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Abstract
Introduction: Metformin is a widely used drug in treating type 2 diabetes and insulin resistance and nowadays scientists are search-
ing for new potential and multiple roles in prevention and treatment of carcinogenic processes.
Aim of the study: The aim of the study was to compare the impact of normoglycemia and hyperglycemia with doses of metformin 
on vivacity and proliferation of cancer cell lines (MCF-7, MCF-7/DX, A549, CCRF/CEM, THP-1, NHDF).
Material and methods: We designed our experiment using raising glucose environment (40 mM, 100 mM, 150 mM, 300 mM) and 
we added increasing concentrations of metformin (5 mM, 10 mM, 20 mM, 30 mM). We incubated cells for 24 h, 48 h, 72 h, 96 h. 
In order to measure of viability of cancer cells we use MTT assay – a typical test to mark cytotoxic effects of tested substances.
Results: Analysis indicated that populations of cancer cells in our terms was lowering, the incubation of 24 h and 48 h showed favor-
able results than 72 h and 96 h. In normoglycemic environment (glucose level about 100 mM) and after added metformin in various 
concentrations we observed decreasing percentage of vivid cells for all cancer cell lines (MCF-7, MCF-7/DX, A549, CCRF/CEM, THP-1).
Conclusions: The results of our study showed beneficial effects of metformin on decreasing proliferation of cancer cells. Percentage 
of vivid populations were lowering and we confirmed anti-cancer effect of this drug.
Key words: 
cancer cell lines, cell culture, growth, metformin, proliferation.

Streszczenie
Wprowadzenie: Metformina jest lekiem szeroko stosowanym w leczeniu cukrzycy typu 2 i insulinooporności, a naukowcy koncen-
trują się obecnie na poszukiwaniu nowych możliwości i wielu ról w profilaktyce i leczeniu procesów nowotworowych.
Cel pracy: Porównanie wpływu normoglikemii i hiperglikemii z dawkami metforminy na żywotność i proliferację linii komórek nowo-
tworowych (MCF-7, MCF-7/DX, A549, CCRF/CEM, THP-1, NHDF).
Materiały i metody: Eksperyment wykonano z użyciem roztworów glukozy (o stężeniach 40 mM, 100 mM, 150 mM, 300 mM) 
i dodano zwiększające się stężenia metforminy (5 mM, 10 mM, 20 mM, 30 mM). Inkubowano komórki przez 24 godziny, 48 godzin, 
72 godziny i 96 godzin. W celu pomiaru żywotności komórek nowotworowych wykorzystano test MTT – typowy test do oznaczania 
cytotoksycznego wpływu badanej substancji.
Wyniki: Analiza wykazała, że populacje komórek nowotworowych uległy zmniejszeniu, inkubacja 24- i 48-godzinna wykazała ko-
rzystniejsze wyniki niż trwająca 72 godziny i 96 godzin. W środowisku normoglikemicznym (stężenie glukozy 100 mM) po dodaniu 
metforminy w różnych stężeniach zaobserwowano malejący odsetek żywych komórek wszystkich linii nowotworowych (MCF-7, 
MCF-7/DX, A549, CCRF/CEM, THP-1).
Wnioski: Wyniki badania wykazały korzystny wpływ metforminy na zmniejszenie proliferacji użytych komórek nowotworowych. Od-
setek żywych komórek w populacji się zmniejszał, potwierdzono również działanie antynowotworowe metforminy w eksperymencie.
Słowa kluczowe: 
linie komórek nowotworowych, hodowla komórek, wzrost, metformina, proliferacja.
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Introduction 

Nowadays one of the most popular metabolic diseases is 
diabetes mellitus. It’s characterized by hyperglycemia, which 
can lead to serious damage to the internal organs, like kidneys, 
heart and blood vessels. 

The most common is type 1 and type 2 diabetes, usually 
in adults (Fig. 1) [1]. In 2020 the World Health Organization in-
formed that about 422 million people worldwide have diabetes 
and 1.6 million deaths are directly connected to diabetes each 
year. Unfortunately the number of cases and the prevalence 
of diabetes have been increasing over the last years [2]. It is 
estimated that globally diabetes people will reach 439 million 
in 2030 [2].

