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Figure 1. Construction of EGFR over-expression and mutated NCI-H1563 cells, and proliferation assays. A. Obvi-
ous fluorescence were observed in cells, indicating the target plasmids were successfully transfected into cells
(x100); B. The expression of the EGFR fusion gene was assessed by Western blot analysis using anti-flag antibody
in flag-tagged EGFR mutation plasmids. C. Cell viability was measured by MTT and expressed as the absorbance
at 570 nm. EGFR over-expression and the EGFR-E746-A750-del mutation enhance proliferation. [NC: negative con-
trol (empty vector), BC: blank control (EGFR-wild type), LR: EGFR-L858R, OE: EGFR over-expression, 790M: EGFR-

T790M, LR: EGFR-L858R, DEL: EGFR-E746-A750del].

a 6-well plate. Cells were then scratched with a
20 ul micropipette tip when the cells reached
>90% confluence. The migrated distances were
measured by phase microscopy at 0, 24, and
48 h after wounding.

Invasion assay was performed in Transwell
chambers. Briefly, 5x10* cells/well in serum-
free media containing BSA were added to the
upper microporous membrane of a Transwell
chamber and were subsequently triggered by
addition of complete media containing 10%
FBS. After 24 h, cells were fixed with 95% etha-
nol and stained with toluidine blue for 15 min
and 10 min, respectively. Invaded cells were
counted from five fields with phase contrast
microscopy.
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RT-PCR and Western blot assays

Total RNA was first extracted using TRIzol
reagent (Invitrogen) according to the manufac-
turer’s instructions and used as a template to
synthesize cDNA. The expression of mRNA was
quantified by RT-PCR (ABI Prism 7900). In this
study, the following primers were used for
amplification: MMP9, forward (5-TCTATGGTC-
CTCGCCCTGAA-3’) and reverse (5-CATCGTCC-
ACCGGACTCAAA-3’); VEGF, forward (5-CTGTC-
TAATGCCCTGGAGCC-3’) and reverse (5-ACG-
CGAGTCTGT-GTTTTTGC-3’); S100B, forward
(5’-ATTCTGGAAGGGAGGGAGACA-3’) and rever-
se (5-TGGAAGTCACATTCGCCGTC-3"); EGFR, for-
ward (CTAAGATCCC-GTCCATCGCC) and reverse
(GGAGCCCAGCACTTTGATCT); and GAPDH (neg-
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ative control), forward (5-CAATGACCCTTCA-
TTGACC-3’) and reverse (5-G-ACAAGCTTCC-
CGTTCTCAG-3)).

Proteins were lysed in the modified radio immu-
noprecipitation assay (RIPA) buffer, resolved by
SDS-PAGE, and transferred to nitrocellulose
membranes. After blocking with 5% skim milk
diluted in PBS-Tween (0.1%), membranes were
incubated with antibodies against MMP-9
(1:400), VEGF (1:800), S1008 (1:400), EGFR
(1:400), or GAPDH (1:800) overnight at 4°C.
Blots were subsequently probed with appropri-
ate secondary antibodies conjugated to goat
radish peroxidase (goat anti-rabbit or -mouse)
and subsequently analyzed using Image J soft-
ware (National Institutes of Health, Bethesda,
MD, USA).

Statistical analysis

GraphPad Prism5 was used for cell migration
and invasion assays as well as statistical analy-
sis of RT-PCR. Comparisons among multiple
groups were analyzed with one-way ANOVA by
Dunnett method. Results were deemed statisti-
cally significant if P < 0.05 (*P < 0.05, **p <
0.01, ***p < 0.001.

Results

Construction of EGFR over-expression and
mutated NCI-H1563 cells

We first constructed EGFR over-expression and
three EGFR mutated (LR, DEL, and 790M)
human lung adenocarcinoma sublines by using
lentivirus to infect NCI-H1563 cells. Results
from the FACS assay showed that obvious fluo-
rescence was observed in transfected cells,
indicating that the target plasmids were suc-
cessfully transfected into the cells, and all four
lentiviral constructs expressed EGFR well in
vitro (Figure 1A). At the same time, results from
the Western blot assay also demonstrated that
four sublines expressed the EGFR fusion gene
(Figure 1B). We observed a characteristic band
around 135 kD, which was consistent with the
target gene fusion protein.

