
Introduction
 Metformin is one of the most commonly used drugs to treat type 2 
diabetes [1]. In recent years, many additional unexpected but effective 
role of metformin were found. Studies showed that that metformin 
exerts a strong effect on numerous cancers [2], cardiovascular disease 
[3], liver diseases [4], renal diseases [5], neurogenerative diseases [6], 
and obesity [7]. Mechanism of action of metformin is trough inhibi-
tion mitochondrial complex I [8], which leads to AMPK activation. 
Mitochondrial complex I is vital to electron transport [9]. As a result, 
the production of Adenosine Triphosphate (ATP) decreases and the 
intracellular concentration of Adenosine Diphosphate (ADP) increas-
es which leads to increase of cellular levels of Adenosine Monophos-
phate (AMP) and consequent activation of AMPK [10].

 A large number of epidemiological studies have suggested that 
metformin may prevent or even suppress cancer development. In  
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vitro and in vivo studies have confirmed that metformin may inhibit 
the proliferation of a variety of tumor cells but the mechanism un-
derlying this has not yet been fully elucidated [11]. However, at the 
present, two pathways are postulated as the major ways in which met-
formin may exerts its anti-tumor effect. The first pathway, the I/IGF 
(insulin and insulin-like growth factor) pathway, may reduce the level 
of I/IGF-1 in the blood circulation, there by inactivating its down-
stream mTOR signaling pathway to inhibit tumor cells proliferation. 
The second pathway, the AMPK signaling pathway may facilitate 
metformin to directly act on tumor cells, upregulate AMPK and in-
hibit downstream mTOR [12].

 It should be noted that I/IGF promote cell mitosis, stimulate cell 
growth and inhibit cell apoptosis, all of which are important functions 
in tumor genesis and development [13]. It has been shown that glyco-
genesis in the liver is reduced indicating that metformin may effective-
ly reduce blood insulin level by increasing the sensitivity of surround-
ing tissue to insulin and inhibiting the intestinal cells from absorbing 
glucose [14]. This suggests that metformin may reduce blood insulin 
levels and cause inactivation of I/IGF signaling pathway to exert its 
anti-tumor effect [15]. In addition, other studies demonstrated that, in 
breast cancer patients without overt diabetes, the use of metformin 
may significantly decrease insulin levels and improve insulin resis-
tance [16]. Another study showed that when mice were exposed to the 
tobacco carcinogen [(4-metylnitrosamino0-1-(3-pridyl)-1-butanon], 
the use of metformin reduced lung tumor burden by up to 53% [17]. 
This mechanistic study revealed that metformin may directly inhibit 
mTOR by activating AMPK in liver tissue and may indirectly inhib-
it mTOR by decreasing activation of insulin receptor/IGF-1 in lung 
tissue. Karrnevi et.al. [18] demonstrated that metformin may inhibit 
IGF-I receptor and activate AMPK in pancreatic cancer cells. Other 
studies observed that the proliferation cells in leukemia, lymphoma, 
prostate, ovarian, colon, endometrial and liver cancer was inhibited 
by metformin through the AMPK/mTOR pathway [19,20].

 Metformin also can exert anti-tumor effect in an AMPK-inde-
pendent mechanism. Ben Sahra et al. [21] reported that metformin 
may inhibit the cell proliferation and induce the cell-cycle arrest of 
prostate cancer cell lines by increasing regulation in development and 
DNA damage response I expression in a p53-dependent manner in the 
absence of AMPK. Kalender et.al. [22] demonstrated that metformin 
may inhibit mTORC1 in a rag GTPase-dependent manner in the ab-
sence of AMPK. Another study has also revealed that metformin may 
induce apoptosis and cell-cycle arrest of melanoma cells [23] in an 
AMPK-independent manner. Taken together, these studies demon-
strated that metformin exert an anti-proliferation function through 
wide range of mechanisms.

