and colorectal cancer patients. The result strongly suggests that high level 

of SLC5A8 expression correlated with poor outcome in CRC patients. For the drug 

efflux genes, the expression level of each cell showed in figure 9. We found the 

difference expression pattern between two BR cells. The expression of ABC-A5, ABC-

C2, and ABC-C5 were found in both BR cells.  The ABC-B1, ABC-B6, and ABC-F2 

showed higher expression in HCT-BR cells, whereas PMF-BR cells showed higher 

expression of ABC-C1, ABC-C3, and ABC-G2. However, the expression of ABC-B6 

was not clear. Previous publication in chemoresistance-driving gene proposed that 

ABC-C1 and ABC-G2 are upregulated in Hep2-5-FU resistance cell (35). Paclitaxel-

resistance cell show a higher level of ABC-B6, ABC-C1, ABC-C3, ABC-C5, ABC-C10, 

and ABC-F2 (36). Moreover, in a doxorubicin-resistance cells showed the 

overexpression of ABC-C1 and ABC-F2 (37,38). The results suggested that the BR 

cells expressed more butyrate receptors and drug efflux to maintain their viability. 

Consequently, the BR cells with a higher expression of the genes may contribute to cell 

survival and drug resistance phenotypes. The mechanism of butyrate resistance was 

proposed in Figure 10. 
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Table 2. Primer sequences used for butyrate receptors and drug efflux pumps 

Name Sequence (5'-3') 
Size 

(bp) 
Note 

GAPDH-F ACG GAT TTG GTC GTA TTG G 
207 

Housekeeping 

gene GAPDH-R GGA AGA TGG TGA TGG GAT TT 

GPR109A-F GGA CAA CTA TGT GAG GCG TTG G 
650 

Butyrate 

receptors 
 

GPR109A-R GGG CTG GAG AAG TAG TAC ACC 

GPR109B-F CGT GAT GGA CTA CTA TGT GCG 
280 

GPR109B-R ATT TGC AGG GCC ATT CTG GAT 

SLC5A8-F GGG TGG TCT GCA CAT TCT ACT 
351 

SLC5A8-R GCC CAC AAG GTT GAC ATA GAG 

ABC-A5-F ATC ATG TGA GGC TGC TCA G 
149 

Drug efflux 

pumps 

ABC-A5-R ACA ACA GCA GTT TCT CCC ATA 

ABC-B1-F GAA ACC AAC TGT CAG TGT ATT TTC 
110 

ABC-B1-R AGA GGA AGT CCA GCC CC 

ABC-B6-F CCT GGT GTT CAA TGT CAT CC 
168 

ABC-B6-R CAT AGC ACG ACG AAA CTT GG 

ABC-C1-F TCA GCC AGA AAA TCC TCC AC 
196 

ABC-C1-R GGC ACC ATG AGG ACC ATC 

ABC-C2-F TCC TGG TTG ATG AAG GCT C 
186 

ABC-C2-R CAG TGA ATA AGA GGA TTG CAC A 

ABC-C3-F GCC ACC CTG CTG ATA CAG T 
141 

ABC-C3-R AGA TCT CAC CCT CTG CCT TG 

ABC-C5-F TGA GGG AGA GAA CCA GCA CT 
229 

ABC-C5-R AAG TAG TCC GGA TGG GCT TC 

ABC-F2-F GTC TCC CAT TCC CAG GAT TT 
182 

ABC-F2-R CTG ATC TTG CTC CCA GTG AA 

ABC-G2-F AGC AGC AGG TCA GAG TGT GG 
280 

ABC-G2-R GAT CGA TGC CCT GCT TTA CC 
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Figure 7.  Butyrate-related gene relative expression of HCT (a) and PMF (b) cells. 

All genes are relative to GAPDH. The results are showed in a triplicated experiment 

with means ± SD. A Student’s t-test was used to identify the statistically significant 

difference (* p-value < 0.05, ** p-value < 0.01).  

 
 
 

 
 

Figure 8.  Kaplan-Meier survival analysis of cancer patients who treated with 5- FU, 

Oxa and Met.  The survival probability curve of SLC5A8 gene expression in various 

cancer types such as colon adenocarcinoma and rectum adenocarcinoma (a), stomach 

adenocarcinoma (b), breast invasive carcinoma (c), and pancreatic adenocarcinoma (d).  
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Figure 9.  Drug efflux gene relative expression of HCT (a) and PMF (b) cells. All 

genes are relative to GAPDH. The results are showed in a triplicated experiment with 

means ± SD. A Student’s t-test was used to identify the statistically significant 

difference (* p-value < 0.05, ** p-value < 0.01).  
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Figure 10. The proposed mechanism of butyrate-resistant cell development. 

Abbreviations: HDAC, histone deacetylase; TCA, tricarboxylic acid cycle. The 

schematic was created using BioRender.com.  

 

4. The difference of protein pattern in PT and BR cells. 

 The characteristic of PT and BR cells were investigated by proteomic analysis. 

Figure 11 showed principal component analysis (PCA) of the cells. Proteome data 

showed that there is low dimensional variation among the cells. The unique proteins 

could be identified and distinguished PT and BR clusters in each cell types. The PC1 

variation with 14.56% could be distinguished PMF-PT and PMF-BR; similarly, and 

PC2 variation with 11.86% could be distinguished HCT-PT and HCT-BR. The results 

suggest that there are some proteins sharing between PT and BR cells. We perform 

Venn diagram to confirm this finding. The Venn diagram illustrating the unique and 

share protein of each cell type showing in figure 12. The shared proteins are 90.60% 

(2,644 proteins) and 81.20% (2,285 proteins) in BR cell of HCT and PMF, respectively. 

