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Introduction: Echinoderm microtubule-associated protein-like 4-anaplastic lymphoma kinase
(EML4–ALK) is identified as an important pathogenic factor in patients with non-small-cell
lung cancer (NSCLC) and could induce a stem-like phenotype in NSCLC cells. Crizotinib is
commonly used for EML4–ALK+ NSCLC treatment, but its acquired resistance results in tumor
recurrence. Long intergenic noncoding RNA, regulator of reprogramming (lincROR) is related
to the acquisition and maintenance of self-renewal and stemness features of cancer stem cells.
It has been documented that lincROR is implicated in chemoresistance. However, the correlations of lincROR and EML4–ALK in stem cell-like properties and of lincROR and crizotinib
resistance in NSCLC cells are yet to be elucidated.
Patients and methods: In the present study, we investigated the expression profile of lincROR
in EML–ALK NSCLC tissues, and the potential role of lincROR in prognosis was then analyzed.
Subsequently, its association with stem cell-like properties of EML–ALK+ NSCLC cells was
determined. Furthermore, the correlation of lincROR with crizotinib and the effects of lincROR
and crizotinib on cell viability of EML4–ALK+ NSCLC cells were all explored.
Results: The results showed that lincROR expression was upregulated in EML4–ALK+ NSCLC
tissues relative to EML4–ALK− NSCLC tissues. Low-expressed lincROR was related to a favorable prognosis of patients with EML–ALK NSCLC. lincROR overexpression could enhance the
stemness features of EML–ALK+ NSCLC cells which were repressed by ALK knockdown.
Conclusion: We found that lincROR expression was significantly inhibited because of the
increased concentration of crizotinib in EML4–ALK+ NSCLC cells. Furthermore, lincROR
overexpression increased cell viability of EML4–ALK+ NSCLC cells, which was impaired by
crizotinib. Conjointly, these results suggested the important role of lincROR in EML–ALK+
NSCLC. lincROR may serve as a potential therapeutic target to overcome chemotherapy resistance in EML–ALK+ NSCLC.
Keywords: EML–ALK, lincROR, stemness, crizotinib, NSCLC

