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Abstract
We examined the effect of Metformin (MET) on Lapatinib (LAP)-induced apoptosis in SK-BR3 cells. The
cell viability and cell death were measured by MTT assay and Annexin V-FITC/PI
staining, respectively. The mRNA expression of Bax, Bcl2, and P21 was determined by real-time PCR. The
activity of caspase 3 and 9 was measured using an ELISA kit. The MET-LAP combination index (CI) was
calculated using CompuSyn software. The molecular docking studies of LAP with Akt, AMPK, and HER2
were performed using Auto Dock 4.2.5.1. The strongest synergistic apoptotic death [combination index
(CI) = 0.51] was obvious in MET 100 mM plus LAP 100 nM. The MET-LAP combination causes a more
powerful apoptotic death (46%) compared to LAP 100 nM individually. The combination could
significantly increase the expression of Bax and P21, as well as the activity of caspase 3 and 9, but
decreased the expression of Bcl2. Moreover, the combination could significantly increase the level of
AMPK in LAP 100 nM plus MET 30 mM and decreased the level of Akt in LAP 100 nM plus MET 40 mM.
Molecular docking studies showed that LAP interacts with the active site amino acids of Akt, AMPK, and
HER2 by hydrogen and hydrophobic interactions. MET-LAP combination induces more extensive
apoptotic death than either drug alone in SKBR3 cells. MET-LAP combination may be considered as a
valuable therapeutic intervention in breast cancer patients. However, further in-vivo studies are needed to
assess the MET-LAP combination's practical value for induction of apoptosis and an anti-cancer drug.

Introduction
Breast cancer represents one of the most common malignancies in women that have the highest rate of
mortality in women worldwide, recently [1]. Approximately, twenty to twenty-five percent of breast cancer
patients are HER2 positive that shows aggressive phenotype, and poor outcomes [2]. Trastuzumab, a
recombinant humanized antibody is the existing and certified treatment of HER2 positive breast cancer,
which can inhibit the extracellular domain of this type of tyrosine kinase receptor [3]. However, hereditarily
and acquired resistance to this therapy develops within one year [4]. Thereafter, the use of therapeutics
with tyrosine kinase inhibition (TKI) activity, including LAP, neratinib, and gefitinib has been more
developed [5]. Though, a number of proofs about acquired resistance to these medications through
modulation of their different downstream signaling proteins have been documented [6]. Therefore, a new
strategy for breast cancer chemotherapy is a combination of chemotherapy that uses a natural
compound with a synthetic drug. Nowadays, chemical prevention strategies by focusing on the use of
natural chemopreventive compounds have been more attractive. In such therapeutic strategies, the drug
used is better known to have low toxicity, desired efficacy, and can be used orally and cost-effective [7].
LAP, a dual synthetic reversible tyrosine kinase inhibitor, which selectively directs and prevents the HER2
and EGFR activity, has recently been used in clinical trials. It is usually utilized with the chemotherapeutic
agent including capecitabine in breast cancer patients which previously treated with different anti-cancer
drugs [8, 9]. Also, it has been indicated that LAP by blocking the adenosine monophosphate-activated
protein kinase (AMPK) activity and AKT in HER2-positive cells ultimately resulted in the destruction of
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cancer cells. It was also seen that the drug could sensitize the above-mentioned cell group to radiation
therapy and tamoxifen [10].
MET (MET) (N, N-dimethyl biguanide), an insulin sensitizer, has long been used as one of the common
drugs in type 2 diabetes mellitus [11, 12]. Several meta-analyses significantly established that MET could
reduce the prevalence of several cancers including breast, colorectal, and hepatocarcinoma, and cancerrelated death [13–16]. Additionally, MET has been indicated could inhibit the proliferation and induce
apoptotic death in triple-negative breast cancer cell lines [17]. Although LAP and MET have been shown
to exhibit an anti-cancer effect, the MET-LAP combination may have a more effective action against
breast cancer. To the best of our knowledge, this combination has not been tested, therefore, in the
current study; we assessed the effect of MET and LAP either individually or in combination on the
canonical p53 target such as Bax, Bcl2, and P21 expression accompanied by measurement of Akt, and
AMPK level and caspase 3 and 9 activity in SKBR3 cells.

