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Abstract. The epidermal growth factor receptor (EGFR) 
signaling pathway is widely activated in non-small cell lung 
cancer (NSCLC). However, only a subset of patients with 
NSCLC is sensitive to EGFR tyrosine kinase inhibitors 
(TKIs), particularly those with activating EGFR mutations. 
The mammalian target of rapamycin (mTOR) is another key 
intracellular kinase that plays an important role in the onset 
and progression of many types of human cancers and has been 
proven to be linked with primary resistance to EGFR inhibi-
tors. We performed this study to investigate the combined 
inhibitory effect of the mTOR inhibitor RAD001 and the 
EGFR-TKI gefitinib in three EGFR wild-type NSCLC cell 
lines: A549 (PIK3CA wild‑type), NCI-H460 (PIK3CA mutant) 
and NCI-H661 (PIK3CA wild-type). All cell lines demon-
strate a poor response to gefitinib, but have a different genetic 
status for PIK3CA. We used MTT assays to measure cell 
proliferation. Flow cytometry was used to assess the effects on 
apoptosis and cell cycle arrest. Immunoblot analysis was used 
to evaluate the expression of downstream proteins. Treatment 
of RAD001 alone showed dose-dependent growth inhibition in 
all three cell lines. The combination of gefitinib and RAD001 
resulted in synergistic growth inhibition in NCI-H460 cells, 
but only an additive inhibitory effect on A549 and NCI-H661 
cells. Exposure to the combination of RAD001 and gefitinib 
led to a significant reduction in phosphorylated AKT levels 
in NCI-H460 cells; however, this was not noted in the other 
two cell lines. In conclusion, our data indicate that the dual 
inhibition of the EGFR/mTOR pathways may be a promising 
approach to treat EGFR wild-type NSCLC; however, this may 
be dependent on the PIK3CA mutation status.

Introduction

Despite recent advances in the understanding of lung cancer 
biology, non-small cell lung cancer (NSCLC) is still the 
leading cause of death from cancer in the world (1). Aberrant 
signaling pathways have been extensively studied in human 
NSCLC, and targeted therapy has been applied in the clinic. 
The epidermal growth factor receptor (EGFR) is one of the 
most successive targets  (2,3). The EGFR tyrosine kinase 
inhibitors (EGFR-TKIs), gefitinib and erlotinib, that specifi-
cally target the EGFR tyrosine kinase domain have already 
been approved by the US FDA as monotherapy for the treat-
ment of patients with locally advanced or metastatic NSCLC, 
and in many other countries gefitinib has also gained 
approval for the treatment of advanced NSCLC patients with 
EGFR mutations in all lines of therapies (2). The majority 
of NSCLC cases overexpress EGFR, but only a limited 
subset of patients who harbor EGFR mutations benefit from 
therapy (1). Intrinsic resistance in patients without EGFR 
mutations, as well as acquired resistance after the initial 
response to TKIs, is a serious clinical issue. Therefore, novel 
therapeutic strategies are under investigation.

To date, various studies have been performed to identify 
the population of patients that may be responsive to EGFR-
TKIs. The possible mechanisms that underlie the primary 
resistance of these drugs have been supposed as follows: i) 
activation of other signaling pathways alternative to EGFR, 
such as the insulin-like growth factor 1 receptor (IGF-1R) 
and vascular endothelial growth factor receptor (VEGFR); 
and ii) deregulation of downstream signaling pathways such 
as AKT/mTOR (2-5). Recently, much research has focused 
on combined treatment with different signaling drugs, repre-
senting a novel strategy for cancer therapy (6-8). Here, mTOR 
inhibitor emerged as an attractive drug candidate due to the 
role of the mTOR pathway in the development of lung cancer 
resistance.