Introduction
Lung cancer remains the most prevalent malignant tumor in the respiratory system
with the highest morbidity and mortality.1,2 Non-small-cell lung cancer (NSCLC)
serves as a subtype of lung cancer and accounts for ~80%–85% of all lung cancers.3
Because the great majority of NSCLC patients are diagnosed in the middle or terminal stage, clinical drug treatments have become the focus of NSCLC.4 Echinoderm
microtubule-associated protein-like 4-anaplastic lymphoma kinase (EML4–ALK ) is a
transforming gene and a driver mutation in NSCLC, which has been identified to be
closely associated with cancerogenesis and serves as a causative factor in patients with
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NSCLC.5,6 The resulting EML4–ALK fusion protein preserves
the complete intracellular portion of ALK, and therefore,
NSCLC cells with this fusion protein are highly sensitive to
ALK tyrosine kinase inhibition, which could restrain tumor
proliferation and induce tumor apoptosis.7 Crizotinib, a
specific ALK inhibitor, is beneficial for most patients with
ALK-positive NSCLC but has no obvious therapeutic effect
on a minority of patients due to the acquired resistance to
cerizotinib.8,9 It has been reported that the mutations in the
ALK domain or the activated bypass signaling pathways
contribute to crizotinib resistance in NSCLC.10–12
Cancer stem cells (CSCs), the aggressive subpopulation
of cells within tumors, are responsible for tumorigenesis,
relapse, and cancer metastasis associated with their capabilities of self-renewal and differentiation according to the
CSC hypotheses.13–15 Numerous studies have documented
the existence of CSCs in various types of human cancers
including NSCLC.16,17 Additionally, emerging evidence has
validated the clinical relevance of CSCs, including an initial
positive response to therapy and resistance to currently used
chemotherapy and radiotherapy.18 Chemotherapeutic agents
are widely accepted as the standard therapy for patients
with advanced NSCLC. Their effects are accompanied by
chemotherapy resistance and multidrug resistance, which are
possibly induced by the enrichment of CSCs.16
Genetic and epigenetic mechanisms are implicated in
the malignant reprogramming process correlated with the
acquisition and maintenance of self-renewal and stemness features of CSCs.19 It has been verified that ncRNAs,
including miRNAs and lncRNAs, are involved in one such
regulatory mechanism. For example, lncRNA HOTAIR
and lncRNA MALAT1 play an important role in cancer
metastasis.20,21 Of particular note is that long intergenic
noncoding RNA, regulator of reprogramming (lincROR),
located at chromosome 18q21.31, could reprogram differentiated cells to induced pluripotency stem cells and,
therefore, is identified as a major regulator of pluripotency
reprogramming.22,23 Moreover, Wang et al have shown the
key role of lincROR in human embryonic stem cells as a
potential self-renewal and pluripotency marker.24 Accumulating studies have reported the involvement of lincROR in
various cancers, including lung adenocarcinoma,25 bladder
cancer,22 pancreatic cancer,26 and breast cancer.27 Specially,
lincROR is reported to be involved in chemoresistance in
docetaxel-resistant lung adenocarcinoma cells.25 However,
the potential roles of lincROR in the acquired resistance to
crizotinib in NSCLC are not fully understood.
A previous study has demonstrated the association of
stemness with EML4–ALK-driven tumorigenesis of NSCLC
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cells, verifying that the stem cell-like properties of NSCLC
cells are increased both in vitro and in vivo by EML4–ALK.28
Furthermore, lincROR plays an important role in the reprogramming process relative to stemness features of CSCs.
However, little is known about the association between
EML–ALK and lincROR concerning stem cell-like properties of NSCLC cells.
In this study, we first investigated the expression profile
and prognosis of lincROR in tissues and its association with
ALK using quantitative polymerase chain reaction (qPCR)
assay. Subsequently, we examined the potential role of ALK
and lincROR in stem cell-like properties of EML–ALK+
cells. Additionally, the effects of crizotinib on lincROR
expression were evaluated. Finally, we analyzed the role of
lincROR in cells’ chemoresistance to crizotinib according
to cell viability assay.

Patients and methods
Patients’ samples
Clinical tissues were collected from 106 patients who
underwent a surgical procedure at the Zhongnan Hospital
of Wuhan University (Wuhan, Hubei, China) between
2011 and 2016. No patient received therapy before surgical
resection. Each patient had signed written informed consent
prior to the study. The utilization of tumor samples was
approved by the ethics committee of the Zhongnan Hospital
of Wuhan University. Tumor tissues were immediately
frozen in liquid nitrogen tanks at the time of resection until
use. The clinicopathologic features of these samples are
shown in Table 1.

Cell lines and cell culture
The cell line A549 was provided by the American Type
Culture Collection (Manassas, VA, USA). The human EML–
ALK+ NSCLC cell line H2228 was also obtained from the
American Type Culture Collection. The human EML–ALK+
NSCLC cell line H3122 was purchased from Dana-Farber
Cancer Institute (Boston, MA, USA). The cells were cultured
in RPMI-1640 medium (Thermo Fisher Scientific, Waltham,
MA, USA) containing 10% fetal bovine serum with 1%
penicillin/streptomycin (Sigma-Aldrich Co., St Louis, MO,
USA) in a humidified incubator with 5% CO2 at 37°C.