Diabetes mellitus is called one of the civilization diseases. 
In this way we define illness linked with the way people live. 
Next to hypertension and cancer it is one of the next causes of 
death in Poland. It’s mainly influenced by serious complications 
that develop as a  result of this disease. The Polish National 
Cancer Registry reports an increasing number of patients each 
year (150,000 average/per year) [3]. It is estimated that about 
20% of cancer patients have co-existing disorders of glucose 
metabolism [4]. The promoting type is hyperglycemia [5]. It 
has been recognized that it plays an important role in cancer 
progression. Hyperglycemia may be also connected with ma-
lignant phenotype of cancer cells and cause develop drug re-
sistance [6, 7], but these processes are difficult to define.

Breast cancer is also an epidemiological problem. The in-
cidence of this one is increasing almost everywhere through-
out the world, at any latitude. Only in 2018 new cancer cases 
reached 2 millions (23% of all cancers) and ranked second 
overall (10.9% of all cancers) [8]. Definitely breast cancer is 
a multifactorial disease [9]. It can be due to unhealthy lifestyles, 
obesity after menopause, use of hormone replacement therapy 

or physical inactivity [10]. The potential of an increased risk 
of breast cancer for diabetic women has been the subject of 
a great deal of recent research. One of the potential mecha-
nisms could be connected with hyperinsulinemia, which is 
a marker of type 2 diabetes [2]. Insulin is a growth-promoting 
hormone. The mitogenic effects are in normal and malignant 
breast tissues [4]. Hyperinsulinemia can also be joint with the 
insulin growth factor 1 (IGF-1) that could be involved in breast 
cancer [11, 12]. Another reason may be linked in hyperglyce-
mia and the Warburg effect. In this mechanism carcinoma cells 
produce energy by a higher rate of cytosol glycolysis than by 
the oxygen-dependent mitochondrial Krebs cycle (Fig. 2) [5].

Human lung cancer is the next common malignancy in pa-
tients around the world. It causes increased deaths among the 
men and women [13]. This cancer is divided into non-small cell 
carcinoma (NSCC), about 85% all positive diagnosis, and small 
cell carcinoma (SCLC), 20% of the cases [14, 15]. The co-oc-
curring metabolic disorders are negative prognostic factors in 
non-small cell lung cancer (NSCLC) [15]. Among patients with 
lung cancer, comorbidity diseases caused by diabetes mellitus 
contribute to diminished long-term survival [16]. Some stud-
ies with lung cancer patients prove that insulin resistance and 
hyperinsulinemia, which are characteristic for type 2 diabetes, 
could activate IGF-1 receptor signal pathway [17]. It plays 
a main role in cell growth, differentiation and metastasis [18]. 
Evidence shows that also increased serum hemoglobin A1c, 
C-peptide, and IGF-1 levels are significantly correlated with the 
carcinogenic processes of lung tissues [14, 19].

Among all types of blood malignancies acute lymphoblas-
tic leukemia (ALL) and acute myeloid leukemia (AML) are the 
most common. The first one-ALL is a  distinctive subtype di-
agnosed in children [20]. Estimated half of children who are 
treated for ALL develop treatment-related medical conditions 
in their lifetime, one of them may be diabetes mellitus [21]. 

Figure 1. Classification types of diabetes Figure 2. The Warburg effect
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Typical adult diseases is AML. The reasons for acute leukemia 
causes are unknown. The studies showed that viruses, ionizing 
radiation, smoking or solvents have been implicated [22]. One 
of the possibilitation is insulin therapy which causes leukemia 
directly through growth-promotion effects on normal and can-
cer cells [23]. Although unlikely, that the high glucose level and 
metabolic disorders might trigger leukemia, but they are linked 
with progressing carcinogenic processes strongly. 

