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Purpose: To study the effects of metformin on the proliferation and growth of human colorectal cancer cell lines HCT116 and
SW620.

Materials and Methods: The antiproliferative effect of metformin was assayed using an MTS reagent and its ability to inhibit
colony formation was demonstrated using a clonogenic assay. Flow cytometry using YO-PRO-1/PI was performed to examine the
effects of metformin on apoptosis and cell death of HCT116 and SW620. Caspase 3 activities were measured in caspase-3 activity tests
using a caspase-3 activity kit. Furthermore, Western blots were performed with anti-PARP1, anti-caspase 3, and anti-cleaved caspase 3
to confirm whether caspase activation was present or not.

Results: Both MTS proliferation assays and clonogenic assays showed that metformin inhibited the proliferation and growth of
HCT116 and SW620 cells in a concentration-dependent manner. Flow cytometric analysis identified early apoptosis and metformin-
induced cell death in both cell lines. However, caspase 3 activity could not be detected. Cleavage of both PARP1 and pro-caspase 3
was not observed in the Western blot, confirming the absence of caspase 3 activations.

Conclusion: This present study suggests a caspase 3-unrelated apoptosis mechanism of metformin-induced cell death in human
colorectal cancer cell lines HCT116 and SW620.
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Introduction

Colorectal cancer (CRC) remains a major cause of death from cancer. In most cases, this disease is still in an incurable
stage. It is the third most common type of cancer and the second leading cause of cancer deaths worldwide. According to
Globocan 2020, about 1.9 million new CRC cases and nearly 900,000 CRC deaths have been recorded worldwide.! CRC
therapies rely only on surgical removal of cancer, combined with subsequent chemotherapy, which is usually associated
with uncomfortable side effects for patients.” It is, therefore, desirable to find new strategies for therapies that help
alleviate the discomfort of patients during post-surgical chemotherapy or to find chemopreventive alternatives to prevent
the development of CRC.

Metformin is an antihyperglycemic biguanide drug that has been used as a first-line treatment for type 2 diabetes
mellitus for decades. Metformin’s antihyperglycemic effect is due to its ability to lower blood glucose levels by
improving glucose uptake in peripheral tissues and sensitizing these tissues to insulin.*> Metformin is also able to
suppress the gluconeogenic activity of the liver and thus down-regulate the body’s glucose production.®’ Eventually, the
antihyperglycemic activity of metformin leads to a reduction in the level of circulating insulin.®’

Over the past two decades, evidence has accumulated that metformin can reduce the risk of cancer and cancer-related
mortality in diabetics.'®'" In one study, Currie et al showed that metformin reduced the incidence of colon or pancreatic
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cancer but had no effect on breast or prostate cancer.'? Several in vitro studies report anti-tumor activities of metformin

in human cell lines such as hepatocellular carcinoma (HCC),IH5 breast, lung,lf’*18

19,20

pancreatic, and colon cancer cell
lines.

In this study, we aimed to investigate the effects of metformin on the proliferation and growth of two human
colorectal cancer cell lines, HCT116 and SW620. HCT 116 is a human colorectal carcinoma cell line of Duke’s type A,
initiated from a 48-year-old male. The cells are adherent with an epithelial morphology.>' On the other side, the SW620
cell line was derived from a colon cancer lymph node metastasis (Duke’s type C) from a 51-year-old male and has
a rounded or spindle-shaped (Fibroblast-like) morphology.**** The antiproliferative effect of metformin was determined
using an MTS (3-(4,5-dimethylthiazol-2-y1)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium) reagent and
the ability of metformin to suppress clonogenicity was demonstrated using a clonogenic assay. Flow cytometry using the
YO-PRO-1/propidium iodide (PI) label was performed to assess metformin-induced apoptosis and cell death.
Furthermore, the activation of caspase 3 was investigated using caspase 3 activity assay and Western blot analysis by
detecting PARP1 and caspase 3 cleavage.