We found that unique protein can be identified between PT and BR cells. In HCT cells, 

the unique proteins of PT cell showed 3.84% (112 proteins), while BR cell showed 
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5.56% (162 proteins). Additionally, there are 11.10% (313 proteins) unique protein of 

PMF-PT cell and 7.70% (217 proteins) unique proteins in PMF-BR cell. We further 

explored the differential protein expression in PT and BR cell from each cell were input. 

The bar graphs in figure 13 showed differential expression of protein and the gene listed 

in table 3 and 4 are top 10 upregulated and down regulated genes in HCT and PMF 

cells, respectively. Interestingly, the expression level of coatomer complex subunit beta 

2 (COPB2) found to be decrease in both HCT-BR and PMF-BR cells. Previously, high 

expression of COPB2 has been reported to decrease overall survival in cancer patients 

including glioblastoma and hepatocellular carcinoma (39). According to UALCAN 

databased (University of Alabama at Birmingham cancer data analysis portal; 

http://ualcan.path.uab.edu/index.html), The COPB2 is related to vesicular budding and 

trafficking in Golgi apparatus. The COPB2 function in cancer showed in a 

controversial. Figure 14 represent the COPB2 expression in various type of cancer. We 

found the upregulation of the protein in tumor sample than in normal tissue. The protein 

expression showed higher in primary tumor of Colon cancer compared to normal. In 

contrast, the phosphorylation form of COPB2 is decreased in colon cancer stage 

comparing to normal. As a results, the function of COPB2 needs to be further addressed. 

We further investigated the biological processes of each cell. Figure 15 showed the 

biological process annotation pie chart. The results showed that HCT-BR and PMF-BR 

cells expressed the protein in response to stimulus which may imply to their response 

to butyrate. KEGG pathway enrichment were illustrated in figure 16. The bar graph 

showed that proteins in digestion and absorption, the phosphatidylinositol 3-kinase/Akt 

pathway, and pathways involved in cancers were enriched in PT cells. Meanwhile, the 

HCT-BR cell showed the enrichment of protein in homologous recombinant, mismatch 

repair, and DNA replication pathway. For the PMF-BR cell, adherent junction, 

cytokine, receptors, and protein in cancer were enriched. 
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Figure 11. Proteomic data was plotted into Principal component analysis (PCA) using 

a biplot score of PC1 and PC2. The labeled dots and cell types as vectors for the 

parental (HCT and PMF) and resistant cells (HBR and PBR).  

 

 
Figure 12. Venn diagram illustrating the relationship between HCT (a) and PMF (b) 

annotated genes.  
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Figure 13. Bar graphs represent top 10 differential expression of proteins in HCT and 

PMF cells.   
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Figure 14. The expression level of COPB2 in various type of cancers. (a) COPB2 

showed higher expression in cancer patients than normal tissue. (b) The expression of 

COPB2 in colorectal cancer comparing in normal and primary tumor. (c) The 

expression of phosphorylation form of COPB2 in each stage of cancer. Z-values 

represent standard deviations from the median across samples for the given cancer type. 
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Table 3. Top 10 upregulated and downregulated proteins in HCT cells. 
HBR vs. HCT ENTRY Protein Function 

Up  

XDH Xanthine 
dehydrogenase/oxidase 

Key enzyme in purine degradation.  

B7Z1X3 Dynein regulatory 
complex subunit 4 

Microtubule binding, small GTPase 
binding 

H0Y9Y8 RUN and FYVE domain-
containing protein 1 

Binds phospholipid vesicles 
containing phosphatidylinositol 3-
phosphate and participates in early 
endosomal trafficking. 

A0A2R8Y7
34 

Thrombopoietin Lineage-specific cytokine affecting the 
proliferation and maturation of 
megakaryocytes from their committed 
progenitor cells.  

A8MXR8 PHD finger protein 20-
like protein 1 

Regulation of transcription, DNA-
templated. 

H7BXL6 Otogelin-like protein Extracellular region. 
CCKAR Cholecystokinin receptor 

type A 
Receptor for cholecystokinin. 
Mediates pancreatic growth and 
enzyme secretion, and smooth muscle 
contraction of the gall bladder and 
stomach. 

PRAM PML-RARA-regulated 
adapter molecule 1 

Lipid binding, protein kinase binding, 
and integrin-mediated signaling 
pathway.  

FHDC1 FH2 domain-containing 
protein 1 

Protein localization to plasma 
membrane 

A0A024RD
L0 

DNA-directed RNA 
polymerase III subunit 
RPC9 

Microtubule-associated formin which 
regulates both actin and microtubule 
dynamics. 

Down 

Q7Z487 Transforming growth 
factor beta 1 

DNA-directed 5'-3' RNA polymerase 
activity and nucleotide binding. 

EPO Erythropoietin receptor Growth factor activity. 
COPB2 Coatomer subunit beta' Receptor for erythropoietin. Mediates 

erythropoietin-induced erythroblast 
proliferation and differentiation. Upon 
EPO stimulation, EPOR dimerizes 
triggering the JAK2/STAT5 signaling 
cascade.  

F5H1U3 Peptidylprolyl isomerase The coatomer is a cytosolic protein 
complex that binds to dilysine motifs 
and reversibly associates with Golgi 
non-clathrin-coated vesicles, which 
further mediate biosynthetic protein 
transport from the ER, via the Golgi up 
to the trans Golgi network. 



  21 

 
A0A2R8Y
DF7 

Lysine-specific 
demethylase 4A 

FK506 binding. 

