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Abstract
The biologic plausibility of an association between type 2 diabetes mellitus (T2D) and lung cancer has received
increasing attention, but the results of investigations remain largely inconclusive. In the present study we
investigated the influence of the anti-diabetic drug metformin on the cytotoxic effects of EGFR targeted therapy
and chemotherapy in 7 non-small cell lung cancer (NSCLC) cell lines and a cohort of lung cancer patients with/
without T2D. In vitro cell viability assays indicated that metformin didn't potentiate the growth inhibitory effects of
erlotinib at different doses in cell lines that are of distinct genetic background. EGFR downstream signaling
evaluation further demonstrated that metformin, at its IC50 value, modified apoptosis caused in erlotinib or
chemotherapeutic agent-treated cells via AKT activation and the inhibition of caspase 3 and PARP cleavages.
These regulations were driven independently from EGFR, LKB1, KRAS, PTEN and p53 status. Metformin triggered
autophagy (LC3B expression) was identified to interplay with apoptosis to attenuate the drug effect and postpone
cancer cell death. In the retrospective study of 8 NSCLC patients, the administration of metformin did not induce
statistically significant changes as assessed by immunohistochemical staining of pERK, pAKT and cleaved PARP.
Consequently, the application of metformin for T2D NSCLC patients receiving chemo or EGFR targeted therapy
should be considered with caution.
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Introduction
Lung cancer leads to the largest number of cancer-related deaths
worldwide. More than 85% of those cases are currently classified as
non-small-cell lung cancer (NSCLC), with a predicted 5-year survival
rate of around 21% [1]. Systemic chemotherapy is still the most widely
used treatment for advanced lung cancer, but immunotherapy and
targeted therapy are becoming more important. Platinum compounds,
such as cis- or carboplatin, are the backbone of most drug combinations
in lung cancer [2–5]. Biomarker directed targeted agents have become
the standard of care for a subset of NSCLC patients and have attracted
significant attention in the last decade. Erlotinib, gefitinib and afatinib,
which are specific inhibitors of the epidermal growth factor receptor
(EGFR) tyrosine kinase (TK), are used for patients with classical EGFR
mutations [6]. However, more prevalent in NSCLC are mutations in
the KRAS oncogene in conjunction with deletion or point mutations in
the p53 tumor suppressor or the metabolic sensor LKB1. Regrettably,
today there is no targeted therapeutic option for patients with
LBK1-p53- or KRAS-mutant tumors.

A number of epidemiologic studies have indicated an increased
cancer risk in patients with type 2 diabetes mellitus (T2D) [7–10];
the overlapping of these two diseases has a devastating impact on the

http://crossmark.crossref.org/dialog/?doi=10.1016/j.neo.2017.02.011&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://dx.doi.org/10.1016/j.neo.2017.02.011


386 Metformin and Drug-induced Apoptosis in NSCLC Cells Xiao et al. Neoplasia Vol. 19, No. 5, 2017
health of patients. Published results suggest T2D and cancer share key
metabolic pathways and signaling modules, including AMP activated
protein kinase (AMPK) and the members of the insulin receptor
family [11]. However, precise molecular genetic links between these
two diseases aren't well characterized in terms of a specific
denominator or targets which are suitable for drug development.

There is rising interest in the repurposing or repositioning of
already approved medications as possible cancer chemotherapeutic
agents. Among the medications being evaluated, metformin is one of
the most notable. Metformin belongs to the biguanide class of
anti-diabetic drugs [12]. In addition to its use in T2D, metformin
exerts remarkable anti-cancer properties in tumor cells and prevents
spontaneous and induced tumorigenesis in mouse models [13–16].
The mechanism of action of metformin on cancer cell growth is still
not fully elucidated, but it decreases insulin resistance and indirectly
reduces the insulin level, thereby inhibiting insulin promoted cancer
cell growth [17]. Metformin also activates AMPK, a transducer of
cellular energy, which has been proposed as a possible therapeutic
target in cancer [18]. Based on the exciting outcomes from in vitro
and preclinical studies as well as good physiological tolerance,
numerous clinical studies have been launched in order to assess the
safety and efficacy of metformin in combination with chemo,
radiation and/or targeted therapy for different types of tumors,
including lung, breast, ovarian, colon and pancreatic cancer
[13,19,20]. Unfortunately, metformin has shown conflicting results
in in vitro and preclinical studies; the role of its application as a
chemo-preventive drug in lung cancer is debatable. Future studies in
humans are required to gain insight into the potential of metformin as
a suitable candidate to treat NSCLC as a single medication or in
combination with chemotherapeutic agents and small molecular
tyrosine kinase inhibitors.