The mammalian target of rapamycin (mTOR) is a 
highly conversed serine-threonine kinase, located in the 
PI3K-AKT pathway. It controls cell growth, proliferation, 
protein synthesis, autophagy and metabolism, resulting in its 
increased attention for use in cancer-targeted therapies (9-11). 
Various mTOR inhibitors have been used in trials for anti-
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cancer. RAD001 (everolimus) is an orally bioavailable mTOR 
inhibitor derived from rapamycin, that has gained US FDA 
approval for the treatment of metastatic renal carcinoma (11). 
However, in many other clinical trials, it has demonstrated 
limited success, which may be a result of the feedback activa-
tion of the PI3K-AKT targeted pathway (9,10).

Taken together, we proposed that combined treat-
ment of an EGFR-TKI, gefitinib, and an mTOR inhibitor, 
RAD001, may have more efficacy in treating NSCLC cell 
lines. Thus, in the present study, we examine the antitumor 
effect of an mTOR inhibitor combined with gefitinib on 
EGFR-TKI primary resistant EGFR-wild-type NSCLC 
cell lines. To elucidate the effects and the underlying 
mechanisms, we used gefitinib and RAD001 to treat three 
NSCLC cell lines A549, NCI-H661, NCI-H460 that have 
wild-type EGFR but have a different mutation status of 
PIK3CA. Oncogenic mutation of PIK3CA was considered 
here to evaluate whether there is a genetically distinct 
response to the combined treatment.

Materials and methods

Cell culture and reagents. The human NSCLC cell lines, 
NCI-H460, A549, NCI-H661, were purchased from the Type 
Culture Collection of the Chinese Academy of Sciences, 
Shanghai, China. NCI-H460 and NCI-H661 were cultured in 
RPMI-1640 medium (Gibco) supplemented with 10% fetal 
bovine serum. A549 was cultured in F12K medium as recom-
mended. RAD001 (everolimus) was provided by Novartis 
Pharmaceuticals, and gefitinib was supplied by AstraZeneca. 
Drugs were dissolved in DMSO (Sigma-Aldrich, St. Louis, 
MO, USA), respectively, and stored at -20˚C. Solutions were 
finally diluted in the culture medium to achieve the required 
concentrations.

Cell proliferation assay. The effects of the drugs on cell 
proliferation were determined by a colorimetric assay using 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide 
(MTT; Sigma-Aldrich). Cells were plated in 96-well plates 
at a density of 2,000-4,000 cells and allowed to attach over-
night. The next day, cells were treated with a range of drug 
concentrations of gefitinib, RAD001 or the combination 
as recommended. Control cells were treated with the same 
concentration of the vehicle DMSO.

After a 72-h incubation, 10 µl MTT solution was added 
to each well. Four hours later, formazan crystals were solu-
bilized in 100 µl DMSO, and the absorbance was measured 
at 490 nm.

Combined effect analysis. The combined effect of gefitinib and 
RAD001 was determined by using the Bliss additivism model. 
The Bliss value is expressed as an equation Ebliss = EA + 
EB - EA x EB, where EA and EB are the fractional inhibition 
effects of drug A and B alone at an indicated concentration, 
respectively. Ebliss is the fractional inhibition that would be 
expected if the combination of the two drugs was exactly addi-
tive. If the experimentally measured fractional inhibition of 
combined treatment is more than the expected Ebliss value, 
then the combination is considered to be synergistic, while if 
the experimentally combined effect is less than the expected 

Ebliss value, then the interaction is antagonistic. Otherwise, 
the combined effect is additive (12,13).

Apoptosis and cell cycle analysis. All cells were seeded 
at 1x105/well in 6-well plates and allowed to attach. Then 
RAD001, gefitinib or their combination was added at the 
indicated concentrations. After a 48-h incubation, the cells 
were harvested. For apoptosis analysis, harvested cells were 
stained with Annexin V-fluorescein isothiocyanate (FITC) 
and propidium iodide (PI) using a commercial kit (FITC apop-
tosis kit, Nanjing KeyGen Biotech., Co., Ltd., Nanjing, China). 
The fluorescence levels of apoptotic cells were determined 
by flow cytometry on a FACSort, (BD Biosciences, Franklin 
Lakes, NJ, USA) and analyzed using the CellQuest software. 
To analyze the cell cycle distribution, cell nuclear DNA was 
stained with PI and detected with FACSort flow cytometry. 
Cell cycle profile was performed using ModFit LT software 
(BD Biosciences).

