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Effect of metformin on irinotecan-induced cell cycle arrest 
in colorectal cancer cell lines HCT116 and SW480

Introduction

Irinotecan (CPT-11) is a widely used anticancer agent to 
treat colorectal cancer. It exerts its action through inhibition 
of topoisomerase I enzyme which leads to DNA strands 
breakage and ultimately cell death.[1,2] Irinotecan is a known 
water soluble derivative of natural alkaloid camptothecin 
(CPT). CPT is characterized by its selective binding to the 
cleavage complex, which is formed by both cleaved DNA and 
topoisomerase I.[3]

Initially, irinotecan was approved for the treatment of 
advanced colorectal cancer as second-line therapy. However, 
its combination with leucovorin and 5-Fluorouracil is being 
used recently as first-line option.[4] Irinotecan-acquired 
resistance has emerged for several reasons, such as intracellular 
level decrease and reduction in drug uptake, mutations in 
topoisomerase I that resulted in its structural change and 
topoisomerase I expression decrease.[5]

Diabetes mellitus, especially type  2, is considered a risk 
factor for CRC development.[6-8] Increased level of insulin 

(hyperinsulinemia) and insulin-like growth factor 1(IGF-1) 
enhance the proliferation and growth of colon cells, already 
existing transformed cells and finally development of CRC.[9] 
This mitogenic pathway of insulin can be enhanced by decreased 
level of IGF-1 binding protein, and subsequently, increased 
level of free IGF that plays an important role in enhancing cell 
proliferation and DNA synthesis with subsequent decrease in 
apoptosis.[10] For this reason, treatment that raises insulin blood 
level might contribute in the development of cancerous cells.

Another suggested mechanism that contributes to the 
emergence of CRC chemotherapy-resistance is through the 
dysregulation of p53 intracellular pathway. P53 is a tumor-
suppression gene that helps in the prevention of tumor 
formation.[11]

Metformin is a widely used agent for the treatment of diabetes 
from biguanide group.[12] It decreases liver glucose production 
and activates insulin receptors.[13] Several modalities have 
been suggested to explain the antiproliferative effect of 
metformin. First, inhibition of complex 1 pathway inside 
the mitochondria results in the activation of adenosine 
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monophosphate-activated protein kinase (AMPK) that causes 
protein synthesis downregulation and protecting the cell 
from apoptosis.[14] Second, inhibition of mammalian target of 
rapamycin (mTOR) as a consequence of AMPK activation ends 
up with inhibition of protein synthesis and cell proliferation.[15] 
Third, ameliorating the effect of hyperinsulinemia and IGF 
on cell proliferation and, consequently, the risk of colorectal 
cancer development.[16] Fourth, inhibition of the precancerous 
aberrant crypt foci (ACF) formation.[17] Finally, induction 
of G0/G1 phase cell cycle arrest and S phase arrest several 
cancerous cell lines.[15]

When combined with sorafenib in thyroid carcinoma cell 
line, metformin 5 μM induced both apoptosis and G1 phase 
cell cycle arrest.[18] Moreover, the addition of metformin 
to 5-flourouracil in esophageal adenocarcinoma cell lines 
sensitized them to the cytotoxic effect of 5-flourouracil 
and induced apoptosis.[19] In addition, metformin showed a 
synergistic effect by enhancing imatinib cytotoxicity on CRC 
HCT19 and by causing cell cycle arrest at S/G2 phase.[20]

However, no previous studies have investigated the effect of 
using metformin to induce irinotecan sensitivity in irinotecan-
resistance CRC cells.

In this study, we investigated the antiproliferative and apoptotic 
potential of both Irinotecan and metformin in human colorectal 
cancer cells, in addition to evaluation the effect of metformin 
on irinotecan-induced cytotoxicity.

Methods

Cell culture

Human colorectal cancer cell lines (HCT116, SW480) were 
kindly donated by Dr  Rick Throne (Newcastle, Australia). 
Cell lines were cultured in T-75 flasks as monolayer in 
Dulbecco’s Modified Eagle’s Medium (DMEM) high glucose 
with L Glutamine containing 10% fetal calf serum (FCS), 1% 
amphotericin B (250 µg/ml), and 1% penicillin/streptomycin 
(5000U penicillin/ml and 5000 streptomycin/ml). Cells were 
incubated in a humidified atmosphere of 95% air with 5% 
CO2 at 37°C. The cells were passed and harvested when they 
were 90% confluent.

