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Abstract. Identification of genes that modulate radiation 
sensitivity provides important tools to study cellular responses 
to ionizing radiation. We combined DNA microarrays and 
viability assays to identify modulators of radiation sensitivity 
in A549 lung cancer cells. Up-regulated genes were selected 
from microarray experiments and RNA expression levels were 
confirmed by real-time RT-PCR analysis. Cell viability assays 
such as clonogenic assay, MTT and FACS analysis of cell death, 
identified the ELAVL4 gene as a novel modulator of radiation 
sensitivity. ELAVL4 expression was induced following ionizing 
irradiation. Depletion of the ELAVL4 gene increased radiation 
sensitivity of A549 cells as shown by decreased surviving cell 
fraction following irradiation in clonogenic assay. Enhanced 
radiation sensitivity of ELAVL4-depleted cells was attributable 
to decreased cell proliferation as well as increased apoptotic 
cell death following irradiation. Thus the endogenous function 
of ELAVL4 in relation to radiation sensitivity might be the 
regulation of cell proliferation and death. This approach to 
identification of modulators for radiation sensitivity has several 
advantages in terms of functional selectivity, stringency and 
time. Further analysis of the modulators should find potential 
use in the application of radiation biomarkers as well as modu-
lators of cellular radiation responses.

Introduction

Ionizing radiation induces diverse cellular responses such 
as DNA damage repair, gene expression, cell cycle arrest 

and death (1). DNA damage caused by ionizing radiation is 
severe initiating cellular responses by triggering DNA damage 
signaling. Once early DNA damage response factors (DDRF) 
such as MDC1, 53BP1 and MRN complex recognize the 
damage, the factors facilitate activation of ATM kinase (2). 
ATM affects the cellular responses to ionizing radiation by 
transmitting DNA damage signaling to various downstream 
protein targets. For example, ionizing radiation induces 
apoptotic cell death via a pathway that involves activation of 
ATM, Chk2, p53 and expression of PUMA (3). G2/M phase 
cell cycle checkpoint is induced upon ionizing irradiation 
via regulation of CDC2 by a signaling pathway mediated 
by ATM, Chk1/Chk2 and CDC25 (1). As these cellular 
processes determine cellular viability in response to DNA 
damage, regulators of the processes are potential modulators 
of radiation sensitivity. Moreover, as the modulators could be 
targeted for enhanced radiation sensitivity or for therapeutic 
intervention, identification of the modulators is of importance. 
Accordingly many different approaches were employed to 
screen genes whose alterations can change sensitivity to 
ionizing radiation or to DNA damaging agents (4-9). These 
approaches mainly use large scale screening systems in yeast 
or in human cells following gene knockout or depletion. 
As alternative methods, gene expression profiles have been 
examined in response to DNA damage to gain understanding 
of regulators of DNA damage responses (10,11). For the 
purpose of gene expression profiling following DNA damage, 
microarray approach has been widely used (12,13). The 
results often show varied gene expression depending on the 
dose, time after irradiation, genetic background of cells, 
or cell type. Thus identification of genetic determinants of 
radiation sensitivity by the microarray methods might require 
additional functional studies for the potential regulators of 
cellular radiation responses.

Non-small cell lung cancer (NSCLC) cell lines are 
generally less sensitive to ionizing radiation (14). The PI3K 
and Akt signaling pathway has been associated with the 
radiation resistance phenotype of NSCLC (15-17). In addition 
genes such as TSPYL5, livin and Mcl-1 were identified as 
regulators of NSCLC in response to DNA damaging agents 
(18-20). Since cellular radiation sensitivity is determined 
by combinatorial effect of diverse cellular responses, 
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the existence of hitherto unknown modulators for radiation 
responses are expected in NSCLC. 

We used an NSCLC cell line, A549 to identify novel 
modulators of radiation sensitivity. We reasoned that certain 
differentially expressed genes following ionizing radiation 
might play roles in later radiation responses which might 
affect radiation sensitivity. If so, we might be able to select 
those genes from data of DNA microarray and test the genes 
in radiation sensitivity by using simple viability assays. 

Through these processes we selected ELAVL4 as a 
novel modulator of radiation sensitivity in A549 cells. 
ELAVL4 depletion alone decreased A549 cell proliferation. 
The ELAVL4-depleted cells exhibited enhanced radiation 
sensitivity as shown by decreased clonogenic survival and 
increased apoptotic cell death. Thus endogenous function of 
ELAVL4 in radiation responses of A549 cells seems to be 
associated with regulation of cell proliferation and death.

Materials and methods

Cell culture, irradiation and viability assays. Human non-
small cell lung cancer cell (NSCLC) line A549 cells were 
grown in RPMI-1640 (Lonza, Walkersville, MD, USA) supple-
mented with 10% fetal bovine serum (Lonza, Walkersville), 
100 U/ml penicillin, and 100 µ/ml streptomycin at 37˚C in 
a humidified atmosphere of 5% CO2 incubator. Cells were 
exposed to γ-ray from 137Cs γ-ray source (Atomic Energy of 
Canada, Ltd., Canada) with dose rate of 3.81 Gy/min.

