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Abstract. Nintedanib (BIBF1120) is a multi-targeted 
angiokinase inhibitor and has been evaluated in idiopathic 
pulmonary fibrosis and advanced non-small cell lung cancer 
(NSCLC) patients in clinical studies. In the present study, we 
evaluated the antitumor effects of nintedanib in 16 NSCLC 
cell lines and tried to identify microRNA (miRNA) associ-
ated with sensitivity to nintedanib. No correlations between 
FGFR, PDGFR and VEGFR family activation and sensi-
tivity to nintedanib were found. The difference in miRNA 
expression profiles between 5 nintedanib-sensitive and 5 
nintedanib-resistant cell lines was evaluated by miRNA array 
and quantitative RT-PCR analysis (qRT-PCR). Expression of 
miR-200b, miR-200a and miR-141 belonging to the miR-200 
family which contributes to epithelial-mesenchymal transi-
tion (EMT), was significantly lower in 5 nintedanib-resistant 
than in 5 nintedanib-sensitive cell lines. We examined the 
protein expression of EMT markers in these 10 NSCLC cell 
lines. E-cadherin expression was lower, and vimentin and 
ZEB1 expression were higher in 5 nintedanib-resistant cell 
lines. PC-1 was the most sensitive of the NSCLC cell lines 
to nintedanib. We established nintedanib-resistant PC-1 cells 
(PC-1R) by the stepwise method. PC-1R cells also showed 
decreased expression of miR-200b, miR-141 and miR-429 
and increased expression of ZEB1 and ZEB2. We confirmed 
that induction of miR-200b or miR-141 enhanced sensitivity 
to nintedanib in nintedanib-resistant A549 and PC1-R cells. 
In addition, we evaluated the response to gefitinib in combi-
nation with nintedanib after TGF-β1 exposure of A549 cells. 
Nintedanib was able to reverse TGF-β1-induced EMT and 
resistance to gefitinib caused by miR-200b and miR-141 
upregulation and ZEB1 downregulation. These results 

suggested that the miR-200/ZEB axis might be predictive 
biomarkers for sensitivity to nintedanib in NSCLC cells.  
Furthermore, nintedanib combined with gefitinib might be 
a novel therapeutic strategy for NSCLC cells with EMT 
phenotype and resistance to gefitinib.

Introduction

Lung cancer is still the leading cause of cancer-related death 
throughout the world (1). In recent genome studies, oncogenic 
driver mutations including EGFR gene mutation and ALK 
fusion gene have been discovered in non-small cell lung 
cancer (NSCLC) patients (2-4). First-line treatments with 
EGFR-tyrosine kinase inhibitors (TKIs) including gefitinib, 
erlotinib and afatinib and ALK-inhibitor crizotinib showed 
higher response rate and superior progression-free survival 
(PFS) compared with standard cytotoxic chemotherapy and 
are recognized as the standard therapies for the treatment of 
advanced NSCLC with driver mutations (5-8). Based on these 
findings, another small-molecular-targeted drug has recently 
been developed and its efficacy and safety have been evaluated 
in NSCLC patients.

Nintedanib (BIBF1120) is a potent, oral angiokinase 
inhibitor that targets VEGFR-1-3, PDGFR-α and β, and 
FGFR-1-3 signaling (9). Nintedanib has been evaluated for 
the treatment of idiopathic pulmonary fibrosis (IPF) (10,11). 
Recent phase III studies demonstrated that nintedanib 
reduced the decline in forced vital capacity, resulting in 
decreased frequency of acute exacerbations in patients with 
IPF with tolerable adverse events (10,11). The US Food and 
Drug Administration (FDA) approved nintedanib as a new 
drug for IPF in 2014 based on these trials. IPF treatment 
has entered a new era by the development of nintedanib. 
Nintedanib has also been evaluated for the treatment of 
various solid tumors including advanced NSCLC (12). The 
LUME-Lung-1 phase III trial showed that nintedanib in 
combination with docetaxel is an effective second-line 
therapy for advanced NSCLC patients, especially for lung 
adenocarcinoma patients (12). This was the first evidence for 
a molecular targeted agent showing an effect in combination 
therapy with cytotoxic agents after failure of platinum doublet 
chemotherapy in NSCLC patients. Therefore, identification 
of predictive biomarkers for the response to nintedanib and 
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patient selection based on the biomarker may have a clinical 
benefit for NSCLC patients treated with nintedanib.