Western blot analysis. Cells were cultured for 24 h and stimu-
lated with inhibitors at the indicated concentrations. Protein 
extracts were normalized according to the protein content, 
resolved by 10% SDS-PAGE, transferred to nitrocellulose 
membranes, probed overnight at 4˚C with antibodies and 
finally revealed using the ECL western blot analysis system. 
The following antibodies were used: anti-phospho-AKT 
(S473) and anti-phospho-p70S6K (Thr389) were obtained 
from Cell Signaling Technology. Anti-AKT and anti-p70S6K 
was purchased from Epitomics. Anti-β-actin and horseradish 
peroxidase-conjugated anti-rabbit or anti-mouse IgG were 

Table  I. EGFR and PIK3CA mutation status of the selected 
cell lines.

Cell lines	 PIK3CA	 PTEN	 EGFR

A549	 Wild-type	 Wild-type	 Wild-type
NCI-H661	 Wild-type	 Wild-type	 Wild-type
NCI-H460	 Mutant	 Wild-type	 Wild-type

Figure 1. RAD001 is effective in inhibiting the growth of gefitinib-resistant 
cells. NCI-H460, A549 and NCI-H661 cells were treated with RAD001 alone 
at concentrations from 0.1 to 1000 nM for 72 h. Dose-dependent growth 
inhibitory effects of RAD001 are shown. Data were obtained from three 
experiments, and the bars represent the standard deviation (SD).
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purchased from Boster Biological Technology (Wuhan, 
China). Each sample was assayed in triplicate.

Statistics. The statistical significance between two different 
groups was evaluated by the Student's t-test. SPSS 13.0 was 
performed for all the statistical tests. All P-values were 
two-sided; P<0.05 was considered to indicate a statistically 
significant result. All data are presented as means ± SD.

Results

Effects of single-drug treatment with gefitinib or RAD001 
on cell proliferation. We determined the effects of gefitinib 
treatment alone on three NSCLC cell lines with wild-type 
EGFR (NCI-H460, A549 and NCI-H661). First, we compared 
the proliferation rate of these cell lines following treatment 
with gefitinib. Cells were treated with gefitinib at a range of 
concentrations for 72 h, and the median inhibitory concentra-
tion (IC50) values were determined by MTT proliferation assay. 
IC50 values were 8, 18 and >20 µM for NCI-H460, A549 and 
NCI-H661, respectively. According to previous studies (1,14), 
cells having an IC50 >1 µM are considered as being resistant to 
gefitinib. Therefore, the three NSCLC cell lines had primary 
resistance to gefitinib. The cell lines exhibited wild-type 
EGFR but had a different mutation status of PIK3CA (Table I), 
suggesting that the EGFR mutation status plays an important 
role in the determination of gefitinib resistance.

To determine the effects of the mTOR inhibitor RAD001 
on these gefitinib-resistant cells, we also performed a prolif-
eration assay. We demonstrated that RAD001 treatment 

caused a mild but significant growth inhibition in all cell lines 
studied (Fig. 1). Specially, following a 72-h treatment, 100 nM 
of RAD001 achieved a mild reduction in the percentage of 
viable A549 (~51%), NCI-H460 (~55%) and NCI-H661 cells 
(~38%), and the inhibitory effects were dose-dependent. 
However, a cell killing effect of  >75% was not observed even 
at concentrations up to 1,000 nM, which support the need for 
alternative regimens to improve monotherapeutic efficacy. 
Notably, expression of wild-type EGFR did not affect the 
responsiveness of these cells to RAD001. To further explore 
the effect of RAD001 on mTOR signaling, we performed a 
western blot assay. P70S6K is an important downstream 
effector of mTOR, and its phosphorylation has been reported 
to be effectively inhibited by rapamycin analog treatment (15). 
In the present study, western blot assay was performed after 
exposure to RAD001 at a concentration of 10 nM for 24 h, 
showing a significant decrease in the phosphorylation of 
p70S6K at Thr389 in all cell lines (Fig. 2). Therefore, these 
results indicate the importance of the mTOR signaling 
pathway in the proliferation of NSCLC cells, suggesting the 
need for combined treatment to enhance the antitumor effect.

