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 Background: Epidermal growth factor receptor tyrosine kinase inhibitors (EGFR-TKIs) have been widely used in the treat-
ment of non-small cell lung cancer (NSCLC) patients with sensitive EGFR mutations. However, the survival of 
patients with EGFR-TKI administration is limited by the inevitable development of acquired drug resistance. 
Recently, multi-targeted drugs combination has been shown to be a promising strategy to improve the effica-
cy of EGFR-TKI treatment and enable the reduction of drug resistance in NSCLC.

 Material/Methods: Humanized NSCLC cell lines PC9 and A549 were co-cultured with thalidomide and/or icotinib to test for anti-
tumor efficiency. Cell proliferation was measured by MTT assay, cell apoptosis by flow cytometry and cell mi-
gration by wound healing assay. Western blot was performed to determine the expression of caspase-3, -8, -9, 
Bax, EGFR, VEGF-R, AKT, ERK, MMP2, MMP9, and NF-kB. The xenograft mouse model was used to explore the 
effects of thalidomide and icotinib in vivo. Immunohistochemical testing was used to determine the expres-
sion of Ki-67 and TUNEL staining in tumor tissues.

 Results: Treatments of thalidomide and/or icotinib reduced cell viability, induced apoptosis, and suppressed migration. 
Attenuation of pEGFR and pVEGF-R resulted in deactivation of ERK and AKT pathways, which eventually in-
creased the anti-proliferative response. In PC9 xenograft model, combined administration of thalidomide and 
icotinib restrained tumor growth with remarkable reduced Ki-67 index and increased TUNEL positive cells.

 Conclusions: Thalidomide sensitizes icotinib to increase apoptosis and prevent migration, and it may be a potentially prom-
ising anti-tumor drug in lung cancer multi-modality therapy.
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Background

Lung cancer is still the most common cancer and the leading 
cause of cancer-related mortality in the world [1]. Non-small 
cell lung cancer (NSCLC) accounts for more than 80% of lung 
cancers [2] with 40%-80% of NSCLC patients over-expressing 
epidermal growth factor receptor (EGFR), which leads to poor 
prognosis [3]. Small-molecule tyrosine kinase inhibitors target-
ing EGFR (EGFR-TKIs) such as gefitinib and icotinib which are 
widely used in NSCLC treatment, often result in dramatically 
improvement in postponing disease progression in NSCLC pa-
tients [4]. Although TKI treatment has increased, to some de-
gree, the response rate of NSCLCs, a study showed that it had 
limited prolongation effect a for overall survival time compared 
with placebo intervention in patients harboring sensitive EGFR 
mutations [5]. The long-term benefits of NSCLC patients receiv-
ing EGFR-TKI mono-treatment were far from the hoped-for ex-
pectation. Moreover, almost all patients with initial sensitivity 
to the treatment, after about 1-year of continuous application of 
TKI, inevitably developed acquired drug resistance that results 
in disease progression and subsequently therapeutic failure [6]. 
The combination of traditional chemotherapeutic drugs and TKIs 
has been used in various studies to achieve an increase in ef-
ficacy or to reduce the incidence of TKI resistance. However, it 
has been reported that chemotherapeutic drugs, such as gem-
citabine, cisplatin, paclitaxel, and carboplatin, when combined 
with gefitinib had neither survival extension nor response rate 
elevation for enrolled NSCLC patients and the combined drug 
regimen only increased toxicity reactions [7,8].

