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ABSTRACT: Epidermal growth factor receptor (EGFR) tyrosine kinase inhibitors (TKIs), such as
gefitinib and erlotinib are promising therapies for patients with non-small-cell lung cancer
(NSCLC). Patients with somatic activating mutations in the EGFR gene have dramatic response
initially; however, these patients eventually develop resistance to these TKIs. Subsequent studies
found that a secondary mutation in the EGFR gene (T790M mutation) and amplification of the c-
MET could be the two main resistance mechanism involved. Other mechanisms are still unknown.
Recently, microRNAs (miRNAs) have been identified as important posttranscriptional regulators
which are known in the regulation of gene expression for cell development, cell proliferation,
radiotherapy and chemotherapy resistance and apoptotic cell death. The aim of this study was to
investigate miRNA expression profiles involved in the development of gefitinib resistance in
NSCLC. Here, miRNA microarray assay was employed to identify miRNA expression profiles in
gefitinib-resistant HCC827 cells (HCC827/GR) and parental HCC827 cells (HCC827/P). The
comparison of miRNA expression between HCC827/GR and HCCS827/P cell lines identified the
differential expression of sixty-five miRNAs with eight significantly upregulated miRNAs
(miRNA-198, miR-202, miR-210, miRNA-214, miR-22, miR-27a, miR-296-3p and miR-208b)
and fourteen greatly downregulated miRNAs (miR-135b, miR-141, miR-145, miR-153, miR-181c,
miR-181d, miR-188-3p, miR-197, miR-200c, miR-206-3, miR-215, miR-216a, miR-296-5p and
miR-30a). The investigation of miRNA expression profiles in HCC827/GR cells could provide a
better understanding of mechanisms involved in gefitinib resistance or sensitivity which would be
helpful to develop novel strategies to overcome gefitinib resistance of patients with NSCLC.

Keywords: miRNA expression profile, targeted therapy, resistance of gefitinib, non-small cell lung
cancer, HCC827 cells.

INTRODUCTION

Lung cancer is the leading cause of cancer-
related deaths in the world and 85% of lung
cancer is diagnosed as non-smal cell lung
cancer (NSCLC), mainly consisting of
adenocarcinoma, squamous cell and large-cell
carcinoma [11]. Moreover, the prognosis of
NSCLC patients remains unsatisfactory because
many locally advanced or metastatic tumors are
unresectable [10]. Even patients with early
stages of the disease who undergo compete
resections  often  experience recurrences,
resulting in unfavorable outcomes. Recently, the
epidermal growth factor receptor tyrosine
kinase inhibitors (EGFR-TKIs) as gefitinib and
erlotinib, have been used as the best approach to
treat NSCLC patients [16,19]. However, most
such patients ultimately develop resistance to
these drugs. Among patients with NSCLC who

develop resistance to the first generation EGFR-
TKIs, approximately half of resistant cases had
EGFR T790M mutations and 20% have tumors
that manifest amplification of the proto-
oncogene MET [13,17,8] while other unknown
mechanisms are still being investigated.
Therefore, the identification of novel approach
or agents capable of overcoming acquired
resistance to EGFR-TKIs is very important
clinical goal.

MicroRNAs (miRNAs) are small non-
coding RNAs (20 to 22 nucleotides in length)

and regulate gene expression at the
posttranscriptional level by binding to
complementary  sequences on  specific