MicroRNAs (miRNAs) are single-stranded, 18-24-nucleo-
tide, non-coding molecules that post-transcriptionally 
modulate gene expression through binding to 3'UTRs of target 
mRNAs. miRNAs, which usually induce gene silencing, can 
function as either tumor suppressors or oncogenes (13,14). 
Previous studies revealed that miRNAs were diagnostic, 
prognostic and therapeutic biomarkers in lung cancer (15,16). 
Our previous study demonstrated that inhibition of miR-21 
and miR-134/487b/655 cluster expression could be used as 
a therapeutic strategy in connection with EGFR-tyrosine 
kinase inhibitor (EGFR-TKI) treatment (17,18). These findings 
suggest that miRNAs may be promising predictive biomarkers 
and therapeutic targets in NSCLC.

In the present study, we examined the miRNA profile in 
order to clarify which miRNA is associated with sensitivity 
to nintedanib using 16 NSCLC cell lines. We demonstrate 
that miR-200b and miR-141 associated with epithelial-
mesenchymal transition (EMT) are predictive biomarkers and 
therapeutic targets of nintedanib in NSCLC cells. Furthermore, 
we found that nintedanib inhibited EMT and reversed the 
resistance to EGFR-TKI with TGF-β-induced EMT through 
miR-200 family induction in NSCLC cells.

Materials and methods

Cell lines. We used the following 16 NSCLC cell lines in 
the present study: A549, PC-3, PC-9, PC-14, NCI-hCC827, 
NCI-h1650, NCI-h1975, LC-2/ad and RERF-LC-KJ adeno-
carcinoma (AC) cell lines and PC-1, PC-10, LK-2, SQ5, QG56, 
EBC-1 and LC-1/sq squamous-cell carcinoma (SQ) cell lines.  
A549, NCI-h1650 and NCI-h1975 were purchased from 
the American Type Culture Collection (ATCC; Manassas, 
VA, USA); RERF-LC-KJ, SQ5, LC-2/ad and LC-1/sq were 
obtained from Riken Cell Bank (Ibaraki, Japan); PC-1, 
PC-3, PC-9, PC-10 and PC-14 were obtained from Immuno-
Biological Laboratories (Gunma, Japan); and EBC-1, LK-2, 
and QG56 were purchased from health Science Research 
Resources Bank (Osaka, Japan). Lung cancer cell lines were 
maintained in RPMI-1640 medium (Gibco, Carlsbad, CA, 
USA) supplemented with 10% fetal bovine serum (FBS). 
These cell lines were obtained from 2008 to 2009, ampli-
fied and frozen, and one aliquot of each was thawed for this 
project. All cells were routinely screened for the absence of 
mycoplasma.

Drugs and growth-inhibition assay. Nintedanib and gefitinib 
were purchased from Selleck Chemicals (houston, TX, USA). 
Growth inhibition was assessed by the MTS assay to examine 
the effect of nintedanib on the 16 NSCLC cell lines. Cell 
suspensions (5,000 cells/well) were seeded into 96-well plates 
and increasing concentrations of nintedanib (0, 0.01. 0.1, 1.0 
and 10 µM) were added. After incubation at 37˚C for 72 h, 
MTS was added to each well and incubated at 37˚C for 2 h, 
after which absorbance was measured using a microplate 
reader with a test wavelength of 450 nm. The IC50 value 
was defined as the concentration needed for 50% reduction 
of the growth by treatment with nintedanib by SigmaPlot12 
(hulinks, Inc., Tokyo, Japan). A549 and PC-1R cells (5,000 

cells/well) were seeded into 96-well plates for 24 h, and then 
incubated in the various concentrations of nintedanib at 37˚C 
for 72 h after exposure to miR-200 mimic, miR-141 mimic or 
miR-mimic-control (Cont-mimic) at a final concentration of 
40 nM for 24 h.