The objective of our study was to determine the signaling pathways
mediated by metformin in combination with erlotinib and
the therapeutic drugs cisplatin and paclitaxel in NSCLC cell lines
(Table 1) based on the evaluation of critical modules, namely EGFR,
AKT, caspase 3, PARP and LC3B, for necrosis-autophagy-apoptosis
programmed cell death development. We observed that metformin, by
triggering autophagy, modified programmed cell death in erlotinib or
chemotherapeutic agent-treated NSCLC cells in vitro. Metformin
associated effects were reflected by AKT activation and the abrogation
of PARP and caspase 3 cleavage. Pronounced regulations weremanifested
in NCI-H2122 and A549 cells with LKB1 deficiency and KRAS
mutation. Further data from a retrospective study also suggest a cohort of
lung cancer patients didn't benefit frommetformin treatment. In this case
the clinical necessity for a combinatorial treatment with metformin and
chemo or targeted therapy should be appraised with caution.
Table 1. Characteristics of the NSCLC Cell Lines Used in This Study

NSCLC Cell Line Histology EGFR Mutation KRAS Mutation

HCC4006 AD del E746–A750, amplification

HCC827 AD del E746–A750, A750E, E746K, E746A

NCI-H1650 AD del E746–A750
NCI-H1975 AD L858R and T790 M
NCI-H2122 AD wild-type G12C
A549 AD wild-type G12S
HCC95 SCC wild-type

AD, adenocarcinoma; SCC, squamous cell carcinoma.
Materials and Methods

Cell Lines and Chemicals
The human NSCLC cell lines HCC4006, HCC827, NCI-H2122

(H2122), NCI-H1650 (H1650), NCI-H1975 (H1975) and
HCC95 were obtained from Dr. Roman Thomas. A549 was
obtained from the American Type Culture Collection (ATCC).
Cancer cells were cultured in RPMI-1640 medium (Gibco)
supplemented with 10% FBS (Gibco), L-glutamine, 100 U/ml
penicillin and 50 μg/ml streptomycin (Sigma, St Louis). Erlotinib was
purchased from Vichem Chemie (Hungary). Metformin, cisplatin
and paclitaxel were purchased from Sigma (St Louis, MO).

Proliferation Assays
Opaque-walled 96-well plates with clear bottoms (Corning,

#3603) were used for cell culture. The number of cells used per
cell line was determined empirically. Cells from HCC95, H2122,
H1650, HCC4006, HCC827, and H1975 were seeded at
1.3 × 105, 2.2 × 105, 1 × 105, 5 × 104, 8 × 104, and 7.5 × 104

cells/well, respectively. Drug treatments were performed the next day
after seeding and proliferation was measured 72 hours later using the
CellTiter-Glo luminescent cell viability assay (Promega), following
manufacturer's instructions. Each point represents as a percentage of
the DMSO treated control. Experiments were set up in 4 replicate
wells and repeated thrice.

Western Blot Analysis
Protein extracts were prepared as previously described [21]. 35 μg

total proteins were denatured, separated on 10% SDS–PAGE, and
transferred to nitrocellulose (Protran BA85, GE Healthcare Life
Sciences). Membranes were incubated with primary antibodies
diluted in NET-gelatin against pEGFR Y1173 (Cell Signaling
Technologies, #4407), EGFR (Transduction Laboratories, E12020),
pERK1/2 (Cell Signaling Technologies, #9101), ERK1 K23 (Santa
Cruz, sc-94), pAKT (Cell Signaling Technologies, #9271), AKT1/2/
3 H-136 (Santa Cruz, sc-8312), PARP (Cell Signaling Technologies,
#9542), Caspase 3 (Cell Signaling Technologies, #9662), Tubulin
(Sigma, T9026). Secondary HRP-conjugated anti-rabbit (Bio-Rad)
and anti-mouse (Sigma) antibodies were used and detection was
carried out using an ECL reagent (PerkinElmer, Rodgau, Germany)
on X-ray films.