messenger RNA (mRNA) transcripts [9,1].
miRNAs has been known as critical regulator of
many cellular processes as physiologic and
pathologic process [5, 12]. Moreover, the
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profiles of miRNA expression are very helpful
for investigation of the prognosis and
chemosensitivity as well as radiotherapy of
human cancer. There are few studies showing
miRNA expression patterns associated with
chemotherapy and radiotherapy resistance in
various kinds of cancer as the profile of miRNA
expression in chemotherapy drugs (Cisplatin,
Paclitaxel, and/or Cyclosporin A)-resistant
ovarian cancer A2780 cell line [18]; the miRNA
expression profile to predict gemcitabine
resistance in Bladder carcinoma cell lines as
RT4, J82 and TCCSUP cell lines [14]; the
miRNA profile of paclitaxel-resistant serous
ovarian carcinoma based on formalin-fixed
paraffin embedded samples [15]; and miRNA
expression and function in postoperative
radiotherapy sensitive and resistant patients of
non-small cell lung cancer [20]. Then,
investigation of the miRNA expression profile
in gefitinib resistance in NSCLC by using
miRNA microarray will be useful to overcome
the resistance of gefitinib in NSCLC.

In this study, we generated gefitinib-
resistant HCC827 cells (HCC827/GR) from
well-characterized parental HCC827 cells
(HCC827/P) and investigated the expression
profile of miRNAs between HCC827/GR and
HCCS827/P cells. The miRNAs signature of
gefitinib resistance could be used to develop
new strategies for treatment of NSCLC patients
with gefitinib in future.

MATERIALS AND METHODS

Cell culture and reagents

HCC827 cells were purchased from
American Type Culture Collection (ATCC,
Manassas, VA). HCC827 cells were cultured in
Roswell Park Memorial Institute-1680 Medium
(RPMI-1680) containing 10% FBS, 2.5% horse
serum (HS), 100 units/ml penicillin, and 100
pg/ml streptomycin. Cell culture reagents were
purchased from BioWhittaker (Walkersville,
MD) and Invitrogen (Carlsbad, CA). Gefitinib
was obtained from Selleckchem (Houston, TX).

Generation and establishment of gefitinib-
resistant HCC827 cell line (HCC827/GR)

Well-characterized human non-small cell
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lung cancer cell line, HCC827 was used as the
parental line (HCC827/P) from which to
develop the gefitinib-resistant cell line. The
HCCS827/P cell line was serially subcultured
through incrementally increasing gefitinib
concentrations, starting with 0.01 uM for
approximately six months. The HCC827/GR
cell line retained the capacity for proliferation
when returned to medium containing gefitinib

(I uM) [6].
3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) assay

A total of 2500 either HCC827/P or
HCCB827/GR cells were plated in 96-well flat
bottom plates and then exposed to test the
sensitivity of gefitinib at various concentrations.
At the indicated times, 10 ul of 1 mg/ml MTT
(Sigma, St. Louis, MO) in PBS was added to
each well for 4 h. After centrifugation and
removal of the medium, 150 pl of DMSO
(Sigma, St. Louis, MO) was added to each well
to dissolve the formazan crystals. The
absorbance was measured at 560 nm using an
ELx808 Absorbance Microplate Reader
(BioTek Instruments, Inc., Winooski, VT).
Absorbance of untreated cells was designated as
100% and cell survival was expressed as a
percentage of this value. Triplicate wells were
assayed for each condition and standard
deviation (SD) was determined [7].

Clonogenic assay

HCC827/P or HCC827/GR cells (2 x 10’
cells) were seeded in 60-cm dishes. 24 h after
plating, various concentrations of gefitinib,
were added to each dish. After treatment for 24
h, cells were trypsinized and re-seeded in 60-cm
dishes at a density of 500 cells per dish in
triplicate. The cells were further incubated for
13 days and stained with 0.5% crystal violet in
PBS containing 25% methanol. Colonies were
examined under a light microscope and counted
after capturing images by scanner. Relative
colony numbers were calculated as a percentage
of the untreated cells [7].