RNA extraction and real-time qPCR
Total RNA was extracted from the tissues or cells
using the Trizol reagent (Thermo Fisher Scientific)
following the manufacturer’s instructions. The RNA samples
OncoTargets and Therapy 2018:11
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Table 1 Association of lincROR expression with differential
clinicopathologic features in NSCLC tissues
Parameters

Group

lincROR
expression

P-value

High (n) Low (n)
Age (years)

,60
$60
Gender
Male
Female
Tumor size (cm)
,3
$3
Histology
Adenoma
Squamous
Differentiation
Moderate–poor
Well
I+II
TNM stage
III+IV
Lymph node metastasis Absence
Presence
Distant metastasis
Absence
Presence
EML–ALK
Negative
Positive

28
25
27
26
38
15
20
33
29
24
23
30
19
34
38
15
44
9

31
22
32
21
30
23
18
35
12
41
34
19
31
22
48
5
51
2

0.5575
0.3282
0.1052
0.6855
0.0007
0.03212
0.01956

lincROR overexpression experiments
pcDNA-lincROR was constructed by introducing a
BamHI-EcoRI fragment containing the lincROR DNA into
the same site in pcDNA3.1. H3122 and H2228 cells were
transfected with pcDNA-lincROR using Lipofectamine
2000 (Thermo Fisher Scientific) under the manufacturer’s
protocol, respectively. RNA isolation was performed after
24 h transfection.

Table 2 The sequences used in this study
Sequences (5′–3′)
GGCTGGAACTCTTGCTGGAG
GGCTGGAACTCTTGCTGGAG
GGCTGGAACTCTTGCTGGAG
GGCTGGAACTCTTGCTGGAG
GGCTGGAACTCTTGCTGGAG
GGCTGGAACTCTTGCTGGAG
GCCGAGTGGAAACTTTTGTCG
GGCAGCGTGTACTTATCCTTCT
TCCAGCAGATGCAAGAACTCTCCA
CACACCATTGCTATTCTTCGGCCA
TATGCAAAGCAGAAACCCTCGTGC
TTCGGGCACTGCAGGAACAAATTC
CCGCUUUGCCGAUAGAAUA
UAUUCUAUCGGCAAAGCGG

Abbreviations: lincROR, long intergenic noncoding RNA, regulator of reprogram
ming; qPCR, quantitative polymerase chain reaction.
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siRNA for ALK (ALK-si) and negative control (NC) were
obtained from RiboBio (Guangzhou, China). The sequence
of ALK-si is listed in Table 2. H3122 cell line was used for
transfection with ALK-si. In brief, cells were planted into
12-well plates for 12 h and then transfected with ALK-si
using X-treme GENE transfection reagent (Roche, Basle,
Switzerland) according to the corresponding manufacturer’s
recommendations. After 24 h transfection, total RNA was
isolated and then used for analysis.

0.02579

were reverse-transcribed into cDNA with the RevertAid™
H Minus First Strand cDNA Synthesis Kit (Takara, Otsu,
Japan). β-Actin was used as the internal control. All primers
used for qPCR were obtained from GenePharma (Shanghai,
China), and the sequences are listed in Table 2. qPCR was
conducted with the SYBR PrimeScript qPCR kit (Takara)
in a CFX Connect™ qPCR Detection System (Bio-Rad

Primers for qPCR
β -actin
Forward
Reverse
ALK
Forward
Reverse
lincROR
Forward
Reverse
SOX2
Forward
Reverse
NANOG
Forward
Reverse
OCT4
Forward
Reverse
ALK-si
ALK-si
Forward
Reverse

ALK knockdown experiments

0.01304

Note: Statistical analysis was conducted by chi-square test.
Abbreviations: EML–ALK, echinoderm microtubule-associated protein-like
4-anaplastic lymphoma kinase; lincROR, long intergenic noncoding RNA, regulator
of reprogramming; NSCLC, non-small-cell lung cancer.

Gene

Laboratories, Inc., Hercules, CA, USA) according to the
manufacturer’s instructions. All samples were analyzed in
triplicate. Fold changes of ALK or lincROR were calculated
by the relative quantification (2−ΔΔCt) method.