EGFR over-expression and EGFR-E746-
A750del mutation enhances proliferation

After transfection for 48 hours, the prolifera-
tion of the various cell lines was measured by
the MTT assay. The data (Figure 1C) showed
that NCI-H1563 cells transfected with overex-
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pressed EGFR and EGFR-E746-A750del prolif-
erated more effectively [OE (1.475+0.021
fold/48 h, 1.898+0.010 fold/72 h, 2.196+
0.019 fold/96 h), DEL (1.509+0.014 fold/48 h,
1.926+0.008 fold/72 h, 2.185+0.016 fold/96
h), respectively) as compared to control [NC
(1.400+£0.021 fold/48 h, 1.776+0.017 fold/72
h, 1.989+0.019 fold/96 h, p < 0.001, BC
(1.400+£0.011 fold/48 h, 1.796+0.016 fold/72
h, 2.027+£0.023 fold/96 h, p < 0.001), res-
pectively].

EGFR over-expression and EGFR-E746-
A750del mutation increases migration and
invasion

The migrated ability of the various cell lines
were measured by phase microscopy at O, 24,
and 48 h after wounding (Figure 2A). The
wound healing results after 48 h showed that
EGFR over-expression and EGFR-E746-A750del
mutation substantially increased cellular migra-
tion (Figure 2B, p < 0.05, respectively). Neither
EGFR-L858R nor EGFR-T790M affected migra-
tion of the NCI-H1563 cells compared to con-
trol cell lines with empty vector or wild-type
EGFR (Figure 2B, p>0.05). Additionally, invaded
cells were counted with phase contrast micros-
copy (Figure 2C). Coincidentally, overexpressed
EGFR and the EGFR-E746-A750-del mutation
significantly promoted invasion (Figure 2D, p <
0.001). The EGFR-L858R mutation restricted
invasion as compared to negative control (p <
0.01). However, there was no difference
between EGFR-T790M and control (p>0.05,
negative control; p>0.05, blank control).

EGFR over-expression and EGFR-E746-
A750del mutation regulate expression of
MMP-9, VEGF, and S100p3

Expression of the MMP-9, VEGF, and S1003
proteins detected in EGFR over-expression
cells (MMP9, 2.822+0.067 fold; VEGF, 1.667+
0.029 fold; S100B, 1.6676+0.009 fold) and
EGFR-E746-A750del mutated cells (MMP9,
3.276+0.041 fold; VEGF, 1.662+0.015 fold;
S100B, 1.671+0.006 fold) were much higher
than that in negative or blank control cells (p <
0.001) (Figure 3A and 3B).

mRNA expression of MMP-9, VEGF, and S10083
in cell lines

To further confirm the above results, MMP-9,
VEGF, and S100B3 were amplified by RT-PCR,
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Figure 2. EGFR over-expression and EGFR-E746-A750del mutation increases migration and invasion. A.
EGFR promoted cell migration as measured by the wound healing assay. Migrated distances were recorded
at different time points 24 h or 48 h (x100). B. The migration rate was quantified using the ratio of blank
control or negative control. EGFR over-expression and EGFR-E746-A750del significantly increased cell migra-
tion as compared with controls. C. EGFR mutations regulate cell invasion determined by the Transwell assay
(x200). D. EGFR over-expression and EGFR-E746-A750del mutation appreciably stimulated cell invasion as
compared to empty vector transfected cells or EGFR wild type cells. (*P < 0.05, **p < 0.01, ***p < 0.001).
[NC: negative control (empty vector), BC: blank control (EGFR-wild type), LR: EGFR-L858R, OE: EGFR over-
expression, 790M: EGFR-T790M, LR: EGFR-L858R, DEL: EGFR-E746-A750del].
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Figure 3. EGFR over-expression and EGFR-E746-A750del mutation regulate expression of MMP-9, VEGF, and S100.
A, B. The protein expression of MMP-9, VEGF, and S100(3 were analyzed by Western blot in different cells. The re-
sults showed up-regulation of MMP-9, VEGF, and S100p proteins in NCI-H1563 cells transfected with overexpressed
EGFR or EGFR-E746-A750del as compared with other cells. GAPDH was used as a control; C. mRNA levels of MMP-
9, VEGF, and S1008 in different cells were analyzed by real-time PCR, with GAPDH as a control. (*P < 0.05, **p <
0.01, ***p < 0.001). [NC: negative control (empty vector), BC: blank control (EGFR-wild type), LR: EGFR-L858R, OE:
EGFR over-expression, 790M: EGFR-T790M, LR: EGFR-L858R, DEL: EGFR-E746-A750del].