Metformin (1,1-dimethylbiguanide hydrochloride) is a wide-
ly used drug in treating type 2 diabetes and insulin resistance 
(Fig. 3) [24]. It reduces gluconeogenesis by signaling adenos-
ine monophosphate activated kinase (AMPK). Finally glucose 
is uptakes in muscle cells, which results in lower glucose and 
insulin levels. In addition, metformin is a cheap drug and not 
very harmful or causes minimal side effects [25]. Lowering in-
sulin and IGF-1 levels could be important to stimulate cancer 
growth [26]. In the last decade, it has been realized that met-
formin may be linked with modification of cancer cells and their 
metabolic processes. Nowadays we observe that scientists 
search potential and multiple roles of metformin in prevention 
and treatment of carcinogenic processes.

The aim of the study was to compare the impact of nor-
moglycemia and hyperglycemia with doses of metformin on vi-
vacity and proliferation of cancer cells line. We growed cells of 
normal human dermal fibroblasts (NHDF), human breast can-
cer (MCF-7 and doxorubicin-resistant MCF-7/DX), human lung 
adenocarcinoma (A549), acute human lymphoblastic leukemia 
CCRF/CEM, monocytic human leukemia THP-1 and analysed 
the potential cytotoxic or therapeutic effect of metformin.

Material and methods

Cell lines
In study we used 5 different cell lines: normal human dermal 

fibroblasts NHDF, human acute lymphoblastic leukemia acute 
line CCRF/CEM (ATCC: CCL-119; suspension cell line), mono-
cytic human leukemia cell line THP-1 (cell suspension line), 
human lung adenocarcinoma cell line A549 (ATCC: CCL-185; 
adherent cell line), breast cancer cell line MCF-7 (adherent cell 
line) and breast cancer doxorubicin-resistant cell line MCF-7/DX 
(adherent cell line). NHDF call line was used as a benchmark 
to compare the effects of added metformin concentrations on 
normal and cancer cells. All cell lines were obtained from the 
European Collection of Authentified Cell Cultures (ECACC).

Cells were maintained at 37°C, in an incubator humid at-
mosphere 5% CO2 and full culture medium. They were pas-
saged in accordance with the generally accepted procedure. 
To neutralize the influence of trypsin – EDTA adherent cells were 
suspend in Eagle’s Minimum Essential Medium (MEM). Cells 
in suspension were taken from Falcon tubes and centrifuged 
under conditions of 1000 g for 10 minutes. Finally they were 
resuspended in complete medium.

All cells were seeded in 96-well plates, precisely 10 000 cells/
per well. The culture medium was used in consistent with rec-
ommendation for a given cell type. The CCRF/CEM and THP-1 

cell lines were cultured in RPMI 1640 medium supplemented 
with 10% fetal bovine serum (FBS), 200 mM L-glutamine, 
10,000 units/ml penicillin and 10 mg/ml streptomycin. For A549, 
MCF-7 and MCF-7/DX cell lines was used minimal Eagle Me-
dium (MEM) with supplements as above. Human dermal fibro-
blast cells were prepared in DMEM medium supplemented with 
10% bovine serum.

Methods
To investigate whether concentrations of glucose and met-

formin could affect on proliferation of cancer cells, we treated 
them with increasing intensity of glucose solution – 40 mM, 
100 mM, 150 mM and 300 mM which match for level of blood 
glucose healthy or diabetic patients. These values correspond 
to the hypoglycemia (40 mM), normoglycemia (100 mM) and 
hyperglycemia (150 mM and 300 mM), which occur in diabe-
tes. Metformin is a widely used drug in this disease so we used 
it in volume 10 ul per well concentrations: 5 mM, 10 mM, 20 mM 
and 30 mM. Molecule of this drug was synthesized at the De-
partment of Drugs Form Technology of the Faculty of Pharmacy 
Wroclaw Medical University. Glucose and metformin solutions 
were prepared in controlled scientific and technical habitat and 
with appropriate equipment. Cell lines were incubated for 24, 
48, 72 and 96 hours and then harvested. Experiment was in 
3 independent repetitions for each concentration of mentioned 
solutions. The MTT assay was according to the protocol [27].

