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Metformin

Colorectal Cancer

● Antidiabetic drug, first-line treatment of T2D

● Mechanism: alternation of the energy metabolism in cells

● More and more studies illustrate its anti-cancer effects

● highly prevalent, second leading cause of cancer death

● Chemotherapy is one of the established first-line treatment 

● Chemotherapeutic agents now, like 5-FU, still have side- 

-effects, including toxic effects, chemoresistance. 



Literature Review
● Chen, K., Qian, W., Jiang, Z., Cheng, L., Li, J., Sun, L., … Ma, Q. (2017). 

Metformin suppresses cancer initiation and progression in genetic mouse 
models of pancreatic cancer. Molecular Cancer, 16(1), 131–131. 

● Evans, J. M., Donnelly, L. A., Emslie-Smith, A. M., Alessi, D. R., & Morris, A. D. 
(2005). Metformin and reduced risk of cancer in diabetic patients. BMJ 
(Clinical research ed.), 330(7503), 1304–1305. 

● Jang, J.-H., Song, I.-H., Sung, E.-G., Lee, T.-J., & Kim, J.-Y. (2018). 
Metformin-induced apoptosis facilitates degradation of the cellular caspase 
8 (FLICE)-like inhibitory protein through a caspase-dependent pathway in 
human renal cell carcinoma A498 cells. Oncology Letters, 16(2), 
2030–2038. 

● Zordoky, B. N. ., Bark, D., Soltys, C. L., Sung, M. M., & Dyck, J. R. . (2014). The 
anti-proliferative effect of metformin in triple-negative MDA-MB-231 
breast cancer cells is highly dependent on glucose concentration: 
Implications for cancer therapy and prevention. Biochimica et Biophysica 
Acta. General Subjects, 1840(6), 1943–1957.
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The primary objective of this project is to investigate the apoptotic effects 
of metformin on HT-29 cells  so as to assess its anti-cancer potential.

Objectives

MTS assay

Cell morphology

Flow cytometry

Synergistic groups

Effective time & concentrations

Morphological alteration 

Cell death

Potential as adjuvant
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Cell Culture

MTS assay

Cell line:
HT-29 cell line 

CAL-1 cell line 

Culture medium: 
RPMI 1640 medium

Drugs:
Metformin 

5-FU

Cell density: 
Trypan blue exclusion test

96-well plate; to exam cell viability 

Time- & Dose-dependent

Absorbance (492 nm; ref. 620 nm)

Cell subculture:
Perform regularly

Environment:
37˚C, 5% CO2



Cell morphologyTime: 48 & 72 h

Concentrations: 
10 mM - metformin, 

50 μM - 5-FU

Flow cytometry

Inverted Microscope
to exam morphological alteration 

Capture the image

6-well plate, cell seeding and harvest

Annexin V-FITC & PI Apoptosis Detection Kit
to exam different types of cell death

excited at 488 nm; emitted at 500-560 nm for 

Annexin V-FITC and at >670 nm for PI
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Results of wide range of metformin concentrations, 24 h 

The cytotoxic effect of metformin to normal cell line is too 
severe when the concentration is larger than 10 mM. 

IC50 value 
of HT-29 
cell: 25 mM



Time- & Dose-Dependent Impact of Metformin on 
HT-29 Cell Viability

48 h group



Time- & Dose-Dependent Impact of Metformin on 
HT-29 Cell Viability

72 h group



Metformin-Induced Morphological Alterations 
in HT-29 Cells

48 h: 

72 h: Blank Metformin (10mM) 5-FU (50μM)



Metformin-Induced Cell Death in HT-29 Cells

HT-29 cell, 72 h incubation: 

Blank Metformin (10mM) 5-FU (50μM)



Metformin-Induced Cell Death in HT-29 Cells

CAL-1 cell, 72 h incubation: 

Blank Metformin (10mM) 5-FU (50μM)



Synergistic Anti-Cancer Effects of Metformin and 
5-FU in HT-29 Cells

Metformin has a significant 
synergistic effect with low 

concentrations of 5-FU (0 - 25 

μM) on HT-29 cells (p < 0.05).
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Metformin does not have a significantly 
the apoptotic effects on HT-29 cells

Activate AMPK pathway → 
suppress cancer cell, inhibit cancer 
cell proliferation (e.g. cyclin D1), 
decrease cell viability observed

Increase ROS, suppress mTOR pathway→ 
oxidative stress and mitochondrial 
depolarization, may cause necrosis

Metformin still possesses excellent anti-cancer effects.



Limitation

● May not accord with the complex in vivo environment 

● Other cancer and normal cell lines are required to get a full image

● Apoptosis assay needs to be performed for synergetic group 

● Further molecular mechanism study is required 

Good time management and experiment 
design are crucial for lab research! 

Some technical issues are also encountered during experiment. 



Conclusion

06

HUANG Zechao 56642581



● Metformin does not significantly induce the apoptosis of HT-29 cells

● Metformin still possesses excellent anti-cancer effects
○ limit cell viability 

○ cause morphological changes

○ induce cancer cell necrosis

○ strong synergy with 5-FU 

○ less cytotoxic to normal cells

● Further study can focus on the mechanisms, adjuvant drug, and 

clinical trials in vivo. 

Conclusion
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Information of 
HT-29 cell line



MTS assay



Results of wide range of metformin concentrations, 24 h 

The cytotoxic effect of metformin to normal cell line is too 
severe when the concentration is larger than 10 mM. 

IC50 value 
of HT-29 
cell: 25 mM



Determination of effective cell density 

7.5 mM 3.75 mM 1.875 mM 0

1 x 10^4 cells/well 0.5545 0.5945 0.5905 0.6985

79.38% 85.11% 84.54% 100%

5 x 10^3 cells/well 0.456 0.576 0.5257 0.769

59.30% 74.90% 68.60% 100%

2.5 x 10^3 cells/ well 0.2725 0.155 0.342 0.322

84.63% 48.14% 106.21% 100%

1.25 x 10^3 cells/well 0.1455 0.116 0.154 0.159

91.51% 72.96% 96.86% 100%



Results of wide range of metformin concentrations, 24 h 



Time- & Dose-Dependent Impact of Metformin on 
HT-29 Cell Viability

24 h group



Consistency of 5-FU treatment with previous studies 

Tawfik et al. (2017)



Synergistic group, 48 h



Metformin-Induced Cell Death in HT-29 Cells

HT-29 cell, 48 h incubation: 

Blank Metformin (10mM) 5-FU (50μM)



Metformin-Induced Cell Death in HT-29 Cells

CAL-1 cell, 48 h incubation: 

Blank Metformin (10mM) 5-FU (50μM)



Metformin-Induced Cell Death in HT-29 Cells

HT-29 cell, 48 h incubation: 

Blank Metformin (10mM) 5-FU (50μM)



Metformin-Induced Cell Death in HT-29 Cells

CAL-1 cell, 48 h incubation: 

Blank Metformin (10mM) 5-FU (50μM)