Thalidomide, which had originally been used for alleviating 
morning sickness, was withdrawn from the market follow-
ing reports of it causing birth defects and neuropathy [9,10]. 
As part of the potential anti-tumor effects, thalidomide has 
been shown to exhibit a strong inhibitory effect on angiogen-
esis by blocking vascular endothelial growth factor (VEGF) 
and basic fibroblast growth factor (bFGF) signaling pathway 
in pre-clinical studies [11,12]. Angiogenesis is considered an 
indispensable process to mediate the formation and distant 
metastasis of tumors, and thalidomide may be able to inhib-
it the growth of tumor tissues by preventing neovasculariza-
tion. In addition, studies have demonstrated other biological 
functions of thalidomide such as inhibiting tumor necrosis 
factor-a (TNF-a) synthetization [13], promoting proliferation 
and lymphokine production of T cells by generating a co-stim-
ulation signal in the presence of additional stimulus [14], and 
blocking the NF-kB activation by dynamic regulating of the re-
activity of NF-kB transcription, IKK phosphorylation and IkBa 
clearance [15]. Thalidomide became one of the “hotspots” in 
treatment of multiple myeloma and showed an amazing ef-
fect: 80% of patients derived clinical benefits from thalido-
mide mono-treatment [16]. Based on the data in multiple my-
eloma studies, thalidomide has been recommended for use 

in numerous clinical trials for treating solid tumors, including 
lung cancer, esophageal cancer, hepatocellular carcinoma, and 
renal cell carcinoma [17–20], of the utilization has suggested 
certain therapeutic efficacy.

In our present study, we investigated the anti-cancer effects of 
thalidomide combined with EGFR-TKI icotinib in NSCLC cells. 
Several methods were used to clarify the anti-cancer effects of 
the combined therapy, including MTT(3-(4,5-dimethyl-thiazoyl-
2-yl)-2,5-diphenyltetrazolium bromide), flow cytometry, western 
blotting, and wound healing assay. A NSCLC cell-based xeno-
graft model was established to explore the anti-tumor effects 
of the 2 drugs and combination treatment. Furthermore, the 
effects of thalidomide and/or icotinib on ERK, AKT, and NF-
kB signaling were also assessed to illustrate the mechanisms.

Material and Methods

Cell lines and cell culture

The humanized NSCLC cell lines PC9 and A549 harboring sen-
sitive EGFR mutations and wild-type EGFR gene, respective-
ly, was provided by Shanghai Cell Resource Center of Chinese 
Academy of Sciences. The cells were maintained in DMEM 
medium (Gibco Life Technologies, USA) supplemented with 
10% heat-inactivated fetal bovine serum (FBS) (Gibco Life 
Technologies, USA), 100 U/mL penicillin and 100 μg/mL strep-
tomycin at 37°C in an atmosphere of 5% CO2.

MTT assay

MTT assay was performed to determine cell survival. Cells were 
seeded in 96well plates at a density of 10 000 cells/well. After 
attachment, cells were treated with various concentrations of 
icotinib and/or thalidomide; altogether 40 groups for 24 hours. 
We added MTT (Sigma, USA) 10 μL to each well, and incubate 
for 4 hours at 37°C. The supernatant was then removed, and 
the formed precipitates were dissolved using 100 µL DMSO 
(dimethyl sulfoxide); the absorbance was read at 570 nm. All 
experiments were repeated 3 times.

Flow cytometry

Cell apoptosis were employed by flow cytometry. PC9 cells 
were seeded in 6-well plates at a density of 3×105 cells/well, 
and treated with either 0.1 µM icotinib, 200 μg/mL thalido-
mide, or a combination. After 24-hour culture, cells were col-
lected and stained with Annexin V-FITC and propidium iodide 
(Apoptosis Kit, BestBio Biotechnology). Data were acquired on 
a FACSCalibur HG flow cytometer (BD, Franklin Lakes, NJ, USA) 
and analyzed using Cell-Quest software (BD Bioscience). For 
each experiment, 10 000 events per sample were recorded. 
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FlowJo 7.6 software was used for flow cytometry analysis. All 
experiments were repeated 3 times.

