
Laboratory Investigation (2019) 99:568–576
https://doi.org/10.1038/s41374-018-0164-y

ARTICLE

miR-608 and miR-4513 significantly contribute to the prognosis
of lung adenocarcinoma treated with EGFR-TKIs

Nasha Zhang1,2
● Yankang Li1,2 ● Yan Zheng2

● Li Zhang3
● Yuan Pan4

● Jinming Yu2
● Ming Yang2

Received: 11 September 2018 / Revised: 23 October 2018 / Accepted: 29 October 2018 / Published online: 14 December 2018
© United States & Canadian Academy of Pathology 2018

Abstract
Tyrosine kinase inhibitors (TKIs) targeting epidermal growth factor receptors (EGFR) significantly prolong the survival of
lung adenocarcinoma patients with sensitizing EGFR mutations. Unfortunately, 10–30% patients do not show objective
responses to EGFR-TKIs, and undergo rapid disease progression during the EGFR-TKIs therapy. Single nucleotide
polymorphisms (SNPs) in mature microRNA (miRNA) sequences may influence target site interactions and modulate
downstream pathways, such as the EGFR pathway. For this reason, we hypothesized that miRNA SNPs may impact the
prognosis of lung adenocarcinoma patients after EGFR-TKI treatment. By systematically screening of the miRbase and the
1000 genomes project databases, we successfully identified five mature miRNA SNPs. Genotypes were determined in two
independent cohorts (Hubei and Shandong cohorts) that include 319 EGFR-TKI treated stage IIIB/IV patients. The impact of
miR-608 and miR-4513 on the drug sensitivity of gefitinib was examined in lung adenocarcinoma cells. miR-608 rs4919510
or miR-4513 rs2168518 significantly contributed to the progression-free survival (PFS) in the Hubei cohort (hazard ratio
[HR]= 0.63, confidence interval [CI]= 0.49–0.81, P= 3.0 × 10−4 or HR= 0.46, 95% CI= 0.31–0.67, P= 8.0 × 10−5).
These observations were further validated in the Shandong cohort (P= 0.005 or P= 0.001). Similarly, the miR-608
rs4919510 CC genotype or the miR-4513 rs2168518 GA genotype was significantly associated with decreased death
risk after gefitinib treatment, compared with the rs4919510 GG genotype (Hubei cohort: P= 5.0 × 10−4; Shandong cohort:
P= 0.004) or the rs2168518 GG genotype (P= 4.9 × 10−5; P= 0.002). Consistently, miR-608 significantly increased the
anti-proliferation effect of gefitinib in both lung adenocarcinoma PC9 and H1299 cells, whereas miR-4513 increased cells’
resistance to gefitinib. Our findings suggest that miR-608 and miR-4513 SNPs are independent candidate biomarkers to
predict lung adenocarcinoma patients’ survival after EGFR-TKIs treatment. These miRNAs and polymorphisms provide
clinical potential in patient-tailored treatment decision-making.

Introduction

Lung cancer is a leading cancer and has one of the highest
number of annually estimated newly diagnosed cases among
all cancers. In addition, lung cancer ranks the no. 1 cancer-
related mortality among malignancies in the world [1].
Patients diagnosed as advanced non-squamous non-small cell
lung cancer (NSCLC) have extremely poor overall survival
(OS) ranged from 8 months to 10 months [2, 3]. For this

These authors contributed equally: Nasha Zhang, Yankang Li.

* Ming Yang
aaryoung@yeah.net
yangm@sdu.edu.cn

1 Cheeloo College of Medicine, Shandong University,
Jinan, Shandong Province, China

2 Shandong Provincial Key Laboratory of Radiation Oncology,
Cancer Research Center, Shandong Cancer Hospital affiliated to

Shandong University, Shandong Academy of Medical Sciences,
Jinan, Shandong Province, China

3 Department of Oncology, Tongji Hospital, Tongji Medical
College, Huazhong University of Science and Technology,
Wuhan, Hubei Province, China

4 Department of Neurology, Stanford University, Palo Alto, CA,
USA

Electronic supplementary material The online version of this article
(https://doi.org/10.1038/s41374-018-0164-y) contains supplementary
material, which is available to authorized users.