RNA extraction and miRNA microarray analysis. Total RNA 
was extracted from four lines with TRIzol reagent (Invitrogen, 
Carlsbad, CA, USA) as previously described (19,20). Total 
RNA (5 µg) was employed for hybridization on miRNA micro-
array chips containing 667 probes with the TaqMan® Array 
human MicroRNA A + B Cards Set v2.0 (Life Technologies, 
Carlsbad, CA, USA) on a 7900 Real-Time PCR System 
(Applied Biosystems, Foster City, CA, USA). Processed slides 
were scanned with a PerkinElmer ScanArray XL5K scanner. 
Experimental data were analyzed by DataAssist™ software 
(Life Technologies) using RNU44 and RNU48 as endog-
enous controls. Ct values were provided from all miRNAs 
represented on the cards and fold changes in expression were 
calculated using the delta Ct (∆∆Ct) method. Expression 
levels of MammU6 on the array card were defined as positive 
controls for the purpose of ∆∆Ct calculation.

Real-time quantitative reverse transcription-PCR. The 
expression levels of miR-200 family members were measured 
by quantitative reverse transcription-PCR (qRT-PCR) using 
TaqMan® MicroRNA assay system (Applied Biosystems). The 
RNU66 expression level was determined by qRT-PCR as an 
internal control (Applied Biosystems). miRNA expression was 
quantified and reported as 2-∆∆CT value (21).

Western blot analysis and receptor tyrosine kinase phos-
pholylation array. Cells were dissolved in buffer containing 
50 mM Tris-hCl, ph 7.6, 150 mM NaCl, 0.1% sodium dodecyl 
sulfate, 1% Nonidet P-40 and 0.5% sodium-deoxycholate. The 
lysates were cooled with ice for 30 min, and then centrifuged 
at 13,000 x g for 30 min. Proteins (10 µg) in the collected 
supernatant were separated by SDS-PAGE on 12% gels and 
then transferred to nitrocellulose membranes. The membrane, 
after a block with 5% skim milk, was incubated with anti-
bodies to E-cadherin, vimentin, ZEB1, β-actin (Cell Signaling 
Technology, Beverley, MA, USA) and ZEB2 (Sigma-Aldrich, 
St. Louis, MO, USA). Each protein was detected by immunob-
lotting with ECL-Plus reagents (GE healthcare Bio-Science 
Corp., Piscataway, NJ, USA). We also performed human 
receptor tyrosine kinase (RTK) phosphorylation antibody 
arrays including 71 antibodies (RayBiotech, Inc., Norcross, 
GA, USA) as previously described (22).

Oligonucleotide transfection. miR-200b and miR-141 mimics, 
and their negative control (Cont-mimic), were synthesized by 
Ambion (Austin, TX, USA). All mimics were treated with 
Lipofectamine 2000 transfection reagent 24 h after seeding, 
as per the manufacturer's instructions (Life Technologies). The 
mimic complexes were transfected into cells at a final concen-
tration of 40 nM. The transfection medium was replaced 6 h 
later and cells were then incubated at 37˚C for 48 h. TGF-β1 
was purchased from R&D Systems, Inc. (Minneapolis, MN, 
USA). Cells were exposed to 5 ng/ml TGF-β1 for the indicated 
period of time.
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Statistical analysis. Data were expressed as the mean (SD) 
of three independent experiments and evaluated with the 
Student's t-test. P<0.05 were defined as statistically significant.

Results

Effect of nintedanib on the growth of 16 NSCLC cell lines. 
Growth-inhibitory effects of nintedanib on 16 NSCLC cell 
lines were assessed by MTS assay. Gene status of EGFR 
mutation, ALK rearrangement, KRAS mutation and MET 
amplification were evaluated by LCI Medience Corp. (Tokyo, 
Japan). Table I shows the sensitivity to nintedanib of 16 NSCLC 
cell lines and their genetic status. Nintedanib had IC50 values 
of >1 µM, which is above the pharmacologically achievable 
concentration in mammals (0.45 µM), in the 16 NSCLC cell 
lines (9). however, PC-1 cells without genetic alterations were 
relatively sensitive to nintedanib (1.0 µM). There were no 
correlations between nintedanib IC50 and pathological type or 
genetic status. 