MTT assay
To measure the metformin effect on the metabolic activity of 

cells we choose MTT assay – the most widely used method to 
analyze cell proliferation and viability. This test measures the re-
duction of a yellow tetrazolium salt (3-(4,5-dimethyl-2-thiazolyl)-
2,5-diphenyl-2H-tetrazolium bromide (MTT)) into insoluble 
formazan by the mitochondrial enzymes [28]. Only when the 
membrane is permanently damaged and continuity this struc-
ture is lost (what is the consequence of cell destroyed) the 
dye penetrates into their interiors, enzymes are activated and 

Figure 3. Chemical structures of metformin
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formazan is produced [29]. In the next step insoluble crystals 
are dissolved by DMSO or isopropanol and the intensity of color 
is measured. The amount of it produced is proportional to the 
number of dead cells. Through this assay it is possible to con-
firm the cytotoxic effect of the tested compound, when more 

than 30% of the cell population are lifeless. The final colored 
product is measured quantitatively – spectrophotometric mea-
surement at a wavelength of 570 nm using a Varioskan LUX.

Statistical analysis
Statistical significance of the results was calculated using 

program STATISTICA Enterprise QC. As statistically significant 
we considered reported value p < 0.05.

Results

The overall study consisted of 6 cell lines: NHDF, CCRF/
CEM, THP-1, A549, MCF-7 and MCF-7/DX. They were grown in 
different concentrations of glucose and metformin. At first we 
evaluated correlation between the time of incubation and re-
sults. The incubation of 24 h and 48 h showed favorable results 
than 72 h and 96 h (Fig. 4). The results from these incubation 
intervals were not assessed in this publication because of sta-
tistically insignificant results after 3 replications.

The Normoglycemic environment (glucose level about 
100 mM) had a favorable effect on the proliferation of all cells 
in the experiment. It provided them the optimal niche for growth 
(Fig. 5; 24 h time incubation for all cell lines). At the rising glu-
cose concentrations until to 300 mM we observed an increas-
ing percentage of dead cells.

Figure 5. Effect concentrations of glucose (axis horizontal) and metformin (signed in color in legend) on the living cells in 24 h and 
48 h incubation. The results were compared to the control level. Level of 1.0 indicated 100% of vivid cells 

Figure 4. Impact of time incubation on level of vivid cells (cell 
lines signed in color) compared to the control level (1.0–100%). 
Results for concentration glucose 100 mM and metformin 10 mM
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Figure 5. Effect concentrations of glucose (axis horizontal) and metformin (signed in color in legend) on the living cells in 24 h and 
48 h incubation. The results were compared to the control level. Level of 1.0 indicated 100% of vivid cells (continued)
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According to the study conducted on two different cell lines: 
model of normal cells NHDF and cancer population. After 24 h 
incubation normal human dermal fibroblasts (NHDF) in hypo-
glycemic and normoglycemic environments were proliferated 
and their growth was softly accelerated after we added metfor-
min. In concentration 10 mM population increased about 5.6% 
compared to control level without metformin. It means that the 
population of vivid cells was 105.6% in relation 100% at the be-
ginning (before adding metformin). For 20 mM it was growth 
on the level 4.6% mM. For 30 mM metformin concentration we 
observed stopping proliferation. Glucose concentration on level 
150 mM and 300 mM led to strong dropping the population of 
vivid cells. After 24 h and 48 h we noticed on average only 26.7% 
of them as against 100% at the start (Fig. 5; NHDF 24 h, 48 h). 

After 24 h incubation of tested metformin with acute lym-
phoblastic leukemia cells (CCRF/CEM), we observed that all 
concentrations caused an decrease in cells activity compared 
to the control. At first we analyzed glucose level 100 mM. Met-
formin exerted a strong effect, in dose 5 mM population of living 
cells was about 84.5%, in 10 mM 64.9%, in 20 mM 64.2% and 
in 30 mM 48.8%. In this case, the reference point was start of 
incubation, when 100% cells were alive. We confirmed the cyto-
toxic effect- because more than 30% of cells were dead. During 
longer incubation – 48 h the influence of metformin was softly 
and we did not notice results as good as in 24 h time. (Fig. 5; 
CCRF/CEM 24 h, 48 h; Fig. 5; CCRF/CEM 24 h, 48 h).