Immunofluorescence Assay
Cells were seeded onto 12 mm coverslips in 24-well dishes and

allowed to attach for 18 hours before treatment. 72 hours after
treatment, cells were fixed in methanol, blocked in 3% BSA,
and incubated with rabbit anti-LC3B antibody (Cell Signaling
PTEN Status P53 Mutation LKB1 Mutation IC50s of Erlotinib (μM)

wt 0.25
del V218,
del V125

0.04

null N10
wt R273H N20
wt Q16L, C176F, C44F, C83F P281fs*6 N10
wt Q37* N10
wt N20



Table 2. Clinical and Pathological Features of the NSCLC Patients

Diagnose Age Sex Treatment
Tissue Sample
Location

Metformin
Treatment

65 M Cisplatin/Gemcitabine Lobectomy left Yes
74 F Carboplatin/Docetaxel Lobectomy right Yes
63 M Carboplatin/Paclitaxel + Radiotherapy Lobectomy right Yes
63 M Cisplatin/Gemcitabine Lobectomy left Yes
65 F Cisplatin/Gemcitabine Bi-Lobectomy No
71 F Cisplatin/Navelbine Lobectomy left No
61 F Cisplatin/Navelbine Lobectomy right No
49 M Cisplatin/Navelbine Lobectomy right No

F, female; M, male.
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Technologies, #3868). After incubation with secondary antibody Alexa
Fluor 488-conjugated goat anti-rabbit (Dianova, #111–545-003), nuclei
were stained with Hoechst 33,342. Coverslips were mounted in Prolong
Gold Antifade Reagent (Cell Signaling Technologies, #9071). Image
acquisition was carried out using a Zeiss Axioplan2 microscope and the
Metaview software (Universal Imaging Corp.)

NSCLC Tumor Samples
Eight patients, with locally advancedNSCLC, underwent neoadjuvant

chemotherapy and subsequent surgery. The pre- and post-chemotherapy
tumor samples were available in Asklepios Institute of pathology,
Munich-Gauting, Robert-Koch Allee, Germany. Clinical and patholog-
ical features of the patients are listed in Table 2.

Immunohistochemistry Staining
Tissue sections were dehydrated and heated in a microwave oven in

citrate buffer 20 min for antigen retrieval. After blocking in 3%
hydrogen peroxide (H2O2) in PBS for 15 minutes, the sections were
overlaid with 5% normal goat serum and 0.2% Tritonx-100 in
TBST. Tissue sections were exposed with the following primary
antibodies: rabbit anti-pAKT (1:50, Cell Signaling, #3787), rabbit
anti-pERK1/2 (1:50, Cell Signaling, #9101) and rabbit
anti-cleaved-PARP form (1:50, Cell Signaling, #5625). After 4 °C
overnight incubation, goat anti-rabbit secondary biotinylated anti-
body (DAKO, Glostrup, Denmark) was applied using a 1:200
dilution for 60 minutes at room temperature. Binding was visualized
with DAB (Sigma, St. Louis, Missouri) and H2O2. After the
hematoxylin counterstaining, sections were examined by the
microscope. Negative controls included the signals omission of
the primary antibody. Lung tumor areas were determined by the
pathologist and labeled. Additionally, those areas were verified using
AxioVision software (Carl Zeiss Microscopy GmbH). For each
tumor, two nonconsecutive slides were used for quantification. The
intensity (score 3) of the protein signal in tumor cells was automated
generated via software for statistical calculations. Finally, all IHC
slides were re-evaluated manually by the pathologist and scientist. For
microscopy, we employed Zeiss Discovery V8 Stereo microscope (Carl
Zeiss MicroImaging GmbH, Göttingen, Germany) integrated with an
Axio-Cam ICc3 camera (Spectra Service, Ontario, NY). Images were
acquired using AxioVision Rel. 4.7 software provided by Zeiss.

Statistical Analysis
Data were represented as mean ± SD from three independent

experiments unless stated otherwise. Statistical analysis was performed
by one-way analysis of variance (ANOVA), and statistical significance
(*P b .01) was evaluated with the unpaired 2-tailed Student t test to
assess differences between treated and control samples.
Results

Metformin Does Not Enhance Erlotinib-Induced NSCLC Cell
Growth Inhibition

We have reported earlier that metformin modestly exerts a growth
inhibitory effect on various types of NSCLC cell lines [21]; therefore,
we conducted an experiment to investigate if its combination with
EGFR tyrosine kinase inhibitor (TKI) erlotinib has an additional
growth inhibitory effect on NSCLC cells. Seven cell lines were
selected according to their genetic status of EGFR and other
oncogenes (Table 1).