Correlation between FGFR/PDGFR/VEGFR expression and 
drug sensitivity. Based on the IC50, we placed NSCLC cell lines 
into two groups, namely, nintedanib-sensitive and nintedanib-
resistant cell lines. Five cell lines (PC-1, QG56, LK-2, EBC-1 
and PC-9) were sensitive (IC50 of ≤3.2 µM), and 5 other cell 
lines were resistant to nintedanib (A549, SQ5, PC-3, LC-1/sq 
and LC-2/ad) (IC50 of >25 µM) (Table I). First, RTK phos-
phorylation profiles including FGFR, PDGFR and VEGFR 
family kinases were investigated in the 5 nintedanib-sensitive 
and 5 nintedanib-resistant cell lines to clarify whether the 
kinases were associated with sensitivity to nintedanib. The 
relationship between RTKs phosphorylation and nintedanib 
sensitivity is shown in Fig. 1A. Phosphorylation of ROR1 and 

SRMS was significantly increased in nintedanib-resistant 
cells. however, the phosphorylation status of FGFR1/2, 
PDGFRα/β and VEGFR2/3 showed no significant differences 
between the sensitive and resistant cell lines (Fig. 1A). This 
result suggested that activation of targets of nintedanib, FGFR, 
PDGFR and VEGFR kinases, does not affect the sensitivity of 
NSCLC cells to nintedanib.

Correlation between miRNA expression and drug sensitivity. 
In order to identify miRNAs that contribute to the sensitivity to 
nintedanib, we compared miRNA expression profiles between 
the 5 nintedanib-sensitive and 5 nintedanib-resistant cell lines 
by miRNA array. The expression of 7 miRNAs was signifi-
cantly altered in the nintedanib-resistant cell group compared 
to the nintedanib-sensitive cell group (fold changes of >2.0 or 
<0.5) (Fig. 1B). Among them, expression of three miR-200 
family members, miR-200b, miR-200a and miR-141, were 
significantly downregulated in the nintedanib-resistant cell 
lines (Fig. 1B). The miR-200 family contains five miRNAs: 
miR-200a/200b/429 on chromosome 1 and miR-200c/141 
on chromosome 12. The levels of miR-200c and miR-429 
expression tended to be decreased in the nintedanib-resistant 
cell group (Fig. 1B). The expression levels of miR-200 family 
members were validated by qRT-PCR (Fig. 2A). The expres-
sion levels of miR-200 family members were higher in the 
5 nintedanib-sensitive cell lines than in the resistant cell 
lines except for LC-1/sq cells (Fig. 2A). The miR-200 family 
members have been described as a main suppressor of EMT 
by targeting ZEB1 and ZEB2 (23). Therefore, we evaluated 
the protein expression of EMT markers in the 10 NSCLC cell 
lines. Epithelial marker E-cadherin expression was lower, and 
mesenchymal marker vimentin expression was higher in the 5 
nintedanib-resistant cell lines (Fig. 2B). Expression of ZEB1 

Table I. Sensitivity to nintedanib of 16 NSCLC cell lines and their genetic status.

Cell lines Pathology Nintedanib IC50 EGFR mut ALK fusion KRAS mut MET amp

PC-1 SQ 1.0 - - - -
QG56 SQ 1.9 - - - -
LK-2 SQ 2.5 - - - -
EBC-1 SQ 3.2 - - - +
PC-9 AC 3.2 Ex19 del - - -
NCI-hCC827 AC 3.9 Ex19 del - - -
NCI-h1975  AC 5.9 Ex19 del, T790M - - -
RERF-LC-KJ AC 7.3 - - - -
PC-10 SQ 7.7 - - + -
PC-14 AC 7.7 - - - -
NCI-h1650  AC 20 L858R - - -
A549 AC 25 - - + -
SQ5 SQ 27 - - - -
PC-3 AC 71 - - - -
LC-1/sq SQ 78 - - - -
LC-2/ad AC >100 - - + -

SQ, squamous cell carcinoma; AC, adenocarcinoma; Ex19 del, Exon 19 deletion; T790M, Exon 20 T790M mutation; L858R, Exon 21 L858R 
mutation; mut, mutation; amp, amplification.