with GAPDH utilized as an internal control. As
shown in Figure 3C, NCI-H1563 cells with over-
expressed EGFR and EGFR-E746-A750del
mutation significantly up-regulated the mRNA
levels of MMP-9, VEGF, and S100 (p < 0.001).

Discussion

BM is a significant cause of morbidity and mor-
tality in lung cancer patients. The median sur-
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vival is just 1-2 months in untreated patients
[25], and estimated as 4-5 months with whole
brain radiation therapy (WBRT) [26], although
survival of 12-24 months has been demon-
strated in certain subsets [27]. Neverthe-
less, the overall poor prognosis necessitates
further investigation into metastatic mecha-
nisms, in hopes of subsequently identifying
genes to create targeted agents for clinical
therapy.
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Mounting data have suggested involvement of
EGFR mutations in BM [16]. However, the
underlying mechanisms remain unclear. At the
same time, Li et al. found that there were dif-
ferential incidences of BM among NSCLC
patients with specific EGFR mutations [28].
Sekine et al. found that patients with exon 19
deletions have smaller sized BMs (albeit more
in quantity) than patients with wild-type EGFR
or EGFR exon 21 L858R mutation [29]. These
results suggest that EGFR mutations at differ-
ent sites might have differential effects in
terms of BM. In this study, we constructed three
different EGFR-mutant cell sublines, and found
that only exon 19 deletion could result in a
change of biological characteristics, significant-
ly enhanced cellular proliferation, migration,
and invasion. Furthermore, to explore the pos-
sible relationship between the changes in activ-
ity and BM, we investigated the mRNA and pro-
tein expression of several genes related to BM.
We observed that still only the exon 19 deletion
could significantly up-regulate the expression
of BM-associated genes. Indirectly, our study
showed that EGFR exon 19 deletion mutation
correlate with cerebral metastatic capacities.
The results of our study could also be used as a
potential explanation for the results presented
by Li and colleagues, wherein patients with
EGFR mutations at exon 19 had the highest
incidence of BM among patients with EGFR
mutations [28].

Similarly regarding the role of EGFR mutations
in BM, a stepwise increasing frequency of EGFR
amplification has been reported in NSCLC with
the development of BM [30, 31]. Nie et al. also
found that EGFR over-expression can promote
BM in patients with breast cancer [32]. In this
study, we constructed EGFR over-expression
cell subline and found EGFR over-expression
could also enhanced cellular proliferation,
migration, and invasion and significantly up-
regulate the expression of MMP-9, VEGF, and
S100B. Our study also indirectly showed that
EGFR over-expression associated with cerebral
metastatic capacities.

Based on the above results, we speculated that
EGFR over-expression and exon 19 deletion
mutation (EGFR-E746-A750del) could be taken
as predictive factor for BM in patients with
NSCLC (although more work is needed to vali-
date this notion). Moreover, in the future, it may
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be necessary to guide early intervention in
patients with certain EGFR over-expression or
mutations, such as over-expression with cetux-
imab and exon 19 deletions with TKis.

Though prophylactic cranial irradiation (PCI) is
a standard treatment for small cell lung cancer
(SCLC), it reduces the cumulative incidence of
BMs without OS improvement [33]. This is in
part due to differences in tumor biology and
genetics across various pathological subtypes
of NSCLGC; it is perceived that only patients with
higher risks of BM may benefit from PCI. Based
on our findings, we hypothesize that PCI could
provide benefits for NSCLC patients with EGFR
over-expression or exon 19 deletions, who can-
not receive cetuximab or EGFR-TKIs for various
reasons. Well-designed prospective random-
ized clinical trials are warranted to validate our
presupposition.

