OncoTargets and Therapy downloaded from https://www.dovepress.com/

For personal use only.

OncoTargets and Therapy Dove

3

ORIGINAL RESEARCH

Mutation analysis and copy number alterations
of KIF23 in non-small-cell lung cancer exhibiting
KIF23 over-expression

Ann-Louise Vikberg'
Ténu Vooder?

Kaie Lokk?

Tarmo Annilo*

Irina Golovleva'

'Department of Medical Biosciences/
Medical and Clinical Genetics,

Umea University, Umed, Sweden;
’Department of Thoraic Surgery,
Helios Klinikum Krefeld, Krefeld,
Germany; *Institute of Molecular
and Cell Biology, “Estonian Genome
Center, University of Tartu, Tartu,
Estonia

Correspondence: Irina Golovleva
Clinical Genetics, University Hospital of
Umead, SE 901 85, Umea, Sweden

Tel +46 90 7856 820

Fax +46 90 1281 63

Email irina.golovleva@umu.se

This article was published in the following Dove Press journal:
OncoTargets and Therapy

I'l October 2017

Number of times this article has been viewed

Abstract: KIF23 was recently suggested to be a potential molecular target for the treatment of
lung cancer. This proposal is based on elevated expression of K/F23 in several tumors affecting
breast, lung, brain, and liver, and also on the presence of K/F23 mutations in melanoma and
colorectal cancer. Recently, we identified a mutation in the K/F23 gene causing a rare hereditary
form of dyserythropoietic anemia (CDA III) with predisposition to blood cancer. We suggested
that KIF23 overexpression in tumors might be due to the presence of activating somatic mutations,
and therefore, mutation screening of the K/F23 in 15 non-small-cell lung cancer (NSCLC) cases
with elevated expression level of K/F23 was undertaken. Eight sequence variants were found in
all samples. Furthermore, one variant was present in two cases, and one variant was case specific.
Nine variants were previously reported while one variant lacks frequency information. Nine of
ten cases available for single nucleotide polymorphism-array analysis demonstrated aberrant
karyotypes with additional copy of entire chromosome 15. Thus, no activating somatic mutations
in coding regions of the K/F23 were found. Furthermore, no mutations were detected in cell
cycle genes homology region in K/F23 promoter responsible for p53-dependent repression of
KIF23 expression. We showed that the elevated level of KIF23 could be due to additional copy
of chromosome 15 demonstrated in 90% of NSCLC cases analyzed in this study. Considering
the crucial role of K/F23 in the final step of mitosis, the gene is a potential molecular marker, and
for better understanding of its role in cancer development, more tumors should be analyzed.
Keywords: KIF23, overexpression, mutation, copy number alteration, CNA, lung cancer

Introduction

Currently, multiple studies aim on screening for novel diagnostic and prognostic
biomarkers in different types of tumors. Molecular markers in combination with
clinical features allow better understanding of cancer development and progression
compared to only histological examination.'

A key regulator of cytokinesis, kinesin motor protein KIF23 also known as MKLP1,
was proposed to be a potential marker for several tumors.? KIF23 overexpression
assessed by ¢DNA microarray or by quantitative reverse transcription-polymerase
chain reaction (PCR) was recently shown in lung cancer, breast cancer, gliomas,
paclitaxel-resistant gastric cancer, and hepatocellular carcinomas.’® Notably, the
poor survival in patients with several cancer types was associated with K/F23
overexpression.*¢’

Dysfunctional KIF23 causes a cytokinesis failure leading to appearance of bi-
and multinucleated cells.”'® Recently, we reported on a K/F23 mutation causative
of congenital dyserythropoietic anemia type III (CDA III), a rare hereditary disease,
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characterized by large multinuclear erythroblasts in patients’
bone marrow.!! Knockdown experiments using KIF23 siRNA
and following rescue with mutant P9/6R KIF23 in HelLa
cells resulted in cytokinesis failure with bi-nucleated cells
present.!! Moreover, cancer diagnosis was overrepresented
among CDA III patients in the Swedish family. It might be
due to the effect of mutated K/F23 on cytokinesis result-
ing in polyploid cells, a feature associated with a risk for
carcinogenesis.'?