12
34

56
78

90
()
;,:

12
34
56
78
90
();
,:

http://crossmark.crossref.org/dialog/?doi=10.1038/s41374-018-0164-y&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41374-018-0164-y&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41374-018-0164-y&domain=pdf
mailto:aaryoung@yeah.net
mailto:yangm@sdu.edu.cn
https://doi.org/10.1038/s41374-018-0164-y


group of patients with prevalent activating somatic mutations
in the epidermal growth factor receptor (EGFR) gene, EGFR-
tyrosine kinase inhibitors (EGFR-TKIs) are recommended
as the first-line therapy, which has dramatically changed
the landscape of therapeutic management of non-squamous
NSCLC [4–6]. Gefitinib as an FDA approved first-generation
EGFR-TKI has been widely used in patients harboring
the EGFR exon 19 deletions or exon 21 (Leu858Arg) sub-
stitution mutation and has significantly improved disease
prognosis [7, 8]. Unfortunately, 10–30% of lung adeno-
carcinoma patients do not show objective responses, and may
undergo rapid disease progression during the EGFR-TKI
therapy [4–6, 9]. Tumor heterogeneity is one of the most
important factors associated with the treatment failure of
NSCLC [10]. Accumulating evidence suggests that germline
genetic polymorphisms are involved in EGFR-TKI resistance,
and can significantly influence the OS of patients [11, 12].
Despite efforts that have been made, reliable markers to guide
individualized treatment are still lacking, and the prognosis
of lung adenocarcinoma patients remains poor. Therefore,
biomarkers in addition to the EGFR mutations need to
be identified to predict patients’ response to the EGFR-TKIs
treatment.

As evolutionarily conserved short non-coding RNAs
(19–23 nucleotides [nt] in length), microRNAs (miRNAs)
function essentially in negative, post-transcriptional gene
regulation via targeting the 3′-untranslated region of
mRNAs with the seed region of miRNAs [13, 14]. One
miRNA can bind to hundreds of target mRNAs that regulate
essential biological processes [15]. Profiles of miRNAs
have been extensively correlated with the development and
progression of various cancers [16, 17]. Accumulating
evidence has shown that miRNAs can be used as predictive
or prognostic biomarkers for lung cancer treatments
[18–20]. Single nucleotide polymorphisms (SNPs) in the
mature sequence of miRNA, especially in the seed region, can
alter target site interactions by either strengthening or weak-
ening hybridization kinetics. Interestingly, multiple SNPs
located within mature miRNA sequences are significantly
associated with lung cancer susceptibility and prognosis of
lung cancer patients treated with chemotherapy [21–23].

However, it remains unclear whether miRNA SNPs
impact the prognosis of advanced lung adenocarcinoma
patients that harbor activating EGFR mutations and are
treated with gefitinib. Herein, we specifically examined the
role of five miRNA polymorphisms (miR-499 rs3746444,
miR-608 rs4919510, miR-3152 rs13299349, miR-4513
rs2168518, and miR-4520a rs8078913) on predicting the
prognosis of lung adenocarcinoma patients after gefitinib
therapy in two cohorts. In addition, to validate the biolo-
gical functions of two miRNAs (miR-608 and miR-4513),
we determined their roles on the gefitinib sensitivity in
different lung adenocarcinoma cell lines.