ZN727 Putative zinc finger 
protein 727 

Heat shock protein binding. 

Q8N7A4 cDNA FLJ25865 cis, 
clone CBR01927 

Peptidyl-prolyl cis-trans isomerase 
activity. 

A0A2R8Y6
R5 

Caseinolytic peptidase B 
protein homolog 

Histone demethylase that specifically 
demethylates 'Lys-9' and 'Lys-36' 
residues of histone H3, thereby playing 
a central role in the histone code.  

F8VSE7 Transcription factor E2F7 DNA-binding transcription factor 
activity, RNA polymerase II-specific. 

ZN616 Zinc finger protein 616 Uncharacterized protein. 
Abbreviations: HCT, HCT parental cells; HBR, butyrate resistant HCT cells. 

 

Table 4. Top 10 upregulated and downregulated proteins in PMF cells. 
PBR vs. PMF ENTRY Protein Function 

Up  

Q59H44  Lymphocyte antigen 75 
variant 

Integral component of 
membrane 

B4DL63 cDNA FLJ51231, highly 
similar to Mitochondrial 
ornithine transporter 1 

Integral component of 
membrane 

K7EN33 Notchless protein homolog 1 Plays a role in regulating Notch 
activity. Plays a role in 
regulating the expression of 
CDKN1A and several members 
of the Wnt pathway, probably 
via its effects on Notch activity. 

H7C5W0 DnaJ homolog subfamily B 
member 5 

Chaperone binding, unfolded 
protein binding 

Q59GW3 ST8 alpha-N-acetyl-
neuraminide alpha-2,8-
sialyltransferase 3 variant 

Sialyltransferase activity, 
protein glycosylation 

FREM1 FRAS1-related extracellular 
matrix protein 1 

Extracellular matrix protein that 
plays a role in epidermal 
differentiation and is required 
for epidermal adhesion during 
embryonic development. 

E9PSF3 Bromodomain and PHD 
finger-containing protein 3 

Metal ion binding 

D3YTF8 Thioredoxin-disulfide 
reductase 

Protein has several cofactor 
bindings sites 

I3L2R2 Protein PIMREG During mitosis, may play a role 
in the control of metaphase-to-
anaphase transition. 
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FCHO2 F-BAR domain only protein 

2 
Functions in an early step of 
clathrin-mediated endocytosis. 
Has both a membrane 
binding/bending activity and the 
ability to recruit proteins 
essential to the formation of 
functional clathrin-coated pits. 

Down 

PLAL2 Zinc finger protein PLAGL2 DNA-binding transcription 
activator activity, RNA 
polymerase II-specific, lipid 
metabolic process, positive 
regulation of intrinsic apoptotic 
signaling pathway 

F2Z3J7  Rab-like protein 2B GTPase activity, GTP binding 
I3L3F1 Caspase recruitment domain-

containing protein 14 
Acts as a scaffolding protein 
that can activate the 
inflammatory transcription 
factor NF-kappa-B and 
p38/JNK MAP kinase signaling 
pathways. 

B4DL41  cDNA FLJ57825, highly 
similar to DNA-dependent 
protein kinase catalytic 
subunit 

Kinase activity, Molecular 
function: Kinase, Transferase 

B2R9R2 cDNA, FLJ94517, highly 
similar to Homo sapiens 
baculoviral IAP repeat-
containing 4 (BIRC4), 
mRNA 

Metal ion binding 

B7Z2B4 cDNA FLJ53389, highly 
similar to Homo sapiens 
RAB GTPase activating 
protein 1 (RABGAP1), 
mRNA 

GTPase activator activity 

G3V200 Liprin-alpha-2 Alters PTPRF cellular 
localization and induces PTPRF 
clustering. May regulate the 
disassembly of focal adhesions. 
May localize receptor-like 
tyrosine phosphatases type 2A 
at specific sites on the plasma 
membrane 

H0YAD5 Probable ATP-dependent 
RNA helicase DDX46 

Protein predicted 
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COPB2 Coatomer subunit beta 2 The coatomer is a cytosolic 

protein complex that binds to 
dilysine motifs and reversibly 
associates with Golgi non-
clathrin-coated vesicles, which 
further mediate biosynthetic 
protein transport from the ER, 
via the Golgi up to the trans 
Golgi network. 

Q17RX7 Ras association 
(RalGDS/AF-6) domain 
family member 1 

Intracellular signal transduction 

Abbreviations: PMF, PMF parental cells; PBR, butyrate resistant PMF cells. 

 

 

 
Figure 15. Pie chart illustrations the biological process of HCT-PT (a), HCT-BR (b), 

PMF-PT (c), and PMF-BR (d). HCT-PT, HCT parental cell, HCT-BR, butyrate-

resistant HCT cell, PMF-PT, PMF parental cell; PMF-BR, butyrate-resistant PMF 

cell. 
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Figure 16. Bar graph showing top 20 KEGG pathway enrichment of HCT (a), and 

PMF (b) cells.  
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5. The migration capacity of PT and BR cells. 

 Wound healing assay were used to examine the migration capacity of PT and 

BR cells. The wound field were observed for 24 hours. Figure 17 showed cell migration 

of the cells. We found a significant difference of cell migration between cells. The 

migration rate of HCT cells is 45.18%, and 33.29% in HCT-PT, and HCT-BR cells, 

respectively. The HCT-BR cells showed significantly lower than HCT-PT cell. This 

may correlated to the down regulation of JAK2/STAT5 signaling pathway (40,41). On 

the contrary, the migration rate of PMF cell is 25.39% and 33.29% in PMF-PT, and 

PMF-BR, respectively. We found the significantly higher migration rate of PMF-BR 

cell. This result correlated to Notchless protein homolog 1 upregulation. This protein 

plays a role in Notch activity leading to cell migration and invasion in brain cancer (42). 