Materials and Methods

Reagents
Metformin (1,1-dimethyl biguanide hydrochloride) was purchased from Sigma (#D150959, Sigma-Aldrich, St. Louis,
MO, USA) and dissolved in a serum-free medium to a stock solution of 1 M. Other chemicals and reagents were
purchased from Sigma (Sigma-Aldrich, St. Louis, MO, USA) and Merck (Merck KGaA, Darmstadt, Germany).
Antibodies were purchased from Sigma (Sigma-Aldrich, St. Louis, MO, USA) and CST (Cell Signaling Technology,
Beverly, MA, USA). The antibodies used for Western blots were anti-rabbit IgG-peroxidase (#A0545, Sigma), rabbit
anti-GAPDH antibody (#G9545, Sigma), rabbit anti-B-actin antibody (#A2066, Sigma), anti-PARP antibody (#9542,
CST), anti-caspase-3 antibody (#9662, CST) and anti-cleaved caspase-3 antibody (#9664, CST).

Cell Culture

The colon cancer cell lines HCT116 and SW620 were purchased from the American Type Culture Collection (ATCC,
Manassas, VA, USA). Cells were cultured according to the ATCC protocol. Briefly, HCT116 was maintained in culture
using McCoy 5a medium supplemented with 10% fetal bovine serum, and 1% penicillin-streptomycin (50 U/mL).
Cells were grown in flasks or dishes and maintained in a humidified incubator (5% CO, at 37°C) with a medium
change every 2-3 days. SW620 was maintained in Leibovitz’s L-15 medium supplemented with 10% fetal bovine
serum and 1% penicillin-streptomycin (50 U/mL) in a humidified incubator at 37°C (without 5% CO,) with a medium
change every 2-3 days. All media and supplements were obtained from Gibco-Life Technologies (Carlsbad,
CA, USA).

Proliferation Assay

The proliferation assay was performed using CellTiter 96®AQueous One Solution Kit (#G3580, Promega Corp.,
Madison, WI, USA) according to the manufacturer’s protocol. Assays were performed in triplicates, starting with
10,000 to 20,000 cells seeded 24 hours before treatment in 96-well flat-bottomed microplates (TPP, Trasadingen,
Switzerland). After changing the medium, treatment with 0, 1, 2.5, 5, and 10 mM metformin followed, and the cells
were incubated for a further 24, 48, and 72 hours. The cell culture was stopped by adding the MTS-PES (MTS —
phenazine ethosulfate) solution and after 1-4 hours of incubation at 37°C, the absorbance of the formazan product was
measured at 490 nm using an ELISA reader (Ultramark, Bio-Rad Laboratories, Hercules, California, USA). Cell
viabilities (%) are defined by the percentage of viable cells compared to untreated control. Growth and proliferation
determinations using water-soluble MTS were first used in the work of Cory et al** and Riss et al.*
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Clonogenic Assay

With some modifications, clonogenic assays were done according to the methods of Franken et al and Munshi et al***’
Briefly, HCT116 cells were seeded in triplicate at a density of 250 cells/well in 12-well plates containing 1 mL of McCoy
5a complete medium and grown at 37°C in a 5% CO, incubator. After 24 hours, a fresh medium containing 1, 2.5, 5, or
10 mM metformin was added and the cells were further cultured for another 14 days. Clonogenic assays for SW620 were
done similarly, except that SW620 were seeded in 12- or 24-well plates at a density of 100-250 cells and cultured in
Leibovitz’s complete medium in a 37°C incubator without CO,. After 10—12 days (HCT116) and 14 days (SW620), the
medium was aspirated and the cell colonies were washed twice with PBS and stained with 0.5% crystal violet in 25%
methanol for 15 min. Excess dye was removed by rinsing three times with tap water. After drying, the plates were
scanned and colony numbers were counted. The survival rate (%) is calculated using the following formula: Survival rate
(%) = (colony number of treated cells/colony number of control cells) x 100%.