Materials and methods

Study subjects

This study consisted of two cohorts including 319 stage IIIB
or IV lung adenocarcinoma patients with prevalent EGFR
activating somatic mutations. (a) Hubei cohort: 162 lung
adenocarcinoma patients were recruited at Tongji Hospital,
Tongji Medical College, Huazhong University of Science
and Technology (Wuhan, Hubei Province, China) between
January 2009 and May 2015. (b) Shandong cohort: 157
lung adenocarcinoma patients were recruited at Shandong
Cancer Hospital affiliated to Shandong University (Jinan,
Shandong Province, China) between May 2011 and October
2015. All patients were histologically confirmed lung
adenocarcinoma with clinical data available. Each patient
was treated with gefitinib orally at a daily dose of 250 mg as
the first line monotherapy. Progression-free survival (PFS)
was defined as the time from the date of diagnosis to the
date of disease progression, or death due to any cause. OS
was calculated from the date of diagnosis to the date of
death from any cause or the latest follow-up. All subjects
were ethnic Han Chinese. This study was approved by the
Institutional Review Boards of Tongji Hospital and Shan-
dong Cancer Hospital affiliated to Shandong University.
At recruitment, written informed consent was obtained from
each patient. The methods were carried out in accordance
with the approved guidelines.

Genotyping

After systematically screening the miRbase database and
the 1000 genomes project Phase 3 CHB (Chinese Han
in Beijing) data, we successfully identified five SNPs in
human mature miRNA sequences (miR-499 rs3746444,
miR-608 rs4919510, miR-3152 rs13299349, miR-4513
rs2168518, and miR-4520a rs8078913) with minor allele
frequencies (MAF) > 0.05 in Chinese [24]. Genotypes
of these miRNA polymorphisms in both Hubei cohort
and Shandong cohort were determined using the iPLEX
Sequenom MassARRAY platform (Sequenom) as pre-
viously reported [25–27]. A 15% random sample size was
reciprocally tested and the reproducibility was 100%.

Cell culture and reagents

Lung adenocarcinoma H1299 and PC9 cells were cultured
at 37 °C with 5% CO2 using RPMI-1640 media with 10%
fetal bovine serum (Hyclone). miRNA mimics of miR-608
and miR-4513 as well as the negative control RNA duplex
(NC) for miRNA mimics were synthesized by Genepharma
(Shanghai, China). NC RNA was nonhomologous to any
human genome sequence. Small RNAs were transfected
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into H1299 and PC9 cells with INTERFERin® (Polyplus).
Gefitinib was purchased from Amquar Co. (EY0917).

Quantitative reverse transcription PCR (qRT-PCR)

Total RNA was isolated from H1299 and PC9 cells with
Trizol reagent (Invitrogen). To avoid contamination of
genomic DNA, each RNA sample was treated with RNase-
Free DNase to remove genomic DNA (Invitrogen). The
corresponding cDNAs were generated using the Revert Ace
kit (TOYOBO, Osaka, Japan). Human miR-608, miR-4513,
and U6 small RNA were examined with their specific stem-
loop RT-PCR primers (Ribobio, Guangzhou, China) using
SYBR-Green qRT-PCR as described previously [28, 29].

Cell proliferation and gefitinib drug sensitivity
assays

H1299 and PC9 cells were seeded at 7500 cells per well in
96-well plates and transfected with 20 nmol/L miR-608
mimics, miR-4513 mimics or NC RNA (Genepharma),
respectively. The day after seeding, gefitinib diluted in
DMSO was added to the wells to achieve the desired final
concentrations (H1299: 1, 5, 10, 25, and 50 μM; PC9: 1, 5,
10, 20, and 30 μM). H1299 or PC9 cells were incubated
with gefitinib at different concentrations for 48 h and sur-
vival rates were measured using the MTT assay (Sigma)
according to manufacturer’s instructions.

Statistics

The differences of patient clinical characteristics were
estimated with Student’s t test or χ2 test. The Kaplan–Meier
method was used to examine the genotype impact on PFS or
OS. Survival curves were compared using the log-rank test.
Multivariate Cox regression analysis was used to access
prognostic factors for PFS or OS. Hazard ratios (HRs) and
95% confidence intervals (CIs) for the association between
the miRNA SNPs and recurrence risk or death risk were
adjusted for age of onset, sex, smoking, and stage status,
where it was appropriate. A P value of less than 0.05 was
used as the criterion of statistical significance. All statistical
tests were two-sided. All analyses were performed with
GraphPad or SPSS software package.