CellTiter-Glo cell viability assay was applied to evaluate the IC50

value of metformin in combination with various concentrations of
erlotinib in a panel of NSCLC cell lines with erlotinib resistant
(HCC95, H2122, H1650, and H1975) and sensitive genotype
(HCC4006 and HCC827). Expectedly, after 72 hours of treatment,
erlotinib reduced the viability of HCC4006 and HCC827 cells with
an EGFR exon 19 deletion to a large extent, demonstrating a
dose-dependent decrease from 100% to 25% and 90% to 30%,
respectively. However, this treatment was less effective to the
remaining cell lines as indicated in Figure 1. Through the evaluation
of four different doses of erlotinib the combined effect was more than
likely caused by metformin alone, especially for HCC95 and H2122
(Figure 1, upper left and middle). Among all treatments, enhanced
anti-proliferative activity was shown only in HCC95 cells in
combination with erlotinib at 10 μM (Figure 1, upper left). Taken
together, combinatorial treatment did not influence the effect of
either single agent, except for H1975 and HCC827 cell lines where
erlotinib attenuates the metformin effect.
Metformin Modifies Erlotinib Induced Apoptosis in NSCLC
Cell Lines Independent of EGFR Gene Status and Signaling

Next, we wanted to examine the molecular signaling responsible
for the cytotoxic effects of erlotinib after combinatorial treatment
with metformin. Consistent with the cell viability assay, 6 NSCLC
cell lines with the same validation settings were chosen for
investigation. As shown in Figure 2, A–F, EGFR downstream
signaling evaluation indicated that at the 48-hour time point, the
inhibition of EGFR phosphorylation (pEGFR) and the inactivation
of PARP by cleavage (c-PARP) were both dose-dependent in all
erlotinib treated NSCLC cell lines. In contrast, metformin alone, at
its IC50, strongly inhibited pEGFR and c-PARP over DMSO-treated
control. Value changes were analyzed and quantified in histogram
dialogs. Treatment with erlotinib and metformin mediated further
suppression of pEGFR in all cell lines but HCC827 cells, where the
combination of drugs led to a slight up-regulation of this
phospho-protein (Figure 2F). Surprisingly, metformin functioned
to revert the effect of c-PARP induced by erlotinib treatment to the
control level, suggesting its ability to interfere with erlotinib-triggered
apoptosis and shift cells to autophagy (data shown in Figure 6).
pEGFR independent triggering of phospho-AKT (pAKT), with dual
autophagy–apoptosis regulatory potential, was observed after metfor-
min treatment in EGFR wild type (wt) HCC95 and H2122 cells, as
well as EGFR mutant H1650 and HCC4006 cells (Figure 2, A–C
and E). This observation is not in line with the definition of the
classical anti-apoptotic effect of pAKT. At the indicated erlotinib
concentrations, pAKT was not detected or changed in H2122 (EGFR
wt, KRAS and LKB1 mutations) and H1975 (T790 M mutation)
cells (Figure 2, A and B). However, it has been shown to be



Figure 1. Metformin doesn't enhance in vitro anti-proliferative activity of erlotinib. Cells were cultured in the presence or absence of
metformin with the indicated concentrations of erlotinib for 72 hours. The doses of metformin relate to the IC50 values for each cell line,
such as 2 mM for H2122 and HCC4006, 5 mM to HCC95, H1650, H1975 and HCC827. The percentages of surviving cells in relation to
controls were determined by CellTiter-Glo cell viability assay, *P b .01. METF, metformin; ERL, erlotinib.
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down-regulated in an erlotinib dose-dependent manner in HCC95
and the two erlotinib sensitive cell lines HCC4006 and HCC827
(Figure 2, A, E and F). Due to a PTEN deletion in H1650 cells,
pAKT is constitutively activated, but there was a slight increase under
combinatorial treatment relative to erlotinib single agent at the
concentrations of 1 and 10 μM (Figure 2C). In HCC95 cells,
metformin enhanced inhibition of the pEGFR, pAKT, and pERK
was only observed in combination with 20 μM erlotinib (Figure 2A).