 
 
 



  26 

 

 
 
Figure 17. Micrograph illustration of cell migration capacity by wound healing assay. 

The cells were capture after 24 h wound field generation (a). The wound field were 

captured by inverted microscope with 10x magnification. Scale bar = 100 µm. Line 

graph represent the migration capacity (%) of HCT (b) and PMF (c) cells. Significant 

differences were determined using Student’s t-test (∗p-value <0.05).  
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6. The sensitivity of anticancer drugs  

 To test the drugs sensitivity of PT and BR cells, MTT assay and IC50 were 

performed. We evaluated the IC50 then compared between PT and BR cells in each cell 

type. The results shown in table 5. We found the higher IC50 in BR cells. The HCT-BR 

cell showed 13.50-fold and 3.66-fold higher than HCT-PT against Oxaliplatin and 

MET, respectively. Likewise, PMF-BR cell showed 1.73-fold higher than PMF-PT cell 

against 5-Fluorouracil. The result suggested that butyrate-resistance phenotype 

correlated to chemotherapy resistance in BR cells. Consequently, the cross-resistance 

was found in the BR cells including Oxaliplatin and MET in HCT-BR cell, and 5-

Fluorouracil in PMF-BR cell. From these results, we select PMF cells for further MET 

experiment. Previous studies on butyrate-resistance colon cancer cell also showed a 

cross-resistance of chemotherapy phenotype (16,20).  Our results confirm the cross-

resistance hypothesis. 

 

Table 5. The cytotoxicity values (IC50) of the anti-cancer agents against the HCT and 

PMF cell lines. 

 

Cell lines 
5-Fluorouracil 

(μM, mean ± SD) 

Oxaliplatin 

(μM, mean ± SD) 

Metformin 

(mM, mean ± SD) 

HCT-PT 9.70 ± 0.09 2.13±0.13 1.75 ± 0.07 

HCT-BR 9.45 ± 0.27 28.76±3.43** 6.41 ± 0.18** 

PMF-PT 15.07 ± 1.74 28.15±3.90 1.67 ± 0.28 

PMF-BR 26.18 ± 4.37* 26.92±4.82 1.58 ± 0.15 

* p-value < 0.05, ** p-value < 0.01 
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Part 2 The effect of MET on BR spheroid cells 

7. Spheroid formation and characterization of spheroids. 

 Spheroid cells were grown in a poly-(2-hydroxyethyl methacrylate) or Poly-

HEMA coated plate. First, stock solution with 120 mg/ml were prepared in 95% ethanol 

by stirring at a room temperature. A working solution with 5 mg/ml was then prepared 

in a same procedure. An aliquot of 20 µl was transfer into a single well of 96-well U-

bottom plate, then the plates were dried in an incubator for 3 days. PMF cells were 

seeded into the plate to generate 200-300 µm spheroid cells.  

 The characterization of spheroid was evaluated including, spheroid 

morphology, CD44 and stemness gene expression. Initially, the morphology of 

spheroid was investigated. We found that both cells formed spheroids with a round-

shape structure, compact morphology, and smooth surface. Our result correlated with 

previous results on BCS-TC2.BR2 colorectal cancer spheroids (34). The size of PMF-

PT spheroids was slightly larger than that of PMF-BR spheroids (Figure 18A). The 

average diameter of the PT spheroid was 208.29 ± 7.94 µm, whereas that of the BR 

spheroid was 196.41 ± 9.43 µm. The stemness protein marker, CD44, was detected in 

both spheroid cells. We further investigated the stemness gene marker, including, 

SOX2, OCY4, KLF4, and CXCR4 using qRT-PCR assay comparing between monolayer 

(2D) and spheroid (3D) cells. The expression level showed in figure 18 B and C. We 

found the significantly upregulated in stemness gene including SOX2 and OCT4 in 

both spheroid cells. The result correlated with previous study which showed the 

upregulation of stem cell marker in spheroid cell compared to their monolayer cell (43). 

 We further investigated the butyrate and 5-FU sensitivity of the spheroid cells. 

Butyrate and 5-Fluorouracil at various concentration were incubated, then IC50 value 

were determined using ApoLive-Glo assay.  The results showed in figure 19. We found 

that the IC50 value of butyrate and 5-Fluorouracil in PMF-BR spheroid cell showed 2.7- 

and 2.65-fold higher than PMF-PT spheroid cell. The results suggested that PMF-BR 

spheroid cell still present a butyrate-resistance phenotype and cross-resistance to 

chemotherapy. 
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Figure 18. Spheroid morphology of PMF-PT and PMF-BR and their characteristics. 

Spheroid cells were formed by seeding the cells on poly-HEMA coated plates for 72 h, 

then stained with CD44-PE (red) and DAPI (blue). The images were capture using an 

inverted microscope with 10x magnification (scale bar = 100 µm) (A). Expression of 

stemness genes including SOX2, OCT4, KLF4 and CXCR4 were performed using RT-

qPCR in PMF-PT (B) and PMF-BR (C) in comparison of 2D monolayers and 3D 

spheroids. Data are shown as mean ± SD of triplicate experiments, * p-value < 0.05 and 

** p-value < 0.01; the mean difference is significant at the 0.05 and 0.01 level, 

respectively compared between 2D and 3D via Student’s t-test.  
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Figure 19. Characterization of butyrate resistance spheroids. Effect of butyrate and 5-

FU on PMF-PT and PMF-BR spheroids for 72 h represented as percentage of cell 

viability (a and c). The IC50 value of butyrate and 5-FU after the 72-h treatment was 

estimated from dose response curves (b and d). Relative expression of butyrate-related 

genes (e) and drug efflux genes (f) in the spheroids. Gene expression levels are shown 

relative to those of GAPDH. Data are shown as mean ± SD of triplicate experiments. 