Results

Patient characteristics and clinical features

The demographic characteristics and clinical information
of the lung adenocarcinoma patients from the two cohorts
are summarized in Supplementary Table 1. All patients

received gefitinib target therapy. In the Hubei discovery
cohort, the median age was 56 years (range, 37–80 years),
and there were 90 males (55.6%) and 66 smokers (40.7%).
Among these patients with positive EGFR mutations, 30
(18.6%) had stage IIIB diseases and 132 (81.4%) had stage
IV diseases. At the final analysis, 142 patients (87.7%) died
and the median OS time was 17.2 months (range,
0.6–90.0 months). The median PFS time was 10.4 months
(range, 0.1–90.0 months). In the Shandong validation
cohort, the median age was 57 years (range, 29–82 years),
81 patients (51.6%) were male, 62 (39.5%) were smokers,
28 (17.8%) had stage IIIB diseases, and 129 (82.2%) had
stage IV diseases. At the final analysis, 130 patients (82.8%)
died and the median OS or PFS time was 16.2 months
(range, 1.0–78.0 months) or 9.9 months (range,
0.4–76.3 months).

Effect of miRNA genetic polymorphisms on PFS

Cox regression analyses were used to access the association
of miRNA polymorphisms with PFS of lung adenocarci-
noma patients treated with gefitinib in both the discovery
cohort and the validation cohort (Table 1). In the discovery
cohort, miR-608 rs4919510, miR-4513 rs2168518, and
miR-4520a rs8078913 were significantly associated with
better or worse PFS. However, only miR-608 rs4919510
and miR-4513 rs2168518 were significantly associated with
PFS in both the discovery cohort and validation cohort
(Table 1). The miR-608 rs4919510 CC genotype was a
significantly favorable PFS factor (Hubei cohort: HR=
0.63, 95% CI= 0.49–0.81, P= 3.0 × 10−4; Shandong
cohort: HR= 0.63, 95% CI= 0.45–0.87, P= 0.005). The
miR-4513 rs2168518 GA genotype was also associated with
better PFS (Hubei cohort: HR= 0.46, 95% CI= 0.31–0.67,
P= 8.0 × 10−5; Shandong cohort: HR= 0.40, 95% CI=
0.24–0.68, P= 0.001). Lung adenocarcinoma patients car-
rying the miR-608 rs4919510 GC or GG genotype had
a shorter PFS than patients carrying the CC genotype
(both log-rank P < 0.001) (Fig. 1a, b). In addition, patients
with the miR-4513 rs2168518 GG genotype had a shorter
PFS than patients carrying the GA or AA genotype
(Hubei cohort: log-rank P < 0.001; Shandong cohort: log-
rank P= 0.003) (Fig. 2a, b). The other three SNPs were
not significantly associated with PFS in either cohorts
(Supplementary Figure 1-3).

Impact of miRNA genetic polymorphisms on OS

As shown in Table 2, multivariate Cox proportional hazards
model showed that only the miR-608 rs4919510 CC or
miR-4513 rs2168518 GA genotype was significantly asso-
ciated with decreased death risk after gefitinib treatment,
compared with the miR-608 rs4919510 GG genotype
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(Hubei cohort: HR= 0.65, 95% CI= 0.51–0.83, P= 5.0 ×
10−4; Shandong cohort: HR= 0.59, 95% CI= 0.41–0.85,
P= 0.004) or the miR-4513 rs2168518 GG genotype
(Hubei cohort: HR= 0.45, 95% CI= 0.31–0.66, P= 4.9 ×
10−5; Shandong cohort: HR= 0.38, 95% CI= 0.21–0.69,

P= 0.002). Kaplan–Meier survival estimates showed that
patients with the miR-608 rs4919510 GC or GG genotype
had a worse OS than patients carrying the CC genotype
(Hubei cohort: log-rank P= 0.002; Shandong cohort: log-
rank P= 0.001) (Fig. 1c, d). Similarly, individuals with