Cell viability assay

To assess the antiproliferative effect of metformin on human 
CRC cell lines, MTT assay (3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide) was used. Briefly, cells were 
seeded in 1 × 104 cell per well in flat- bottomed 96-well plate 
and left overnight until cells were attached. Next day, cells 
were pretreated with either different concentration of irinotecan 
alone or metformin or mixture of metformin and irinotecan. 
Media in the first column were replaced with fresh media at 
the same day of treatment and used as control.

Cells then were labeled with MTT according to manufacturer’s 
instruction and resulting formazan was solubilized with DMSO 
(Dimethyl Sulfoxide). Absorbance was read in a microplate 
reader at 540 nm.

Calculating percentage of viable cells
Cell viability was calculated by dividing mean absorbance of 
treated wells over mean absorbance of untreated control wells 
using this formula:

Cell viability
Mean absorbance of treated well

Mean absorbance of
�

ccontrol well
1� 00%

Apoptosis assay by flow cytometry (FACS)
Flow cytometry (FCM) analysis using propidium iodide (PI) 
was used to evaluate the apoptosis by measuring cellular DNA 
content and analyze cell cycle phases by measuring percentage 
of cells in G(1), S, and G(2)/M phases.[21] For both apoptosis 
detection and cell cycle analysis, cells were seeded in 15 × 
104 cells per well in duplicate in 24-well plate and left overnight 
until cells were attached. Next day, cells were pretreated with 
metformin at concentration of 20 mM alone, irinotecan at 
concentration of 5 µM, and combination of irinotecan and 
metformin for 24 h. Fresh media were used as control.

PI stain was solubilized with PBS (Phosphate Buffered Saline) 
and was added to each well, plates then incubated for 30 min. 
The stained cells were added to the pellet that was formed by 
centrifuging the treated cells. After that cells in the centrifuge 
tube were incubated for 24 h and protected from light using 
aluminum foil. Finally, cells were analyzed by flow cytometry. 
Percentage of apoptotic cells and cells in each phase of the cell 
cycle were determined.

Analysis of protein expression by Western 
blotting
To detect the presence or absence of protein in treated cells, 
Western blotting (immunoblotting) was used. Cells were 
seeded in 45 × 104 cells per well in triplicate in 6-well plate, 
and left overnight to allow cell attachment. In the next day, 
cells were pretreated with metformin at concentration of 20 
mM or treated with irinotecan at concentration of 5 µM for 
24 h. Treated cells with metformin and irinotecan were divided 
into three groups and left for 24, 36, and 48 h.

To harvest HCT116 and SW480 cells for Western blotting, 
cells were washed with PBS. A  lysis buffer was used for 
this harvesting. The cell lysate was centrifuged at 3000 rpm 
(round per minute) for 1 h, and the supernatants that contain 
proteins were used. The lysate protein content was determined 
using the Bradford dye assay. A solution that contains 2 µL 
lysate protein, 800 µL distilled water, and 200 µL Bradford 
dye was prepared. On binding with protein, this dye will 
form a stable unprotonated form (blue). The absorbance with 
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spectrophotometer at 495 nm was measured. Standard curve 
was used to determine the total lysate protein content in cell 
samples.

Sodium dodecyl sulfate-polyacrylamide gel electrophoresis 
(SDS-PAGE) was used to separate proteins according to their 
size. After that, proteins were transferred from SDS gel to a 
nitrocellulose membrane, and the membranes were blocked for 
1 h using the blocking buffer that contains 5% BSA (Bovine 
serum albumin) in TBST (Tween Tris Buffer Saline).

The membranes were incubated overnight with primary 
antibodies at 4°C: Rabbit anti  -GRP-78 monoclonal 
antibody, mouse anti-p21 monoclonal antibody, mouse 
anti-cyclin E monoclonal antibody, mouse anti-cyclin 
A monoclonal antibody, mouse anti-Cdk2 monoclonal 
antibody, and mouse anti-Cdk1 monoclonal antibody. Then, 
the membranes were washed for 5 min with wash buffer 
(TTBS). GAPDH monoclonal antibody was used as loading 
control antibody.

After that, the membranes were incubated with the secondary 
antibody at room temperature for 1 h on a platform shaker. 
Finally, the bands were visualized.

Statistical analysis
GraphPad Prism statistical software version 5.0 was used to 
conduct all descriptive statistical analysis. ANOVA and post 
hoc Tukey’s tests were used for such statistical analysis. For 
all results, differences were considered significant if P-value 
was  <0.05 (P < 0.05).