Western blot

Cells lysates were prepared with radioimmunoprecipitation as-
say buffer (RIPA) lysis buffer supplement with protease inhib-
itor cocktail (Calbiochem) and phosphatase inhibitor (Roche). 
The proteins are electrophoresed on 6–15% SDS-polyacrylamide 
gel (Beyotime Biotechnology) and transferred onto polyvinyl-
idene fluoride membranes (Millipore, Billerica, MA, USA). The 
membranes were blocked in the TBS solution (100 mM Tris, 
150 mM NaCl, pH 7.6) containing 5% (w/v) skim milk, and 0.5% 
(v/v) Tween-20 for 1 hour at room temperature. The mem-
branes were incubated with primary antibodies overnight at 
4°C followed by incubation with secondary antibodies for 1 
hour. Primary antibodies used in this study were antibodies 
against caspase-3, -8, -9, Bax, pEGFR, pVEGF-R2, pAKT, AKT, 
and NK-kB, metal matrix protease (MMP) 2, MMP9, b-actin 
(Cell Signaling Technology, USA), pERK, and ERK (Abcam, UK). 
Goat polyclonal anti-mouse IgG-horseradish peroxidase (HRP) 
or goat polyclonal anti-rabbit IgG-HRP were used as second-
ary antibodies (Abcam, UK). Bands were visualized by chemi-
luminescence detection kit (Millipore, USA). All experiments 
were repeated 3 times.

Wound healing assay

Cell migration effects were assessed by wound healing assay. 
PC9 cells were seeded in 6-well plates at a density of 6×105 
cells/well, cultured for 12 hours with complete DMEM medi-
um. Straight scratch was made using a 200 μL pipette tip at 
an angle of around 30 degrees. The medium was removed, 
and we washed off the cell debris with phosphate buffered 
saline (PBS) 3 times. FBS-free DMEM was used as the con-
trol, and DMEM containing 0.1 µM icotinib, DMEM containing 
200 µg/mL thalidomide, and these 2 drugs combined were 
added to wells, respectively. The plates were placed in an in-
cubator and observed every 4 hours for 24 hours. All experi-
ments were repeated 3 times.

Tumor xenografts in nude mice

We purchased male BALB/c nude mice (5- to 6-weeks-old) from 
Experimental Animal Center of Anhui Province. The research 
protocol was approved, and mice were maintained in accor-
dance with the institutional guidelines of Ethics Committee of 
Anhui Medical University. Mice were challenged by subcutane-
ous injection with 5×106 PC9 cells and were then randomized 
into 4 groups: the 5% hydroxy propyl methyl cellulose-treat-
ed group (control group), the thalidomide-treated group, the 
icotinib-treated group, and the combination group. After 10 
days for tumor xenograft growth, mice had daily administration 

by gavage of thalidomide 200 mg/kg, icotinib 100 mg/kg or 
a combination. Mice were treated for 18 days and sacrificed 
on day 29. The removed tumor tissues were fixed with 10% 
formalin for subsequent testing. Tumor sizes were measured 
using a caliper, and tumor volumes (mm3) were calculated 
using the following formula: tumor volume (mm3)=(A×B2)/2, 
where A is the larger diameter and B is the smaller diameter 
of the tumor. Then the fixed tumor tissues were embedded in 
a paraffin block, sectioned transversely and stained with rab-
bit monoclonal antibody to Ki-67 (Abcam Co., UK) or TUNEL 
Kit (Abcam Co., UK) followed by hematoxylin.

Statistical analysis

GraphPad Prism 6.0 (La Jolla, CA, USA) was used for statis-
tical significance evaluation and Biosoft CalcuSyn software 
2.0 (Biosoft, Cambridge, UK) for Combination Index (CI) cal-
culation. Data are presented as the mean ± standard devia-
tion (SD) for 3 independent experiments. The 1-way analysis 
of variance (ANOVA) and 2-way ANOVA were used for com-
parison between 2 groups or more than 3 groups. A value of 
P<0.05 was considered significant.

Result

Effects of thalidomide and icotinib combined treatment on 
the proliferation of NSCLC cells