Table 1 Multivariate Cox-
regression analyses of miRNA
SNPs for PFS

miRNAs SNPs Genotypes Patients Hubei cohort Patients Shandong cohort

No. (%) HR (95% CI) P No. (%) HR (95% CI) P

miR-499 rs3746444 TT 114 (70.4) Reference 106 (67.5) Reference

TC 44 (27.2) 1.19
(0.82–1.72)

0.368 48 (30.6) 0.92
(0.59–1.45)

0.730

CC 4 (2.4) N.C. N.C. 3 (1.9) N.C. N.C.

miR-608 rs4919510 GG 51 (31.5) Reference 44 (28.0) Reference

GC 74 (45.7) 0.58
(0.40–0.85)

0.006 80 (51.0) 1.18
(0.73–1.93)

0.499

CC 37 (22.8) 0.63
(0.49–0.81)

3.0 × 10−4 33 (21.0) 0.63
(0.45–0.87)

0.005

miR-3152 rs13299349 GG 126 (77.8) Reference 121 (77.1) Reference

GA 34 (21.0) 1.26
(0.83–1.90)

0.277 33 (21.0) 1.01
(0.62–1.66)

0.959

AA 2 (1.2) N.C. N.C. 3 (1.9) N.C. N.C.

miR-4513 rs2168518 GG 112 (69.1) Reference 118 (75.2) Reference

GA 46 (28.4) 0.46
(0.31–0.67)

8.0 × 10−5 37 (23.6) 0.40
(0.24–0.68)

0.001

AA 4 (2.5) N.C. N.C. 2 (1.2) N.C. N.C.

miR-4520a rs8078913 TT 73 (45.1) Reference 75 (47.8) Reference

TC 69 (42.6) 0.65
(0.45–0.94)

0.022 65 (41.4) 0.86
(0.57–1.30)

0.477

CC 20 (12.3) 1.10
(0.84–1.46)

0.491 17 (10.8) 0.91
(0.60–1.37)

0.642

HRs and 95% CIs for the association between clinical variables and recurrence or death risk were adjusted
for age of onset, sex, smoking status, and stage, where it was appropriate

miRNA microRNA, SNP single nucleotide polymorphism, PFS progression-free survival time, HR hazard
ratio, CI confidence interval, N.C. not calculated

Fig. 1 Kaplan–Meier curves of
PFS (a Hubei cohort; b
Shandong cohort) or OS (c
Hubei cohort; d Shandong
cohort) for patients with
different miR-608 rs4919510
genotypes
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Fig. 2 Kaplan–Meier curves
of PFS (a Hubei cohort;
b Shandong cohort) or OS
(c Hubei cohort; d Shandong
cohort) for patients with
different miR-4513 rs2168518
genotypes

Table 2 Multivariate Cox-
regression analyses of miRNA
SNPs for OS

miRNAs SNPs Genotypes Patients Hubei cohort Patients Shandong cohort

No. (%) HR (95%
CI)

P No. (%) HR (95%
CI)

P

miR-499 rs3746444 TT 114 (70.4) Reference 106 (67.5) Reference

TC 44 (27.2) 1.13
(0.78–1.63)

0.517 48 (30.6) 0.91
(0.60–1.37)

0.642

CC 4 (2.4) N.C. N.C. 3 (1.9) N.C. N.C.

miR-608 rs4919510 GG 51 (31.5) Reference 44 (28.0) Reference

GC 74 (45.7) 0.65
(0.45–0.95)

0.025 80 (51.0) 0.76
(0.43–1.34)

0.348

CC 37 (22.8) 0.65
(0.51–0.83)

5.0 ×
10−4

33 (21.0) 0.59
(0.41–0.85)

0.004

miR-3152 rs13299349 GG 126 (77.8) Reference 121 (77.1) Reference

GA 34 (21.0) 1.17
(0.78–1.76)

0.450 33 (21.0) 1.19
(0.66–2.17)