Caspase 3 Activity Assay

Caspase activities were measured using a caspase activity kit for caspase-3 (#CASP-3C, Sigma-Aldrich, St. Louis, MO,
USA). This is a colorimetric protease assay based on the spectrophotometric detection of the chromophore p-nitroanilide
(pNA) after cleavage from the labeled caspase-3 specific substrate DEVD-pNA. All experiments were performed
according to the manufacturer’s instructions. This caspase 3 activity assay is based on the protocol of Niles et al after

modification.”®

Flow Cytometry

For apoptosis analysis using flow cytometry, HCT116, and SW620 cells were grown in a 24-well plate to approximately
70-80% confluency. After treatment with 0, 5, 10, and 20 mM metformin, cells were cultured for an additional 24 or 48
hours before analysis. The cells were then labeled with YO-PRO-1 and propidium iodide using Vybrant™ Apoptosis
Assay Kit #4, YO—PROTM—lfPropidium Todide (#V13243, Thermo Fisher Scientific, Waltham, MA, USA). The cell
preparation procedure for flow cytometry followed the manufacturer’s instructions. Cells were analyzed immediately
after staining using BD Accuri™ C6 flow cytometer (BD Biosciences, Franklin Lakes, NJ, USA). The use of YO-PRO-1/

PI for apoptosis analysis using flow cytometry goes back to the work of Idziorek et al.?

Western Blot

Western blots were done according to Zakikhani et al and Voit et al***!

with some modifications. Protein extraction for
Western blots was performed from cells cultured in 100 mm dishes treated with 0, 5, 10, and 20 mM metformin for 48
hours after they had reached approximately 70-80% confluency. Cells were lysed by disruption in lysis buffer using
a cell scraper. The lysis buffer used contains S0mM HEPES, 150mM NaCl, 2.5mM EGTA, 1.0mM EDTA, 1.0mM DTT,
0.1% Tween20, 10% glycerol, 10 mM B-glycerophosphate, 1.0 mM phenylmethylsulfonyl fluoride and protease inhibitor
cocktails (#P8340 —IML, Sigma) (10 puL in 1 mL lysis buffer). Cell lysates were collected after centrifugation and
protein concentrations were determined using the Bradford method with Bio-Rad Protein Assay Kit I (#500-0002, Bio-
Rad, Hercules, CA, USA).

The SDS PAGE was performed according to Laemmli’s method.* Depending on the size of the proteins to be
separated, 10-12% SDS gels were used. Proteins were transferred to a nitrocellulose membrane (#1620213, Bio-Rad,
Hercules, CA, USA) by a semidry blotting procedure using a Bio-Rad Trans-Blot Turbo Transfer System (Bio-Rad,
Hercules, CA, USA). After blocking with 5% milk in TBST (in 50 mM Tris, 200 mM NaCl, 0.2% Tween 20), the
membrane was incubated in the first antibody solution diluted in 5% milk at 4°C overnight. Before incubation in
secondary antibodies, the membrane was washed three times each for 5 minutes. Proteins bands were visualized using
ECL Western blotting reagents (#RPN 2108, GE-Life Science, Piscataway, NJ, USA) and documented in a VersaDoc
4000MP Imaging System (Bio-Rad, Hercules, CA, USA) with the integrated corresponding imaging software
(Quantity One®).
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Statistical Analysis

Statistical analysis and graphing of the data were performed using GraphPad Prism 9.2.0.332 (free version) (GraphPad
Software, San Diego, CA, USA). The normality of data distribution was verified by the Shapiro—Wilk test.
A nonparametric Kruskal-Wallis test was applied, in case the analysis did not pass the normality distribution. Unless
otherwise stated, the statistical significance of differences was calculated by one-way ANOVA. The comparison between
groups was performed with Tukey’s post hoc test. Data are expressed as means + SEM. Statistical significance was set at
p < 0.05 for all differences assessed.