Clinical Evidences of Metformin Effect on Cancer

 Biguanides had been used in oncology four decades ago as a met-
abolic rehabilitation in breast, colorectal and gastric cancers patients 
[24]. The therapies with biguanides plus caloric restriction resulted 
in diminishing development and lower incident of tumor metastases 
[25]. Several studies assessed the effect of metformin on metabolic  
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status in cancer patients with and without diabetes. Ut was shown that 
in nondiabetic patients with early stages of breast cancers, metformin 
reduced fasting insulin by 22% and improved several metabolic indi-
ces [26]. Campagnoli et.al. in his studies, showed that routine doses 
of metformin used for treatment of diabetes patients, decreases tes-
tosterone and insulin levels as well as several parameters of insulin 
resistance situation [27]. In another study in nondiabetic with breast 
cancer patients, the metformin therapy resulted not only reduction of 
number of Ki67-positive cancer cells but also changed gene expres-
sion of molecules involved in the mTOR and AMPK pathways [28]. 
Hosono et al. observed that in comparison to the control group, in 
nondiabetic patients, small doses of metformin (250 mg/day) reduced 
colorectal aberrant cryptic foci (which considered as surrogate mark-
er for colorectal cancer) by 40% [29]. Jiralerspong et al. in a study 
with 2,529 breast cancer patients, noticed treatment of patients with 
metformin in with or without diabetes, increased incidence of com-
plete response rates [30]. However, despite of the increased incidence 
of complete response rates, metformin did not significantly improved 
survival rate of the patients. Margel et al. assessed the relation be-
tween duration of metformin therapy after prostate cancer diagnosis 
and mortality of patients with diabetes [31]. The data from 3,837 pa-
tients suggested that the longer duration of metformin therapy after 
diagnosis of prostate cancer was associated with significant decrease 
of not only the risk of cancer specific but also in all cause of mortality.

 Metformin has been also used as adjuvant therapy in cancer pa-
tients, and in the most of the cancer clinical trials of metformin, the 
same typical doses that is used to treat diabetes, used for cancer pa-
tients [32].

 Most of the researches up to now have been done to investigate 
effect of metformin in caner prevention and suppression and the 
molecular mechanism of anti-tumor effect of metformin. However, 
from decades ago we know that immune surveillance is responsible 
for removal of any malignant cell in the body, but this effect of met-
formin has not been elucidated yet. In order to address this issue, this 
research project has been proposed to study involvement of CD8+ T 
cells which have effector role to destroy malignant cells and CD4+, 
CD25+ T cells which suppressor T cell (Treg). in mice bearing col-
orectal cancer treated with metformin as a model for human use of 
metformin.

Conclusion

 The aim of this study is to investigate whether immunological 
mechanism of metformin anti-tumor function exist or not. The focus 
of this study would be on the increase or decrease in the number of 
cytotoxic and regulatory T cells in tumor bearing mice. The hypothe-
sis is that the number of Treg cells (CD4+, CD25+) would be decreased 
while Cytotoxic T cells (CD8+) would be increased. If results demon-
strate a non-null hypothesis then it suggests that using metformin 
would be a beneficial drug to be used for treatment and/or prevention 
of cancer.
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formin, independent of AMPK, inhibits mTORC1 in a rag GTPase-depen-
dent manner. Cell Metab 11: 390-401.