0.565

AA 2 (1.2) N.C. N.C. 3 (1.9) N.C. N.C.

miR-4513 rs2168518 GG 112 (69.1) Reference 118 (75.2) Reference

GA 46 (28.4) 0.45
(0.31–0.66)

4.9 ×
10−5

37 (23.6) 0.38
(0.21–0.69)

0.002

AA 4 (2.5) N.C. N.C. 2 (1.2) N.C. N.C.

miR-4520a rs8078913 TT 73 (45.1) Reference 75 (47.8) Reference

TC 69 (42.6) 0.64
(0.45–0.93)

0.019 65 (41.4) 1.25
(0.78–2.03)

0.354

CC 20 (12.3) 1.09
(0.83–1.42)

0.541 17 (10.8) 1.11
(0.58–1.81)

0.685

HRs and 95% CIs for the association between clinical variables and recurrence or death risk were adjusted
for age of onset, sex, smoking status, and stage, where it was appropriate

miRNA microRNA, SNP single nucleotide polymorphism, OS overall survival time, HR hazard ratio, CI
confidence interval, N.C. not calculated
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the miR-4513 rs2168518 GG genotype had a worse
survival than patients carrying the GA or AA genotype
(Hubei cohort: log-rank P < 0.001; Shandong cohort: log-
rank P= 0.004) (Fig. 2c, d).

miR-608 and miR-4513 oppositely impact drug
sensitivity of gefitinib

To further determine the function of miR-608 and miR-
4513, we determined if they impact the drug sensitivity of
lung adenocarcinoma PC9 and H1299 cells to gefitinib. As
shown in Fig. 3, miR-608 significantly increased the anti-
proliferation effects of gefitinib in both PC9 and H1299
cells (P < 0.05). On the contrary, although significantly
decreased cell viability was observed in lung adenocarci-
noma cells treated with gefitinib, miR-4513 rescued the
inhibition effect. PC9 and H1299 cells with overexpressed
miR-4513 mimics showed obvious resistance to gefitinib
(P < 0.05) (Fig. 4).

Discussion

EGFR-TKIs have dramatically changed the landscape of the
therapeutic strategy of non-squamous NSCLC patients with
sensitive EGFR mutation. Nevertheless, more than 10%

of sensitive EGFR mutated patients do not respond to the
EGFR-TKIs treatment [30]. The IPASS study has shown
that during gefitinib treatment, 20.5% of patients with EGFR
mutations stayed stable disease and 7.6% of them showed
progressive disease [9]. This observation indicates that fur-
ther studies are required to identify factors impacting the
sensitivity of lung adenocarcinoma patients to EGFR-TKIs.

The crucial roles of miRNAs on cancer biology have
gradually been revealed. The potential applications of using
miRNA as predictive or prognostic biomarkers have gen-
erated great interests in cancer risk factor evaluation and
prognosis estimation [31–34]. Genetic variants such as
SNPs in miRNAs, especially in their seed region, can sig-
nificantly transform the nature of a miRNA and change its
target library, resulting in altered expression of target
mRNA and various functional endings [35]. A series of
epidemiologic studies have revealed that the miR-608
rs4919510 SNP has a vital role on the etiology and prog-
nosis of cancer [36–39]. For example, after genotyping six
polymorphisms of miRNAs in 575 patients with lung cancer
and 608 healthy controls in a non-smoking female popu-
lation in northeast China, Yin et al. found that miR-608
rs4919510 was not associated with lung cancer risk in any
models. In a meta-analysis including 18 case–control stu-
dies (2517 cancer cases and 15,624 controls), Wu et al.
observed a significant association between the miR-608