Regarding the effectiveness of metformin after adding it 
to monocytic human leukemia (THP-1) we stated that the per-
centage of dead cells were strengthened after 48 h compared 
to 24 h incubation. These results are clearly demonstrated in 
Fig. 5. For lines THP-1. For example, in environment of 30 mM 
metformin and 100 mM of glucose only 67.4% of cells were still 
alive (32.6% has been dead after 24 h). Similarly after 48 h in 
30 mM of metformin and 300 mM of glucose we had 50.1% vivid 
cells compared to control level without metformin (100% vivid).

For breast cancer cells (MCF-7) we noticed that 48 h time 
incubation is more effective than 24 h in terms of decreasing 
cancer cells population (Fig. 5; MCF-7). Whereas for breast 
cancer doxorubicin-resistant cells (MCF-7/DX) the number of 
vivid ones decreased in 24 h and 48 h time incubation in the 
same way. We analyzed concentration 10 mM of metformin: 
after 24 h in habitat 100 mM glucose we measured 92,3% vivid 
cells in the population and in 150 mM accordingly 70.4%. To 
compare after 48 h in the same conditions (10 mM metformin) 
the number of alive cells was 69.6% (100 mM glucose), 47.7% 
(150 mM glucose). The longer time of incubation had better 
cytotoxic effect in this case (Fig. 5; MCF-7, MCF-7/DX).

Human lung adenocarcinoma cell line A549 showed favorable 
results after 48 h from added metformin than 24 h. We analyzed 
cases of 150 mM glucose with metformin doses equal to 5 mM, 
10 mM and 20 mM. After 24 h the number of active cells was: for 
metformin 5 mM – 94.5%, 10 mM – 65.4% and 20 mM – 71.8%. 
The population was decreasing, which means that we significantly 
reduced the number of cancer cells. After 48 h we had for metfor-
min 5 mM – 74.1%, 10 mM – 62% and 20 mM – 60% vivid ones 
compared to beginning, where it was 100% (Fig. 5; A549).

Discussion

In our study we try to determine impact metformin and hy-
perglycemia on cancer cells. We also compared these effects 
on normal human dermal fibroblasts to confirm that metformin 
is safe on body cells. Metformin is a well-known natural com-
pound extracted from the plant French lilac. We know mecha-
nisms and action of metformin therapy in patients with hyper-
glycemia. It reduces glucose levels through activation of the 
AMP-activated protein kinase (AMPK) pathway and inhibition of 
hepatic gluconeogenesis [30]. At the molecular level, metformin 
inhibits the mitochondrial respiratory chain in the liver, leading to 
activation of AMPK, enhancing insulin sensitivity (via effects on 
fat metabolism) and lowering cAMP, thus reducing the expres-
sion of gluconeogenic enzymes [31]. In cancer it is important 
mechanism because metformin-activates AMPK activity in tu-
mor cells has a direct impact of decreasing protein and lipid 
synthesis (via dysregulation of the mTORC1 signaling pathway). 
It is the reason of their lowering growth and proliferation [30, 32].

From several studies, it is known that metformin improves 
the prognosis among others in patients with breast cancer and 
diabetes. Overall, the results suggest in patients with HER2-
positive, HR-positive breast cancer and diabetes mellitus that 
treatment with metformin may improve the survival outcomes 
associated with diabetes mellitus and taking insulin [33–35]. 

In our study we noticed that metformin inhibited the growth, 
proliferation and multiplying potential of the breast cancer cells 
line. The populations of them are decreasing and the same re-
sults were confirmed by other researchers [36, 37]. It is caused 
by cellular mechanisms that are characteristic of neoplastic 
processes which can be weakened by blocking the pathways 
of excessive proliferation [38, 39]. This means that our results 
are in line with others, and metformin has proven an effect on 
cancer cells.

Among many factors important to our results was also the 
selection of the concentration of substances. A glucose level of 
300 mM was toxic on every of the cell populations. It is a fact 
that in this environment any cell can not survive. Another impor-
tant factor which indirectly influences the cellular response are 
oncogenic mutations, typical of cancer cells. 

Fortunately, the potential of metformin in treatment of hypo- 
glycemia and in cancer diseases is still a  subject of discus-
sions and research.