For figure a, e, and f * p-value < 0.05 and ** p-value < 0.01 compared between PMF-

PT and PMF-BR spheroids via Student’s t-test. For figure c * p-value < 0.05 compared 

with PMF-PT control; MET 0 mM, # p-value < 0.05 compared with PMF-BR control; 

MET 0 mM via Student’s t-test.  

 
 
 
 

Cell lines Butyrate 
(mM, mean ± SD)       Fold

PMF-PT 8.17 ± 0.67
2.7

PMF-BR 22.09 ± 0.12

Cell lines 5-Fluorouracil 
(!M, mean ± SD)       Fold
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2.6

PMF-BR 208.80 ± 4.77
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8. MET decrease spheroids size on PMF-PT and PMF-BR spheroid cells 

 The size of spheroid after MET treatment was evaluated. Diameter of spheroid 

was calculated by ImageJ analysis software. In brief, spheroid at day 3 after treatment 

were capture, then the photos were import to ImageJ software. The scale bar was 

calibrated in a micrometer unit. The diameter was then measure using a 5-linear line 

across the edge of spheroid. The software converted pixels of linear line into real 

micrometer, the average of each line was then calculated and compared among 

concentration. Figure 20 showed the decreasing of spheroid size in a dose-dependent 

manner. It is noticeable that the spheroid at 100 mM showed an increasing of the size, 

resulting from cell death and disaggregation (44).  
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Figure 20. Effect of MET on the size of PMF-PT and PMF-BR spheroids. The 

spheroids were incubated with various concentrations of MET for 72 h. Spheroids were 

imaged by inverted microscopy (10x magnification) (A). The bar graphs show the size 

of the spheroids. Scale bar=100 μm. Significance: * p-value < 0.05 compared with 

PMF-PT control; MET 0 mM, # p-value < 0.05 compared with PMF-BR control; MET 

0 mM.  
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9. MET induce spheroid death on PMF-PT and PMF-BR spheroid cells 

 Cell viability of spheroid after 72 h of treatment with MET were conducted by 

LIVE/DEAD cell imaging kit. Viable cell was probed by calcein AM - a cell-permeant 

dye using to determine cell viability through intracellular esterase activity, while 

BOBO-3- a cell-impermeant nucleic acid stain- were used for death cells. Figure 21 

showed the cytotoxic effect of MET on spheroid cells. The result demonstrated that a 

green-fluorescent signal is decrease and red fluorescent signal is increase indicating to 

cell death in MET treatment group compared to control. 

 

 

 
 
Figure 21. Cytotoxic effect of MET on PMF-PT and PMF-BR spheroids. After being 

treated with MET at 50 mM for 72 h, the live/dead staining (live = green and dead = 

red) of the spheroids was imaged with a LionheartFX live cell imager (10x 

magnification). Scale bar = 500 μm.  
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10. MET decrease cell viability and increase caspase activity on PMF-PT and 

PMF-BR spheroid cells 

 The mode of cell death was investigated by ApoLive-Glo assay. In brief, 

enzyme activity of viable cells and caspase 3/7 activity of apoptotic cells were 

evaluated. Spheroid cells were incubated with MET at various concentration for 3 days, 

then ApoLive-assay were performed. The results showed in figure 22. The results 

indicated that MET decreased spheroid viability and increase caspase 3/7 activity. 

These results suggested that MET induce spheroid apoptosis through activation of 

caspase activity. It is noticeable that the caspase activity of PMF-BR spheroid cell 

showed higher than in PMF-PT spheroid. This result suggested that PMF-BR spheroid 

are more sensitive to MET than PMF-PT spheroid cell. 

 

 
 
Figure 22. MET induced apoptosis in PMF-PT and PMF-BR spheroids. The 

morphology of the spheroids after MET treatment at 0, 12.5, 25, and 50 mM for 72 h 

was captured using an inverted microscope (10x magnification) (A). Scale bar = 100 

μm. The ApoLive-Glo assay was used to determine cell viability (B) and caspase-3/7 

activity (C). Statistical analysis was performed using the student’s t-test. Significance: 

* p-value < 0.05 compared with PMF-PT control; MET 0 mM, # p-value < 0.05 

compared with PMF-BR control; MET 0 mM.  
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11. MET decrease migration on PMF-PT and PMF-BR spheroid cells 

 The anti-migration potential of MET was examined using tumor spheroid-based 

migration assay. Shortly, spheroids were treated with various concentration of MET for 

72 h, then the spheroids were transferred to a flat-bottom plate with a fresh completed 

media. The spheroids were allowed to incubate for another 72 h, the migration area was 

then evaluated using ImageJ software. Spheroid size at day 3 after MET treatment (Day 

3) and migration area were calculated into a percentage of spheroid migration. Figure 

23 showed the migration area and the percentage of spheroid migration in each cell 

type. We found the significantly decreased of spheroid migration at 25 and 50 mM in 

PMF-PT cell and at 50 mM in PMF-BR cell. The result suggested that MET showed an 

anti-migration property in both spheroids. The results correlated to previous publication 

in cervical study. MET decreased invasion and migration in various type of cervical 

cancer (33). Moreover, the results from cholangiocarcinoma and pancreatic cancer 

supported anti-migration and anti-invasion properties of MET (30,45).  
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Figure 23. Effect of MET on the cell migration of PMF-PT and PMF-BR spheroids. 