Gefitinib cooperates with RAD001 to enhance the inhibitory 
effect of either drug alone in NCI-H460 cells with PIK3CA 
mutation. To examine the inhibitory effect following suppres-
sion of both EGFR and mTOR pathways, we evaluated the 
combined effect of gefitinib and RAD001 on growth inhibition, 
apoptosis and cell cycle arrest. MTT assay was performed on 
cells treated with gefitinib at concentrations ranging from 0.01 
to 100 µM, in the presence of RAD001 at fixed concentrations 

Figure 2. Effects of gefitinib and RAD001 on the phosphorylation of p70S6K. All of the cell lines were incubated as recommended and were treated with 
gefitinib (1 µM) or RAD001 (10 nM) for 24 h. Whole cell lysates were subjected to western blot analysis. Phospho-p70S6K was probed. While exposure to gefi-
tinib did not decrease the phosphorylation level of the downstream effector ofthe  mTOR pathway, p70S6K, RAD001 treatment significantly inhibited p70S6K 
phosphorylation in all of the cell lines studied. The blots displayed were repeated three times. *P<0.01 vs. control. C, DMSO control; G, gefitinib; R, RAD001.

Figure 3. Combination of RAD001 and gefitinib exerts a synergistic effect on the cell growth of NCI-H460 cells. (A) A549, (B) NCI-H661 and (C) NCI-H460 
cells were treated with gefitinib alone at a range of concentrations from 0.01 to 100 µM or concomitant with RAD001 at a fixed concentration (1 to 10 nM, 
depending on the cell line) for 72 h. Proliferation curves of the cells treated with gefitinib alone or the combined treatment vs. the theoretical Bliss curve 
(dashed line) are shown. Dashed line, Bliss additivity curve representing the theoretical expectation if the combined effects were exactly additive. A synergistic 
inhibitory effect was noted only in NCI-H460 cells. Data were obtained from three experiment and are expressed as mean values ± SD. 
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from 1 to 10 nM, depending on the cell line. In an attempt to 
evaluate the combined efficacy, we used the Bliss additivism 
model to clarify whether the effect was additive, synergistic 
or antagonistic as described in Materials and methods. The 
proliferation curve of the cells following treatment with 
varying concentrations of gefitinib in the presence or absence 
of a fixed concentration of RAD001 are shown in Fig. 3. To 
note, the Bliss theoretical curves that would be expected if 
the combination was additive was calculated using the Bliss 
equation and are shown in Fig. 3. Comparing the experimental 
and the theoretical curves, only in the NCI-H460 cells was the 
experimentally measured fractional inhibition of the combined 
treatment more than the expected Ebliss value. Therefore, the 
effect of the combination treatment on the NCI-H460 cells was 

synergistic. The effects on the other two cell lines, A549 and 
NCI-H661, showed pure additivity. Of note, NCI-H460 cells 
harbor a PI3K mutation, whereas A549 and NCI-H661 harbor 
no mutation in this gene.

For further investigation, we explored the effects of the 
combined treatment on the percentage of cell apoptosis and 
cell cycle distribution following treatment with two single 
drugs and their combination using flow cytometric analyses 
of Annexin V binding. The combination treatment did not 
enhance the rate of apoptosis when compared with this rate 
following treatment with either drug alone in all of the cell 
lines studied (Fig. 4C). In addition, we tested the cell cycle 
profiles of the three cell lines after treatment with each of 
the drugs alone or their combination (Fig. 4A and B). We 