Cell counting kit-8 (CCK-8) assay
A colorimetric assay was used to analyze the cell viability
of H3122 and H2228 cells using the CCK-8 reagent (Beyotime Biotechnology, Shanghai, China), respectively. Cells
transfected with pcDNA-lincROR or pcDNA control were
set as the experimental or the control group. After 24 h transfection, the cells were planted into 96-well plates supplemented with 10 μL of CCK-8 reagent and then incubated
for 1 h at 37°C. Subsequently, the transfected cells were
separately treated with crizotinib (TargetMol, Shanghai,
China) at various concentrations (0, 0.25, 0.5, 1.0, and 5.0
μM) and then cultured for 24 h. Finally, the cell viability
was analyzed by measuring the OD at 450 nm wavelength
using the Tecan M200 multimode microplate reader (Tecan,
Mechelen, Belgium).

Spheroid formation assay
Spheroid formation assay was performed to evaluate the
capability of cell self-renewal using ultralow attachment
surface 96-well culture plates. Cells transfected with ALK-si
and pcDNA-lincROR, or ALK-si and pcDNA-control, or
NC-si and pcDNA-control were, respectively, resuspended in
200 μL serum-free DMEM/F12 containing 20 ng/mL human
submit your manuscript | www.dovepress.com
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epidermal growth factor, 20 ng/mL human basic fibroblast
growth factor, and 1% nitrogen. The presence of spheroids
was monitored after 10 days, and images of representative
fields were captured by the microscope.

Flow cytometry analysis
During flow cytometry analysis, cells were dissociated as
single cells and washed with PBS. Subsequently, these cells
were resuspended in 1% bovine serum albumin with the corresponding control or specific antibody and then incubated
for 30 min at room temperature. Finally, the expressions of
CD133 and CD44 were measured by flow cytometry (BD
Biotechnology, San Jose, CA, USA). Fluorescence-activated
cell sorter was conducted to sort CD133 and CD44, respectively. CD133+CD44+, CD133+CD44−, CD133-CD44+, and
CD133−CD44− subpopulations were obtained.

Statistical analyses
SPSS version 18.0 (SPSS, Chicago, IL, USA) was used to
conduct statistical analysis. The unpaired t-test was used
for analyzing the difference in two groups, and analysis of
variance was used for multiple groups (.2). Chi-square test
was applied for analyzing the classification variables between
different groups. Kaplan–Meier and log-rank test were used
to conduct survival analysis. All experiments mentioned
previously were repeated three times. The results were presented as mean ± SD. P,0.05 was considered statistically
significant in all statistical analyses.

A

lincROR expression was decreased by
ALK knockdown
The ALK knockdown assay was conducted to further
investigate the relationship between lincROR and EML–ALK.

**

4.5
4.0

Cumulative survival

Relative expression of
lincROR (T/N)

qPCR assay was performed to identify the expression levels
of lincROR in EML–ALK NSCLC tissues. The clinicopathologic features of 106 patient samples are summarized in
Table 1. lincROR expression was evidently associated with
differentiation (P=0.0007), TNM stage (P=0.03212), lymph
node metastasis (P=0.01956), distant metastasis (P=0.01304),
and EML–ALK (P=0.02579). Ninety-five cases were identified as EML–ALK−, and the remaining (11 cases) were
diagnosed as EML–ALK+. As shown in Figure 1A, lincROR
expression in EML–ALK+ NSCLC tissues was significantly
higher than that in EML–ALK− tumor tissues (P,0.01). The
association between lincROR expression and prognosis was
explored by Kaplan–Meier and log-rank tests. The median
expression of lincROR in 68 EML–ALK NSCLC patients was
defined as the cutoff to classify the patients into two groups
(high expression and low expression). The progression-free
survival of EML–ALK NSCLC patients was analyzed. A
favorable prognosis was observed in low-lincROR expression
patients with EML–ALK+ NSCLC (Figure 1B, P=0.027).