Results

1.	 Metformin inhibited CRC cells growth and sensitized 
CRC cells to irinotecan-induced cytotoxicity

To assess the antiproliferative activity of metformin in human 
CRC cells; HCT116 and SW480 cell lines were treated with 
metformin at 20 mM for 72 h, then cell viability was evaluated 
using MTT assay. Results in Table 1 indicate that Metformin 
induced cell growth inhibition in both cell lines. It is also noted 
that irinotecan did not induce cytotoxic effect against both CRC 
cells when used at concentrations that ranged between 1 and 
7.5 µM. However, only SW480 cells were partially sensitive 
to irinotecan when used at 10 µM.

In addition, results in Table 1 reveal that metformin significantly 
sensitized CRC cells to irinotecan-induced growth inhibition 
in a dose-dependent way. Lower cells viability was noticed 
with higher irinotecan concentration.

We found that cell lines that were pretreated with the 
combination of metformin and irinotecan had significantly 
lower percentage of cell viability when compared with 

metformin-only, irinotecan-only, or control cell lines 
[Figure 1].

2.	 Metformin sensitized CRC cells to irinotecan by induction 
of cell cycle arrest

To study the apoptotic effect of metformin and irinotecan, 
cell lines were pretreated with metformin, irinotecan, and 
combination of metformin and irinotecan. Apoptotic cells were 
measured by flow cytometry. When compared with control, 
pretreated cell lines with metformin showed higher percentage 
of apoptotic cells. However, the differences in percentages 
between control and different pretreated cell lines were not 
statistically significant [Figure 2].

The percentage of cells in Sub-G1 phase which represents dead 
cells or DNA fragmentation that assessed by flow cytometry 
showed that neither metformin alone nor in combination 
with Irinotecan induced apoptosis. By quantification of cells 
present in Sub-G1, G1, S, and G2/M phase, it was found 
that metformin when combined with irinotecan induced G0/
G1and S phases cell cycle arrest in both HCT116 and SW480 
cell lines by observing that cells’ percentage in G0/G1phase 
increased normalized to the control (from 28.4% to 45.02% 
in HCT116, and from 35.08% to 43.66% in SW480), and in S 
phase (from 19.48% to 38.22% in HCT116, and from 21.3% 
to 48.40% in SW480) as illustrated in Table 2, Figures 3 and 
4. Results also indicated that irinotecan exerts its action by 
blocking the cell cycle at S phase (increase in cell population 
in S phase accompanied by reduction in the distribution of 
cells in other phases).

3.	 Metformin downregulated Cdk2, cyclin E and upregulated 
P21

Metformin treatment increased cells percentage in G1 phase 
(from 28.4% to 45.02% in HCT116, and from 35.08% to 

Table 1: Percentage of cell viability for HCT116 and SW480 after 
using several concentrations of Irinotecan and Metformin
Concentration Cell viability % 

for HCT116
Cell viability % 

for SW480

Control 100 100

Irinotecan 1 µM 100 100

Irinotecan 2.5 µM 100 100

Irinotecan 5 µM 100 100

Irinotecan 7.5 µM 100 100

Irinotecan 10 µM 100 94.8

Metformin 20 mM 51.5 58.4

Metformin+Irinotecan 1 µM 41.4 40.4

Metformin+ Irinotecan 2.5 µM 31.5 27.7

Metformin+ Irinotecan 5 µM 26.3 27.8

Metformin+ Irinotecan 7.5 µM 27 30.2

Metformin+ Irinotecan 10 µM 23.4 27.8
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43.66% in SW480), and in S phase (from 19.48% to 38.22% 
in HCT116, and from 21.3% to 48.40% in SW480), this 
increase suggested that metformin inhibited cell cycle in G1 
and S phase.

To examine the effect of irinotecan and metformin on regulation 
of Cdk2, cyclin E, and P21 expression, we used Western blot 
analysis to assess the expression levels in different cell lines.

In our experiment, expression of p21 protein was found to be 
upregulated in pretreated cell lines with Metformin, Irinotecan, 
and combination of metformin and Irinotecan. On the other 
hand, the expression of Cdk2, cyclin E, Cdk1, and cyclin A 
was downregulated as shown in Figures 5 and 6. A broad range 
of marker ladder was used as a loading control.