In this study, we hypothesized that overexpression of
KIF23 might be explained by the presence of activating
somatic mutations or genomic amplifications. For this pur-
pose, we conducted direct sequencing of K/F23 and copy
number analysis by genome-wide genotyping in non-small-
cell lung cancer (NSCLC) samples exhibiting high level
of KIF23. Along with our experiments, we browsed the
cBioPortal for Cancer Genomics and Catalogue of Somatic
Mutations in Cancer (COSMIC) in order to retrieve KIF23
mutations spectrum in cancer analyzed by whole exome
sequencing (WES).

Materials and methods

NSCLC patients were part of the study® on identification of
new NSCLC biomarkers by whole-genome gene expres-
sion microarray (Illumina, San Diego, CA, USA). Fifteen
samples with elevated expression of K/F23 were selected for
the current study (Table 1). Tumor samples were examined
by a pathologist, and the samples rich in content of tumor
cells were selected for DNA extraction using a NucleoSpin®
Tissue kit (Macherey—Nagel, Diiren, Germany). Correspond-
ing DNA extracted from peripheral blood was available for

some of the patients. An informed written consent for genetic
analyses of biological samples was obtained from all patients,
and the Ethics Review Committee on Human Research of
the University of Tartu, Estonia approved the project. All
samples analyzed at Umed University were anonymized and
did not contain any personal identification information.

Sanger sequencing

For bidirectional sequencing of K/F23 (NM_138555.3)
coding exons and adjacent intronic sequences were ampli-
fied from genomic tumor DNA. Primers were designed with
Primer3 software and are available upon request. Sequence
primers for cell cycle genes homology region (CHR) in
KIF23 promoter were 5-ACCTCAAGATCTCCCTCCAG-
forward and 5'-CCGGCAGCAAGAACTAGAAC-reverse.
PCR amplification was carried out using AmpliTaq®
DNA polymerase enzyme system (Applied Biosystems,
Waltham, MA, USA). An amount of 30 ng of tumor DNA
was amplified in a 15 uL PCR mix containing 3 nmol
dNTPs, 1x PCR Buffer II, 4.5 nmol MgClL, 2% dimethyl
sulfoxide, 0.45 U AmpliTaq Gold, and 3 pmol of each M13
tagged primer. PCR was performed using Veriti®96 Well
Thermal Cycler (Applied Biosystems) with ramp time set
to 50%. PCR included denaturation at 95°C for 10 minutes,
followed by a touchdown step for 7 cycles (denaturation at
95°C for 30 seconds, annealing at 64°C to 1°C/cycle for
30 seconds, elongation at 72°C for 45 seconds), cycling
step for 40 cycles (denaturation at 95°C for 30 seconds,
annealing at 58°C for 30 seconds, elongation at 72°C for
45 seconds), followed by a final elongation at 72°C for an
additional 10 minutes. Amplicons for exon 7 and 17 were

Table | Characteristics of 15 NSCLC patients with elevated level of KIF23

Sample Histology Gender Age Smoking TNM Stage
(years) (packslyear)

15 SCC Male 69 50 pT2NOM I pul v
16 SCC Male 64 50 pT2NOMO Ib
52 SCC Male 72 30 pTINOMO la
66 SCC Male 69 30 pT3NOMO Ilb
67 SCC Male 6l 40 pT2NOMO Ib
68 SCC Male 80 62 pT2NOMO Ib
73 SCC Male 44 18 pT2NOMO Ib
84 SCC Male 72 55 pT2N2MO llla
87 SCC Male 77 40 pT2NOMO Ib
103 SCC Male 44 60 pT2NIMO IIb
104 In situ adenocarcinoma Female 62 30 pTINOMO Ib
105 SCC Male 57 15 pTINOMO la
108 SCC Male 75 50 pT3N2MO llla
109 SCC Male 68 50 pT2NOMO Ib
114 In situ adenocarcinoma Male 64 30 pTINOMO la