NIShIJIMA et al:  miR-200/ZEB REGULATES SENSITIVITY TO NINTEDANIB IN LUNG CANCER940

which is well known as a direct target of the miR-200 family 
was also increased in the 5 nintedanib-resistant cell lines 

(Fig. 2B). ZEB2 expression was found in 2 of the 5 nintedanib-
resistant cell lines (Fig. 2B). These results suggested that the 

Figure 1. Unique RTKs and miRNA correlated with the resistance to nintedanib. heatmap of differential levels of RTKs phosphorylation (A) and miRNAs (B) 
between 5 nintedanib-sensitive and 5 nintedanib-resistant NSCLC cell lines. An immortalized tracheal cell line (BET2A) was used as a normal control cells. 
The log2 ratio [log2(NSCLC cells/BET2A cells)] was calculated for each array. Fold change means the relative ratio of the resistant cells against the sensitive 
cells. *P<0.05.

Figure 2. Differences in miR-200b and miR-141 expression between nintedanib-sensitive and nintedanib-resistant NSCLC cells. (A) miR-200b/200a/429 and 
miR-141/200c expression profiles between 5 nintedanib-sensitive and 5 nintedanib-resistant NSCLC cell lines were assessed by qRT-PCR analysis. Relative 
expression was calculated based on the expression level in PC-1. (B) Protein expression of EMT markers including E-cadherin, vimentin, ZEB1 and ZEB2 in 
10 NSCLC cell lines was assessed by western blotting. 
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mesenchymal phenotype may be involved in the resistance to 
nintedanib in NSCLC cells.

Establishment of nintedanib-resistant PC1 cells and evaluation 
of miR-200 family expression and EMT markers. To further 
clarify the mechanism of resistance to nintedanib, we tried to 
establish nintedanib-resistant PC-1 cells by continuous expo-
sure to increasing concentrations of nintedanib in a stepwise 
manner. After two months, we established nintedanib-resistant 
PC-1 cell lines; PC-1R survived upon incubation with 25 µM 
nintedanib and we used these PC1-R cells in further inves-
tigations (Fig. 3A). The expression levels of vimentin, ZEB1 
and ZEB2 were increased in PC1-R cells compared to PC-1 
cells (Fig. 3B). Furthermore, miR-200b, miR-141 and miR-429 
expression levels were significantly decreased in PC1-R cells 
compared to PC-1 cells (Fig. 3C). Based on these results, we 
focused on the miR-200 family and ZEB, especially miR-200b 
and miR-141 and their target ZEB1, as candidate miRNAs 
and their target associated with sensitivity to nintedanib in 
NSCLC cells.

miR-200 family regulated EMT and nintedanib sensitivity 
in NSCLC cells. To further examine whether the miR-200 
family regulates the response to nintedanib, nintedanib-
resistant A549 cells were transfected with a miR-200b or 
miR-141 mimic and control mimic for 72 h. We confirmed 
that miR-200b and miR-141 were overexpressed after the 
miR-200b or miR-141 mimic was incubated with A549 
cells (Fig. 4A). ZEB1 expression was diminished resulting 
in increased E-cadherin and decreased vimentin expres-

sion in A549 cells treated with miR-200b mimic (Fig. 4B). 
Overexpression of miR-141 decreased ZEB1 and increased 
E-cadherin expression (Fig. 4B). Next, we investigated the 
effect of overexpression of the two miRNAs on the sensi-
tivity of A549 cells to nintedanib. Induction of miR-200b 
or miR-141 mimics enhanced the sensitivity of A549 cells 
to nintedanib (Fig. 4C). Furthermore, miR-200b or miR-141 
overexpression reversed the resistance to nintedanib of PC1-R 
cells (Fig. 4D). These results suggested that suppression of the 
miR-200 family is involved in the resistance to nintedanib in 
NSCLC cells.

Nintedanib restored drug resistance to gefitinib by activating 
the miR-200 family. EMT has been recognized as one of 
the mechanisms of resistance to EGFR-TKI in NSCLC with 
EGFR mutation (24,25). In addition, a recent study demon-
strated that nintedanib induced mesenchymal-epithelial 
transition (MET) in A549 lung cancer cells (26). Therefore, 
we evaluated whether nintedanib overcomes EMT and 
the resistance to the EGFR-TKI gefitinib in NSCLC cells. 
A549 cells were exposed to TGF-β1 and then treated with 
nintedanib for 72 h. Fig. 5A shows that the conversion from 
epithelial phenotype to mesenchymal phenotype induced by 
TGF-β1 was more inhibited in A549 cells treated with nint-
edanib (Fig. 5A). We observed that the increases in vimentin 
and ZEB1 expression and decrease in E-cadherin expression 
activated by TGF-β1 were more reduced in A549 cells treated 
with nintedanib (Fig. 5B). Furthermore, decreased miR-200b 
and miR-141 expression caused by TGF-β1 was restored after 
treatment with nintedanib (Fig. 5C). We also measured the 