https://doi.org/10.24966/CRTS-310X/100016
https://pubmed.ncbi.nlm.nih.gov/24985407/
https://pubmed.ncbi.nlm.nih.gov/24985407/
https://pubmed.ncbi.nlm.nih.gov/24985407/
https://pubmed.ncbi.nlm.nih.gov/24985407/
https://pubmed.ncbi.nlm.nih.gov/21205121/
https://pubmed.ncbi.nlm.nih.gov/21205121/
https://pubmed.ncbi.nlm.nih.gov/21205121/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4483546/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4483546/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4483546/
https://pubmed.ncbi.nlm.nih.gov/29716795/
https://pubmed.ncbi.nlm.nih.gov/29716795/
https://pubmed.ncbi.nlm.nih.gov/29716795/
https://pubmed.ncbi.nlm.nih.gov/24622756/
https://pubmed.ncbi.nlm.nih.gov/24622756/
https://pubmed.ncbi.nlm.nih.gov/24622756/
https://pubmed.ncbi.nlm.nih.gov/29752759/
https://pubmed.ncbi.nlm.nih.gov/29752759/
https://pubmed.ncbi.nlm.nih.gov/29752759/
https://pubmed.ncbi.nlm.nih.gov/16732470/
https://pubmed.ncbi.nlm.nih.gov/16732470/
https://pubmed.ncbi.nlm.nih.gov/16732470/
https://pubmed.ncbi.nlm.nih.gov/11602624/
https://pubmed.ncbi.nlm.nih.gov/11602624/
https://pubmed.ncbi.nlm.nih.gov/11602624/
https://pubmed.ncbi.nlm.nih.gov/26475449/
https://pubmed.ncbi.nlm.nih.gov/26475449/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5772929/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5772929/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5772929/
https://pubmed.ncbi.nlm.nih.gov/22337149/
https://pubmed.ncbi.nlm.nih.gov/22337149/
https://pubmed.ncbi.nlm.nih.gov/11335776/
https://pubmed.ncbi.nlm.nih.gov/11335776/
https://pubmed.ncbi.nlm.nih.gov/11335776/
https://pubmed.ncbi.nlm.nih.gov/19029956/
https://pubmed.ncbi.nlm.nih.gov/19029956/
https://pubmed.ncbi.nlm.nih.gov/19073504/
https://pubmed.ncbi.nlm.nih.gov/19073504/
https://pubmed.ncbi.nlm.nih.gov/19073504/
https://pubmed.ncbi.nlm.nih.gov/20810672/
https://pubmed.ncbi.nlm.nih.gov/20810672/
https://pubmed.ncbi.nlm.nih.gov/20810672/
https://pubmed.ncbi.nlm.nih.gov/23663483/
https://pubmed.ncbi.nlm.nih.gov/23663483/
https://pubmed.ncbi.nlm.nih.gov/23663483/
https://pubmed.ncbi.nlm.nih.gov/19138981/
https://pubmed.ncbi.nlm.nih.gov/19138981/
https://pubmed.ncbi.nlm.nih.gov/19138981/
https://pubmed.ncbi.nlm.nih.gov/22378068/
https://pubmed.ncbi.nlm.nih.gov/22378068/
https://pubmed.ncbi.nlm.nih.gov/22378068/
https://pubmed.ncbi.nlm.nih.gov/21540236/
https://pubmed.ncbi.nlm.nih.gov/21540236/
https://pubmed.ncbi.nlm.nih.gov/21540236/
https://pubmed.ncbi.nlm.nih.gov/20444419/
https://pubmed.ncbi.nlm.nih.gov/20444419/
https://pubmed.ncbi.nlm.nih.gov/20444419/


Citation: Khansari N (2021) Metformin and Cancer. Int J Case Rep Ther Stud 3: 016.

• Page 3 of 3 •

Int J Case Rep Ther Stud ISSN: 2689-310X, Open Access Journal
DOI: 10.24966/CRTS-310X/100016

Volume 3 • Issue 1 • 100016

23. Janjetovic K, Harhaji-Trajkovic L, Misirkic-Marjanovic M, Vucicevic L, 
Stevanovic D, et al. (2011) In vitro and in vivo anti-melanoma action of 
metformin. Eur J Pharmacol 668: 373-382. 

24. Quinn BJ, Kitagawa H, Memmott RM, et.al. (2013) Repositioning met-
formin for cancer prevention and treatment. Trends Endocrinol Metab 24: 
469-480. 

25. Dilman VM, Berstein LM, Yevtushenko TP, Tsyrlina YV, Ostroumova 
MN, et al. (1988) Preliminary evidence on metabolic rehabilitation of can-
cer patients. Arch Geschwulstforsch 58: 175-183. 

26. Goodwin PJ, Pritchard KI, Ennis M, Clemons M, Graham M, et al. (2008) 
Insulin- lowering effects of metformin in women with early breast cancer. 
Clin Breast Cancer 8: 501-505. 
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