Discussion

Metformin is a widely used drug in the treatment of type 2 
diabetes mellitus. Recently, metformin was recognized to have 
potential anti-tumorigenic properties due to its antiproliferative 

effect on cancer cells in vitro.[22,23] Several epidemiological 
studies showed patients with type  2 diabetes who were 
treated with metformin had lower incidence and mortality of 
cancer.[24-27]

Our study aimed to explore the effect of metformin on 
irinotecan-induced cytotoxicity in CRC cell lines. Our findings 
proved three main outcomes; first, metformin inhibited 
the growth of both CRC cell lines HCT116 and SW480 by 
42–50% when compared with the control. Mogavero et al. 
results on HT29, HCT116, and HCT116 p53−/− CRC cell 
lines demonstrated a decrease in proliferation when treated 
with metformin 5 mM for 72 h by 25–30% which is close to 
our findings.[28] The results of evaluating the chemo-sensitizing 
effect of metformin on resistant epithelial ovarian cancer 
(EOC) cell lines support our findings by reducing significantly 
EOC cells viability up to 40%.[29]

Although our selected CRC cell lines in this study were 
resistant to irinotecan, where HCT116 is null of p53 gene, while 
SW480 is known to have a mutant p53 gene, the pretreatment 
with metformin sensitized both cell lines to irinotecan. In a 
dose-dependent pattern of killing, metformin with irinotecan 
reduced cells viability by 60% with the least concentration 
of irinotecan used in our study and up to 75% with 10 µM 
of irinotecan. This shows the important role of metformin to 
induce cancer cells sensitivity and reduce risk of treatment 
resistance in patients who are resistant to irinotecan.

Figure  2: Percentage of apoptotic cells by flow cytometry. (*On 
comparison of % of apoptotic cells in HCT116 and SW480 cell 
lines treated with metformin, irinotecan and combination of 
metformin+irinotecan with control, differences were statistically 
considered non-significant)

Figure 1: Percentage of viable cells for HCT116 and SW480 after 
treatment with Metformin 20 mM, Irinotecan 5µM, combination 
of Metformin 20 mM and Irinotecan 5 µM compared with control 
“with no treatment” (* On comparison of cell viability % in HCT116 
and SW480 cell lines treated with Metformin, and combination of 
Metformin+Irinotecan with control, differences were statistically 
considered significant, P < 0.05)

Figure 3: Cell cycle analysis by flow cytometry. Metformin inhibited 
cell cycle progression at G1 phase. Colorectal cancer cell lines, 
HCT116, and SW480, were treated with metformin, Irinotecan and 
combination of metformin and irinotecan normalized to the control 
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With the limited data and studies of using metformin to 
sensitize cell lines to irinotecan, our results showed consistent 
findings with Kunthur et al. where they indicated in their study 
that using metformin alone at 1 mmol/l concentration, or in 
sequential design in combination with either irinotecan (5 µM), 
5-flourouracil (20 µM), or oxaliplatin (5 µM) on two human colon 
cancer cell lines (HT29 and HCT116) decreased cell viability by 
35–70% in metformin groups and 40–55% in the combination 
groups.[30] The findings from testing metformin ability to sensitize 

resistant A2780 cell lines to paclitaxel[29] confirm our conclusion 
that metformin has an intrinsic mechanism to sensitize many 
cell lines to different anti-cancer agents; including irinotecan. 
Sorafenib was shown to express additional growth inhibition 
when combined with metformin on HTh74 anaplastic thyroid 
carcinoma by reducing cell viability up to 80%.[18]

Finally, metformin when combined with irinotecan did not 
induce apoptosis in both CRC cell lines yet induced cell cycle 

Table 2: Effect of metformin on cell cycle progression in HCT116 and SW480 treated cells. Flow cytometry analysis of HCT116 and 
SW480 cells treated with DMSO (control), metformin, metformin+ irinotecan, and irinotecan for G0/G1, S and G2/M phase quantification

% of cells in Sub-G1phase % of cells in Go/G1-phase % of cells in S-phase % of cells in G2/M-phase