Materials And Methods

Chemicals and Reagents
MET and LAP with more than 99% of purity, thiazolyl blue tetrazolium bromide (MTT), and dimethyl
sulfoxide (DMSO) were obtained from Sigma Chemical Co (St. Louis, MO, USA). Annexin V-FITC/
propidium iodide (PI) apoptosis detection kit was purchased from Beyotime Institute of Biotechnology
(Nanjing, Jiangsu, China). Dulbecco’s Modified Eagle Medium (DMEM) and FBS were purchased from
Gibco (Carlsbad, CA, USA). AMPK, AKT, and β-actin monoclonal antibodies and goat anti-rabbit IgG
(labeled with HRP) were obtained from Cell Signaling (Danvers, MA, USA).

Cell Culture, cytotoxic MTT assay, and combination index
determination
SKBR3 cells originated from human patients with breast carcinoma were purchased from the Pasteur
Institute of Iran (Tehran, Iran). The cells were cultured in DMEM media supplemented with 10% heatinactivated FBS and 1% antibiotics (Pen/Strep) at 37 °C in a 5% CO2 enriched atmosphere. Approximately
20×103 cells/well treated with different concentrations of MET or LAP for 24, 48, and 72 h, respectively.
After treatment, 100 μl MTT (0.50 mg/ml in PBS) was added and incubated for 4.5 h at 37 °C. Finally,
the formazan crystals were dissolved in 100 μl pure DMSO, and the absorbance was measured at 570 nm
by a microplate reader (BioTek® ELx800, USA). All experiments were performed triplicate and cell viability
was determined as a percentage of the control group. For calculating the fifty percent inhibition (IC50) of
each drug the Graph Pad Prism program (Graph Pad Software Inc., USA) was used. In order to determine
the presence or absence of synergism between MET and LAP, the combination index (CI) was calculated
using CompuSyn software based on the method used by Chou et al [18]. In this method, synergistic was
defined as a CI < 1.0, antagonistic as a CI > 1.0, and additivity as CI values equal to 1.0.
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Protein extraction and Western Blot Analysis
Approximately 5×105 cells/well were seeded into 6 well plates, and then incubated with different
concentrations of LAP and MET at 37 °C. The collected cells were lysed in ice-cold
radioimmunoprecipitation assay buffer (RIPA) contain proteases inhibitor cocktail. Total protein
concentration was quantified with bicinchoninic acid (BCA) protein quantitation kit (Abcam, Cambridge,
UK). After electrophoresis of proteins on the SDS-PAGE, the blots were electro transferred to the PVDF
membrane and blocking was performed with BSA 5% in PBS for 1 hour. The blots were then incubated
with primary anti-AKT (4691s; 1:1000 dilution), and anti-AMPK (2532s; 1:1000 dilution) antibody, and reincubated for β-actin (4970L; 1:1000) as a loading control. After washing, the membrane was incubated
in goat anti-rabbit peroxidase-conjugated antibody (7074s; 1/2000 dilution). Finally, the blots visualized
with Bio-Rad ChemiDocTM (Hercules, CA, USA), and densitometry was performed using ImageJ software.

Apoptosis assay
Apoptosis was measured using annexin V-FITC apoptosis kit (Sigma Aldrich., USA), and analyzed by flow
cytometry. The cells (5 × 105cells/well) were seeded into a 24‐well plate, after treatment with MET, LAP
individually and in combination, the cells were trypsinized and then pelleted by centrifugation. The pellet
was washed in PBS and then in binding buffer. Then, the cells were pelleted again and resuspended in
binding buffer containing Annexin V and PI and were incubated for 10 minutes in the dark. Finally, the
percent of apoptotic cells, including the early apoptotic (Annexin V+/PI−) and late apoptotic/necrotic
(Annexin V+/PI+) cells were analyzed using a flow cytometry system.