We further investigated whether the cell proliferation indicator
ERK1/2 (pERK1/2) would also negatively respond to the cytotoxicity
effect of erlotinib in the presence of metformin. The data shows only
in two of six cell lines (H2122 and H1650) metformin enhances
pERK1/2 expression after combinatorial treatment with erlotinib
(Figure 2, B and C). Furthermore, this effect was observed in HCC95
cells when treated with low-dose erlotinib (0.1 and 1 μM) (Figure
2A). Thus, our data argue against the involvement of ERK1/2 activity
in metformin-mediated proliferation inhibition, indicating metfor-
min attenuates erlotinib cytotoxicity via activation of pAKT,
irrespective of EGFR gene status and pERK1/2.

To further confirm the effect of metformin on erlotinib induced
apoptosis, we evaluated the status of caspase 3 (c-caspase 3), a
mediator of apoptosis signaling, in these 6 cell lines. The results were
similar as for PARP cleavage. As shown in Figure 3, after 48 hours of
erlotinib treatment, c-caspase 3 was increased in the investigated cell
lines, whereas the addition of metformin inhibited this cleavage.
Metformin alone didn't induce caspase 3 cleavage, suggesting that in
combination with erlotinib, metformin could modify cell death
through AKT activation to abrogate PARP cleavage.

Overall, AKT activation and the abrogation of caspase 3 and PARP
cleavage suggest a role of metformin in the modification of
erlotinib-induced apoptosis in all tested NSCLC cell lines.
Metformin Attenuates Paclitaxel or Cisplatin Induced Apop-
tosis in NSCLC Cell Lines

Systemic chemotherapy was taken as the first-line treatment for
NSCLC; therefore, we applied metformin in combination with the
commonly used chemotherapeutic agents paclitaxel or cisplatin for
further investigation. Cell proliferation and apoptosis related
indicators (pERK1/2, pAKT and c-PARP) were used as the
parameters for this evaluation. As shown in Figures 4 and 5,
paclitaxel or cisplatin induced PARP cleavage in a dose dependent
manner in all 6 cell lines at the 48-hour time point, whereas the
addition of metformin mediated an abrogation of c-PARP. Value
changes have been analyzed and quantified in histogram dialogs.
Moreover, the antagonism between metformin and paclitaxel/
cisplatin was also reflected via reciprocal activation of pAKT or
pERK1/2, depending on the EGFR mutations and distinct genetic
background of the cell lines (Table 1, Figures 4 and 5). The
modification of apoptosis and enhanced cell proliferation upon
metformin treatment could minimize the cytotoxic effect caused by
TKIs and first-line drugs for NSCLC patient treatment.

This data demonstrate that metformin induced modification of
apoptosis is not only triggered in combination with erlotinib, but also
with chemotherapeutic agents, which warrants caution when
considering metformin for T2D NSCLC patients receiving erlotinib
or chemotherapeutic agents such as platinum compounds.

Metformin Triggers Autophagy InterplayWith Apoptosis Induced
by Erlotinib and Chemotherapeutic Agents in NSCLC Cell Lines

Next we investigated which influence on apoptosis the combina-
torial treatment exerts to disrupt the balance between cell death and
survival. Metformin has been shown to trigger autophagy [22].
Through examining morphological and biological changes, we



Figure 2. Metformin modifies erlotinib-induced apoptosis via AKT activation and the inhibition of PARP cleavage. Four erlotinib resistant
(HCC95, H2122, H1650, H1975) (A-D) and two sensitive (HCC4006, HCC827) (E and F) NSCLC cell lines were exposed for 48 hours to
increasing amounts of erlotinib with andwithout metformin at its IC50 value.Western blots are shown for PARP, phospho- and total EGFR,
AKT, ERK1/2 expression. Tubulin served as a loading control. Histograms show the intensity quantification of pAKT, c PARP and pEGFR in
the framed lanes. M, metformin; E, erlotinib.
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analyzed the occurrence of autophagy in drug-treated cells in comparison to
chloroquine (CQ) treatment as a positive control. Microtubule-associated
protein light chain 3 (LC3B) is a specificmarker used tomonitor autophagy
initiation. Immunofluorescence (IF) analysis revealed that after metformin
treatment the intensity of LC3B, shown as a punctate pattern, was
markedly increased in all tested cell lines over DMSO (Figure 6,A and B).



Figure 3. Modulation of cleaved caspase 3 expression after combinatorial treatment of NSCLC cell lines with metformin and erlotinib.
Western blots of caspase 3 in NSCLC HCC95 (A), H2122 (B), H1650 (C), H1975 (D), HCC4006 (E), and HCC827 cells (F). Tubulin served as a
loading control. Histograms show the quantification of band intensity. M, metformin; E, erlotinib.
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While treatment with microtubule inhibiting agent paclitaxel
dramatically increased multi-nuclei formation, which is a hallmark of
cell death through mitotic catastrophe, this effect was prevented by
the combination with metformin (Figure 6A). As documented in
Figure 6B, this abrogation of multinucleated cells was clearly seen in
H1650 and A549 cells.