To examine whether thalidomide potentiate the anti-tumor ac-
tivity of icotinib in vitro, we observed the effects of thalidomide 
and icotinib on proliferation of NSCLC cells PC9 and A549 using 
the MTT colorimetric assay. Growth of both PC9 and A549 cells 
was inhibited by icotinib: with the increased concentration of 
icotinib, the proliferation activity of PC9 was significantly inhib-
ited at only 0.1 μM (Figure 1A, P<0.01). Comparatively, no ap-
parent effects were observed in A549 cells until the concentra-
tion reached 5 μM (Figure 1B, P<0.05). PC9 cells carrying EGFR 
mutations showed higher sensitivity to icotinib than wild-type 
A549 cells. Both PC9 and A549 cell proliferation was inhibited 
when icotinib was combined with more than 50 μg/mL thalid-
omide (Figure 1C, 1D). The CI index of inhibitory effects was 
obviously <1 when thalidomide was at 100 μg/mL combined 
with icotinib at 0.1 μM in PC9 cells or 0.5 μM in A549 cells re-
spectively (Figure 1E, 1F), which indicated synergistic anti-pro-
liferation effects on both NSCLC cell lines with more effective 
growth inhibition towards PC9 cells observed.

Proliferation inhibitory effects of thalidomide and icotinib 
highly correlated with apoptosis

In comparison with NSCLC patients harboring wild-type EGFR, 
over-expressing mutant EGFR were predictive of response to 
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Figure 1.  Effects of thalidomide and icotinib on proliferation of PC9 and A549 cells. (A, B) Icotinib inhibited proliferation of PC9 and 
A549 cells increasingly with the elevation of drug concentration. PC9 and A549 cells were treated with various doses of 
icotinib (0, 0.1, 0.5, 1, 2.5, 5, 10, and 20 µM) for 24 hours. MTT assay was used to determine cell viability. (C, D) Combination 
treatment with thalidomide (50, 100, 200, and 400 µg/mL) and icotinib inhibited cell proliferation in PC9 and A549 cells. 
Data are represented as the means ±SD, n=3, * P<0.05, ** P<0.01. (E, F) Combination index and fractional effect values of 
thalidomide and icotinib combination treatment in PC9 and A549 cells.
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EGFR-TKI therapy. Oncologists considered that TKIs would be 
optional in patients with wild-type EGFR as a second-line treat-
ment [21]. However, TKIs in treating EGFR wild-type NSCLCs 
has not been adopted by NCCN Guidelines.

The proliferation assay confirmed that icotinib combined with 
thalidomide exerted higher proliferation inhibiting effect in 

the PC9 cell line. Thus, we picked PC9 as the target cell line 
for further experiments. Icotinib (0.1 μM) plus thalidomide 
(200 μg/mL) showed the best synergistic effect in PC9 cells 
according to CI index analysis (Figure 1E, 1F).

Two main pathways may be involved in apoptosis activation, 
which are the intrinsic pathway mediated by mitochondria and 
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Figure 2.  Thalidomide and icotinib induced apoptosis in PC9 cells. (A, B) Flow cytometry analysis showed the percentage of apoptotic 
cells in the control group, thalidomide group, icotinib group, and combination group. (C, D) Western blot analysis showed the 
expression of caspase-3, -8, -9, and Bax in the control group, thalidomide group, icotinib group, and combination group. Data 
are represented as the means ±SD, n=3. * P<0.05, ** P<0.01. Relative rate of Bax was put on the left Y axis and caspase-3, -8, 
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the exogenous pathway initiated by the death receptor [22]. The 
cell apoptosis evaluated by Annexin V/propidium iodide stain-
ing showed dramatically improvement with the combination 
treatment (61.48%) compared with single treatments of thalid-
omide (17.27%) or icotinib (30.66%) in PC9 cells (Figure 2A, 2B, 
P<0.01). Therefore, we considered that the growth inhibitory 
effects may be correlated with apoptosis induction.

To further clarify the molecules essential in apoptosis, we eval-
uated the proteolytic activity of the apoptotic “executioners” 
caspase-3, -8, -9 as well as the alteration of Bax, a regulator 
of mitochondrial function. Compared with the control and mo-
no-therapy groups, increased cleaved forms of caspase-3 were 
detected following the combined treatment (P<0.05), cleavage 
of caspase-8 and caspase-9 levels remained unchanged be-
tween the combination and icotinib treatment (P>0.05). The 
expression of Bax was upregulated by the combination treat-
ment compared with both single treatments (Figure 2C, 2D, 
P<0.01), which indicated translocation of Bax to the mitochon-
dria membrane may contribute to apoptosis.