Abbreviations: SCC, squamous cell carcinoma; NSCLC, non-small-cell lung cancer.
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amplified without touchdown step with elongation at 60°C.
Any remaining primers were removed from the PCR products
by treatment with 0.06 U of exonuclease I, Exol (Thermo
Scientific, Waltham, MA, USA) at 37°C for 15 minutes,
followed by enzyme inactivation at 85°C for 15 minutes.
Further, PCR clean up was done by dilution 1:6 with H,O.
Sequencing was performed using BigDye® Terminator v3.1
Cycle Sequencing Kit (Applied Biosystems). PCR product
of 1.0 uL was used in a 10 puL sequencing reaction as well
as 0.5 pL BigDye Terminator reaction mix, 1X sequencing
buffer, and 3.2 pmol of M 13 tagged primer. Reactions were
cycled according to manufacturer’s instructions. Sequencing
reactions were separated using ABI 3730x] DNA Analyzer
(Applied Biosystems). Raw data were analyzed using DNA
Sequencing Analysis Software v5.1 (Applied Biosystems)
and then aligned and evaluated using Sequencher software
version 4.9 (Gene Codes Corporation, Ann Arbor, MI, USA).
All sequence variants were described according to the nomen-
clature recommended by Human Genome Variation Society
by using GRCh37/hg19 as reference. To predict the impact
of sequence variants, the Alamut software version 2.9 (Inter-
active Biosoftware, Rouen, France) was applied. Variants
detected in intronic sequences were analyzed with the splice
site prediction programs: GeneSplicer, Splice Site Finder,
MaxEntScan, Human Splicing Finder, and NNSPLICE, all
included in Alamut package. Population frequency of KIF23
sequence variants was obtained from NHLBI (National
Heart, Lung, and Blood Institute) Exome Sequencing Project
(ESP) or Exome Aggregation Consortium.

Mutations in KIF23 gene in tumors were retrieved from
cBioPortal for Cancer Genomics'*'* and from COSMIC."

SNP array genome-wide genotyping
High-resolution genome-wide single nucleotide polymor-
phism (SNP)-array genotyping was applied for identifica-
tion of DNA copy number alterations (CNAs) in 10 NSCLC
cases. DNA was genotyped according to manufacturer’s
instructions on a SNP microarray (HumanOmniExpress-24
BeadChip, [llumina) containing more than 715,000 SNPs.
The data were analyzed using GenomeStudio software
(Illumina) and cnvPartition 3.2.0 was applied for CNAs
detection by retrieving log R ratio (LRR) and the B allele
frequency (BAF). LRR is the ratio between the observed
and the expected probe intensity. A region without evi-
dence of CNA shows an LRR around zero, and BAF 0,
0.5, or 1 correspond to the genotypes AA, AB, and BB.
Human genome build 19 was used for assigning chromo-
some positions.

Results

Mutation screening

Tumor DNA from 15 NSCLC patients with elevated level
of KIF23 was available for mutation screening (Figure 1).
Detailed characteristics of these cases are shown in Table 1. In
short, the age of the NSCLC patients (14 males and 1 female)
ranged from 44 to 80 years (mean 65 years). Histologically,
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Figure | Relative expression of KIF23 in NSCLC and noncancerous lung samples
from the study.

Notes: NSCLC samples with the highest KIF23 expression analyzed in the present
work are indicated with black circles. Expression level was detected using lllumina,
Human-6 microarrays, quantile-normalized, and log2-transformed as described.?
Differential gene expression analysis comparing NSCLC samples to noncancerous
lung tissue was performed using t-tests with an empirical Bayes correction from the
Bioconductor Limma package. On average, the KIF23 expression in tumor samples
was 2.79 times higher than in noncancerous samples. Matched samples (tumor and
noncancerous tissue from the same individual) were available only for a minority of
the cases. Data from Valk et al.?

Abbreviations: TU, tumor; NC, non cancerous; NSCLC, non-small-cell lung cancer.
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the tumors were presented in situ adenocarcinoma (n=2) and
squamous cell carcinoma (n=13).