There were several limitations in our study.
First, the conclusions were summarized in only
one cell line, which must be confirmed in more
cell lines. Second, some signaling pathways,
such as CXCL12/CXCR4 or Wnt/B-catenin, also
thought to be associated with BM, were not
included into this study. Further analysis of
these pathways in conjunction with EGFR over-
expression and mutations should be carried
out in the future. Finally, only some changes in
biological characteristics and expression of
several BM-related genes were observed in this
in vitro study; however, these results were not
confirmed in vivo. In order to explore the asso-
ciation between EGFR over-expression or muta-
tions and BM, further work should construct
BM animal models by using EGFR over-expres-
sion and different EGFR-mutant cell sublines.

In conclusion, it is plausible that EGFR over-
expression and E746-A750 deletion mutations
could change the biological characteristics of
tumor cells and even might promote the prog-
ress of BM, possibly by up-regulating the
expression of MMP-9, VEGF, and S100.

Acknowledgements

The work was supported by grants from General
Program from Hubei Provincial Health
Department (Grant No. WJ2017M012) and Na-
tural Science Foundation of Hubei (Grant No.
2016CFC737).

Int J Clin Exp Med 2017;10(12):16435-16443



EGFR leading to changes of biological characteristics

Disclosure of conflict of interest
None.

Address correspondence to: Qibin Song and Guang
Han, Department of Oncology, Renmin Hospital of
Wuhan University, 99 Zhangzhidong Street, Wuhan
430060, Hubei, China. Tel: 0086-13517281931;
E-mail: qibinsong@163.com (QBS); Tel: 0086-
13886048178; E-mail: hg7913@163.com (GH)

References

[1]  Siegel RL, Miller KD and Jemal A. Cancer sta-
tistics, 2016. CA Cancer J Clin 2016; 66: 7-30.

[2] Cox JD, Scott CB, Byhardt RW, Emami B, Rus-
sell AH, Fu KK, Parliament MB, Komaki R and
Gaspar LE. Addition of chemotherapy to radia-
tion therapy alters failure patterns by cell type
within non-small cell carcinoma of lung (NSC-
CL): analysis of radiation therapy oncology
group (RTOG) trials. Int J Radiat Oncol Biol Phys
1999; 43: 505-509.

[3] Jemal A, Bray F, Center MM, Ferlay J, Ward E
and Forman D. Global cancer statistics. CA
Cancer J Clin 2011; 61: 69-90.

[4] Gore E and Choy H. Non-small cell lung cancer
and central nervous system metastases: sh-
ould we be using prophylactic cranial irradia-
tion? Semin Radiat Oncol 2004; 14: 292-297.

[5] McDonald JM, Pelloski CE, Ledoux A, Sun M,
Raso G, Komaki R, Wistuba Il, Bekele BN and
Aldape K. Elevated phospho-S6 expression is
associated with metastasis in adenocarcino-
ma of the lung. Clin Cancer Res 2008; 14:
7832-7837.

[6] Mujoomdar A, Austin JH, Malhotra R, Powell
CA, Pearson GD, Shiau MC and Raftopoulos H.
Clinical predictors of metastatic disease to the
brain from non-small cell lung carcinoma: pri-
mary tumor size, cell type, and lymph node me-
tastases. Radiology 2007; 242: 882-888.

[7] Mendelsohn J and Baselga J. Status of epider-
mal growth factor receptor antagonists in the
biology and treatment of cancer. J Clin Oncol
2003; 21: 2787-2799.

[8] Barr S, Thomson S, Buck E, Russo S, Petti F,
Sujka-Kwok |, Eyzaguirre A, Rosenfeld-Franklin
M, Gibson NW, Miglarese M, Epstein D, Iwata
KK and Haley JD. Bypassing cellular EGF re-
ceptor dependence through epithelial-to-mes-
enchymal-like transitions. Clin Exp Metastasis
2008; 25: 685-693.