Cell migration was involved in enhanced anti-tumor 
activity of thalidomide combined with icotinib

Cell migration is closely associated with tumor invasion and 
metastasis, which is regulated by various invasive factors, in-
cluding MMP2 and MMP9 [23]. MMPs overexpressed tumor cells 
are recognized as an initiation factor for metastasis; NF-kB, a 

transcription factor whose activation is related to p65 nuclear 
translocation, exhibits a pro-metastatic factor through upreg-
ulating the expression of MMP-9 [24,25]. The effect of thalido-
mide and icotinib on cell migration in our study was assessed 
by wound healing assay which showed that PC9 cells receiv-
ing thalidomide or icotinib treatment exhibited significantly 
depressed migration (Figure 3A, 3B, P<0.05). Furthermore, the 
combination-treatment exhibited the most potent inhibitory 
effect on the migration of PC9 cells (Figure 3A, 3B, P<0.05). 
Migration related proteins including MMP2, MMP9, NF-kB p65, 
and Ser-536 p65 phosphorylation were also downregulated by 
the combination-treatment (Figure 3C, 3D, P<0.05).

EGFR and VEGF as the key modulators regulating tumor 
cells migration

The cross-talk of EGFR and VEGF pathways in neoplastic cells 
highlighted the promising strategy of inhibiting both prolif-
eration and angiogenesis [26]. To further clarify the mech-
anism of combined treatment in proliferation inhibition and 
pro-apoptosis, we investigated the phosphorylation of EGFR, 
VEGF-R2, and downstream signaling pathways. Western blot-
ting assay revealed that phosphorylated EGFR was suppressed 
in both the icotinib group and the combination group and not 
the thalidomide group, whereas VEGF-R2 phosphorylation was 
suppressed in all 3 treatment groups compared with the con-
trol group. Activation of 2 pivotal molecules shared by EGFR 
and VEGF-R, the AKT and ERK, and also their phosphorylation 
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dependent activation, were monitored. Treatment with tha-
lidomide or icotinib significantly reduced efficiency of AKT 
and ERK phosphorylation, furthermore, the combined-treat-
ment resulted in enhanced inhibition (Figure 4A, 4B, P<0.05).

Combined treatment of thalidomide and icotinib exerted 
synergistic anti-tumor effects in vivo

We further studied the effects of thalidomide and icotinib on 
tumor growth in nude mice subcutaneously transplanted with 
PC9 cells. The tumor growth was dramatically suppressed by the 
intervention with thalidomide and/or icotinib compared with 
the control group (Figure 5A, 5B, P<0.01). Combination treat-
ment showed the greatest attenuation of tumor size compared 

with both mono-treatment groups (Figure 5A, 5B, P<0.05). Cell 
proliferative index (Ki-67 immunohistochemistry) and apopto-
sis index (TUNEL staining) was conducted on tumoral tissue 
sections. The pathological staining showed apparently down-
regulated expression of Ki-67 and upregulated TUNEL levels 
in the combination group compared with that in either con-
trol or mono-treatment groups (Figure 5C).

Discussion

Thalidomide has been reported to be successfully used alone 
or with other chemotherapeutics in treatment of multiple my-
eloma [16,27]. In addition, thalidomide and its analogs can 
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Figure 3.  Thalidomide and icotinib inhibited migration of PC9 cells. (A) Images of wounded PC9 cells (200×). (B) Quantitative analysis 
of the percentage of open wound area during and after the 24 hours incubation. Data are represented as the mean ±SD, 
n=4, * P<0.05, ** P<0.01. (C, D) Western blot analysis showed the expression of MMP2, MMP9, NF-kB p65, and phospho-
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control. Data are represented as the means ±SD, n=3, * P<0.05, ** P<0.01.
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also be used in the treatment of immune disorders such as 
graft-versus-host disease and autoimmune diseases [28,29]. 
However, there are little or no effective benefits obtained from 
mono-therapies with thalidomide or its analogs in the treat-
ment of solid tumors. Recently, thalidomide combined with 
typical chemotherapeutic drugs or immunomodulatory drugs 
showed curative effects in pre-clinical studies of tumor and leu-
kemia [30,31]. Our presented study developed a combination 
of thalidomide with icotinib which showed distinctly synergic 
cytostatic and pro-apoptotic effects in lung cancer cells. Co-
administration of thalidomide and icotinib exhibited coopera-
tive effects on proliferation inhibition in PC9 and A549 cells, as 
confirmed by calculating the CI index. Combined treatment of 
these 2 drugs accelerated the process of apoptosis in PC9 cells 
evaluated by AnnexinV-FITC/propidium iodide staining and re-
confirmed by apoptotic related proteins analysis. Cleavage of 
caspase-8, -3, and -9 was found in the activation of caspase 
cascade for apoptosis induced by the combination treatment. 
Furthermore, the elevation of Bax expressions suggested the 
inducement of mitochondrial membrane permeabilization and 
dysfunction in the process of apoptosis.