Taken together, there is evidence that metformin may directly
modify and inhibit drug-induced lung cancer cell apoptosis via
enhancing LC3B expression and autophagosome formation to shift
cells towards autophagy. This effect might temporarily prevent cancer
cells from apoptosis via cellular compensation of energy deprivation,
or initiate a resistance to drug treatment.
Combinatorial Treatment of NSCLC/T2D Patients With
Metformin and Therapeutic Drugs has Minor Effects on
pAKT, pERK1/2 and PARP Cleavage

In our in vitro study we found that the simultaneous delivery of
metformin with erlotinib, paclitaxel or cisplatin leads to a
modification of apoptosis, shifting cells into an autophagy-cell
death interplay. This effect of combinatorial treatment, evaluated by
expression analysis of the critical protein-modules pERK1/2, pAKT,
c-caspase 3 and c-PARP and by cell viability assay, was obvious.

To investigate whether the observed in vitro effect of modified cell
death, reflects the tumor status of NSCLC patients in conjunction
with anti-cancer drugs, eight tumor sections from individual patients



Figure 4. Metformin in combination with paclitaxel activates AKT, ERK1/2 and inhibits PARP cleavage in NSCLC cells. Four erlotinib
resistant (A549, H2122, H1650, H1975) (A-D) and two sensitive (HCC4006, HCC827) (E and F) NSCLC cell lines were exposed for 48 hours
to increasing amounts of paclitaxel with and without IC50 value of metformin. Western blots are shown for PARP activation, AKT and
ERK1/2 expression and phosphorylation. Tubulin served as a loading control. M, metformin; P, paclitaxel.
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were used for evaluation (Table 2). Four patients diagnosed with lung
cancer were classified as the control group, where chemotherapy was
applied as neoadjuvant treatment. The other four lung cancer patients
had a preexisting condition of diabetes and were being treated with
metformin and chemotherapy at the same time. Paraffin embedded
slides were submitted to IHC staining to detect the proliferative



Figure 5.Metformin in combination with cisplatin activates AKT, ERK1/2 and inhibits PARP cleavage in NSCLC cells. Cell line preparation
and drug application are as described in Figure 4. C, cisplatin.
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marker pERK1/2 and the apoptosis related markers pAKT and c-PARP
form. Data show there are no statistically significant differences between
the metformin group and the control group (Figure 7). It is worth noting
that to meet the surgeon’s requirements, metformin was withdrawn from
these patients 2 weeks before their surgery. This is an important
distinction between our in vitro data (where all the drugs were given
simultaneously) and the analysis of the protein levels from the samples
derived after surgery from patients with T2D diabetes.



Figure 6. Metformin triggers autophagy and attenuates cytotoxic effects induced by erlotinib, paclitaxel or cisplatin. (A) Representative
images of autophagy-related LC3B staining of H2122, H1650 and H1975 cells following combination treatment with metformin and
erlotinib/paclitaxel/cisplatin. IF was performed on methanol fixed cells with LC3B-specific purified IgG (green), and counterstained with
Hoechst 33,342 (blue). CQ, chloroquine. M, metformin; P, paclitaxel; C, cisplatin. Scale bar, 20 μm. (B) Summary of IF results upon
combinatorial treatment of NSCLC cell lines with drugs and metformin. The intensity of LC3B staining was scored with a scale 0–4. 0 for
absence of staining; 4, CQ-like.
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Figure 7.Quantification of positive IHC staining of pERK, pAKT and
cleaved PARP on primary tumors. Formalin-fixed and paraffin
embedded primary tumors from 8 lung cancer patients were
IHC-stained to assess the efficiency of pERK, c-PARP and pAKT.
The staining with score 3 was taken for evaluation. ns, no
significance. METF, metformin.
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Discussion
Experimental and clinical studies have shown a survival benefit of
metformin used in breast, prostate, and colorectal cancer [13,20,23].
However, there is limited and conflicting data regarding the potential
effectiveness of this medication for T2D patients with advanced lung
cancer in combinatorial chemotherapeutic settings. Previous findings
described by Morgillo et al. have shown metformin and gefitinib are
synergistic in LKB1 wt NSCLC cells [24]. These data have been
supported by Li et al. to show metformin might be used in
combination with TKIs in patients with NSCLC harboring EGFR
mutations [25].