B

5.0

3.5
3.0
2.5
2.0
1.5
1.0
0.5
0.0

Results
Upregulation of lincROR in EML–ALK+
NSCLC tissues and its relevance with
prognosis of EML–ALK NSCLC patients

1.0

P=0.027
Low
High
Low-censored
High-censored

0.8
0.6
0.4
0.2
0.0

EML–ALK

–

EML–ALK

+

0

10

20

30

40

50

60

PFS (months)
Figure 1 Relative expression levels of lincROR in 106 NSCLC tissue samples and PFS of EML–ALK NSCLC patients in lincROR high expression and lincROR low expression
were analyzed, respectively.
Notes: (A) lincROR expression was evaluated in 106 cases of EML–ALK tumor tissues. lincROR expression was significantly upregulated in 11 cases of EML–ALK+
NSCLC tumor tissues in comparison with EML–ALK− NSCLC tumor tissues. **P,0.01. (B) The association between lincROR expression and prognosis was explored by
Kaplan–Meier and log-rank tests. The low-expressed lincROR was significantly associated with favorable prognosis in patients with EML–ALK+ NSCLC. P=0.027.
Abbreviations: EML–ALK, echinoderm microtubule-associated protein-like 4-anaplastic lymphoma kinase; lincROR, long intergenic noncoding RNA, regulator of
reprogramming; NSCLC, non-small-cell lung cancer; PFS, progression-free survival.
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The expressions of ALK and lincROR were measured by
qPCR assay in H3122 cells transfected with ALK-si or NC-si.
We found that lincROR expression was markedly restrained
after the knockdown of ALK, indicating that lincROR expression may be associated with ALK (Figure 2, P,0.05).

Overexpression of lincROR rescued
a part of stem cell-like properties of
H3122 cells which were impaired by
ALK knockdown
Sphere formation assay, flow cytometry analysis, and qPCR
assay were used to explore the effects of ALK knockdown
or lincROR overexpression on stem cell-like properties of
H3122 cells. Sphere formation assay illustrated that the
spheroid rate of H3122 cells transfected with ALK-si and
pcDNA-control was lower than that of cells transfected with
NC-si and pcDNA-control, but lincROR overexpression
resulted in enhanced spheroid rate of H3122 cells transfected
with ALK-si (Figure 3A). We observed that 6.857% (mean
value, MD) CD133+CD44+ in NC-si + pcDNA-control group,
1.327% (mean value, MD) in ALK-si + pcDNA-control
group, and 4.583% (mean value, MD) in ALK-si + pcDNAlincROR group. The results indicated that ALK knockdown
reduced the percentage of CD133+CD44+ in H3122 cells, but
lincROR overexpression could partly improve the percentage of CD133+CD44+ in H3122 cells (Figure 3B). Results
obtained with qPCR showed that Sox2, Nanog, and OCT4
expressions in ALK-si+pcDNA control group were all significantly lower than those in NC-si+pcDNA control group,

5HODWLYHH[SUHVVLRQ
IROGFKDQJH




lincROR expression was inhibited by
increased concentration of crizotinib in
H2228 and H3122 cell lines
To determine the correlation of lincROR with crizotinib,
we detected lincROR expression at different concentrations
of crizotinib in A549, H2228, and H3122 cells, respectively. As displayed in Figure 4A, no obvious impact of
crizotinib on lincROR expression was observed in A549
cells (P,0.05). However, remarkable downregulation of
lincROR was detected in both H2228 and H3122 cells as
a result of increased concentration of crizotinib (Figure 4B
and C, P,0.05). These results implied that crizotinib could
influence lincROR expression.

lincROR overexpression elevated
chemoresistance to crizotinib in H3122
and H2228 cells
The effects of lincROR and crizotinib on cell viability of
EML4–ALK+ NSCLC cells were explored. The results
showed that the inhibitory effect of crizotinib on cell viability
was increased with its increasing concentrations. The cell
viability of H3122 cells was significantly higher in pcDNAlincROR group as compared to pcDNA-control at various
concentrations (0.25, 0.5, 1.0, and 5.0 μM) of crizotinib,
respectively (Figure 5A, P,0.05). This was the case in
H2228 cells (Figure 5B, P,0.05). It could be observed that
lincROR overexpression elevated the chemoresistance to
crizotinib in both H3122 and H2228 cells.
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indicating that ALK knockdown contributed to a decrease of
Sox2, Nanog, and OCT4 expressions (Figure 3C, P,0.05).
Conversely, Sox2, Nanog, and OCT4 expressions in ALKsi+pcDNA lincROR group were evidently higher than those
in ALK-si+pcDNA control group, revealing that overexpression of lincROR upregulated the Sox2, Nanog, and OCT4
expressions when they were repressed by ALK knockdown
(Figure 3C, P,0.05). Taken together, the results revealed
that lincROR overexpression could enhance stemness features of EML–ALK+ NSCLC cells, which were repressed
by ALK knockdown.