It was observed that thalidomide and icotinib concertedly 
blocked the migration process of PC9 cells by wound healing 
assay. Migration-related factors, including NF-kB, MMP2, and 
MMP9 were detected as well. The activated transcription fac-
tor NF-kB plays a critical role in the development of tumor-
igenesis by promoting neoplastic cell proliferation and mi-
gration. The canonical p65/p50 heterodimer is a prototypical 

form of NF-kB, whose optimal activity requires the phosphor-
ylation at p65 subunit [32]. Activation of NF-kB was report-
ed to be induced by VEGF and EGF binding to their receptors 
(VEGF-R and EGFR) respectively [33,34]. Activated NF-kB was 
also considered a promoter of angiogenic molecules such as 
VEGF, CXCL1, IL-8, and COX-2 [35], and a positive regulator 
of the EGFR pathway [34]. Therefore, positive feedback loops 
were established, in which NF-kB activation may be a crucial 
factor. We found that both NF-kB and its phosphorylation in 
PC9 cells were strikingly downregulated by thalidomide com-
bined with icotinib, which suggested that combined treatment 
exerts its effects in PC9 cells through blockade of the NF-kB 
pathway. MMPs belong to the neutral proteinases, critical to 
the process of embryo development, organs remodeling, and 
inflammation, and are the key enzymes in extracellular matrix 
degradation and metastasis during tumorigenesis. Previous re-
search has established that activated NF-kB induced the syn-
thesis and secretion of MMPs remarkably for boosting tumor 
cells migration via degradation of extracellular matrix and de-
struction of basement membrane [36]. Our data have clearly 
shown that MMP2 and MMP9, the main members of the MMP 
family involved in tumor metastasis and invasion, were also 
suppressed by combined thalidomide/icotinib therapy in PC9 
cells. Downregulations of NF-kB activation induced MMP2 and 
MMP9 expressions and may be responsible for the decrease of 
cell migration ability by the combined-treatment.

Angiogenesis, with great relevance to activation of VEGF re-
ceptor (VEGF-R) including VEGF-R1, -R2, and -R3, was deemed 
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indispensably necessary for malignant tumor formation. Among 
these receptors, phosphorylation of VEGF-R2 plays a major 
role in neo-vascularization correlating the aggressive biologi-
cal behavior and metastasis-forming capacity in tumors [37]. 
According to our current study, icotinib showed significantly 
inhibitory effect on EGFR phosphorylation that was indiscern-
ible by treatment of thalidomide. Furthermore, the combined-
treatment with icotinib and thalidomide showed no significant 
difference compared with that of icotinib. In contrast, the com-
bined treatment showed the greatest inhibitory effect com-
pared with both single treatment groups on VEGF-R2 phos-
phorylation-mediated activation in PC9 cells. Phosphorylation, 
but not expression level of AKT and ERK (the common down-
stream proteins involved in EGFR and VEGF signal transduc-
tion), declined by both treatment with thalidomide and with 
icotinib. The main biological influences of activated AKT and 
ERK on tumor cell growth could be roughly divide into 2 cat-
egories: cell proliferation-promoting and protection for cell 