According to the information cumulation in the EU Clinical 
Trials Register and on the website clinicaltrials.gov the number 
of completed or not yet clinical trials for metformin and cancer 
is over 235. The authors suggest that promising results may be 
focused in nondiabetic patients also. Many tests are still ongo-
ing. Sufficient data from studies on cancer cell lines and animal 
models suggest that metformin exerts its antineoplastic effect 
when is used in mix with other agents, especially natural-de-
rived and anticancer drugs [40–42]. That’s why it’s important to 
published information on the outcomes of experiments or treat-
ment in groups of patient who takes metformin and anti-cancer 
drugs in one time. Results of our study responds to this need 
and provides a new look on world therapeutic models in cancer.
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We suggest that further research may focus on correlation 
between time and doses of metformin to contain the most posi-
tive therapeutic effects. In this case, it is important to design 
and select tests to understand the mechanisms that appear 
in cells. We consider the next step of this study – impact of 
combination metformin and cytotoxic drugs used in cancer 
treatment. 

Conclusions

In conclusions, the metformin has shown that as the first-
line anti-diabetic drug could be a new chance to reduce mech-

anisms of cancer growth. For all tested cancer lines was ob-
served positive impact of metformin and lowering proliferation 
of cells. Our study in preliminary way noticed promising results 
for monocytic human leukemia cell line (THP-1), human acute 
lymphoblastic leukemia acute line (CCRF/CEM), human lung 
adenocarcinoma cell line (A549), breast cancer cell line (MCF-7)  
and breast cancer doxorubicin-resistant cell line (MCF-7/DX) 
like other researchers. According to our results metformin is 
a promising molecule for further research in the context of the 
antineoplastic activity. It will be important to involve and recog-
nize details of these dependencies. We expect that metformin 
will join to the group of drugs with unique mechanisms of two-
way action. It could be a new field of anticancer drugs. 

References

1.	Website of American Diabetes Association about Diabetes Care 
(Classification and Diagnosis of Diabetes: Standards of Medical 
Care in Diabetes 2019 Diabetes Care 2019; 42 (Suppl. 1).

2.	Website of World Health Organization about Diabetes https://www.
who.int/health-topics/diabetes#tab=tab_1 (as at 25.07.2020).

3.	Website of The National Cancer Registry in Poland, Statistics on 
cancer incidence http://onkologia.org.pl/nowotwory-zlosliwe-ogo-
lem-2/ (as at 25.07.2020).

4.	Boyle P, Boniol M, Koechlin A, et al. Diabetes and breast cancer risk: 
a meta-analysis. Br J Cancer 2012; 107: 1608–1617. doi: 10.1016/j.
breastdis.2013.04.038

5.	Duan W, Shen X, Lei J, et al. Hyperglycemia, a neglected factor 
during cancer progression. Biomed Res Int 2014; 2014: 461917. 
doi: 10.1155/2014/461917

6.	Li W, Zhang X, Sang H, et al. Effects of hyperglycemia on the pro-
gression of tumor diseases. J Exp Clin Cancer Res 2019; 38: 327. 
doi: 10.1186/s13046-019-1309-6

7.	Maaike C, Gerarda D, der Velden L, et al. Impact of hyperglyce-
mia on the efficacy of chemotherapy – a systematic review of pre-
clinical studies. Crit Rev Oncol Hematol 2017; 113: 235–241. doi: 
10.1016/j.critrevonc.2017.03.007

8.	Zoubida Z, Hussain A. The worldwide female breast cancer inci-
dence and survival. AACR; 79 (13 Suppl): 4191. 

9.	Zendehdel M, Niakan B, Keshtkar A, et al. Subtypes of Benign 
Breast Disease as a Risk Factor for Breast Cancer: A Systematic 
Review and Meta-Analysis Protocol. Iran J Med Sci 2018; 43: 1–8. 
doi: https://doi.org/10.3389/fmed.2019.00166

10.	Ghoncheh M, Pournamdar Z, Salehiniya H. Incidence and Mortal-
ity and Epidemiology of Breast Cancer in the World. Asian Pac  
J Cancer Prev 2016; 17 (S3): 43–46. doi: 10.7314/apjcp.2016.17.
s3.43