RNA isolation

Total RNA (including small RNAs) was
extracted from HCC827/P or HCC827/GR cell
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lines using the mirVana miRNA Isolation Kit
(Ambion, Austin, TX) according to the
manufacturer s instructions. The quantity and
quality of RNA were measured by Nanodrop
2000 thermo scientific spectrophotometer
(NanoDrop Technologies, Wilmington, DE).

miRNA microarray assay

A miRNA microarray assay was
performed using a  service  provider
(PANAGENE, Daejeon, Korea). Briefly
miRNA expression profiling of HCC827/P or
HCCB827/GR cell lines were detected using the
miRCURY LNA Array according to the
manufacturer s recommended protocol. The
ratio of red signal to green signal was calculated
after background subtraction and normalization
using a global LOWESS (Locally Weighted
Scatter plot Smoothing) regression algorithm.
Spots were flagged and analyzed for signal
quality. The fold increase of miRNAs in
HCCS827/GR cell lines was determined by
calculating these results according to the value
of miRNAs in HCC827/P cell lines.

Statistical analysis

The comparison of miRNA values between
HCC827/P and HCCS827/GR cell lines was
performed wusing a ttest. Results were
considered significant in all experiments at *
means P < 0.05, ** means P < 0.01 and ***
means P< 0.001. Data were expressed as the
mean = SD of the mean.

RESULTS AND DISCUSSION

Establishment of gefitinib-resistant HCC827
cells (HCC827/GR cells)

In order to investigate unknown mechanism
of gefitinib resistance of NSCLC, first we
generated the stable HCC827 cell line
chronically resistant to gefitinib, HCC827 cells
were used as the parental cell line (HCC827/P).
The HCC827/P cells were serially subcultured
through incrementally increasing gefitinib
concentrations, starting with 0.05 puM for six
months.  Gefitinib-resistant HCC827  cells
(HCCS827/GR cells) retained the capacity for
proliferation when returned to medium
containing gefitinib (1 pM). To confirm that the

HCC827/GR cell line accquired resistance
against gefitinib, HCC827/P and HCC827/GR
cells were treated with gefitinib in a dose-
dependent manner (0, 0.01, 0.03, 0.1, 0.3, 1, 3
and/or 10 uM) for 72 h and cell viability was
evaluated by the MTT assay and the half
maximal inhibitory concentration (ICsp) was
calculated by using CompuSyn software
(ComboSyn, Inc., Paramus, NJ) [4]. The results
showed that HCC827/GR cells were relatively
resistant to gefitinib with an /Cs, value of 6.5
UM, whereas HCC827/P cells were relatively
sensitive to gefitinib with an /Cs, value of 0.016
uM  (fig. 1). The HCCS827/GR cells
demonstrated a 406.5-fold higher resistant index
towards gefitinib than that of HCC827/P cells.
Next, we performed clonogenic assay to
determine the long-term growth inhibitory
effect of gefitinibb in HCC827/GR and
HCCB827/P cell lines. Cells were treated with
various concentrations of gefitinib (0, 0.01, 0.1,
1, and/or 10 uM) for 1 day and continuously
cultured in fresh media for 14 days and colony
formation was measured by clonogenic assay.
The result of clonogenic assay showed that
HCCB827/P cells showed increased sensitivity to
gefitinib and HCC827/GR cells showed
relatively resistance to gefitinib (fig. 2).
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Figure 1. Generation of gefitinib (GEF)-

resistant HCC827 cells (HCC827/GR). The
results of MTT assay of HCC827/P and
HCC827/GR cells, which were treated with
GEF in a dose-dependent manner (0, 0.01, 0.03,
0.1, 0.3, 1, 3 and/or 10 uM) for 72 h. Error bars
represent the standard deviation. **P< 0.01 and
**%P<0.001.
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Figure 2. The clonogenic formation of gefitinib
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parental HCC827 cells (HCC827/P). A clonogenic assay of HCC827/GR and HCC827/P cells
treated with GEM (0, 0.01, 0.1, 1 and/or 10 uM) for 24 h was used to determine the long-term
response. Colony numbers were counted and calculated as a relative percentage (%) of the untreated
control cells (left) and representative photograph of clonogenic assay results are shown (right).
Experiments were repeated three times and similar results were obtained. Error bars represent the

standard deviation. **P< (0.01 and ***P< (0.001.