Results

Metformin Inhibits the Proliferation and Growth of Human Colorectal Cell Lines

To assess the effects of metformin on the proliferation of HCT116 and SW620 cell lines, we performed proliferation
assays using an MTS reagent (CellTiter 96® AQueous One Solution Kit, #G3580, Promega Corp., Madison, WI, USA).
This assay essentially assesses the cytotoxic effect of metformin on cell culture. Only viable cells with intact mitochon-
drial dehydrogenase enzymes can convert the MTS reagent into a product that can be measured colorimetrically with
a spectrophotometer. The results of this assay show that metformin inhibits cell proliferation in both cell lines in
a concentration-dependent manner (Figure 1). Metformin IC50 values for HCT116 were calculated to be 8 mM for 24
hours, 3.2 mM for 48 hours, and 2.9 for 72 hours of treatment. SW620, on the other hand, appears to be more sensitive to
metformin treatment, as the average metformin IC50 calculated in this cell line was approximately 1.4 mM. A time-
dependence of the metformin effect on cell proliferation can be observed between 24 and 48 hours, particularly in the
case of HCT116. Although metformin effectively inhibited SW620 cell proliferation, the difference in inhibition between
24, 48, and 72 hours was not very significant.

The clonogenic or colony formation assay determines a cell’s ability to proliferate indefinitely, preserving its
reproductive ability to form a large colony or clone. This cell is then termed clonogenic.?” Figure 2 shows results
from clonogenic assays. In both cell lines, 50% of colony formation was inhibited by metformin at a concentration of
approximately 2 mM. Cell survival percentages continued to decrease with the increasing concentration of metformin
(Figure 2).

Metformin Causes Apoptosis and Cell Death in a Dose-Dependent Manner
YO-PRO-1 (Invitrogen) is a green-emitting fluorochrome that can be combined with propidium iodide to identify dead
cells. YO-PRO-1 is an alternative to Annexin V for staining early apoptotic cells in flow cytometry. Cells in early
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Figure | Metformin inhibited proliferation of human colorectal cell lines HCT116 (A) and SW620 (B). For this proliferation assays, 10,000 to 20,000 cells were seeded in
96-well plates, and after 24 hours of plating, treated with 0, 1, 2.5, 5, and 10mM metformin and cultured for 24, 48, and 72 hours. MTS reagent was added and absorbance of
formazan product was read at 490 nm. The absorbance of untreated control was set at 100% viability. The concentration and time dependence were determined by two-way
ANOVA. HCTI 16 (A) showed a very significant concentration and time dependence (P < 0.0001). SW620 (B) showed a very significant concentration dependence
(P<0.0001) but no significant time dependence. The data are presented as the mean + SD from three experiments.
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Figure 2 Clonogenic assay with HCT116 (A) and SW620 (B). 250 HCT [ 16 cells were seeded in |2-well plates and 200 SW620 cells were seeded in 24-well plates. After
24 hours medium was changed to a fresh medium containing 0, 1, 2.5, 5, and 10 mM metformin. Cells were incubated for 10—12 days (HCT|16) or 14 days (SW620) and

colonies stained with crystal violet were counted. The data are presented as the mean * SD from at least three experiments. P-value of <0.001 is represented as *** and of
<0.0001 as *¥¥¥,

apoptosis are unable to pump out YO-PRO-1 but are still impermeable to other dead cells discriminating dyes, such as
propidium iodide.”” Flow cytometry analysis of HCT116 treated with metformin for 48 hours results in an increase of
both YO-PRO-1 and PI labeled cells with increasing metformin concentration (Figure 3). A significant increase in YO-
PRO-1 labeling was observed after 48 hours of treatment with 10 and 20 mM metformin, while the proportion of YO-
PRO-1 labeling did not increase significantly with 5 mM metformin treatment compared to the 0 mM control,
particularly in the SW620 cells. On average, in SW620, the population of YO-PRO-1-labeled cells also increased with
increasing metformin concentration, but the proportion was lower compared to the HCT116 cells (29.3% with 10 mM
and 34.2% with 20 mM metformin for 48 hours in HCT116 compared to 5.5% and 8.0% in SW620). The population of
dead cells (PI-labeled cells) was highest at 48 hours with 20 mM metformin (Figure 3A and B, lower panel).