11.	Novosyadlyy R, Lann DE, Vijayakumar A, et al. Insulin mediated ac-
celeration of breast cancer development and progression in a non-
obese model of type 2 diabetes. Cancer Res 2010; 70: 741–751. 
doi: 10.1158/0008-5472.CAN-09-2141

12.	Matthew G. Vander H, Lewis C, et al. Understanding the Warburg 
Effect: The Metabolic Requirements of Cell Proliferation. Science 
2009; 324: 1029–1033. doi: 10.1126/science.1160809

13.	Fitzmaurice C, Dicker D, Pain A, et al. The Global Burden of Can-
cer 2013. JAMA Oncol 2015; 1: 505–527. doi: 10.1001/jamaoncol. 
2015.0735

14.	Min ZS. Classification and Pathology of Lung Cancer. Oncol Clin  
N Am 2016; 25447–25468.

15.	Koichi K, Hiroko W, Hiroichi I, et al. Survival of patients with lung 
cancer and diabetes mellitus. Mol Clin Oncol 2017; 6: 907–910. 
doi: 10.3892/mco.2017.1224

16.	Han-Yu D, Xi Z, Panpan Z, et al. Diabetes mellitus and survival of 
non-small cell lung cancer patients after surgery: A comprehen-
sive systematic review and meta-analysis. Thorac Cancer 2019; 
10: 571–578. doi: 10.1111/1759-7714.12985

17.	Humar M, Kern I, Vlacic G, et al. Insulin-like growth factor 1 re-
ceptor expression in advanced non-small-cell lung cancer and its 
impact on overall survival. Radiol Oncol 2017; 51: 195–202. doi: 
10.1515/raon-2017-0020

18.	Zhao J, Shi X, Wang T, et al. The Prognostic and Clinicopathologi-
cal Significance of IGF-1R in NSCLC: a Meta-Analysis. Cell Physiol 
Biochem 2017; 43: 697–704. doi: 10.1159/000480655.

19.	Guo Q, Liu Z, Jiang L, et al. Metformin inhibits growth of human 
non-small cell lung cancer cells via liver kinase B-1-independent 
activation of adenosine monophosphate-activated protein kinase. 
Mol Med Rep 2016; 13: 2590–2596. doi: 10.3892/mmr.2016.4830

20.	Kari H, Houlston R, Sundquist J, et al. Co-morbidity between early-on-
set leukemia and type 1 diabetes – suggestive of a shared viral etiol-
ogy. PLoS One 2012; 7: e39523. doi: 10.1371/journal.pone.0039523

21.	Williams HE, Howell CR, Chemaitilly W, et al. Diabetes mellitus 
among adult survivors of childhood acute lymphoblastic leukemia: 
A report from the St. Jude Lifetime Cohort Study. Cancer 2020; 126: 
870–878. doi: 10.1002/cncr.32596

22.	Jaffe E, Harris N, Stein H, Vardiman J. Pathology and genetics 
of tumours of haematopoietic and lymphoid tissues. IARC, Lyon 
2001; 351.

23.	Hemminki K, Li X, Sundquist J, Sundquist K. Risk of cancer fol-
lowing hospitalization for type 2 diabetes. Oncologist 2010; 15: 
548–555. doi: 10.1634/theoncologist.2009-0300

24.	Flory J, Lipska K. Metformin in 2019. JAMA 2019; 321: 1926–1927. 
doi: 10.1001/jama.2019.3805

25.	Saraei P, Asadi I, Azam Kakar M, Moradi-Kor N. The beneficial effects 
of metformin on cancer prevention and therapy: a comprehensive 



166 © Copyright by PTEiDD 2020

Pediatr Endocrinol Diabetes Metab 2020 Tądel K., Wiatrak B., Bodetko D., Barg E.

review of recent advances. Cancer Manag Res 2019; 11: 3295–3313. 
doi: 10.2147/CMAR.S200059

26.	Biondani G, Peyron JF. Metformin, an Anti-diabetic Drug to Target 
Leukemia. Front Endocrinol (Lausanne) 2018; 9: 446. doi: 10.3389/
fendo.2018.00446