Somatic KIF23 mutations

DNA was extracted from the tumors with high content of
cancer cells; therefore, we undertook Sanger sequencing
as a method with detection level high enough for mutation
detection in these samples. DNA from 15 NSCLC cases was
available for Sanger sequencing.

All samples were found to harbor eight sequence altera-
tions, six intronic (introns 2, 5, 6, and 14) and two exonic
(exons 14 and 17). Genomic locations, frequencies, and
bioinformatics prediction are shown in Table 2. Three of the
changes (c.454—14delT, ¢.564-3delT, and ¢.1555+50delT)
present in all NSCLC cases were deletions of a single T
in the chain of 12—13 T; therefore, five control-DNA from
healthy individuals were sequenced. Control sequences
were identical to tumor sequences; thus, these three vari-
ants represent either a common sequence variant or a result
of problematic sequencing of long-stretch repetitive DNA
and, therefore, considered unable to cause overexpression of
KIF23 in these samples.

Two case-specific sequence changes were detected in
cases 16, 68, and 108 (Table 2). Variant ¢.82—112C>G in
intron 2 (case 68) and synonymous change c.1326A>C,
p-(V442=) (cases 16 and 108) have been previously detected
by WES and reported in NHLBI ESP. Case-specific sequence
variants are shown in Figure 2. We also tested those two case-
specific variants in the corresponding DNA extracted from
peripheral blood of the patients. ¢.82—112C>G was detected
only in tumor tissue. ¢.1326 A>C was present in both tumor
and peripheral blood in the patient 108. Notably, patient 16
was heterozygous for this variant in peripheral blood but,
probably, hemizygous for an A allele in the tumor.

CHR sequencing

Recently, it was shown that reduction of KIF23 expression
of the mRNA and the protein level in different cell types
is regulated by p53.'® The introduction of the mutations
into the highly conserved CHR in the K/F23 promoter
(TTTGAA) resulted in a significant increase of KIF23 pro-
moter activity.'*'® Thus, we speculated whether the patients
included in our study with increased KIF23 level carry any
CHR mutations.

Nine NSCLC samples (15, 52, 73, 87, 104, 105, 108,109,
and 114; Table S1) were subjected to Sanger sequencing
of the CHR in KIF23 promoter. Wild-type sequence was
detected in all tumors and corresponding peripheral blood
samples (Figure S1A).

DNA copy number alterations

CNAs were analyzed by using high-resolution genome-wide
genotyping of SNP-array technology (Illumina). All NSCLC
cases tested showed extensively aberrant karyotypes, with
large gains and losses involving even entire chromosomes
(Tables S1 and S2; Figure S2). Average number of CNAs
detected by cnvPartition frequency was 112 (n=10) ranging
from 43 to 172 excluding case 87 with 11 CNAs detected
(Table S1). Additional copy of chromosome 15 where
KIF23 resides was detected in nine NSCLC cases examined
(Figure 3). B-allele indicated presence of a third copy of
chromosome 15. No CNAs were detected specifically at
KIF23 locus (15g23).

Discussion

In this study, we investigated whether the somatic muta-
tions in the K/F23 gene potentially present in NSCLC might
explain protein overexpression. Fifteen cases of NSCLCs
with high level of K/F23 expression were examined in regard
to sequence changes and DNA CNAs. We considered that
high percentage of cancer cells in our samples would allow
mutation detection by Sanger sequencing, despite limited
sensitivity for mutation detection in tumor samples repre-
senting heterogeneous mixture of normal and cancer cells.
By assessment of CNAs by high-resolution genome-wide
genotyping, we aimed to investigate whether K/F23 locus
(15923) was possibly amplified.