Identification of miRNAs differentially
expressed in gefitinib-resistant HCCS827 cells
(HCC827/GR) and parental HCC827 cells
(HCCS827/P)
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Figure 3. The miRNA profile fold induction as

determined by Micorarray analysis  of
HCCR827/GR cells relative to HCC827/P cells.
Absolute value fold induction > 1.2.

To  identify = miRNAs  differentially
expressed in HCC827/GR and HCC827/P cell
lines, we analyzed miRNA expression profiles
of HCC827/GR and HCC827/P cell lines by
miRNA microarray assay. The differential
expression of miRNAs between these cells was
determined by using the global locally weighted
scatterplot smoothing (LOWESS) regression
algorithm. The microarray data identified sixty-
five miRNAs differential expression between
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HCC827/GR and HCC827/P cell lines (Data not
shown). Moreover, comparing to HCC827/P
cells, eight significantly upregulated miRNAs
(miRNA-198, miR-202, miR-210, miRNA-214,
miR-22, miR-27a, miR-296-3p and miR-208b)
with value fold induction higher than 1.2 in
HCCS827/GR cells (fig. 3) and fourteen greatly
downregulated miRNAs (miR-135b, miR-141,
miR-145, miR-153, miR-181¢, miR-181d, miR-
188-3p, miR-197, miR-200c, miR-206-3, miR-
215, miR-216a, miR-296-5p and miR-30a) with
value fold reduction lower than 0.7 in
HCCS827/GR cells (fig. 4). Taken together, these
results suggest that the differential expression of
miRNA profile between HCC827/GR and
HCCS827/P cell lines.
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Figure 4. The miRNA profile fold reduction as
determined by Micorarray analysis  of
HCCS827/GR cells relative to HCC827/P cells.
Absolute value fold reduction < 0.7.
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DISCUSSION

In this study, we investigated the miRNAs
expression profile in gefitinib-resistant Non-
Small Cell Lung cancer. We found that; i) The
generation of HCC827/GR cells from
HCCS827/P cells; ii) The identification of the
differential expression of sixty-five miRNAs
with eight significantly upregulated miRNAs
and fourteen greatly downregulated miRNAs
between HCC827/GR and HCCS827/P. This is
the report showing that the differential
expression of miRNAs profile between
HCC827/GR and HCC827/P cell lines.

Although chemotherapy is a standard
treatment for NSCLC with response rates of
30% to 40%, NSCLC patients eventually
develop resistance to chemotherapy agents
resulting in a median survival of only 8 to 10
months [2]. Recently substantial development in
molecular targeted therapy is necessary
approach in addition to chemotherapy to treat
NSCLC because molecular targeted therapy
drugs can interfere with and block specific
molecular pathways that regulate critical cancer
cell growth, survival and progression, such as
EGFR signaling pathway. Although EGFR-
TKIs as gefitinib and erlotinib have been
approved and used as the best strategy to treat
NSCLC patients, almost all NSCLC patients
develop resistance to EGFR-TKIs. It is well
known that the occurrence of the mutation of
EGFR at T790M and amplification of proto-
oncogen MET account for 70% of acquired
resistance to EGFR-TKIs in NSCLC [13,17,8].
Therefore the identification of new molecular
mechanism of EGFR-TKIs and more effective
treatments in NSCLC is extremely ultimate goal
of cure and long-term control of NSCLC.
Currently Chang et al. (2011) [3] showed that
Slug, the regulator of epithelial-mesenchymal
transition (EMT) contributes to the resistance of
EGFR-TKIs as gefitnib in NSCLC and Xie et
al. (2013) [21] showed Notch-1 contributes to
EGFR-TKIs acquired resistance in NSCLC,
suggesting that Slug and Notch-1 might play a
novel role in acquired resistance to gefitinib
which could be reversed by inhibiting Slug and
Notch-1 in NSCLC.