Figure 4. Combination of RAD001 and gefitinib induces enhanced cell cycle arrest (G0-G1 phase). The indicated cell lines were treated with gefitinib (1 µM), 
RAD001 (10 nM) alone or their combination for 48 h. The cells were then harvested for (A and B) cell cycle analysis and for (C) assessment of apoptosis 
by staining with Annexin V-FITC using flow cytometry. (A) The effects of different treatments on the cell cycle distribution of (a) NCI-H661, (b) A549 and 
(c) NCI-H460 cells. Values in B represent the percentage of cells undergoing G0-G1 phase arrest. The difference in the percentage of cells in G0-G1 phase 
arrest between the monotherapy and combined treatments was statistically significant in the NCI-H460 cells (*P<0.05 for gefitinib combined with RAD001 
vs. control, gefitinib or RAD001 alone). Results for the other two cell lines were not statistically significant. Values in C represent the percentage of apoptotic 
cells as the sum of cells in early and late stage of apoptosis. No significantly enhanced apoptosis was observed in all studied cell lines. C, DMSO control; G, 
gefitinib; R, RAD001; G+R, combined treatment with gefitinib and RAD001. 
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found that the treatment with the combination of gefitinib and 
RAD001 had a great impact on the cell cycle distribution in 
the NCI-H460 cells. The combination caused accumulated of 
cell cycle arrest in the G0/G1 phase, and the proportion of cells 
in the S and G2/M phase decreased following treatment with 
1 µM gefitinib and 10 nM RAD001 in combination for 48 h; the 
proportion of cells in the G0/G1 phase increased from 60.10 to 
74.16% (P<0.05) (Fig. 4A), indicating that RAD001 enhanced 
a cytostatic effect, rather than a cytotoxic effect. However, no 
significant changes were detected in the NCI-H661 and A549 
cells (Fig. 4A and B).

Combination treatment diminishes AKT signaling in the 
NCI-H460 cells. To further explore the mechanisms of geno-
type-dependent proliferation after the indicated treatments, 
we evaluated therapy-associated changes in cell signaling 
pathway. Since AKT has been proven to play an important 
role in cell survival and is highly linked with mTOR, we 
aimed to ascertain how AKT phosphorylation and the mTOR 
downstream effector are influenced following treatment with 
gefitinib and RAD001 alone or in combination (Fig. 5). As 
we previously reported (Fig. 2), western blot analysis demon-
strated that exposure to RAD001 at a concentration of 10 nM 
induced a significant decrease in the phosphorylation level of 
p70S6K, an important downstream effector of mTOR, in all 
the cell lines studied. Yet, no changes were observed following 
treatment with gifitinib alone, which partially supports the 
idea of combined inhibition with mTOR. Although AKT 
phosphorylation is highly suppressed by gefitinib in sensitive 
cell lines (8), it persistently remained the same after treatment 
with gefitinib alone at a concentration of 1 µM in the gefitinib 
primary resistant NSCLC cell lines (Fig. 5). RAD001 and 
other rapamycin analogs have been shown to indirectly activate 
mTORC2-dependent AKT phosphorylation at Ser473 (15). We 
found that the p-AKT level was increased after treatment with 
RAD001 alone at a concentration of 10 nM, consistent with 
various studies due to a negative feedback loop after inhibition 
of s6k phosphorylation (10,15).

Therefore, we investigated whether the phosphorylation 
level of AKT is influenced by the combination treatment. 
Exposure to the combination of RAD001 (10 nM) and gefi-
tinib (1 µM) led to a significant reduction in p-AKT level in the 
NCI-H460 cells (PIK3CA mutant), when compared with the 
respective gefitinib or RAD001 treatment. However, no reduc-

tion in AKT phosphorylation was noted after combination 
treatment in the 549 and NCI-H661 cells, which is consistent 
with their additive combined effects.