In our study, assessed by caspase 3 and PARP cleavage, apoptosis
induction after metformin treatment was very low, even lower than
the control group, which suggested an apoptosis-modification
property of metformin (Figures 2 and 3). Furthermore, metformin,
at its IC50 values, inhibited caspase 3 and PARP cleavage that were
induced by different doses of lung cancer drugs, including erlotinib,
paclitaxel and cisplatin. Our study reveals that these regulations
were tightly connected to metformin dependent AKT activation
(Figures 2, 4, and 5). pAKT inhibits apoptosis directly through
phosphorylation and inactivation of caspase 9, subsequently leading
to the abrogation of caspase 3 and 7 activity - initiators of PARP
cleavage and apoptosis [26]. These observed combinatorial effects are
not dependent on EGFR gene status, suggesting an involvement of
other pathways (e.g. insulin receptor, insulin-like growth factor
receptor 1, AXL and MET) in activating the molecular signaling of
AKT and ERK1/2.

Under basal conditions, the primary function of PARP is to detect
and repair DNA damage, resulting in depleted cellular ATP level
[27]. AMPK kinase can sensitize low ATP level and be activated in
response to metformin treatment, followed by the inactivation of the
autophagy inhibitor mTOR, a major nutrient sensor and promoter of
growth. In NSCLC cell lines H1650 and A549 metformin has been
shown to regulate the balance of death and survival, via strong
inhibition of drug-induced multi-nuclei formation (mitotic catastro-
phe) and simultaneously elevating autophagy marker LC3B expres-
sion (Figure 6, A and B). Consequently, these cells have a chance to
initiate a transition to resistance. With severe DNA damage, cells have
amplified PARP activity that results in high ATP consumption. If
unchecked, this activity inevitably leads to passive necrotic cell death
[28]. In our case, under drug treatment, this process is blocked by
rapid cleavage and inactivation of PARP by the action of caspase 3
(Figure 3).

In this report, we demonstrate for the first time the ability of
metformin to modify apoptosis, and even rescue cancer cells from cell
death induced by erlotinib, paclitaxel or cisplatin, via autophagy. Our
data show that metformin can simultaneously act as a dual mTOR
activator and inhibitor in heterogeneous cancer cell populations that
were treated with chemotherapeutic drugs. Cancer cell content is
playing an even more important role in individual drugs with specific
toxicity profiles, like erlotinib, paclitaxel or cisplatin, but metformin
can cause unpredictable modifications. These results, obtained in
cultured cancer cell lines, should be interpreted with caution, since we
didn't observe significant effects of metformin in our pilot study of
NSCLC patients with diabetes (Table 2 and Figure 7), where the
concentration of metformin was much lower.

At present there are numerous ongoing clinical trials evaluating the
response to, and overall survival of, the combination of metformin with
standard therapies in patients suffering different cancers. Clinical trials
have shown controversial results. A paper published by Smiechowski and
colleagues indicated that lung cancer risk is unaffected by metformin in
patients with T2D [29]. In our study, we investigated whether the
complicated cell-death balance interplay between metformin and
chemotherapy also reflects the status of human lung tumors after
treatment. Unfortunately, based on the expression of pERK1/2, pAKT
and c-PARP, we didn't observe significant differences between our pilot
tumor samples (Table 2). Thismay be because patients were advised to be
taken off metformin before surgery. During our investigation, we also
found different drug combinations had been used on these cancer
patients, and furthermore, the low number of samples would be a
drawback for statistical evaluation. Despite strong epidemiological
evidence for metformin's anti-cancer properties, there is the possibility
that, even ifmetformin has some ability to prevent cancer, its efficacymay
be limited to just several tumor types and it might be beneficent to
reconsider the use of phenformin, instead of metformin, particularly in
NSCLC with LKB1 deletion and KRAS/p53 mutation [16].

Future perspective studies are required in NSCLC patients to
better investigate the effect of metformin action on the specific
pathways and the best context in which to use metformin in
combination with molecularly targeted agents. On the other hand, it
is important for further studies to test whether metformin triggered
autophagy can mitigate neurotoxicity and nephrotoxicity in combi-
natorial chemotherapeutic settings.
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