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IF The Bard Of Avon was giving 
this talk today he would re-write 
a well known speech from Julius 
Caesar, Act 3 Scene 2 and say: 

“I COME TO PRAISE 

METFORMIN  

AND NOT TO BURY IT”  

A new play: “A drug for all 
reasons?” 

 



The Tree of Life:  
The Microcirculation 



Metformin 
1. Introduced for use in UK in 1958  > 50 years of clinical knowledge. 

2. Now the “GOLD STANDARD” for the treatment of type 2 diabetes! 
 

1. Estimated 150 million patients currently use metformin worldwide. 
 

1. Cardiovascular (microvascular) protective (UKPDS data). 
 

1. Low risk of hypoglycaemia. 
 

1. No weight gain; modest weight loss. 
 

1. Orally effective, safe and relatively free of side effects. 
 

1. Generic and therefore comparatively inexpensive. 
 

 

1. Meta analysis suggests protective role in cancer. 



Metformin in the drinking water? 



Pharmacotherapy 2015 – 11 classes of drugs 



JAMA 313: June 2015 



Is metformin the magic bullet – or a drug 

that benefits several diseases? 

metformin? 

metabolic re-
programming? 

First clinical use in the United Kingdom in 1958, 

and now >125 million people prescriptions/year 

>3.5 million 

>17 million 

>8 million 



Pleiotropic effects outside of the liver may play an important 
role in contributing to the clinical benefits of metformin 

1o effect 

BUT Kd for complex 1 is 1mM. 

From Kinaan, Ding 
& Triggle, 2015 
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Sites of action of metformin? 

• Mitochondria – concentration-dependent effects. 
 
 

• AMPK – activation would affect multiple cellular pathways ✔ - 
effects are concentration and tissue dependent. 
 
 

• SIRT1 – deacetylase with potential positive effects on 
cardiovascular function ✔ HG lowers SIRT1, reversed by 
metformin. 
 
 

• eNOS – regulation of vascular function ✔ metformin enhances 
ser1177P-eNOS. 
 
 

• mTOR- effects on cell proliferation. 
 
 

• microRNAs – multiple effects ✔ HG=increase 34a, 221, 222; 
decrease 103/107; metformin modulates 34a,221&107, but not 
222 or 103. 
 
 



A/ A direct anti-proliferative 
action? 
 

B/ Indirect as a result of reducing 
insulin resistance? 

 Is the protective effect of metformin 
against cancer: 

 
 



Metformin & Cancer: Is it a 

Paracelsus Effect? 

From Baldrick & Renehan: European J Cancer 2014; 50: 2119-2125. 



AMPKP 

AMPK 

LKB1 
Tumour suppressor a 

serine/threonine kinase 

AMPK ACTIVATION: 

Metformin 

AICAR 

AMP/ATP 

Exercise 

Metabolic stress 

Low glucose 

METFORMIN 

mTOR (Ser15)p53 

AUTOPHAGY 

Cyclin D1 & 

protein synthesis 

and cell arrest 

Complex 1? 

ATP/AMP 

Anti-angiogenic actions? 

Tumour suppression 

 

Tumour dormancy/resistance  ? 

? 

= 

>1mM 



Cancer Research 2011 

Study used 5 mM 
metformin 



Metformin & Autophagy 

Autophagy, a catabolic process involving 
protein/organelle degradation and autophagosomes / 
lysosomes, serves a dual role in cancer: 
 

1. a tumour suppressor mechanism that prevents the 
accumulation of damaged proteins and organelles. 
 

2. a mechanism of cell survival that promotes the 
growth of established tumors - tumour cells activate 
autophagy in response to cellular stress and/or 
increased metabolic demands and enable cell survival. 
 

3. Metformin can promote or inhibit autophagy via 
AMPK-dependent and –independent mechanisms.  



Metformin & glucose starvation (GS)  
-induced ER Stress 

GS-induced ER stress 
that involves 
enhanced GRP78, a 
major ER chaperone 
with anti-apoptotic 
properties that also 
controls the 
activation of 
transmembrane ER 
stress sensors 
)(including ATF4), is 
suppressed by 2 
mM, but not 50 μM, 
metformin. 
Metformin also 
suppresses the pro-
apoptotic protein, 
CHOP 

Samuel & Triggle 
unpublished 



Metformin & GS-induced autophagy 

Upon induction 
of autophagy, 
the exposed 
glycine of LC3-I 
(microtubule-
associated 
protein) is 
conjugated by 
autophagy-
related proteins 
(such as Atg7) to 
generate LC3-II 

Samuel & Triggle 
unpublished 



Glucose starvation & metformin on SIRT1 and 
anti-angiogenic thrombospondin1 (TSP1) 

2mM 
metformin 
decreases 
SIRT1 

2mM 
metformin 
enhances 
TSP1 

Samuel & 
Triggle 
unpublished 



Q1/ How does metformin 
enter/leave cells? 