Discussion

Non-small cell lung cancer represents 80% of all lung cancer 
cases, and the majority of patients present with locally 
advanced or metastatic disease. Treating advanced NSCLC 
patients with platinum-based combination chemotherapy has 
achieved more success than best supportive care. However, it 
yields a median survival <12-13 months (6). Novel therapeutic 
strategies including molecular targeted therapy such as EGFR-
TKIs have been proven to be effective, but only limited to a 
subset of patients (1,2). Signaling-based combination therapies 
have recently emerged as novel attractive strategies (6,8,16). 
Evidence supports the deregulation of the PI3K/mTOR pathway 
as a possible mechanism for primary resistance of NSCLC to 
EGFR-TKIs (2,17). Therefore, this study was performed using 
three EGFR-TKI-resistant cell lines to evaluate the therapeutic 
potential of the concomitant inhibition of EGFR and mTOR 
signaling. The studied cell lines are characterized by expres-
sion of wild-type EGFR, but with a different genetic status of 
PIK3CA.

Our present study demonstrated that these three cell lines 
all exhibit a poor response to gefitinib, and the mTOR pathway 
is required for sustained growth in EGFR-TKI-resistant cells. 
All of the cells harbored wild-type EGFR, which is consistent 
with the role of the EGFR mutational status in predicting 
EGFR-TKI efficacy. Phosphorylation of p70S6K, an important 
downstream factor of mTOR, was not inhibited by gefitinib 
alone in the three resistant cells, which suggests that main-
tained activation of this signaling pathway was associated 
with gefitinib intrinsic resistance. Indeed, the role of mTOR 
in tumorigenesis has already been intensely investigated, and 
research has previously revealed that constructive activation 
of the AKT/mTOR pathway is present in a defined subset of 
NSCLC cases (18). Furthermore, we found that the mTOR 
inhibitor RAD001 induced growth inhibition in gefitinib 
primary-resistant cells, and p70S6K was effectively reduced. 
However, it is known that RAD001 is a cytostatic factor 
and cannot fully inhibit cell proliferation when a certain 
percentage of inhibition is achieved. Inhibition with mTOR 
inhibitor rapamycin or its derivates can indirectly activate 

Figure 5. Effects of the combination of gefitinib and RAD001 on AKT/mTOR signaling. Cells were treated with RAD001 (10 nM) or gefitinib (1 µM) alone or 
in combination. After 24 h, cells were harvested and lysed for western blot analysis with the indicated antibodies. Immunoblotting showed suppression of the 
p-AKT level in NCI-H460 cells after the combination treatment with gefitininb and RAD001, but not in the other two cell lines. *P<0.01 for gefitinib combined 
with RAD001 vs. control, gefitinib or RAD001 alone. #P>0.05 for gefitinib combined with RAD001 vs. RAD001 alone. C, DMSO control; G, gefitinib; R, 
RAD001; G+R, combined treatment with gefitinib and RAD001.
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AKT phosphorylation through a feedback pathway by IRS 
or Grb  (19-21), which may partially compensate for the 
blockage of p70S6K. Here, p-AKT was shown to be increased 
in RAD001-treated cells, which may be a possible explana-
tion for its cytostatic effect and limited therapeutic efficacy 
following treatment with RAD001 alone.

However, rapamycin or its analogs were found to be able 
to synergize drug sensitivity in many cases using combined 
treatment (22,23). Thus, combined blockage of both EGFR 
and mTOR is proposed to exhibit a more effective antitumor 
effect. This hypothesis has been validated in many human 
cancer cell lines. It has already been reported that inhibition of 
the mTOR pathway by RAD001 produced a cooperative effect 
with EGFR inhibitors and overcame resistance to anti-EGFR 
drugs according to Bianco  et  al  (8). Moreover, combined 
inhibition using an mTOR inhibitor and anti-EGFR drugs 
was also found to be synergistic in selected NSCLC cells or 
patients in many other studies. Higher proliferation index or 
KRAS mutated status were included (24,25). In our study, 
the genetic status of PIK3CA was considered to illustrate the 
role of genetically distinct combined therapeutic interventions 
in EFGR-wild-type cells. Thus, we performed this study in 
three NSCLC cell lines A549 (PIK3CA wild-type), NCI-H661 
(PIK3CA wild-type) and NCI-H460 (PIK3CA mutant), which 
all express wild-type EGFR. We aimed to ascertain whether 
RAD001 enhances the antitumor effect of gefitinib in these 
cells, and whether cells with a genetically distinct status of 
PIK3CA showed a different efficacy. Here, we demonstrated 
that concomitant therapy with gefitinib and RAD001 had a 
significant synergistic inhibitory effect on the NSCLC cell 
line NCI-H460 with PIK3CA mutation, but was not effec-
tive on cells with wild-type PIK3CA, according to the Bliss 
additivism model. Moreover, consistent with this, cell cycle 
distribution was significantly altered in the NCI-H460 cells. 
We showed that the drug combination promoted extensive 
accumulation of cells in the G0-G1 phase of the cell cycle, 
while the percentages of cells in the S and G0/M phase was 
decreased. The same phenomenon was not noted in the A549 
and NCI-H661 cells. Notably, we did not observe significant 
apoptosis following any of the treatments, which may be 
consistent with the cytostatic effect of RAD001.