Fig. 3 miR-608 significantly
promoted the anti-proliferation
effect of gefitinib in PC9 cells
(a) and H1299 cells (b).
Elevated miR-608 expression
was observed in both cell lines
(c). All experiments were
performed in triplicates in three
independent transfection
experiments and each value
represents mean ± standard
deviation (SD). *P < 0.05, **P
< 0.01
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rs4919510 polymorphism and cancer risk in Chinese (OR
= 1.11; 95% CI= 1.04–1.19). In further stratified analyses
based on cancer types, miR-608 rs4919510 exhibited bor-
derline significant associations with an increased risk of
lung cancer (OR= 1.14; 95% CI= 0.99–1.32). miR-4513
rs2168518 polymorphism was reported to be associated
with cardiovascular diseases and elderly eye diseases
[40, 41]. However, the importance of these two miRNA
SNPs in the survival of lung adenocarcinoma patients who
received gefitinib therapy was unclear.

In our present study, we found that miR-608 rs4919510
and miR-4513 rs2168518 were significantly associated with
prognosis of lung adenocarcinoma patients after gefitinib
treatment in two cohorts. Patients carrying the homozygous
CC genotype of miR-608 rs4919510 had significantly
longer OS and PFS, compared with those carrying the GG
genotype. Patients with the heterozygous GA genotype of
miR-4513 rs2168518 had better prognosis relative to the
GG genotype. To our knowledge, this study provides the
first evidence that the rs4919510 polymorphism in miR-608
and the rs2168518 polymorphism in miR-4513 can serve as
prognostic biomarkers for lung adenocarcinoma during
gefitinib therapy.

These results are biologically plausible considering the
tumor suppressor nature of miR-608 in NSCLC [42]. In
addition, our drug sensitivity results showed that miR-608
significantly enhances the anti-proliferation effect of

gefitinib in both PC9 and H1299 cells. Consistent to our
findings, Othman et al. reported that miR-608 could sig-
nificantly induced cell death of A549 and SK-LU1 cells in
comparison to negative control cells [43]. Accumulated
evidence has demonstrated that miR-608 plays a critical role
in EGFR and its downstream signaling. For instance, AKT2,
a crucial regulator of the mitogen activated protein kinase
(MAPK) and phosphatidylinositol 3-kinase/protein kinase B
(PI3K/AKT) pathways, both of which are downstream of
EGFR signaling, has been identified as a novel target of
miR-608 in lung adenocarcinoma [42]. Similarly, miRNA-
608 inhibits the proliferation of bladder cancer cells via the
AKT/FOXO3a signaling pathway [44]. In addition, miR-
608 directly targets oncogenes EGFR and Bcl-xL in chor-
doma [45].

It remains largely unknown how miR-4513 is involved in
tumorigenesis and the prognosis of lung cancer. Results
from our functional experiments suggest that miR-4513
functions like an oncogene and increases the resistance of
lung adenocarcinoma cells to gefitinib. Ghanbari et al.
reported that rs2168518 in the seed region of miR-4513
shows pleiotropic effect on lipid and glucose homeostasis,
blood pressure and coronary artery disease [41]. There are
two mechanisms through which rs2168518 affects miR-
4513 function [41]. First, the rs2168518 A allele decreases
the expression level of miR-4513 by reducing miRNA
processing, and second, the A allele reduces the ability of

Fig. 4 miR-4513 significantly
increased the drug resistance to
gefitinib in PC9 (a) and H1299
cells (b). Elevated miR-4513
expression was observed in both
cell lines (c). All experiments
were performed in triplicates in
three independent transfection
experiments and each value
represents mean ± SD. *P <
0.05, ***P < 0.001
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miR-4513 to interact with its target genes [41]. In line with
these findings, we demonstrated that patients with
rs2168518 GA or AA genotypes (possible reduced onco-
gene miR-4513 expression in cells) showed better prognosis
compared to carriers of the GG genotype.

In conclusion, our results provide the first evidence that
miR-608 rs4919510 and miR-4513 rs2168518 polymorphisms
significantly contribute to lung adenocarcinoma patients’
survival to gefitinib in two cohorts of Chinese Han popula-
tion. The identified miRNA polymorphisms could serve as
useful prognostic biomarkers and be applied to improve the
treatment strategy for patients with lung adenocarcinoma.
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