Figure 3. Establishment of nintedanib-resistant PC1-R cells and evaluation of miR-200 family expression and miR-141 expression and EMT markers in PC1-R 
cells. (A) MTS assays with nintedanib in PC-1 and PC-1R cells. Data are expressed as the mean ±SD from 3 independent experiments. (B) Increased vimentin, 
ZEB1 and ZEB2 expression in PC1-R cells on western blotting. (C) miR-200b/200a/429 and miR-141/200c expression levels were decreased in PC-1R cells on 
qRT-PCR analysis. Data are expressed as mean ± SD from 3 independent experiments. *P<0.05. 
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response to gefitinib in A549 cells after treatment with nint-
edanib in combination with TGF-β1. Nintedanib restored the 

resistance to gefitinib caused by TGF-β1 in naturally resistant 
A549 cells (Fig. 5D). These results suggest that nintedanib 

Figure 4. miR-200 family regulated EMT and nintedanib sensitivity in A549 and PC-1R cells. (A) The levels of miR-200b and miR-141 expression were 
elevated in A549 cells after transfection of miR-200b or miR-141 mimic for 72 h by qRT-PCR analysis. Cont mimic, control mimic. Data are expressed as the 
mean ±SD from 3 independent experiments. (B) Decreased levels of vimentin and ZEB1 and increased level of E-cadherin were observed in A549 cells after 
transfection of miR-200b mimic by western blot analysis. Decreased level of ZEB1 and increased level of E-cadherin were also observed in A549 cells by 
miR-141 mimic induction on western blot analysis. Cont mimic, control mimic. (C and D) A549 cells and PC-1R cells treated with miR-200b or miR-141 mimic 
for 24 h were further incubated with various concentrations of nintedanib for 72 h. Data are expressed as the mean ± SD from 3 independent experiments. 

Figure 5. Nintedanib overcame resistance to gefitinib by activating the miR-200 family. (A) Morphologic change induced by TGF-β1 exposure was recovered 
after treatment of A549 cells with 1 µM nintedanib for 48 h. (B) E-cadherin, vimentin and ZEB1 expression on western blot analysis. Decreased expression 
of E-cadherin and increased expression of vimentin and ZEB1 by TGF-β1 exposure were recovered by 1 µM nintedanib treatment in A549 cells for 48 h. 
(C) TGF-β1 exposure reduced miR-200b and miR-141 expression in A549 cells. After treatment with 1 µM nintedanib, miR-200b and miR-141 expression 
recovered in A549 cells. Data are expressed as the mean ± SD from 3 independent experiments. *P<0.05. (D) TGF-β1-exposed A549 cells that had been 
incubated with or without nintedanib for 24 h were further incubated with various concentrations of gefitinib for 72 h. Each result is expressed as cell viability 
in the treated samples compared with the untreated sample (100%) for gefitinib therapy. Data are mean ± SD from 3 independent experiments.
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combined with EGFR-TKI might be a novel therapeutic 
strategy for NSCLC cells with EMT phenotype.

Discussion

Although the effect of nintedanib monotherapy on NSCLC 
patients was limited, PFS was significantly improved in 
advanced NSCLC patients treated with nintedanib combined 
with docetaxel in the LUME-Lung-1 phase III study (12). This 
evidence suggests that nintedanib combined with anticancer 
agents might be a promising therapy in previously treated 
NSCLC patients. Therefore, identification of mechanisms of 
resistance to nintedanib is required for developing a thera-
peutic strategy in advanced NSCLC patients.