An increasing body of recent publication
investigates that miRNAs play a significant role
in the molecular response to chemotherapy and
radiotherapy in various kind of cancer types.
Varying levels of sensitivity to chemotherapy
and radiotherapy may be interred by the
influence of up-regulation and down-regulation
on miRNA on multiple mRNA targets and
subsequent protein expression suggesting that
the cellular response to chemotherapy and
radiotherapy by the dysregulation of survival
pathways, cell death, resistance, DNA repair
system and/or metabolism [12,5,18,14,15,20].
The profile of miRNAs expression significantly
associated with resistance of chemotherapy and
radiotherapy was investigated in various kinds
of cancer as ovarian cancer, bladder carcinoma
and NSCLC [18,14,15,20]. For example;
Sorrentino et al. (2008) [18] reported that five
miRNAs (miRNA-let-7¢, miR-30c, miR-125b,
miR-130a and miR-335) were always diversely
expressed in all the resistant ovarian cancer
A2780 cell lines (A2780TAX, A2780TC1 and
T2780CT3 (paclitaxel-resistant A2780) and
A2780CIS (cisplatin-resistant A2780); miRNA-
let-7¢ was up-regulated in A2780TAX cell line,
while it was down-regulated in A2780TCl,
A2780TC3 and A2780CIS cell lines; miR-125b
was down-regulated in A2780TAX cell line but
up-regulated in A2780TC1, A2780TC3 and
A2780CIS cell lines; miR-30c, miR-130a and
miR-335 were down-regulated in all resistant
ovarian cancer A2780 cell lines suggesting that
a direct involvement of miRNAs in the
development of chemoresistance. Wang et al
(2011) [20] also reported that 12 differently
expressed miRNAs in the radiotherapy
sensitivity and resistant NSCLC samples with
five significantly up-regulated miRNAs (miR-
126, miRNA-let-7a, miRNA-495, miRNA-451
and miRNA-128) and seven greatly down-
regulated miRNAs (miRNA-130a, miRNA-
106b, miRNA-19b, miRNA-22, miRNA-15b,
miRNA-17-5p and miRNA-21) explaining that
these miRNAs may be used as candidate
markers for radiotherapy sensitivity in NSCLC.
In our study, we found that the differential
expression of sixty-five miRNAs between
HCC827/GR cells and HCCR827/P cells;
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Moreover, we identified eight significantly
upregulated miRNAs (miRNA-198, miR-202,
miR-210, miRNA-214, miR-22, miR-27a, miR-
296-3p and miR-208b) and fourteen greatly
downregulated miRNAs (miR-135b, miR-141,
miR-145, miR-153, miR-181¢, miR-181d, miR-
188-3p, miR-197, miR-200c, miR-206-3, miR-
215, miR-216a, miR-296-5p and miR-30a)
indicating that these miRNAs may contribute to
predict new mechanism of gefitinib resistance
in HCC827 cell lines. However, we need to
perform further experiments to determine their
exact potential role and underlying mechanism.

CONCLUSION

We identified the miRNA expression profile
with eight significantly upregulated miRNAs
and fourteen greatly downregulated miRNAs
that associated with the resistance of gefitinib in
HCC827 cells suggesting the specific
involvement of these miRNAs in the new
mechanism of gefitinib resistance in NSCLC.
Further studies are very necessary to investigate
and explore the potential function of these
miRNAs in NSCLC.
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NGHIEN CU'U PANH GIA SU BIEU HIEN CUA miRNAs
TRONG DONG TE BAO UNG THU PHOI KHONG TE BAO HAT NHO HCC827
KHANG THUOC DPIEU TRI TRUNG PiCH GEFITINIB

Dwong Hong Quén'?, Seong Yeon-Sun’

1Tru(‘mg Pai hoc Duy Tan, Pa Nang, Viét Nam
2Trudng Pai hoc Dankook, Cheonan, Han Quoc