The spheroids treated with 0, 12.5, 25, and 50 mM of MET for 72 h were transferred to 

a flat-bottom plate and were incubated for further 72 h. The representative images were 

capture using an inverted microscopy (10x magnification) (a). The bar graphs show the 

average percentage of the migration of PMF-PT (b) and PMF-BR (c) spheroids 

compared with the control value obtained from three independent experiments + SD (n 

= 3). Scale bar = 400 µm. Statistical analysis was performed using the student’s t-test. 

Significance: * p-value < 0.05 compared with the control; MET 0 mM.  
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12. Molecular mechanism of MET on PMF-PT and PMF-BR spheroid cells 

 The molecular mechanism of MET was previously proposed. The main 

mechanism is AMPK activation and mTOR inhibition (28,33,46). These two pathways 

also showed an essential role in cancer including proliferation inhibition and apoptosis 

induction. We therefore investigated the proteins in these pathways. Western blot 

analysis was used to determine the protein expression. After MET treatment, spheroids 

were collected, the protein were then extracted. The 30 μg of protein were run into SDS-

polyacrylamide gel electrophoresis (SDS-PAGE) followed by transfer to 

polyvinylidene difluoride (PVDF) membranes (Amersham Pharmacia Biotech, USA). 

The membranes were blocked in 5% non-fat milk in Tris-buffer saline with 0.1% (v/v) 

Tween-20 (TBS-T) for 1 h at room temperature. The membrane was then washed twice 

with TBS-T. Each membrane was incubated overnight at 4ºC, shaking continuously 

with primary antibodies (1:1000 diluted with 1% non-fat milk in TBS-T) specific to 

primary antibody listed in table 5 and b-actin was used as internal control. After 

overnight incubation, the membranes were washed with TBS-T and were incubated for 

2 h with a secondary diluted in 1% non-fat milk in TBS-T. Then, the membranes were 

washed again with TBS-T and the last washing was performed using TBS for 10 min. 

The protein expressions were visualized using an enhanced chemiluminescence reagent 

(Pierce™  ECL Western Blotting Substrate, Thermo Fisher scientific, USA). 

Densitometry was performed using a Chemiluminescence & Epi Fluorescence Alliance 

Q9 Advanced (Uvitec, UK) imager. The results showed in figure 24. Phospho-AMPK 

and p-Akt were significantly upregulated in the MET-treated group in both PT and BR 

spheroids. In addition, acetyl-CoA-carboxylase (ACC) was significantly reduced in the 

MET-treated group. We also found that p-mTOR exhibited lower expression in the 

MET-treated group; however, we found no significant difference in ratio of mTOR/p-

mTOR expression. We also examined other molecules in the mTOR pathway. The 

expression of Raptor and Rictor were not different. The binding molecule of mTOR, 

Raptor, and Rictor is GbL. We found a significant decrease in GbL expression 

following MET treatment. Finally, c-Raf showed a significant decrease in MET-treated 

BR spheroids. Altogether, these results suggested that MET could inhibit the cell 

viability of both PMF-PT and PMF-BR spheroids by activating the AMPK and Akt 
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pathways and caspase activity and inhibiting the ACC and mTOR pathways. Our study 

confirmed MET action on AMPK activation. The mechanism of MET on our cells was 

proposed in Figure 25. 

 
 
Table 6. List of antibodies used in Western blot analysis. 
 

List of 

antibody 

Dilution Antibody Cat. No. 

1 1:1000 Phospho-AMPKa (Thr172) Rabbit mAb 2535 

2 1:1000 AMPKa (D5A2) Rabbit mAb 5831 

3 1:1000 Phospho-Acetyl-CoA Carboxylase (Ser79) (D7D11) 

Rabbit mAb 

11818 

4 1:1000 Acetyl-CoA Carboxylase (C83B10) Rabbit mAb 3676 

5 1:1000 Phospho-Akt (Ser473) (D9E) XP®Rabbit mAb 4060 

6 1:1000 Akt (pan) (C67E7) Rabbit mAb 4691 

7 1:1000 Phospho-c-Raf (Ser259) Antibody 9421 

8 1:1000 Phospho-mTOR (Ser2448) Antibody 2971 

9 1:1000 mTOR (7C10) Rabbit mAb 2983 

10 1:1000 Raptor (24C12) Rabbit mAb 2280 

11 1:1000 Rictor (53A2) Rabbit mAb 2114 

12 1:1000 GbL (86B8) Rabbit mAb 3274 

13 1:1000 b-Actin antibody 4967 

14 1:1000 Anti-rabbit IgG, HRP-linked Antibody  7074 
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Figure 24. Effect of MET on the AMPK/ACC/mTOR pathway and its binding proteins. 

Both PMF spheroids were treated with and without MET (50 mM) for 72 h. After 

incubation, the spheroids were collected and lysed. The proteins were loaded on SDS-

PAGE, and those of interest were examined by Western blot analysis. Actin was used 

as internal control (a). The quantitative proteins of interest, including p-AMPK/AMPK 

(b), p-Akt/Akt (c), p-ACC/ACC (d), p-mTOR/mTOR (e), Raptor (f), Rictor (g), GbL 

(h), and c-Raf (i), were normalized to actin band intensity. Data are shown as the mean 

± SD of triplicate experiments. Statistical analysis was performed using Student’s t-

test. Significance: * p-value < 0.05 compared with the control; MET 0 mM. ** p-value 

< 0.01 compared with the control; MET 0 mM. 
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Figure 25. The proposed mechanism of MET on AMPK/Akt/mTOR pathway in 
spheroid cells. 
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CHAPTER 4 

CONCLUDING REMARK 
 

1. Butyrate-resistance cell showed a malignant characteristic including 

upregulation of drug efflux pump genes, the migration capacity and cross-

resistant to anti-cancer drugs. 