No Caspase-3 Activities Were Detected in Metformin-Treated Cells
Caspase 3 is activated in the process of apoptosis. It is a downstream component of both the extrinsic and intrinsic
apoptotic pathways.>*** Should metformin kill HCT116 and SW620 via the apoptotic pathway, caspase 3 activity must
be detectable in the protein lysate prepared from metformin-treated cells. A caspase-3 activity kit (Sigma, #CASP-3-C)
was used to determine caspase-3 activity. This is a colorimetric protease assay based on the spectrophotometric detection
of the chromophore p-nitroanilide (pNA) after its cleavage from the labeled substrate DEVD-pNA. A recombinant
caspase-3 was included in the kit as a positive control for the caspase-3 reaction. HCT116 cells treated with 0.1 mM
sodium deoxycholate (NaDOC) for 2 hours were used as an apoptosis-positive control. It is reported that apoptosis can be
induced in HCT116 by treatment with 0.1-0.4 mM NaDOC.*>-*°

While in cell lysate isolated from HCT116 treated with 0.1 mM NaDOC for 2 h, the caspase-3 activities measured were
comparable to those of 10 uL (= 0.05 pg) of recombinant caspase 3 (Figure 4), in lysates of both HCT116 and SW620 cells
treated with metformin, almost no caspase-3 activities were detectable (Figure 4 and Supplementary Figure S1).
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Figure 3 Metformin caused cell death in HCT116 (A) and SW620 (B) cell lines in a concentration-dependent manner. For flow cytometry analysis, cells were cultured in 12
well plates to 70-80% confluency, followed by treatment with 0—20 mM metformin for 48 hours. Cells were harvested and labeled with YO-PRO-1/PI (VybrantTM Apoptosis
Assay Kit #4, #V13243, Thermofisher) according to the manufacturer’s instructions. Quadrants are defined using controls of unlabeled cells, cells labeled only with YO-
PRO-1, and cells labeled only with Pl. Necrotic cells, if any, are found in the upper left quadrant on the cytogram (UL), whereas the viable cells are in the lower left quadrant
(LL). Cells in the early phase of apoptosis are in the lower right (LR) and those in the late apoptosis (“dead cells”) are in the upper right quadrant (UR). Flow cytograms show
representative data from a single experiment (upper panel). Quantification of the percentage of viable, apoptotic, and dead cells was derived from three independent
experiments. Data show mean values +SD from three independent experiments (lower panel).

Abbreviation: MET, metformin.

Once activated, caspase 3 cuts its specific substrates. One of these substrates is PARP1. Upon proteolytic activation of
caspase 3, PARP1 is cleaved to a product of 89 kDa in length. The cleavage of PARP1 can therefore serve as an apoptosis
marker.*” Since it is well known that PARP1 is a substrate of caspase 3, Western blot analysis using anti-PARP1, which
detects both full-length and cleavage products of PARPI, indirectly confirms the activation of caspase 3 if present.
Caspase 3 itself exists in the cell as a pro-enzyme, pro-caspase 3 of about 32 kDa. Once apoptosis is initiated, a cascade
of signals is triggered leading to cleavage of this pro-enzyme, leaving an activated product, the approximately 17-19 kDa
active caspase 3.°%°

The anti-PARP1 antibody used in the Western blot analysis was able to detect both full-length (116 kDa) and cleaved
PARP1 (86 kDa). In HCT116 (Figure 5A), a faint band of cleaved PARP1 was detected in the untreated control,
indicating basal apoptotic activity within the cell population. Cleaved PARP1 was not detected in lysates prepared from
metformin-treated cells, instead, the full-length PARP1 band appears to be enhanced at 5 and 10 mM metformin but
decreased markedly at 20 mM metformin (Figure 5SA). We did not observe this apparent enhancing effect at SmM (and
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Figure 4 Metformin did not induce caspase 3 activity in HCT116 cells. For the caspase 3 activity assay, lysates were prepared from 107 untreated cells (0 mM metformin),
cells treated with 5 mM and 10 mM metformin for 48 hrs. As an apoptosis-positive control, HCT116 cells were treated with 0. mM sodium deoxycholate (NaDOC) for 2
hours before protein isolation. Recombinant caspase 3 (a component of the kit) served as a positive control for the caspase 3 reaction (Casp3). Ten ulL of lysates were
applied in one reaction, and each was added with caspase 3 substrate (Ac-DEVD-pNA) and caspase 3 substrate + caspase 3 inhibitor (Ac-DEVD-CHO). Caspase 3 activity is
presented in nmol pNA/min/mL (Caspase 3 Assay Kit, #CASP-3-C, Sigma). Data show mean values +SD from three independent experiments.