RNA extraction and quantitative real‐time polymerase chain
reaction (qRT-PCR)
The cells treated with different concentrations of MET, and LAP individually and in combination, then
collected and washed with PBS. Total RNA was extracted using RNeasy plus mini kit (Qiagen, Germany)
according to the manufacturer’s instructions. The quantity and quality of extracted RNA were assessed
using a spectrophotometer (NanoDrop 2000, Thermo Fisher Scientific, Waltham, MA, USA), and
electrophoresis on 1.0% agarose, respectively. To gain c.DNA equal amounts of total RNA (1 μg) was
subjected to reverse transcription-PCR using Quantitate Reverse Transcription Kit (Thermo Fisher
Scientific) according to the manufacturer’s instructions. The primers used are listed as follows: Bax- F 5'GGGTGGTTGGGTGAGACTC-3', Bax-R 5'-AGACACGTAAGGAAAACGCATTA-3; Bcl2-F 5′TCGCCCTGTGGATGACTGA-3′, Bcl2-R 5′-CAGAGACAGCCAGGAGAAATCA-3′, and p21-F 5'GCTCGGCTCTTCACCAAG-3', P21-R 5‐GTCACTGTCTTGTACCCTTGTG-3'. The relative expression of target
genes was calculated using the comparative- Ct method (ΔΔCt method) and were normalized relative to
the expression of the actin housekeeping gene.
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The measurement of caspase 3 and 9 activity
In order to determine the caspase 3 and 9 activity, after treatment of the cells with MET, LAP individually,
and in combination, the cells were lysed, and the activity of caspases was measured using a colorimetric
enzyme-linked immunosorbent assay (ELISA) kits based on manufacturer’s instructions.

Molecular docking studies
The in silico automated docking studies were performed using AutoDock version 4.2.5.1 and AutoDock
Tools (ADT) version 1.5.6 [19]. Gasteiger charges were added to each atom, and the non-polar hydrogen
atoms were merged. Water and co-crystal ligand molecules were eliminated from the PDBs (Protein Data
Bank). Then the receptors were converted to PDBQT (Protein Data Bank, Partial Charge (Q), and Atom
Type (T) using ADT. In all experiments, the Lamarckian genetic algorithm (LGA) search method was
applied to establish the best pose of each ligand in the active site of the receptors. Docking studies were
accomplished by Intel®Core i5 CPU (2.53 GHz) with Windows-7 operating system. The docking study of
compounds was carried out within the Akt (PDB ID: 4GV1), AMPK (PDB ID: 6C9H), and HER2 (PDB ID:
3PP0) active site, which was obtained from the protein data bank. The target was prepared by adding
polar hydrogens and merging non-polar hydrogens. Kollman united atom charge, and atom type
parameters were added. The dimensions of the grids were therefore 90 × 90 × 90 Å, with a spacing of
0.475 Å between the grid points. A grid Centre with x = 11.63, y = 10.18, and z = 16.5 was applied. The
parameters were set as follows: population size of 150, a maximum number of generations of 27,000,
and a maximum number of 25,000,000 energy evaluations. The Lamarckian genetic search algorithm
was applied, and docking runs were set to 100 for each ligand. The results were classified and evaluated
based on docking energy. Using Chimera 1.13 software [20] and online web-based Plip software [21] the
interaction of the protein-ligand was evaluated. Finally, the resulted docked ligand-receptor complexes
were evaluated in terms of energy, hydrophobic interaction, and hydrogen bonding to find the best binding
mode of the potent inhibitors.