Recent publications highlighted role of KIF23 in cancer
development and proposed KIF23 to be a potential biomarker
for cancers with poor outcome.’”’ KIF23, also known as
MKLPI, is a member of the kinesin-like protein family,
which interacts with Aurora family protein kinases, regulates
cell division, and ensures proper cytokinesis.!” We reported
KIF23 mutation, p.P916R, as a genetic cause of a rare heredi-
tary form of anemia, CDA III. The disease characterized by
giant multinuclear erythroblasts in patients’ bone marrow is
due to cytokinesis failure proven in knockdown experiments
in HeLa cells.!" Correct performance of cell division is cru-
cial for stable maintenance of the genome while a failure of
cytokinesis might lead to aneuploidy and genomic instability,
often associated with cancer, and probably representing initial
step in cancer development.'? Notably, the incidence of blood
cancer such as myeloma is higher in a large Swedish family
with CDA III than a general population risk.!!2%!

By means of next generation sequencing, many tumors
have been investigated in order to understand molecular
mechanisms of cancer, and identify diagnostic and prognostic
biomarkers. A mutation analysis of 3281 tumors from 12 can-
cer types revealed mutations in seven cell cycle genes among
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Figure 2 Sequences of case-specific heterozygous DNA variants present in 3 of 15 NSCLC samples.

Notes: (A) c.1326A>C in exon |3, case 16. The same change was seen in case 108 (C). (B) c.82—112C>G in intron 2, case 68. Upper panels show sequence of DNA from
peripheral blood, and lower panels show sequence of tumor DNA.

Abbreviation: NSCLC, non-small-cell lung cancer.
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Figure 3 DNA CNA of chromosome |5 profiles in NSCLC. Whole-genome genotyping was performed using lllumina, SNP-array. Analysis was done using GenomeStudio
and cnvPartition v. 3.2.0 with manual revision of the SNP-array profiles. BAFs for SNPs along the chromosome |5 show additional copy of chromosome 15 in 9 NSCLC cases.
Only case 87 demonstrates normal profile with BAF =0.5 indicating absence of CNA on chromosome 15.

Abbreviations: CNA, copy number alteration; NSCLC, non-small-cell lung cancer; SNP, single nucleotide polymorphism; BAF, B-allele frequency.

4974  submityour manuscript OncoTargets and Therapy 2017:10

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Mutation analysis and copy number alterations in non-small-cell lung cancer

127 significantly mutated,” though K/F23 was not one of
them. Nevertheless, in the study of 16 families with colorectal
cancer among 375 missense single nucleotide variants, a rare
KIF23 variant, ¢.2011C>T, p.R671W segregated with the
disease in one family?® (Table 2). Furthermore, mutations in
KIF23 were also found in melanoma cell lines derived from
metastatic lesions patients® (Table 2). Currently, by WES,
136 mutations in K/F23 have been detected in a range of
tumours'? available via cBioPortal for Cancer Genomics.
Majority of the mutations scattered all over the gene are
missense mutations with five nonsense mutations and two
mutations affecting splicing. A total of 123 mutations were
submitted to COSMIC. K/F23 mutations were detected in a
half out of 38 cancer types tested with minimum frequency
0.07% in hematopoietic and lymphoid tissues, and maximum
mutation frequency of 2.03% in stomach. All tested tumor
types (20 out of 38) confirmed upregulation of K/F23. Three
out of ten tumors analyzed for CNAs showed gain, two con-
firmed loss, and five had both gain and loss.

In our study, we found in total ten sequence variants, eight
were present in all NSCLC samples while two additional
variants were found in three cases. One of those variants was
present only in tumor DNA and not in blood. The bioinfor-
matics tools retrieved predicted effect of all variants detected
in this study. Three variants in exons were synonymous
and did not cause amino-acid change although two of them
(c.1326A>C and ¢.1977C>T) were predicted to have some
effect on splicing. Variant ¢.564—3delT might affect splicing
resulting in skipping of exon 7 though located in the chain of
12 Ts, it is difficult to assign this change to exact sequence
position, and to exclude sequencing error. Bioinformatics
tools such as Human Splicing Finder, SpliceSiteFinder, and
ESE predict some changes in splicing factors binding sites
for two other intronic variants found in this study (Table 2).
Despite the prediction of subtle changes in splicing signals,
the possible effect of those two variants cannot be completely
neglected without further functional studies.