Discussion
$/.

OLQF525

Figure 2 lincROR expression was evaluated in H3122 cells. qPCR assay was
performed to examine the expression levels of lincROR in H3122 cells transfected
with ALK-si.
Notes: ALK knockdown inhibited the expression level of lincROR in H3122 cells.
*P,0.05.
Abbreviations: lincROR, long intergenic noncoding RNA, regulator of reprogram
ming; qPCR, quantitative polymerase chain reaction.
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EML4–ALK fusion has been identified as a causative factor
in patients with NSCLC.29 lincROR, a key reprogramming
regulator, has been found in different cancers where it acts
as an oncogene.22,26,27 Especially in NSCLC, the oncogenic
role and prognostic value of lincROR have been outlined as
previously reported.30 However, little is known about the role
submit your manuscript | www.dovepress.com
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Figure 3 Stem cell-like properties of EML–ALK+ NSCLC cells were assessed in H3122 cells by sphere formation assay, flow cytometry analysis, and qRT-PCR.
Notes: (A) The influence of ALK and lincROR on the stem cell-like properties of H3122 cells was analyzed by sphere formation assay. The stem cell-like properties of H3122
cells was impaired by ALK knockdown, but could be partly rescued by lincROR overexpression. (B) The influence of ALK and lincROR on the percentage of CD133+CD44+
in H3122 cells was explored by flow cytometry analysis. ALK knockdown reduced the percentage of CD133+CD44+ from 6.857%±0.025% to 1.327%±0.03% in H3122 cells,
but lincROR overexpression increased the percentage of CD133+CD44+ from 1.327%±0.03% to 4.583%±0.03% in H3122 cells. (C) Relative mRNA expression of CSC
markers Sox2, Nanog, and OCT4 was evaluated by qRT-PCR in H3122 cells. Overexpression of lincROR upregulated the Sox2, Nanog, and OCT4 expression, when they
were repressed by ALK knockdown. *P,0.05.
Abbreviations: CSC, cancer stem cell; EML–ALK, echinoderm microtubule-associated protein-like 4-anaplastic lymphoma kinase; lincROR, long intergenic noncoding
RNA, regulator of reprogramming; NSCLC, non-small-cell lung cancer; qRT-PCR, quantitative reverse transcription-polymerase chain reaction.

of lincROR in EML–ALK-induced NSCLC. In this study, we
first found elevated expression of lincROR in EML–ALK+
tissues in comparison with EML–ALK− tissues. Additionally,
we found a favorable prognosis in low-expressed lincROR
3654

Powered by TCPDF (www.tcpdf.org)

submit your manuscript | www.dovepress.com

Dovepress

patients with EML–ALK+ NSCLC, in accordance with a
previous finding.30 These results inspired us to speculate that
lincROR might govern the tumorigenesis, progression, and
prognosis of EML–ALK+ NSCLC.
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Figure 4 The correlation between lincROR and crizotinib was assessed by qPCR assay.
Notes: (A) The effect of different concentrations of crizotinib on lincROR expression was detected in A549 cells. No obvious effect of different concentrations of crizotinib
on lincROR expression was observed in A549 cell. (B, C) The effects of different concentrations of crizotinib on lincROR expression were detected in H2228 and H3122 cells,
respectively. A gradually reduction of lincROR expression was separately detected at an increased concentration of crizotinib in both H2228 and H3122 cells. *P,0.05.
Abbreviations: lincROR, long intergenic noncoding RNA, regulator of reprogramming; qPCR, quantitative polymerase chain reaction.