Statistical Analysis
In the current study, the quantitative data are presented as mean ± SEM (standard error of the mean) of
three independent experiments. The MTT assay experiments were performed triplicate and the results
were reported as the percentage of viability. The comparisons of mean between groups were made with
one-way analysis of variance (ANOVA) followed by post hoc test using Graph Pad Prism (Graph Pad
Software, USA). Statistical significance was accepted at the level of p < 0.05.

Results
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Synergistic cytotoxic effect of LAP- MET combination on
the SKBR3 cells
After 24 h treatment with 20 mM of MET, a significant inhibitory effect on the cell viability was observed
in comparison with controls (p < 0. 05). After 72 h treatment with 40 and 50 mM of MET, its toxic effect
was comparable with treatment at 24, and 48 h. (Fig. 1). The IC50 value was decreased to 65 and 25 mM
when the cells incubated for 48, and 72 h, respectively, in comparison to 50 mM at 24 h (Fig. 1). Also,
after 24 h treatment with 100 nM of LAP, a significant inhibitory effect was observed in comparison with
controls (p < 0. 05). After 72 h treatment with 100 nM of LAP, its toxic effect on the cell viability was
comparable with treatment at 24, and 48 h. (Fig. 1). The IC50 value was decreased to 500 and 100 nM
when the cells incubated for 48, and 72 h, respectively, in comparison to 800 nM at 24 h (Fig. 1). To
determine whether MET could enhance the efficacy of LAP against breast cancer cells, we assessed the
cytotoxic effect of the MET-LAP combination on the SKBR3 cells and then analyzed for a possible
synergistic, additive, or antagonistic manner. As presented in Fig. 1, all combinations of MET with LAP
had more cytotoxic effects compared to LAP individually. A combination of 100 mM of MET with 100 nM
of LAP for 48 h causes 95% inhibition in comparison to LAP individually which shows 15% inhibition. An
increased inhibition was also observed in the other MET-LAP combinations ranging from 10, 20, 30, 40,
50, 70, 100 mM of MET with 100 nM of LAP with 100 nM of LAP (Fig. 1). Afterward, we assessed for a
possible synergism combination between MET and LAP using CompuSyn software. As presented in
Table 1, all concentration of MET–LAP combination showed a synergistic effect in terms of cell viability
inhibition. The strongest synergistic effects (CI = 0.51), however, were obvious at 100 mM concentration
of MET plus 100 nM of LAP.
Table 1
MET-LAP combination index (CI) determination

LAP

MET

MET

MET

MET

MET

MET

MET

(10 mM)

(20 mM)

(30 mM)

(40 mM)

(50 mM)

(70 mM)

(100 mM)

0.89

0.82

0.79

0.73

0.72

0.59

0.51

(100 nM)
The SKBR3 cells were given 100 nM of LAP and different concentrations of MET, and, then the
combination index (CI) was analyzed by CompuSyn software. CI < 1, = 1, and > 1 shows synergistic,
additive, and antagonistic effects, respectively. MET = metformin; LAP = Lapatinib