HCT116 SW480 HCT116 SW480 HCT116 SW480 HCT116 SW480

Control 11.64 16.3 28.4 35.08 19.48 21.3 40.58 28.3

Irinotecan 5 µM 3.00 3.9 17.82 20.08 67.26 64.96 11.98 11.64

Metformin 20 mM 11.3 18.62 33.4 37.66 24.54 20.12 31.1 24.5

Metformin +Irinotecan 5.18 3.98 45.02 43.66 38.22 48.40 12.54 5.54

HCT116 SW480

Control

Irinotecan 5µM

Metformin 20 mM

Metformin+ Irinotecan

Figure 4: DNA cell cycle that was analyzed by propidium iodide and measured by flow cytometry. M1 indicates Sub-G1, M2 indicates G0/
G1, M3 indicates S, and M4 indicates G2/M phases. Accumulation of cells in G0/G1 phase when they were treated with combination of 
metformin and irinotecan means that cell cycle block occurred here
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arrest through blocking the cell cycle progression at G1 and 
S phases. This is verified by increased cells percentage in G1 
phase from 28.4% to 45.02% in HCT116 and from 35.08% to 
43.66% in SW480, while in S phase from 19.48% to 38.22% in 
HCT116, and from 21.3% to 48.40% in SW480. The absence 
of apoptosis can be explained by the p53-null/mutant cell 
lines that were used in our study. This block at S phase is 
expected for irinotecan and is consistent with the findings when 
irinotecan was tested on p53-negative Caco-2 and p53-positive 
CW2 human colorectal cancer cell in concentrations ranging 
from 0.3 to 30 μmol/l for 24–48 h. Irinotecan never induced 
apoptosis in both cell lines, but increased the proportions of 
cells at S and G2/M phases with subsequent decrease in G1 
phase cells count.[31]

In our study, HCT116 cell lines when treated with metformin 
showed partial cell cycle arrest at G0/G1 phase. Although, 
metformin was found to significantly induce G0/G1 cell cycle 
arrest in different cancerous cell lines.[28,32-36] However, other 
studies found partial induction of cell cycle arrest at G0/G1 
phases by metformin.[37] We suggest that metformin might 
have other pathways to induce cell cycle arrest that are not 
mediated by p53 gene, as our HCT116 is a p53-null cell line. 
This suggestion is supported by recent evidence which showed 
that metformin induce cell cycle arrest by signaling pathways, 
the AMP-activated protein kinase (AMPK) pathway, and 
the phosphatidylinositol 3-kinase (PI3K). The activation of 
AMPK pathway will lead to inactivation of mTOR pathway 
and ultimately cell death.[36,38-40]

Cell cycle arrest, as induced by metformin and irinotecan, 
was accompanied with the downregulation of cell cycle 
regulators Cdk2 and cyclin E and upregulation of p21, which 
is consistent with its role in CDKs-cyclin complex inhibition 
and blockage of cell cycle.[28,32] Several (CDKs) mediate the 
progression of cell cycle.[41] In mammalian cells, the passage 
through the G1 phase is regulated by sequential actions of 
D-and E-type cyclins in combination with CDK4/6 and CDK2, 
respectively.[42] Cyclin D binds with CDK4 or CDK6 and the 
complex enters the nucleus, then this complex is activated 
by phosphorylation by CDK activating kinase (CAK). The 
activity of this complex drives cells to the S-phase as long as 
the growth factors is present.[43] Cyclin E is the key regulator to 
overcome the Restriction point at the G1-to-S transition phase. 
P21 protein is a cyclin dependent kinases inhibitor,[44] that is 
required for cell cycle progression. The p21 gene is usually 
controlled by p53 protein.[45] As a result, p21 may promote 
p53-dependent cell cycle arrest or apoptosis. We expect that the 
upregulation of p21 in our study mediated the induction of cell 
cycle arrest by the combination of metformin and irinotecan.

The strength of our study emerges from its uniqueness in 
examining the role of metformin in sensitizing two different 
CRC cell lines to irinotecan. To the best of our knowledge, 
there are no studies that measured the effect of metformin 
with irinotecan on these cell lines that are resistant to 
irinotecan. Moreover, we combined metformin with different 
concentrations of irinotecan (1, 2.5, 5, 7.5, and 10 µM) and 
established a dose-dependent inhibition of CRC cell lines. This 
will serve as a starting point for future research to determine 
the optimal concentration of irinotecan to avoid its toxic 
cumulative effect. However, our study has some limitations. 
We used metformin in one concentration only (20 mM), rather 
than several concentrations. In addition, the mechanism of 
metformin-induced cell cycle arrest was not examined in 
details.

Conclusion

We conclude that combining metformin with irinotecan would 
be beneficial in inhibiting the growth of cancerous cells that 
are resistant to irinotecan. We recommend to investigate 
the underlying mechanism that mediates the metformin and 
irinotecan killing of cells when combined together using in 
vivo cell lines which would be a starting point to move this 
research from benchside to bedside.
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