Abbreviations: lys, lysate; sub, substrate; inhb, inhibitor.
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Figure 5 Metformin did not induce PARPI cleavage in HCT 116 (A). Metformin also did not induce caspase 3 activation in HCT 116 cells (B and C). Cells were treated with
0, 5, 10, and 20 mM metformin for 48 hours. As an apoptosis-positive control, HCT 116 cells were treated with 0.1 and/or 0.2 mM of sodium deoxycholate (NaDOC) for 3
hours. Protein lysates were prepared as mentioned in Materials and Methods. Thirty pg proteins were loaded on 10-12% SDS PAGE and separated proteins were
transferred onto nitrocellulose membranes. Antibody detections were performed using anti-PARP| antibody (#9542, CST) in (1:1000) dilution in blocking buffer. Loading
control used was B-actin (anti-B-actin antibody, #A2066, Sigma). For (B and C), antibody detections were performed using anti-caspase 3 and anti-cleaved caspase 3
antibodies (#9662, CST and #9664, CST) in (1:1000) dilution in blocking buffer. The data shown are representative of three independent experiments.
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10mM) metformin in every Western blot we performed. However, the protein band intensity always decreased with
increasing metformin concentration. Metformin-dependent cleavage of PARP1 was not observed in any Western blots
with an anti-PARP1 antibody. Neither enhancement nor disappearance of the full-length PARP1 bands was observed in
the Western blot of SW620 cells. Cleaved PARP1 was also barely detectable (Supplementary Figure S2).

Western blot analysis of HCT116 with anti-caspase 3 antibody showed a significant decrease of pro-caspase 3 with

increasing metformin concentration (Figure 5B). Detection with an anti-cleaved antibody did not reveal that the activated
caspase 3 was present in the protein lysates of metformin-treated cells (Figure 5C).

Discussion

Colorectal cancer (CRC) remains a very serious cause of death from cancer. In most cases, this disease is ultimately
incurable. Surgical resection remains the only curative treatment that is most effective when performed at an early stage
of the illness. Surgical removal of CRC is often combined with adjuvant radiation and chemotherapy with one or more
chemotherapy drugs. However, chemotherapies are still accompanied by severe side effects and dose-limiting toxicity.
Patients’ quality of life is worsened by drug-related adverse events, which may lead them to refuse to continue with
potentially curative treatment.” The toxicity due to a chemotherapeutic drug can be reduced by non-toxic chemo adjuvant
compounds that potentiate the tumoricidal effects of the drugs in smaller doses. In efforts of developing therapeutic
strategies for the treatment of CRC, it is therefore important to identify non-toxic chemo adjuvants among herbal
medicines and well-established drugs (drug repurposing) that are known as safe and without severe side effects.*”

Metformin has been used as a first-line medication for type 2 diabetes mellitus for decades.*! In contrast to anti-
diabetics of the sulfonylurea type, the glucose-lowering effect of metformin does not cause hypoglycemia.** It is also
considered safe since the use of metformin is associated with a very low incidence of lactic acidosis compared to its
precursors biguanides, buformin, and phenformin.*' As has been reported in recent years, metformin has the potential for
the therapy of various other diseases than diabetes.*>** There is evidence that metformin acts as an anti-aging factor and
modulates microbiota, promoting good health.** Its prospective use as a cancer chemopreventive agent has also been
widely discussed.*® As inexpensive drug metformin has also a promising future as an anti-cancer or as an adjuvant agent
in cancer chemotherapy.

In the current study, we have shown that metformin inhibited the proliferation and growth of colorectal cancer cell
lines HCT116 and SW620 in a concentration and time-dependent manner. The results of the MTS proliferation assay
showed that SW620 seemed to be more sensitive to metformin than HCT116. In clonogenic assays, however, both cell
lines responded quite similarly to metformin treatment. A metformin concentration of 2.5 mM inhibited the growth of
more than 50% of colonies compared to the control, in both cell lines (Figure 2).