Intronic variant ¢.564—10C>T (rs7180624) was reported
as somatic mutation in a living organoid of a patient with
colorectal cancer;* however, this variant was present in all
NSCLC samples and healthy control cases in this study.
None of the mutations reported in lung cancer on BioPortal,
E203Q, D211Y, L525V, X188splice, G869W, and P415H
were present in any of our samples.'

Recently, it was shown that p53 indirectly represses tran-
scription of the cell cycle genes including K/F23 via pS3—p21-
DREAM-CDE/CHR pathway.'” p53 wild-type downregulates
KIF23 expression at mRNA and protein levels by regulation of

KIF23 promoter activity, and the CHR is the crucial element
mediating p53-dependent repression of KIF23 expression.'¢
The increased KIF23 levels in this study could be explained
by p53 mutations or deletions or mutations in the CHR in
KIF23 promoter. We observed a slight but not significant
correlation between KIF23 and TP53 expression (Figure S1B)
and investigated the presence of CHR mutations. None of the
examined samples were positive for the CHR mutations.

Since the sequence variants in our NSCLC cases were
absent, previously reported, had high frequency in general
population, or lacked convincing predicted impact on splic-
ing or protein function, we investigated CNAs in these
patients. Ninety percent of NSCLC were found to contain an
additional copy of entire chromosome 15 without amplifica-
tion of KIF23 locus at 15q23. Therefore, overexpression of
KIF23 might be due to extra chromosome 15 in nine out of
ten NSCLC patients examined here.

Conclusion

Importance of KIF23 as a key player in cytokinesis and chro-
mosome segregation during cell cycle for cancer development
is undeniable. Overexpression of K/F23 in several different
cancer types promotes tumor cell proliferation, and also down-
regulation of KIF23 decreases proliferation of glioma and
lung cancer cells,*¢ indicating its potential as a prognostic bio-
marker and therapeutic target. Sequence alterations in K/F23
detected in this study might represent “passenger’” mutations
with no obviously causative role for cancer progression,
though further investigations in larger data sets are required,
and more data mining should be done in the future.
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Table S| Sanger sequencing and CNAs detection in NSCLC

Sample Sex Histology Sanger CNAs number
sequencing detected by
SNP-array

15 Male SCC + 153

16 Male SCC + NA*

52 Male SCC + 148

66 Male SCC + NA

67 Male SCC + 171

68 Male SCC + 172

73 Male SCC + 92

84 Male SCC + 97

87 Male SCC + I

103 Male SCC + NA

104 Female In situ + 68

adenocarcinoma

105 Male SCC + 43

108 Male SCC + NA
109 Male SCC + NA
114 Male In situ + 164

adenocarcinoma

Note: *Data not available, SNP-array was not performed due to a lack of DNA.
Abbreviations: SSC, squamous cell carcinoma; CNA, copy number alterations;
NSCLC, non-small-cell lung cancer.
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Figure SI (A) Sequencing of cell cycle homology region (CHR) in the promoter of KIF23 in 9 NSCLC tumors. The consensus wild-type sequence TTTGAAA was present
in all samples. (B) Correlation between TP53 and KIF23. Scatter plot of log2 mean-centered expression values of KIF23 and TP53, TP53: Pearson’s correlation 0.256,
uncorrected p-value =0.008. Pearson product-moment correlation (r) and uncorrected p-value were calculated using R software package.

Abbreviation: NSCLC, non-small-cell lung cancer.
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Figure S2 CNV region display from GenomeStudio performed by cnvPartition 3.2.