[9] Lichtenberger BM, Tan PK, Niederleithner H,
Ferrara N, Petzelbauer P and Sibilia M. Auto-
crine VEGF signaling synergizes with EGFR in
tumor cells to promote epithelial cancer devel-
opment. Cell 2010; 140: 268-279.

16442

(10]

(11]

[12]

(13]

(14]

(15]

(16]

(17]

[19]

Yatabe Y, Takahashi T and Mitsudomi T. Epider-
mal growth factor receptor gene amplification
is acquired in association with tumor progres-
sion of EGFR-mutated lung cancer. Cancer Res
2008; 68: 2106-2111.

Lynch TJ, Bell DW, Sordella R, Gurubhagavatu-
la’ S, Okimoto RA, Brannigan BW, Harris PL, Ha-
serlat SM, Supko JG, Haluska FG, Louis DN,
Christiani DC, Settleman J and Haber DA. Acti-
vating mutations in the epidermal growth fac-
tor receptor underlying responsiveness of non-
small-cell lung cancer to gefitinib. N Engl J Med
2004; 350: 2129-2139.

Sequist LV and Lynch TJ. EGFR tyrosine kinase
inhibitors in lung cancer: an evolving story.
Annu Rev Med 2008; 59: 429-442.
Shigematsu H, Lin L, Takahashi T, Nomura M,
Suzuki M, Wistuba Il, Fong KM, Lee H, Toyooka
S, Shimizu N, Fujisawa T, Feng Z, Roth JA, Herz
J, Minna JD and Gazdar AF. Clinical and bio-
logical features associated with epidermal
growth factor receptor gene mutations in lung
cancers. J Natl Cancer Inst 2005; 97: 339-
346.

Pao W and Miller VA. Epidermal growth factor
receptor mutations, small-molecule kinase in-
hibitors, and non-small-cell lung cancer: cur-
rent knowledge and future directions. J Clin
Oncol 2005; 23: 2556-2568.

Rosell R, Moran T, Queralt C, Porta R, Cardenal
F, Camps C, Majem M, Lopez-Vivanco G, Isla D,
Provencio M, Insa A, Massuti B, Gonzalez-Larri-
ba JL, Paz-Ares L, Bover |, Garcia-Campelo R,
Moreno MA, Catot S, Rolfo C, Reguart N,
Palmero R, Sanchez JM, Bastus R, Mayo C,
Bertran-Alamillo J, Molina MA, Sanchez JJ and
Taron M. Screening for epidermal growth factor
receptor mutations in lung cancer. N Engl J
Med 2009; 361: 958-967.

Shin DY, Na ll, Kim CH, Park S, Baek H and
Yang SH. EGFR mutation and brain metastasis
in pulmonary adenocarcinomas. J Thorac On-
col 2014; 9: 195-199.

Han G, Bi J, Tan W, Wei X, Wang X, Ying X, Guo
X, Zhou X, Hu D and Zhen W. A retrospective
analysis in patients with EGFR-mutant lung ad-
enocarcinoma: is EGFR mutation associated
with a higher incidence of brain metastasis?
Oncotarget 2016; 7: 56998-57010.
Cock-Rada AM, Medjkane S, Janski N, Yousfi N,
Perichon M, Chaussepied M, Chluba J, Langs-
ley G and Weitzman JB. SMYD3 promotes can-
cer invasion by epigenetic upregulation of the
metalloproteinase MMP-9. Cancer Res 2012;
72:810-820.

Bozoyan L, Khighatyan J and Saghatelyan A.
Astrocytes control the development of the mi-
gration-promoting vasculature scaffold in the

Int J Clin Exp Med 2017;10(12):16435-16443


mailto:qibinsong@163.com
mailto:hg7913@163.com

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

EGFR leading to changes of biological characteristics

postnatal brain via VEGF signaling. J Neurosci
2012; 32: 1687-1704.

Kim LS, Huang S, Lu W, Lev DC and Price JE.
Vascular endothelial growth factor expression
promotes the growth of breast cancer brain
metastases in nude mice. Clin Exp Metastasis
2004; 21: 107-118.