Synergistic Apoptotic Effect Of Met-lap Combination
Annexin V-FITC/PI double staining, a quantitative apoptotic death assay was performed to verify whether
the MET-LAP combination can induce apoptosis synergistically and also leading to increased apoptotic
death. Our results showed that MET and LAP either individually or in combination had a dose-dependent
apoptotic effect on the SKBR3 cells. The total apoptotic population was significantly increased in the
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cells treated with different concentrations of MET (12.3%, 18.2%, 27%, and 29.8 %, respectively) (Fig. 2)
and treated with different concentrations of LAP (18.1%, 28.1%, 33.3%, respectively) compared to controls
(Fig. 3). In the cells co-treated with the least concentration (100 nM) of LAP and different concentrations
of MET at 48 hours, the apoptotic death was significantly increased (10.8%,22.1%,25.3%, and 46%,
respectively) compared to LAP individually (Fig. 4). These results suggested the MET-LAP combination
was significantly (P < 0.001) increased apoptotic death in comparison to LAP individually.
Synergistic Effect of MET-LAP combination on the mRNA expression of apoptotic biomarkers
Our results indicated that the mRNA expression of pro-apoptotic protein Bax and cell-cycle inhibitory
protein p21 was significantly increased (7.0-fold and 9.0-fold, respectively) in MET 100 mM plus LAP
100 nM (Figs. 5A and B). Whereas, the mRNA expression of anti-apoptotic protein Bcl2 was significantly
decreased by 5.0-fold in similar concentrations (Fig. 5C). Changes in the mRNA expression of these
apoptotic biomarkers were consistent with data obtained from cellular apoptosis evaluation. The
caspase 3, and caspase 9 activity were also measured to further verify the apoptotic effect of MET-LAP
combination. The results obtained from the activity of both caspases confirmed the results obtained from
Annexin V/PI and mRNA expression of Bax (Fig. 6).
Synergistic effect of MET-LAP combination on the AMPK and Akt Expression
To determine the effects of MET and LAP either individually or in combination on the level of AMPK and
Akt expression, the SKBR3 cells were treated for 48 h. Our results showed that MET and LAP individually
in various concentrations had no significant effect on the protein level of Akt, and AMPK expression
(Fig. 7). However, after 48 h co-treatment with MET-LAP combination the protein level of Akt was
significantly decreased, and AMPK expression was significantly increased in comparison to both of them
individually (Fig. 8).

Molecular Docking Properties
LAP showed a binding energy value of -11.31 kcal.mol− 1 with the docked Akt and interacted with 15
active site amino acids of Akt, namely Val164, Ala177, Lys179, Leu181, Glu191, Glu198, Thr211, Met227,
Glu228, Ala230, Met281, Thr291, Asp292, Gly294, Leu295 (Table 2), by forming five hydrogen bonds
(Fig. 9). LAP showed a binding energy value of -7.54 Kcal.mol− 1with the docked AMPK and interacted
with 7 active site amino acids of AMPK namely Arg49, Gln50, Arg53, Thr87, Ser138, Glu139, and Gln154
(Table 2) by forming four hydrogen bonds (Fig. 10). LAP showed a binding energy value of -11.66
Kcal.mol− 1with the docked HER2 and interacted with 11 active site amino acids of HER2 namely Leu718,
Phe723, Val726, Ala743, Lys745, Thr790, Leu792, Met793, Leu844, Asp855, and Phe856 (Table 2) by
forming five hydrogen bonds (Fig. 11). To validate the docking procedures, co-crystal ligand inside the
PDB file of 4GV1, 6C9H, and 3PP0 were extracted and re-docked with its target. The RMSD values for
both targets were below 2 Å.
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Table 2
Interaction energy values and the important active site amino acids of the Akt and AMPK responsible for
interactions with LAP and MET
Receptor

Ligand

Lowest
docking
Energy
(Kcal/mol)

Estimated
Ki (nM)

Interacting residues

Akt

Lapatinib

-11.31

5.09

Val164, Ala177, Lys179, Leu181, Glu191,
Glu198, Thr211, Met227, Glu228, Ala230,
Met281, Thr291, Asp292, Gly294, Leu295,

Metformin

-5.93

44910

Glu191, Asp274, Asp292, Gly294, Leu295

Lapatinib

-7.54

2990

Arg49, Gln50, Arg53, Thr87, Ser138, Glu139,
Gln154

Metformin

-5.64

73330

Arg83, Asp136, Ser138, Glu139

Lapatinib

-11.66

2.85

Leu718, Phe723, Val726, Ala743, Lys745,
Thr790, Leu792, Met793, Leu844, Asp855,
Phe856