27.	Simon P. Cancer Cell Culture Methods and Protocols. Langdon SP 
(ed.). Humana Press Inc. 2004; 165–169.

28.	Mahajan SD, Law WC, Aalinkeel R, et al. Nanoparticle-mediated 
targeted delivery of antiretrovirals to the brain. Methods Enzymol 
2012; 509: 41–60. doi: 10.1016/B978-0-12-391858-1.00003-4

29.	Fuyin Z, Shige W, Wenxiu H, et al. Comparative study of resazurin 
reduction and MTT assays for cytocompatibility evaluation of nano-
fibrous materials. Anal Methods 2019; 11: 483–489. doi: https://doi.
org/10.1039/C8AY02310G

30.	Yeon K, Keun-Gyu P. Metabolic Roles of AMPK and Metformin in 
Cancer Cells. Mol Cells 2013; 36: 279–287. doi: 10.1007/s10059-
013-0169-8 

31.	Hongying A, Ling H. Current Understanding of Metformin Effect on 
the Control of Hyperglycemia in Diabetes. Endocrinol 2016; 228: 
97–106. doi: 10.1530/JOE-15-0447

32.	Graham R, Hardie G. The mechanisms of action of metformin. Dia-
betologia 2017; 60: 1577–1585. doi: 10.1007/s00125-017-4342-z

33.	Bradley BA. Metformin in breast cancer. Nat Rev Endocrinol 2017; 
13: 195–207.

34.	Tang G H, Satkunam M, Pond G, et al. Association of Metformin 
With Breast Cancer Incidence and Mortality in Patients With Type II 
Diabetes: A GRADE-Assessed Systematic Review and Meta-anal-
ysis. Cancer Epidemiol Biomarkers Prev 2018; 27: 627–635. doi: 
10.1158/1055-9965.EPI-17-0936

35.	Goodwin PJ, Stambolic V, Lemieux J, et al. Evaluation of Metformin 
in Early Breast Cancer: A Modification of the Traditional Paradigm 

for Clinical Testing of Anti-Cancer Agents. Breast Cancer Res Treat 
2011; 126: 215–220. doi: 10.1007/s10549-010-1224-1

36.	Sharma P, Kumar P. Metformin Inhibits Human Breast Cancer Cell 
Growth by Promoting Apoptosis via a ROS-independent Pathway 
Involving Mitochondrial Dysfunction: Pivotal Role of Superoxide 
Dismutase (SOD). Cell Oncol (Dordr) 2018; 41: 637–650. doi: 
10.1007/s13402-018-0398-0

37.	Davies G, Lobanova L, Dawicki W, et al. Metformin inhibits the de-
velopment, and promotes the resensitization, of treatment-resis-
tant breast cancer. PLoS One 2017; 12: e0187191. doi: 10.1371/
journal.pone.0187191

38.	Leclerc GM, Leclerc GJ, Kuznetsov JN, et al. Metformin Induces 
Apoptosis through AMPK-Dependent Inhibition of UPR Signaling 
in ALL Lymphoblasts. PLoS One 2013; 8: e74420. doi: 10.1371/
journal.pone.0074420

39.	Rodríguez-Lirio A, Pérez-Yarza G, Fernández-Suárez MR, et al. 
Metformin Induces Cell Cycle Arrest and Apoptosis in Drug-Resis-
tant Leukemia Cells. Leuk Res Treatment 2015; 2015: 516460. doi: 
10.1155/2015/516460

40.	Munari CC, de Oliveira PF, Campos JC, et al. Antiproliferative activ-
ity of Solanum lycocarpum alkaloidic extract and their constituents, 
solamargine and solasonine, in tumor cell lines. J Nat Med 2014; 
68: 236–241. doi: 10.1007/s11418-013-0757-0

41.	van Stee MF, de Graaf A, Groen A. Actions of Metformin and Statins 
on Lipid and Glucose Metabolism and Possible Benefit of Combi-
nation Therapy. Cardiovasc Diabetol 2018; 17: 94. doi: 10.1186/
s12933-018-0738-4

42.	Deng J, Peng M, Wang Z, et al. Novel Application of Metformin 
Combined With Targeted Drugs on Anticancer Treatment. Cancer 
Sci 2019; 110: 23–30. doi: 10.1111/cas.13849