0 I HEEE 1| I - I
| | 1 1 | | | | 1 | | | L | I T 111 1
s s s s b= s s s = = = = = = = M s M Ss=ss= =
o [e)] [aV] o ~ o [42] (o] [*)] o Yo o <t [} N~ D O ™ OO0 —O0 v ©
< [} (2} [0} © [s2] (2] ™ [ce) ~— 9} [e0] D o O O O W~ ON [s2]
N ~ © © S N o B © © o o - ®© ¥ 0 W oNNKO O
~ ~ ~ ~— ~— ~ ~ N N N AN AN N NN ANANAN o
< < < < < < < = < = = \u T ©T ©T T T T ToQNE =
o [$] [$] o o o [$] [&) [S) Ny = < < < Ny o L £ Cc Cccco o
[§] [S] [§) [} [§) [§] [§] 0O O O O oo
‘wisiydaowA|od apnoajpnu 3jduls ‘gNS 4adued Sunj ||93-|[ews-uou ‘) TISN SUOIIBIARIQQY
*b+ 4o d+ yum pazesipul st swosowouyd jo (b) wue 3uoj e Jo (d) 110ys € jo ured [enJed °, +,, YA padIewW SJ. suled SWosowodyD) $930N
w+ bl 61+ bgl+ LI+ 91+ §I+ bpl+ g+ T+ 1+ o1+ be+ g+ bzs+ 9+ S+t be+ bz+ |+ vl
bzz+ 1T+ bot+ bel+ s8I+ dz1+ d9i+ g1+ bpi+  bgi+ dzi+ o1+ 6+ 8+ do+ S+ b be+ bz+ b+ S0l
w1ty 0T+ bel+ g1+ L1+ SI+ b1+ g1+ bdyi+ 1+ 6+ 8+ b+ bo+ S+ b ¢+  + b+ 01
w+ bdz|+ dg|+ 1+ €1+ d) |+ ol+ 6+ dg+ dz+ do+ bg+ bp+ €+ d|+ /8
W+ 1te 0t+ 61+ bgl+ LI+ 91+ SI+  pI+  bg+ T+ 11+ doi+ 6+ 8+ d/+ 9+ S+ by+ bdg+r 7+ b+ ¥8
w+ bl 61+  8I+ dz1+ bo+ g+ €1+ dzi+ by+ o1+ de+ [+ 9+ bdg+ bp+ de+ T+ 1+ €L
443 doz+ 61+  8I+ dz1+ 91+ SI+ €1+ T+ bri+ b‘de+ bg+ + de+ 89
bzz+ 1+ dot+ 61+ g1+ bdzi+ 91+ g1+ b1+ g1+ bzi+ 11+ o1+ de+ 8+ [+ 9+ S+t &+ T+ I+ 19
1T+ dz1+ SI+ b1+ g1+ de+ 9+ be+ 4+ ¢+ o+ di+ 43
e+ 1+ doz+ 61+ s8I+ LI+ 91+ §I+ €1+ bdzi+ di+ o1+ 6+ 8+ [+ 9+ S+t [ 4 S B Sl
(44 1T 0z 61 8| Ll 91  SI 4l €l 4| 1 ol 6 8 L 9 S 14 € 4 | 9sed>swosowoly)

Keaue-gNS euiwnj|| Suisn 3uidAiouss spim swouss Aq pazAjeue DDSN Ul suoneale Jaquinu Adod [ewosowody TS djqeL

OncoTargets and Therapy 2017:10

submit your manuscript

4978

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove Mutation analysis and copy number alterations in non-small-cell lung cancer

OncoTargets and Therapy Dove
Publish your work in this journal

OncoTargets and Therapy is an international, peer-reviewed, open  patient perspectives such as quality of life, adherence and satisfaction.
access journal focusing on the pathological basis of all cancers, potential The manuscript management system is completely online and includes
targets for therapy and treatment protocols employed to improve the  a very quick and fair peer-review system, which is all easy to use. Visit
management of cancer patients. The journal also focuses on the impact ~ http://www.dovepress.com/testimonials.php to read real quotes from
of management programs and new therapeutic agents and protocolson  published authors.

Submit your manuscript here: http://www.dovepress.com/oncotargets-and-therapy-journal

OncoTargets and Therapy 2017:10 submit your manuscript 4979

Dove


http://www.dovepress.com/oncotargets-and-therapy-journal
http://www.dovepress.com/testimonials.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
www.dovepress.com

	Publication Info 4: 
	Nimber of times reviewed 2: 