Metformin

-4.74

336230

Met766, Leu777, Thr854, Asp855, Phe856

AMPK

Her2

Discussion
Changes in HER2 function are a common molecular defect in breast malignancy and commonly
associated with an aggressive phenotype and poor outcomes [2, 3]. Clinically, two main problems may be
occurring after using HER2 inhibitors in breast tumors with HER2 overexpressing. First, the effect of HER2
inhibitors is limited by the development of hereditary and acquired resistance that usually occurs within
one year after starting the therapy [4]. Second, since the activity of HER2 has a vital role in heart function
and development, thus, the risk of cardiomyopathy should be considered [22, 23]. Though, proposed that
simultaneous HER2 inhibition and AMPK activation, may demonstrate very success in cancer treatment,
and ameliorate cardiac side effects [24]. Moreover, several studies indicated that combination
chemotherapy had a high ability to reduce the growth of carcinoma cells, prevent angiogenesis, induction
of apoptosis, and triggers an immune response [8–10]. Recently, combination therapy of
chemotherapeutic agents and phytochemicals is more attention as a successful alternative therapy to
increase therapeutic efficacy and decreases the systemic toxic effects of these chemotherapeutic agents.
Although, various in-vitro and in-vivo combination studies between MET and chemotherapeutic agents
were performed to analyze the effects of such combination on the inhibition of cell proliferation, cell cycle
regulation, and apoptotic death. However, to the best of our knowledge, the combination of MET and LAP
has not been examined, therefore, in the current study; we assessed the effect of MET and LAP either
individually or in combination on the cell viability and apoptotic death in SKBR3 cells.
We found that LAP and MET individually and in combination had a significant toxic effect on the SKBR3
cells in a time and dose-dependent manner. Analysis of flow cytometry data showed that the MET-LAP
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combination had a more apoptotic death compared to both of them individually. Also, the combination
could significantly increase the mRNA expression of pro-apoptotic protein Bax, a cell-cycle inhibitory
protein, p21, and caspase 3 and 9 activity. Whereas, the mRNA expression of anti-apoptotic protein Bcl2
was significantly decreased. Moreover, the combination could significantly increase the AMPK and
decrease the Akt expression. Our results are in accordance with the results from preceding studies which
confirmed the inhibitory effect of MET [17, 25, 26] and LAP [10, 27, 28] on the breast cancer cell lines.
Moreover, they found a combination of LAP and MET could considerably reduce the growth of all cell
types compared to the treatments with them individually.
Clinically, MET is commonly safe, worldwide available and it is significantly low-cost. Although, it is the
first-choice oral therapy as an anti-diabetic drug, several in vitro and in vivo studies have shown that MET
has anti-cancer activity in several malignancies, such as pancreatic, prostate, colorectal, and breast
cancers [14–17]. Several mechanisms have been suggested to explain such anti-cancer activities of MET,
for example, activation of AMPK and inhibition of mTOR [15, 29]. It is well established that Akt has a key
role in the proliferation of carcinoma cells and apoptotic death. Because, the Akt is downstream of
several coordinate tumor growth factors including IGF- I receptor [20, 31]. Thus, our finding that the METLAP combination reduced the Akt expression in SKBR3 cells may represent an important effect of this
drug for controlling carcinoma cell proliferation.
A case-control study by Jiralerspong et al. [32] indicated that diabetic patients with breast cancer treated
with neoadjuvant chemotherapy taking also MET had a higher pathologic response compared with
patients not taking. In a study by Oliveira-Ferraro et al. [33], they found MET can inhibit the expression of
M phase-related genes in the breast cancer cells by activating the AMPK pathway, consequently, the
breast cancer cell cycle was arrested in the G2 phase. A study conducted by Sahra et al. [14] indicated,
although, MET could inhibit the growth of the prostate cancer cells, however, could not induce apoptotic
death. Other studies showed that MET can induce apoptotic death in breast, colon, and endometrial
carcinoma cells [34–36]. Zhuang and Miskimins [36] found that MET individually, or in combination with
tamoxifen could increase apoptotic death in SKBR3cells via caspase and PARP activity. Also, they
showed that MET could increase cell apoptosis via the activation a caspase-mediated pathway. These
results are consistent with our result that found MET could increase the caspase 3and 9 activity in
combination with LAP.
LAP, a dual synthetic reversible inhibitor of tyrosine kinase activity, has potent anti-tumor activity against
HER2-overexpressing breast cancer [9–12], but the exact mechanism of its anti-tumor action has not
been completely understood. Akt/PKB is a key serine/threonine kinase that regulates several cellular
signaling pathways including cell proliferation, viability, size, and invasion, together with glucose
metabolism and angiogenesis [17]. Our results indicated that although MET and LAP individually could
not affect the expression of AMPK and Akt. However, the MET-LAP combination could increase and
decrease the expression of AMPK and Akt, respectively. Previous studies reported that MET could inhibit
signal transduction through ERK and Akt, both of which advocate cancer development in several
malignancies such as breast cancer [37, 38]. The alteration of Akt function is usually dis-regulated in
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various types of malignancy and has a vital role in tumor cell invasion, proliferation, mobility, and
survivance [38]. The regulation of apoptosis by Akt may be mediated through phosphorylation of several
pro-apoptotic proteins including Bax and caspase 9 [39]. Our results indicated that MET and LAP
individually and in combination could significantly increase the expression of Bax and caspase 3 and 9
activity in SKBR3 cells. It is speculated that these effects may be mediated by the reduction of protein
level of Akt. Moreover, Akt can induce phosphorylation and inactivation of the Forkhead Box (FOXO),
which is implicated in the expression of pro-apoptotic genes. On the other hand, Akt can phosphorylate
and inactivate IκB kinase (IKK), a positive modulator of NF-κB that induce several anti-apoptotic gene
expressions [40]. Also, phosphorylation of Mdm2 by Akt resulted in its activation and induces its
movement in the nucleus, where it promotes the degradation of p53 [41, 42]. Otherwise, Akt by induction
of several transcription factors phosphorylation, can decrease p53 mRNA expression [43]. Our results
indicated that MET and LAP individually and in combination could significantly increase the expression
of a cell-cycle inhibitory protein, p21, which is a target of P53. It is suggested that this effect may be due
to the reduction of the inhibitory effect of Akt on the P53 expression.
Since inhibition of HER2 tyrosine kinase activity is associated with blocking of downstream signaling
pathway of Akt and AMPK in HER2-overexpressing breast carcinoma cells [44], thus, to gain more insight
into the LAP-induced apoptotic death, its molecular docking studies were performed on the Akt, AMPK,
and HER2 targets. Results of the molecular docking verified the inhibitory effect of LAP on the HER2. LAP
showed an interaction energy value (∆G bind) of -11.31, -7.54, and − 11.66 kcal.mol− 1 in binding to Akt,
AMPK, and HER2, respectively. However, it showed stronger binding energy in binding to HER2 in
comparison to Neratinib (-9.13 kcal.mol− 1), as HER2 tyrosine kinases inhibitors. We confirmed that the
main amino acids inside the active site of the HER2, which is responsible for essential interactions with
LAP are Leu718, Phe723, Val726, Ala743, Lys745, Thr790, Leu792, Met793, Leu844, Asp855, and Phe856.
Immunoblot analysis showed that MET-LAP combination could decrease and increase the expression
level of Akt, and AMPK. Which is in consistent with the molecular docking results, which showed that the
inhibitory effect of LAP in binding to HER2 can down-regulate and up-regulate the Akt and AMPK,
respectively. Molecular docking of LAP in binding to Akt, and AMPK was also conducted to find out the
binding modes, binding sites, and the best binding orientation of LAP to Akt and AMPK. Even though the
binding of LAP to Akt, and AMPK cannot exactly explain the mechanism of down-regulation, and upregulation of Akt, and AMPK, respectively.