survival. In terms of tumor angiogenesis, AKT was known as 
an essential molecule by phosphorylating Girdin, an indispens-
able protein in VEGF-mediated cell transplantation and vascu-
lar tube formation [38]. ERK was reported to stimulate MMP2 
and MMP9 activity for increasing motility and invasiveness of 
tumor cells [39]. Our data have shown that both thalidomide 
and icotinib can inhibit the phosphorylation of AKT and ERK 
in lung cancer cells and by means of these cross-talks, thalido-
mide and icotinib exerted synergistically cytostatic, pro-apop-
totic, and migration inhibitory activities. Similarly, Noman et 
al. confirmed that thalidomide manifested suppression of EGF 
induced tumor cell growth without downregulation of EGFR 
in monocytic leukemia cells [40]. In addition, phosphorylated 
ERK was reported to be a positive regulator of VEGF expres-
sion [41]. In this report, VEGF-R2 was found to be concerted-
ly downregulated by icotinib and thalidomide. A possible ex-
planation for this was that both drugs cooperatively reduced 
phosphorylation level of ERK and subsequently attenuated the 
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expression of VEGF. Existence of other undiscovered feed-back 
loops between VEGF and EGFR pathways remained a possibility 
and thereby suggest the potential of targeting dual pathways.

In the in vivo experiment, we further confirmed that the com-
bination therapy of thalidomide plus icotinib remarkably sup-
pressed tumor growth of subcutaneously xenografted PC9 cells 
in nude mice. Terminal deoxynucleotidyl transferase (TdT)-
mediated dUTP nick-end labeling (TUNEL) is a technique re-
acting with DNA strand breaks that permits the detection of 
apoptotic programmed cell death. Reduced Ki-67 expression 
and increased TUNEL positive cells also demonstrated that com-
bination treatment can motivate apoptosis and inhibit prolif-
eration of xenografted cancer cells. As one of the cell prolifer-
ation markers, over-expression of Ki-67 was associated with 
tumor proliferation, invasion, and metastasis, which served 
as an indicator of poor prognosis in NSCLCs [42]. In compar-
ison to our data, in vitro combination of both drugs exerted 
tumor suppressive effects but no measurable toxic or adverse 
effects in a xenograft model, given that no conspicuous differ-
ence was detected in body weight of nude mice between the 
control group and treatment groups, within the therapeutic 
range. Such treatment in vivo exhibited satisfactory biosafety 
and tolerability that can provide reference data for compati-
bility of the drugs in clinical treatment of NSCLCs.

Our experiments had satisfied results and conveyed the idea 
that compatibility of thalidomide and icotinib show a synergis-
tic effect and might be a potential therapeutic method for lung 

cancer treatment. In addition, both thalidomide and icotinib are 
frequently used medicines, thalidomide in multiple myeloma 
[16,27] and icotinib in lung cancer [43], which means utilization 
of the 2 drugs has been recognized as safe and well-tolerated 
for their respective indications. Hence, both drugs will be soon 
be ubiquitous once proven to have therapeutic actions in lung 
cancer therapy. Furthermore, thalidomide displays obvious su-
periority on potency ratio and is covered by medical insurance 
such that patients can benefit from the anti-angiogenic thera-
py provided by thalidomide and its analogues administration.

Conclusions

This study has shown the improved curative effects of both 
thalidomide and icotinib on PC9 cells and a xenograft mod-
el. Using combined treatment, biological functions of sever-
al tumor growth or metastasis associated proteins, including 
EGFR, VEGF-R2, AKT, ERK, NF-kB, MMP2, and MMP9 were all 
suppressed considerably. In contrast, the executive molecules 
of apoptosis: cleaved caspase-8, -3, and -9 were upregulated 
by the combined-treatment, accompanied by an increase in 
the mitochondrial apoptotic protein Bax. According to these 
data, the underlying mechanisms of thalidomide sensitizing 
icotinib in lung cancer cells were revealed and this study dem-
onstrated the direction for study of the drug combination in 
treatment of lung cancer. The utilization of thalidomide com-
bined with icotinib requires further conduction of large-scale, 
randomized, prospective clinical trials for NSCLC patients.
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