2. The HCT-BR cells, represented to primary tumor, showed a cross-resistance to 

Oxa and MET. Meanwhile, PMF-BRmet cells, represented to metastatic tumor, 

showed a cross-resistance to 5-FU. This finding showed a potential of MET on 

PMF cells. 

3. MET showed a potential cytotoxicity including spheroid size reduction, and 

increasing of cell death on both PT and BR spheroid cells through the activation 

of AMPKa and Akt and inhibition of ACC and GbL.   

 
 

LIMITATION 

1. The 3D spheroid culture was used in present study. This system uses only one 

cell type to investigate all experiment. It cannot reflex the heterogeneity of 

tumor bulk which compose of a various type of cells. 

 
 

FURTHER STUDY 

1. The effect of metformin should be validated in mouse model.  

2. Since the potential anticancer effect of butyrate and metformin, the combination 

of these two compounds should be further investigated. 

3. Specificity of drug influx/efflux protein to butyrate and interested drug should 

be explored. 

4. Secretome of BR cells should be addressed in term of molecular role in gut 

mucrobiome as an in vitro model. 

5. Genetic alteration of butyrate resistant cells in view of characterization and its 

underlying mechanism on drug influx/efflux should be considered. 
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APPENDIX A 

 
Additional data 

Additional Table 1. Primer sequences used for stemness genes, butyrate receptors 
and drug efflux genes. 
 

Name Sequence (5'-3') Gene groups 

GAPDH-F ACG GAT TTG GTC GTA TTG G 
Housekeeping gene 

GAPDH-R GGA AGA TGG TGA TGG GAT TT 

GPR109A-F GGA CAA CTA TGT GAG GCG TTG G 

Butyrate receptors 

GPR109A-R GGG CTG GAG AAG TAG TAC ACC 

GPR109B-F CGT GAT GGA CTA CTA TGT GCG 

GPR109B-R ATT TGC AGG GCC ATT CTG GAT 

GPR-41-F CCG GAT ATC ACC ATG GAT ACA GGC CCC GAC 

GPR-41-R CTT GTC TAG ACT AGC TTT CAG CAC AGG C 

SLC5A8-F GGG TGG TCT GCA CAT TCT ACT 

SLC5A8-R GCC CAC AAG GTT GAC ATA GAG 

ABC-A5-F ATC ATG TGA GGC TGC TCA G 

Drug efflux pumps  

ABC-A5-R ACA ACA GCA GTT TCT CCC ATA 

ABC-C1-F TCA GCC AGA AAA TCC TCC AC 

ABC-C1-R GGC ACC ATG AGG ACC ATC 

ABC-C2-F TCC TGG TTG ATG AAG GCT C 

ABC-C2-R CAG TGA ATA AGA GGA TTG CAC A 

ABC-C3-F GCC ACC CTG CTG ATA CAG T 

ABC-C3-R AGA TCT CAC CCT CTG CCT TG 

ABC-C5-F TGA GGG AGA GAA CCA GCA CT 

ABC-C5-R AAG TAG TCC GGA TGG GCT TC 

ABC-F2-F GTC TCC CAT TCC CAG GAT TT 

ABC-F2-R CTG ATC TTG CTC CCA GTG AA 

ABC-G2-F AGC AGC AGG TCA GAG TGT GG 

ABC-G2-R GAT CGA TGC CCT GCT TTA CC 

SOX2-F CTC CGG GAC ATG ATC AGC 

Stemness markers  

SOX2-R GGT AGT GCT GGG ACA TGT G 

OCT4-F CCC AAT TAC CCA TCC TTC CTG 

OCT4-R GTC TTC CCC TCT TTG GCT TG 

KLF4-F CTG GAG AAG GAG AAG CTG GA 

KLF4-R CAA ATT GCT CGA GTT CTT TCT G 

CXCR4-F CCC TCA AGA CCA CAG TCA TCC 

CXCR4-R GTT CTC AAA CTC ACA CCC TTG C 
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Additional data (Continue) 

Chemical Reagents for cell culture 
 
10X Tris buffer saline (TBS) pH7.6 

Tris base  24.2 g 
NaCl 8.0 g 
dH2O 1000 

ml 
Adjust pH to 7.6 with conc. HCl  
Autoclave and store at 4°C  
 
1X PBS vol 1 L  

C1V1 =     C2V2 

10X *V1 =     1X *1000ml 

V1 =     100 ml 

Total volume 1000 ml Add 10X PBS 100 ml + DW 900 ml 

Sterile by autoclave 

 
 

 

 

Dulbecco’s Modified Eagle’s medium+10% Fetal bovine serum 

(DNEM+10%FBS , pH 7.4 ) volume 1 L 

DMEM (Dulbecco’s Modified Eagle Medium, powder)  

sodium bicarbonate 

1 bag 

3.7 g 

dH2O 1000 ml 

Fetal bovine serum 100 ml 

Adjust pH to 7.4 with 1 N HCl  

Penstrep (10000 U/ml Penicillium and 10000 µg/ml 

streptomycin) 