TOM TAT

Gefitinib va erlotinib, chat wrc ché hoat tinh tyrosine kinase (tyrosine kinase inhibitors) cta thu thé yéu t6

tang trudng ]aiéu bi (EGFR, epidermal growth factor receptor), dugc biég dén nhu 1a thuéc diéu tri ung thu
trang dich day trién vong trong diéu tri bénh nhan ung thu phoi khong té bao nho. Ban dau, bénh nhan ung
thu phdi khong t€ bao nhé cé ddt bien & exon 18-21 cua gen EGFR c6 dap ung tot véi thudce diéu tri trung
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dich gefitinib va erlotinib. Tuy nhién, sau mot thoi gian bénh nhan ung thu phdi khéng té bao nho dugc didu
tri bang liéu phap trang dich da dan toi viée khang lai thude diéu tri tring dich. Cac nghién ctru gan day da
thong bao ¢6 hai co ché khang thude diéu tri tring dich chi yéu nhu hinh thanh dot bién thir cAp T790M cua
gen EGFR va sy khuéch dai biéu hién cua protein ¢-MET. Cac co ché khang thude diéu tri trung dich khac
van dang trong qua trinh nghién ctru va phat hién. Thoi gian gin day, microRNAs (miRNAs) duoc biét dén
nhu 13 phan nhém RNA diéu hoa sy biéu hién gen thong qua sy gan két miRNA-mRNA. miRNAs dleu hoa
qua trinh sau phién ma quan trong gitip diéu hoa qua trinh biéu hién gen dbi v6i qua trinh phat trién té bao, su
tang sinh té bao, su khang lai liéu phap hoa tri va xa tri ciing nhu quyét dinh qua trinh té bao chét co chuong
trinh. Vi vay, muc dich cta nghién ctru nay la danh gia va xac dinh sy biéu hién cua cac miRNAs lién quan
t6i sy hinh thanh kha nang khang thudc diéu tri ung thu tring dich gefitinib trong ung thu phdi khong té bao
nho. Trong nghién ctru nay, chung toi da danh gia mirc d6 biéu hién ctia cic miRNAs trong dong té bao ung
thu phdi khong té bao nho HCC827 khang thude gefitinib (HCC827/GR) so véi dong té bao ung thu phoi
khong té bao nho HCC827 ban dau (HCC827/P) bang phuong phap miRNA microarray. Két qua phén tich
ciia phuong phap miRNA microarray so sanh mic do biéu hién cia cac miRNA giita dong té bao
HCC827/GR va HCC827/P da xac dinh duoc su biéu hién khac nhau ctia 65 miRNAs trong d6 so véi dong té
bao HCC827/P ban diu, dong té bao HCC827/GR c6 su gia ting manh nhét sy biéu hién cia 8 miRNAs
(miRNA-198, miR-202, miR-210, miRNA-214, miR-22, miR-27a, miR-296-3p and miR-208b) va giam manh
nhét sy biu hién ctia 14 miRNAs (miR-135b, miR-141, miR-145, miR-153, miR-181c, miR-181d, miR-188-
3p, miR-197, miR-200c, miR-206-3, miR-215, miR-216a, miR-296-5p and miR-30a). Két qua nghién ctru
danh gia sy biéu hién cta cac miRNAs trong dong té bao HCC827/GR gbp phan hiéu biét hon vé co ché phan
tr méi lién quan dén tinh khang hoac dap tmg tdt véi thude diéu tri gefitinib dé tir d6 cung cap thong tin hiru
ich trong viéc phat trién phac d6 diéu tri méi trong diéu tri bénh nhan ung thu phdi khong té bao hat nho voi
thudc diéu tri tring dich gefitinib.

Tuwe khoa: Su blqu hién miRNA, liéu phap diéu tri trang dich, sy khang thudc gefitinib, ung thu phdi khong té
bao nhd, dong té bao HCCS827.
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