Flow cytometric analysis was carried out to evaluate the mechanisms of this metformin-induced growth inhibition and
cell killing. For this purpose, the cells were labeled with YO-PRO-1 and propidium iodide (PI). YO-PRO-1 is a cell
impermeant cationic cyanine dye that can enter cells at the early stage of apoptosis. This dye is used as an alternative to
annexin V and can discriminate dead cells from early apoptotic cells in combination with PL.*’ YO-PRO-1 labeling
increased in HCT116 cells with increasing metformin concentration, indicating metformin-induced apoptosis in this cell
line. A correlation between apoptosis and metformin concentration is also observed in SW620 cells in a significantly
lower proportion (Figure 3). The population of dead cells in both cell lines markedly increased in correlation with
metformin concentration (PI labeling, Figure 3).

The apoptosis process was obviously initiated in these cell lines by treatment with metformin. However, an important
feature of apoptosis was missing. No measurable caspase 3 activity has been detected (Figure 4 and Supplementary
Figure S1). Caspases are proteases that play a crucial role during apoptosis and execute death signals by attacking their
substrates leading ultimately to cell killing.*>** Caspase 3 is an effector caspase of both intrinsic and extrinsic apoptosis
pathways. The activation of caspase 3 is considered characteristic of apoptosis.*® Cleavage of pro-caspase 3, thus its
activation, and of PARPI1, a caspase 3 target, was also not observed (Figure SA and Supplementary Figure S2). The lack

of caspase-3 activity and its activation as well as the lack of PARP1 cleavage in this case indicates the absence of
apoptosis in the classic sense. This implies that the underlying mechanism for the initiated apoptosis shown in the flow
cytometry is unrelated to caspase 3.
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Metformin has been shown to exert anti-proliferative effects in many types of cancer cells.”'"****>! Depending on
the cell type, metformin has been reported to induce various types of cell death mechanisms. While it was reported that
metformin induces apoptosis in lung adenocarcinoma, breast, pancreatic, and esophageal cancer cells,'®'*'*% Ben-
Sahra et al observed a caspase 3 independent mechanism in prostate cancer cells that were treated with metformin,
leading to cell death due to GO/G1 cell cycle arrest.*” No DNA fragmentation and PARP1 cleavage were observed in the
luminal A, B, or erbB2 subtypes of breast cancer cell lines, where metformin has been shown to inhibit cellular
proliferation, and reduce colony formation and cause a cell cycle arrest.”® Another type of non-apoptotic cell death
induced by metformin treatment has been described in endometrial cells, lymphoma, and melanoma. In these cells,
metformin caused cell death through autophagy.>®~>® In normal, non-cancerous cells metformin has been shown to have
no effect on growth and proliferation,”*>®

There are various reports explaining the mechanisms of cell death caused by metformin in different types of cancer cell
lines. In addition to the different properties of the cell lines used in the studies, the conditions of the respective cell culture also
play an essential role. Alhourani et al showed that depending on the concentration of glucose used in cell culture, cells may
respond differently to metformin treatment.”” In addition to apoptosis, necrosis, and autophagy, cell death can be induced by
the mechanism of endoplasmic reticulum stress as well as endoplasmic reticulum-associated degradation (ERAD).**®! The
reduced expression of PARP1 and pro-caspase 3 with increasing metformin concentration, as observed in Western blot, with
no detectable cleaved form of these proteins (Figure 5), could be an indication of a possible death caused by uncontrolled
autophagy or endoplasmic reticulum-associated degradation following endoplasmic reticulum stress. However, evidence for

this hypothesis is still lacking.

Conclusion

We have shown herein that metformin induced cell death in human colorectal cancer cell lines HCT116 and SW620
through an apoptotic mechanism unrelated to caspase 3. Apoptosis was apparently initiated by metformin treatment, as
demonstrated by flow cytometry. However, the observed cell death was per se not compliant with the characteristics of
apoptosis in the classical sense. The actual mechanisms underlying metformin-induced cell death in these two cell lines
remain to be elucidated.
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