 
Q2/ Is there an altered expression 
of transporters for metformin in 

disease states?  



FACILITATED DIFFUSION: 
 
SLC29A4 = PMAT 
 
SLC22A1 = OCT1 
 
SLC22A2 = OCT2 
 
SLC22A3 = OCT3 
 
EXTRUSION: 
 
SLC47A1 = MATE1 
 
SLC47A2 = MATE2 
 
 

Gong Li, Goswami Srijib, Giacomini Kathleen M, Altman Russ B, Klein Teri E. "Metformin 
pathways: pharmacokinetics and pharmacodynamics" Pharmacogenetics and genomics (2012). 



Tissue Distribution of CationTransporters 
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Comparison  between the expression levels of OCT1/OCT2/OCT3 and MATE1 in HUVECs treated 
with NG/HG/HG+ Metformin 50micromolar (normalized with beta-actin) 
OCT1/2 and 3 were amplified between 33-37 cycles which shows low expression of these genes; 
MATE1 was amplified between 27-29 cycles and shows a moderate expression in HUVECs. 
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Upadhyay, Triggle, Ding - unpublished 



* 

“t-Test” P value < 0.05 

* 

“t-Test” P value < 0.05 

PMAT gene expression in endothelial cells (HUVECs) vs. breast cancer cells 

(MCF7)  cultured for 7 days and treated with normal (5.5mM)/high (33 mM) 

glucose media (N=5) 
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Note: No increase in OCT2; No change in MATE1 
(extrusion); OCT3 not expressed in MCF7 cells 

Exposure to High Glucose increases expression of 
PMAT transporter in MCF7 but not HUVEC  

Upadhyay, Triggle, Ding - unpublished 



OCT1 gene expression in endothelial cells (HUVECs) vs. breast 

cancer cells (MCF7)  cultured for 7 days and treated with 

metformin low dosage (50μM)/ high dosage (2mM) (N=5) 
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“t-Test” P value < 0.05 

* 

Conclusion: Exposure to 2 mM metformin increases expression of 
OCT1 in breast cancer, but not HUVECs 

Upadhyay, Triggle, Ding - unpublished 



Summary 

• High concentration of metformin, 2mM, (but not 50 
μM) inhibits GS-induced autophagy and lowers 
SIRT1. 
 

• High glucose and metformin enhance expression of 
cation transporters, but not extrusion (MATE1) 
transporter in cancer cell lines. 
 

• Data suggestive that metformin might accumulate in 
cancer cells, but a high concentration is required to 
promote apoptosis. 



Hyperglycaemic [40mM], dyslipidaemic,  
obese, insulin resistance & 
hyperinsulinaemic. 

dbdb mouse  

Leptin  
receptor  
deficient 

Mouse Models 

Hyperglycaemic, hyperlipidaemic 

& hyperinsulinaemic 

 

 

Tally Ho 

Polygenic  

mutations 

ob ob 

Transient hyperglycaemia  

More obese than db (76 vs. 47 g).  

Lipid profiles : 128 vs. 83 (TG - mg/dl). 



Glucose / sirtuin-1 / peNOS /metformin in 

mouse endothelial cells in culture 

50 μM metformin reverses effects   

of HG on peNOS/eNOS ratio 



miR34a increased in HG & reduced by 

metformin 

★ Mean ± S.E.M of miR-34a expression normalized to U6 small nuclear RNA 

as an endogenous control  

★ 



miR34a inhibitor mimics metformin 

Data with metformin similar for miR221 & 107 (107 decreased in HG), BUT not the effects of 

HG on the expression of miR-222 (increased in HG) and miR-103 (103 decreased in HG)  



Conclusions 

• Multiple targets for metformin, but 
concentration dependent (50 μM raises SIRTI, 
2mM lowers SIRT1). 

• Metformin enhances transporter expression in 
cancer cell line – significance?  

• Therapeutic levels modulate eNOS and SIRT1 
function (vascular protective). 

• Direct “anti-cancer” effects of metformin not 
proven. 
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