Conclusion
Our results indicated that the MET-LAP combination has a synergistically cytotoxic effect on the cell
viability and apoptotic death of SKBR3 cells by the regulation of apoptotic biomarkers including Bax, Bcl2
expression, and caspase 3 and 9 activity. These effects may be associated with an increased and
decreased expression of AMPK and Akt, respectively. Also, based on the molecular docking results, LAP
binds to the active sites amino acids of Akt, AMPK, and HER2 through conventional hydrogen and
hydrophobic interactions. Finally, our results confirmed the previous studies that indicate MET sensitizes
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cancer cells to clinically use therapeutic anticancer agents and supply credible proof for the therapeutic
potential of this compound for the treatment of breast patients with overexpression of HER2 receptors.
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Figure 1
In vitro cytotoxic effect of MET, LAP, and MET-LAP combination on the SKBR3 cells. The cells were given
different concentrations of MET, LAP, and MET-LAP combination for 24, 48, and 72 h, respectively. The
MTT assay was used to determine cell viability. Each experiment was achieved triplicate and data
expressed as means ± SEM. *P < 0.05, **p < 0.01, ***p < 0.001 in comparison to control.
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Figure 2
Flow cytometry analysis of MET-induced apoptotic death in SKBR3 cells. The cells were given different
concentrations of MET for 48 hours and, then the percent of apoptotic death was measured. Data are
expressed as means ± SEM of three independent experiments. ***p < 0.001 in comparison to control
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Figure 3
Flow cytometry analysis of LAP-induced apoptotic death in SKBR3 cells. The cells were given different
concentrations of LAP for 48 hours, and, then the percent of apoptotic death was measured. Data are
expressed as means ± SEM of three independent experiments. ***p < 0.001 in comparison to control
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Figure 4
Flow cytometry analysis of MET-LAP combination-induced apoptotic death in SKBR3 cells. The cells were
given MET-APT combination with different concentrations for 48 hours, and, then the percent of apoptotic
death was measured. Lane 1 shows controls; Lane 2 shows the cells gave LAP alone; lanes 3,4,5 show
the cells gave LAP - MET combination. Data are expressed as means ± SEM of three independent
experiments. ***p < 0.001 in comparison to control.
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Figure 5
The effect of MET-LAP combination on the expression of Bax, P21, and Bcl2 in SKBR3 cells. The cells
were given 100 nM of LAP in combination with different concentrations of MET for 24 hours, and, then
the expression of Bax, P21, and Bcl2 was analyzed by qRT-PCR. Data are expressed as means ± SEM of
three independent experiments. **P < 0.01, ***p < 0.001 in comparison to control.