In the present study, low expression of miR-200b and 
miR-141, resulting in high level of ZEB1 and low level of 
E-cadherin, was associated with the resistance to nintedanib 
in NSCLC cells. The miR-200 family has been recognized 
as a main suppressor of EMT by targeting ZEB1 (23). EMT 
has been implicated in prevention of apoptosis and resistance 
to anticancer agents including EGFR-TKI in NSCLC cells.  
however, a method of overcoming EMT-associated resistance 
to anticancer drugs has not been established yet. In func-
tional analysis in a recent report, nintedanib could reverse 
the EMT phenotype in lung cancer and pancreatic cancer 
cells (26). Our results showed that retention of the epithe-
lial phenotype with high levels of miR-200 family ensured 
good sensitivity to nintedanib in NSCLC cells. In addition, 
induction of miR-200b and miR-141 showed reversal of EMT 
and increased sensitivity for nintedanib in both naturally 
resistant A549 and acquired resistant PC1-R cells. Expression 
of the miR-200 family and ZEB1 may be used as a predic-
tive marker and therapeutic target for nintedanib therapy 
in NSCLC cells.  Nintedanib therapy may be effective in 
NSCLC patients with the epithelial phenotype. A recent study 
showed that inhibition of miR-200 family targeting ZEB1 
significantly enhanced the chemosensitivity to docetaxel in 
vitro and in vivo in lung adenocarcinoma cells with the EMT 
phenotype (27). This result may provide supporting evidence 
of the effectiveness of nintedanib combined with docetaxel 
in the LUME-Lung-1 study (12). The miR-200 family and its 
target ZEB1 may be common attractive targets of nintedanib 
and docetaxel therapies.

We also found that treatment with nintedanib caused 
reversal of TGF-β1-induced EMT and resistance to gefitinib 
through upregulation of miR-200b and miR-141 in A549 lung 
cancer cells. These effects may be due to the multitargeted 
function of nintedanib, which inhibits FGFR as well as 
VEGFR and PDGFR. Reversal of EMT by nintedanib might 
be attributed to inhibition of fibroblast function. A recent 
report showed decreased levels of α-SMA and S-100A4 in 
fibroblasts in pancreatic cancer xenografts after treatment with 
nintedanib (26). Alternatively, FGF pathway activation could 
provide an escape mechanism from anti-molecular targeted 
therapy in various cancers (28). FGFR promotes metastasis 
through EMT in breast tumors (29). FGFR1 inhibitor also 
restored EMT in head and neck squamous cell carcinoma (30).  
Taken together with our results, the reversal of EMT might 
be mainly regulated by FGFR inhibition of nintedanib. These 
findings demonstrated a novel role of nintedanib as a potential 

therapeutic strategy for resistance to EGFR-TKI associated 
with TGF-β1-induced EMT in NSCLC cells. Overcoming 
EMT-associated resistance to EGFR-TKI would have 
extremely great benefit for EGFR-mutant NSCLC patients.

Nintedanib is also one of the promising drugs for IPF 
patients (10,11). FDA approved nintedanib for the treatment 
of IPF. In addition, EMT is considered to contribute to IPF 
(31,32). The mesenchymal markers collagen I, vimentin and 
α-SMA were expressed in the bleomycin IPF model (31). A 
human IPF study has shown co-localization of epithelial 
and mesenchymal markers (32). It has been recognized that 
nintedanib has the potential to reduce disease progression, 
slowing the decline of lung function by blocking signaling 
pathways that are involved in fibrotic processes (31,32).  
The miR-200 family also inhibited fibrogenic activity of 
pulmonary fibroblasts obtained from mice with experimental 
pulmonary fibrosis and from IPF patients (33). IPF is one of 
the most common complications in patients with lung cancer.  
Optimal treatments for lung cancer with IPF have not been 
established because of acute exacerbation of IPF caused by 
anticancer treatment in lung cancer patients with IPF (34). Our 
findings suggest that nintedanib can be used for the treatment 
of NSCLC patients with IPF as well as IPF patients.

In conclusion, the miR-200 family and ZEB1 could be used 
as predictive markers for sensitivity to nintedanib in NSCLC 
cells. Selection of patients for nintedanib therapy based on 
miR-200 family or ZEB1 expression may be useful in NSCLC 
patients. Nintedanib combined with EGFR-TKI might be a 
new therapeutic strategy for NSCLC patients with acquired 
resistance to EGFR-TKI by EMT. Further studies should be 
performed to clarify the effect of nintedanib on EMT and 
EGFR-TKI therapy in NSCLC.
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