The mechanism responsible for the different efficacy in 
NCI-H460 cells compared to the other two cell lines may be 
associated with their PIK3CA mutation status. Oncogenic 
mutations of the PI3K catalytic a subunit (PIK3CA) are among 
the most frequently reported genetic aberrations in many 
human epithelial cancers (15), and it seems to be an impor-
tant indicator of resistance and poor outcome in patients with 
NSCLC treated with EGFR-TKIs (26). Furthermore, oncogenic 
mutation of PIK3CA may lead to constitutively activity of 
downstream signaling such as the PI3K/AKT/mTOR pathway, 
which is partially EGFR independent (27). One recent study 
reported that the combination of EGFR monoclonal antibodies 
with a PI3K inhibitor was a good therapeutic option in PIK3CA 
mutated head and neck squamous cell cancer (28). Therefore, 
combined treatment with EFGR-TKI and RAD001 is proposed 
to effectively inhibit cell proliferation in cells with PIK3CA 
mutation. Our research did not show synergistic inhibition of 
the combination treatment in the PIK3CA wild-type A549 and 
NCI-H661 cell lines, suggesting that another receptor, tyrosine 

kinase pathway may be activated in these cells resulting in 
AKT activation and cannot be reduced by combined treatment. 
Tamburini et al (29) strongly indicated an mTOR-independent 
deregulation of oncogenic protein synthesis in human myeloid 
leukemogenesis. In addition, consistent with this, it has been 
shown that an EGFR-TKI and RAD001 can effectively inhibit 
AKT phosphorylation in resistant cells with a PI3KCA muta-
tion. In the present study, combination treatment disturbed the 
PI3K/mTOR pathway and enhanced the antitumor effect of 
monotherapy on NCI-H460 cells.

It is critically important to develop specific biomarkers for 
predicting a certain response of targeted cancer therapies (30). 
Here, our results demonstrated that the combination therapy 
was effective only in selected cells, which may harbor muta-
tions of the PIK3CA gene.

Recently, combined inhibition of EGFR and mTOR has been 
previously investigated in patients with advanced NSCLC, and 
demonstrated a clinical response in KRAS- mutated cancer 
patients, although the study was not concerned with PI3KCA 
mutations (24). PIK3CA mutations can be widely noted in 
many types of human cancers. Due to its contribution in cancer 
pathogenesis, therapy targeting this pathway has been proven 
to be effective (15). In the present study, we further confirmed 
that combined inhibition with an EGFR-TKI and an mTOR 
inhibitor effectively induced cell proliferation inhibition and 
cell cycle arrest in EGFR-wild-type NSCLC cells with a 
PIK3CA mutation, disturbing AKT signaling. Thus, further 
study of the different PI3KCA mutation status in predicting 
the efficacy of the concomitant inhibition of the EGFR and 
mTOR pathways in NSCLC is warranted. Combined inhibition 
of the EGFR and mTOR pathways may provide an excellent 
therapeutic option for treatment of PIK3CA-mutated EFGR-
wild-type NSCLC.
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