10 ml 

L-glutamine (200 mM) 10 ml 

Filtered with 0.2 µm nitrocellulose filter membrane  

Store at 4°C  
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Dulbecco’s Modified Eagle’s medium (DEME serum-free medium, pH 7.4) 

volume 1 L 

DMEM (Dulbecco’s Modified Eagle Medium, powder)  

sodium bicarbonate 

1 bag  

3.7 g 

Adjust pH to 7.4 with 1 N HCl 1 ml 

Filtered with 0.2 µm nitrocellulose filter membrane  

Store at 4°C  

Penstrep (10000 U/ml Penicillium and 10000 µg/ml 

streptomycin) 

10 ml 

L-glutamine (200 mM) 10 ml 

 

MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolim Bromide)  

solution 5 mg/ml 

MTT (powder) 50 g 

1X PBS 10 ml 

Dissolve by vortex  

Wrapped with foil and store at 4 °C  

Working 0.5 mg/ml ; 5 mg/ml MTT solution stock 1 ml + 1X PBS 9 ml  

 

Chemical Reagents for Western blot analysis 
 
1.5 M Tris HCl pH 8.8 

Tris base  18.17 g 

dH2O 100 ml 

Adjust pH to 8.8 with conc. HCl  

Autoclave and store at 4°C 
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1.0 M Tris HCl pH6.8 

Tris base  12.19 g 

dH2O  100 ml 

Adjust pH to 6.8 with conc. HCl  

Autoclave and store at 4°C 

 

 

10 % Ammonium persulfate (APS) (W/V) 

APS 0.1 g 

dH2O 1 ml 

Keep in aluminium foil (Dark)  

Fresh before use and store at 4°C  

 

1 N NaOH 

NaOH 40 g 

dH2O 

 

1 L 

1N HCl 

HCl 82.84 ml 

dH2O 917.66 ml 

 

10 % SDS (W/V) 

SDS 100 g 

dH2O 1 L 
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4X SDS loading buffer 

  Final concentration 

100% glycerol  10 ml 40% 

1M Tris HCl pH6.8 5 ml 200 mM 

DTT 1.54 g 400 mM 

SDS  2.0 g 8% 

Beta-mercapto 1.79 g 8% 

Bromophenol blue 0.1 g 0.4% 

dH2O 8.21 ml  

 

Coomassie brilliant blue solution 

  Final concentration 

Coomassie brilliant blue R/G 0.2 g 0.1% 

Methanol (v/v) 400 ml 4% 

Acetic acid (v/v) 100 ml 10% 

dH2O 500 ml 50% 

 

Ponceau S solution  

  Final concentration 

Ponceau S 1 g 0.1 % 

Acetic acid 5 ml 5.0 % 

dH2O 950 ml  

Storage at room temp   
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10X Running Buffer 

Tris base  30.3 g 

Glycine 144.2 g 

SDS 10.0 g 

dH2O 1000 ml 

Autoclave and store at 4°C 

 

 

1x Running buffer  

Tris base  3.03 g 

Glycine 14.42 g 

SDS 1.0 g 

dH2O 1,000 ml 

 

10X Transfer Buffer 

  Final Concentration 

Tris base  30.3 g 12 mM 

Glycine 144.2 g 9.6 mM 

dH2O 1000 ml  

Autoclave and store at 4°C   

 

1X Transfer buffer  

C1V1 =     C2V2 

10X *V1 =     1X *1000ml 

V1 =     100 ml 

  Final concentration 

10X Transfer Buffer 100 ml 1X 

Methanol 200 ml 20 % 

dH2O 700 ml  

Prepare Fresh before use and store at 4°C 
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10X Tris buffer saline (TBS) pH7.6 

Tris base  24.2 g 

NaCl 8.0 g 

dH2O 1000 ml 

Adjust pH to 7.6 with conc. HCl  

Autoclave and store at 4°C 

 

1X TBS 

 

10X TBS pH7.6 100 ml 

dH2O 900 ml 

 

1X TBS-T 

10X TBS pH7.6 100 ml 

dH2O 900 ml 

Tween 20 

 

1 ml 

5% Non-Fat Milk (NFM) in 1X TBS-T 

NFM  5    g 

1 TBS-T 100 ml 

 

1% Non-Fat Milk (NFM) in 1X TBS-T 

NFM  1    g 

1 TBS-T 100 ml 
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Reagents for RNA extraction  

DEPC-H2O (Diethylpyrocarbonate treated water) 

DEPC reagent  1    ml 

dH2O 1,000 ml 

 Starrier in fume hood for 1 h.  

 Sterile by autoclave 

 Storage: Working 4°C, stock -20°C 

 

70% ethanol (volume 200 ml) 

Absolute Ethanol 140 ml 

DEPC-H2O 60 ml 

Total Vol   100 ml 

Mix with autoclaved cylinder  

Storage at 4°C 

 

 

10x TAE 

Tris-base 48.4 g 

Glacial acetic acid 11.42 ml 

0.5 M EDTA, pH 8.0 20 ml 

Total Vol   1,000 ml 

 Adjust volume 1,000 ml with Deionized water (DI) 

 Filter by what-man, Sterile by autoclave, Store at room temp. 

  

0.5x TAE vol 1 L 

C1V1   = C2V2 

10x * V1  =  0.5X * 1,000 ml 

V1   =  (0.5X * 1,000 ml) / 10X  

   = 50ml   
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  Final concentration 

10X TAE 50 ml 1X 

dH2O 950 ml  

Total Vol 1,000 ml  

Store at Room Temperature 
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2. Nittayaboon K, Leetanaporn K, Sangkhathat S, Roytrakul S, 

Navakanitworakul R. Cytotoxic effect of metformin on butyrate-resistant 
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