Figure 6
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The effect of MET-LAP combination on the caspase 3 and 9 activity in SKBR3 cells. The cells were given
100 nM of LAP in combination with different concentrations of MET for 24 hours, and, then the activity of
caspases 3 and 9 was analyzed with a colorimetric enzyme-linked immunosorbent assay (ELISA) kits.
Data are expressed as means ± SEM of three independent experiments. **P < 0.01, ***p < 0.001 in
comparison to control.

Figure 7
The effect of MET and LAP on the expression of AMPK and Akt in SKBR3 cells. The cells were given
different concentrations of MET and LAP for 48 hours, and, then the expression of AMPK, Akt, and β-actin
was analyzed by Western blotting. Data are expressed as means ± SEM of three independent
experiments. *P < 0.05, **p < 0.01 in comparison to control.
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Figure 8
The effect of MET-LAP combination on the AMPK and Akt expression in SKBR3 cells. The cells were given
MET- LAP combination for 48 hours and then the expression of AMPK, AKT, and β-actin was analyzed by
Western blotting. Data are expressed as means ± SEM of three independent experiments. *P < 0.05, **p <
0.01, ***p < 0.001 in comparison to control.
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Figure 9
A schematic representation (2D and 3D) of the interaction between LAP and the active site amino acids
of Akt

Figure 10
A schematic representation (2D and 3D) of the interaction between LAP and the active site amino acids
of AMPK
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Figure 11
A schematic representation (2D and 3D) of the interaction between LAP and the active site amino acids
of HER2
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