$

%

+





&HOOYLDELOLW\ 

&HOOYLDELOLW\ 








+






















&UL]RWLQLE 0









&UL]RWLQLE 0
SF'1$FRQWURO

SF'1$OLQF525

Figure 5 The relationship between lincROR and crizotinib in cell viability of H3122 and H2228 cells was examined by CCK-8 assay, respectively.
Notes: (A) The impact of crizotinib and lincROR in cell viability of H3122 cells was analyzed. Cell viability of H3122 cells was gradually inhibited by an increased concentration
of crizotinib, but lincROR overexpression enhanced the cell viability of H3122 cells. (B) The impact of crizotinib and lincROR on cell viability of H2228 cells was analyzed.
lincROR overexpression elevated cell viability of H2228 cells, which was repressed by crizotinib. *P,0.05.
Abbreviations: CCK-8, cell counting kit-8; lincROR, long intergenic noncoding RNA, regulator of reprogramming.
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Notably, EML–ALK is an activator for a variety of downstream signaling molecules such as STAT3, ERK, and AKT,
which play a key role in inducing and maintaining stem-like
properties for CSCs.28 It has been reported that CSCs have
the capacity of increasing tumorigenesis and the potential
of forming tumor metastasis. Furthermore, EML4–ALK has
been discovered as the inducer for a stem-like phonotype
in NSCLC cells.5,6,28 Major transcription factors, including
OCT4, SOX2, and NANOG, are important for pluripotent
stem cell phenotype.31 Of note, lincROR can be directly modulated by OCT4, SOX2, and NANOG.32 In addition, lincROR
is involved in various cancers by acting as a tumor-promoting
factor. It was, therefore, tempting to speculate some correlation between EML–ALK and lincROR in stem cell-like
properties of NSCLC. In our work, lincROR exhibited downregulated expression in H3122 cells after transfection with
ALK-si. We further discovered that stem cell-like properties
of H3122 cells were downregulated after transfection with
ALK-si. Interestingly, H3122 cells transfected with ALK-si
displayed rescued stem cell-like properties induced by lincROR overexpression. Therefore, it is reasonable to presume
that ALK could regulate the stemness features of EML–ALK+
NSCLC cells, possibly by modulating lincROR.
Crizotinib serves as the therapeutic drug for patients
with EML–ALK+ NSCLC by directly targeting ALK and
shows the anticancer activity in patients with ALK-positive
NSCLC.33 Nevertheless, the occurrence of crizotinib resistance commonly leads to tumor recurrence and cancer
metastasis.9 Pan et al have demonstrated that lincROR is
associated with chemoresistance in NSCLC.25 To the best
of our knowledge, the correlation between lincROR and
crizotinib in EML–ALK+ NSCLC is less reported. Herein,
we detected the expression pattern of lincROR in different
concentrations of crizotinib. Our results indicated that lincROR expression was negatively correlated with the concentration of crizotinib. Moreover, we also found that lincROR
could elevate cell viability of EML–ALK+ NSCLC cells,
which was suppressed by crizotinib. These results indicated
lincROR may promote acquired resistance to crizotinib in
EML–ALK+ NSCLC.
In summary, this study provides a new insight into the
important role of lincROR in the prognosis, stem cell-like
properties, as well as acquired crizotinib resistance in EML–
ALK+ NSCLC. However, this work also has some limitations.
The functional role of lincROR in EML–ALK+ NSCLC and
the concrete mechanism of lincROR in acquired crizotinib
resistance were not explored. Further work should be conducted to gain a better understanding about the biological
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role of lincROR and how lincROR interacts with crizotinib
in EML–ALK+ NSCLC.

Conclusion
This study reveals a key role of lincROR in the stemness
features and the acquired crizotinib resistance associated
with EML–ALK+ NSCLC, implying that lincROR could be a
potential target in the prognosis and treatment of EML–ALK+
NSCLC. Further studies should concentrate on elucidating
the exact molecular mechanisms of lincROR and crizotinib
jointly acting on EML–ALK+ NSCLC.
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