Hu L, Zhang J, Zhu H, Min J, Feng Y and Zhang
H. Biological characteristics of a specific brain
metastatic cell line derived from human lung
adenocarcinoma. Med Oncol 2010; 27: 708-
714.

Arcuri C, Bianchi R, Brozzi F and Donato R.
S100B increases proliferation in PC12 neuro-
nal cells and reduces their responsiveness to
nerve growth factor via Akt activation. J Biol
Chem 2005; 280: 4402-4414.

Lin J, Yang Q, Yan Z, Markowitz J, Wilder PT,
Carrier F and Weber DJ. Inhibiting S100B re-
stores p53 levels in primary malignant mela-
noma cancer cells. J Biol Chem 2004; 279:
34071-34077.

Vogelbaum MA, Masaryk T, Mazzone P, Me-
khail T, Fazio V, McCartney S, Marchi N, Kanner
A and Janigro D. S100beta as a predictor of
brain metastases: brain versus cerebrovascu-
lar damage. Cancer 2005; 104: 817-824.
Park HS, Decker RH, Wilson LD and Yu JB. Pro-
phylactic Cranial Irradiation for Patients With
Locally Advanced Non-Small-Cell Lung Cancer
at High Risk for Brain Metastases. Clin Lung
Cancer 2015; 16: 292-297.

Mehta MP, Rodrigus P, Terhaard CH, Rao A,
Suh J, Roa W, Souhami L, Bezjak A, Leibenhaut
M, Komaki R, Schultz C, Timmerman R, Curran
W, Smith J, Phan SC, Miller RA and Renschler
MEF. Survival and neurologic outcomes in a ran-
domized trial of motexafin gadolinium and
whole-brain radiation therapy in brain metas-
tases. J Clin Oncol 2003; 21: 2529-2536.
Eichler AF, Chung E, Kodack DP, Loeffler JS, Fu-
kumura D and Jain RK. The biology of brain
metastases-translation to new therapies. Nat
Rev Clin Oncol 2011; 8: 344-356.

16443

(28]

[29]

[30]

(31]

(32]

(33]

Li B, Sun SZ, Yang M, Shi JL, Xu W, Wang XF,
Song MM and Chen HM. The correlation be-
tween EGFR mutation status and the risk of
brain metastasis in patients with lung adeno-
carcinoma. J Neurooncol 2015; 124: 79-85.
Sekine A, Kato T, Hagiwara E, Shinohara T, Ko-
magata T, Iwasawa T, Satoh H, Tamura K,
Kasamatsu T, Hayashihara K, Saito T, Taka-
hashi H and Ogura T. Metastatic brain tumors
from non-small cell lung cancer with EGFR mu-
tations: distinguishing influence of exon 19 de-
letion on radiographic features. Lung Cancer
2012; 77: 64-69.

Koo JS and Kim SH. EGFR and HER-2 status of
non-small cell lung cancer brain metastasis
and corresponding primary tumor. Neoplasma
2011; 58: 27-34.

Sun M, Behrens C, Feng L, Ozburn N, Tang X,
Yin G, Komaki R, Varella-Garcia M, Hong WK,
Aldape KD and Wistuba Il. HER family receptor
abnormalities in lung cancer brain metastases
and corresponding primary tumors. Clin Can-
cer Res 2009; 15: 4829-4837.

Nie F, Yang J, Wen S, An YL, Ding J, Ju SH, Zhao
Z, Chen HJ, Peng XG, Wong ST, Zhao H and
Teng GJ. Involvement of epidermal growth fac-
tor receptor overexpression in the promotion of
breast cancer brain metastasis. Cancer 2012;
118: 5198-5209.

Gore EM, Bae K, Wong SJ, Sun A, Bonner JA,
Schild SE, Gaspar LE, Bogart JA, Werner-Wasik
M and Choy H. Phase Ill comparison of prophy-
lactic cranial irradiation versus observation in
patients with locally advanced non-small-cell
lung cancer: primary analysis of radiation ther-
apy oncology group study RTOG 0214. J Clin
Oncol 2011; 29: 272-278.

Int J Clin Exp Med 2017;10(12):16435-16443