Cell viability was measured using the 3-(4,5-dimethylthi-
azol-2-yl)-2,5,-diphenyltetrazolium bromide (MTT) conversion 
assay in a 24-well plate. The culture medium was replaced with 
1 ml medium containing 0.5 mg/ml MTT (Sigma-Aldrich, 
St. Louis, MO, USA) and incubated for 60 min at 37˚C. 
Tetrazolium crystals were solubilized with 200 µl DMSO. 
The absorbance was read at 595 nm in a micro-plate reader 
(Bio-Rad, Richmond, USA). 

Clonogenic assay was performed by following standard 
protocols (21). To measure cell death, A549 cells were 
incubated for 72 h following ionizing irradiation. Cells were 
washed twice with cold PBS, trypsinized and stained with 

propidium iodide and Annexin V by using FITC Annexin V 
Apoptosis Detection Kit I (BD Biosciences, San Diego, 
CA, USA) for 15 min at room temperature in the dark. 
Fluorescence was measured with a flow cytometer (BD 
Biosciences, Franklin Lakes, NJ, USA) and the data obtained 
were analyzed with CellQuest software (BD Biosciences).

Transfection of cells with small interfering RNA. Pre-designed 
siRNA for ELAVL4 (cat. no. 1046881 Duplex), TMPRSS7 
(cat. no. 1439392 Duplex) and negative control siRNA were 
purchased from Bioneer, Inc. (Daejeon, Korea). siRNA (100 nM) 
was transected into A549 cells using Lipofectamine™ 2000 
(Invitrogen, Carlsbad, USA) according to the manufacturer's 
instruction. 

RNA extraction, microarray and data analysis. RNA was 
extracted from A549 cells by using TRI Reagent (Molecular 
Research Center Inc., OH, USA) according to the manufac-
turer's protocol. Microarray experiment was performed by 
Genocheck, Co., Ltd. (Gyeonggi-do, Korea). Briefly each 
total RNA sample (10 µg) was labeled with cyanine (Cy5)-
conjugated dCTP (Amersharm, Piscataway, NJ, USA) by a 
reverse transcription reaction using reverse transcriptase, 
SuperScript II (Invitrogen). The Cy5-labeled cDNAs were 
resuspended in 10 µl of hybridization solution (GenoCheck) 
and hybridized to Roche NimbleGen Human whole genome 
12-plex array (Roche NimbleGen, Inc., WI, USA). Analysis 
of the arrays was done by using Axon GenePix 4000B 
scanner (Molecular Devices Corp., Sunnyvale, CA, USA) 
and software program of NimbeScan Version 2.4 (Roche 
NimbleGen).

Real-time quantitative RT-PCR analysis. To provide indepen-
dent confirmation of microarray data, real-time quantitative 
reverse transcription-PCR was performed for the following 
genes, i.e., FBXL6, PPP3CA, MOCS1, ELAVL4, TMPRSS7, 
ID1, ZNF239, CDCA7 and DEAF1 (specification of these 
genes is listed in Table I). Used primers are listed in Table II. 
Real-time PCR analysis was performed using One Step SYBR 
PrimeScriptTM RT-PCR Kit Ⅱ (Takara, Osaka, Japan) and DNA 

Table I. The genes in real-time RT-PCR analysis.a 

	G ene symbol	 Description	G enBank accession ID

1	 FBXL6	 F-box and leucine-rich repeat protein 6	N M_024555	  
2	PPP 3CA	P rotein phosphatase 3 (formerly 2B), catalytic subunit, α isoformcarcineurin	 BC025714	  
3	 MOCS1	 Molybdenum cofactor synthesis 1	N M_005942	  
4	 ELAVL4	 ELAV (embryonic lethal, abnormal vision, Drosophila)-like 4	 AY033995	  
5	T MPRSS7	T ransmembrane protease, serine 7	 AK131211	  
6	 ID1	 Inhibitor of DNA binding 1	N M_181353	  
7	 ZNF239	 Zinc finger protein 239	 NM_005674	  
8	C DCA7	C ell division cycle associated 7	 BC027966	  
9	 DEAF1	 Deformed epidermal autoregulatory factor 1	N M_021008

aAbbreviated gene symbols and their full names are shown with GenBank accession ID.
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Engine2.OPTICON (MJ Reserch, MA, USA). PCR reactions 
were done by following manufacturer's instruction (One Step 
SYBR PrimeScript RT-PCR Kit Ⅱ). The relative expression of 
genes was normalized to reference gene, GAPDH.

Results

As changes in gene expression following ionizing radiation 
are responsible for the ensuing cellular responses, we carried 
out DNA microarray assay to identify genes that are respon-
sible for modulation of radiation sensitivity. We examined gene 
expression profiles of A549 cell line, a non-small cell lung 
cancer cell line (NSCLC) after ionizing irradiation. After 12 h 
following 5 Gy of ionizing irradiation, the gene expression 
profiles were compared with non-irradiated control sample. 
Hierarchical clustering of total genes revealed that non-irradi-
ated control and irradiated samples show significant differences 

(Fig. 1A). When the genes were sorted based on 2-fold differ-
ences in expression levels either up- or down-regulated, >1300 
up-regulated and equal number of down-regulated genes were 
identified from DNA microarray (Fig. 1B). Major functional 
categories of the differentially expressed genes include signal 
transduction, transcription, immune responses, cell cycle or 
differentiation (Fig. 2). In addition, apoptosis, cell prolifera-
tion, growth or other cellular processes are also observed. 

As the purpose of the investigation was to identify genes 
that are responsible for radiation sensitivity, we selected 
several genes for further investigation (Table I). Especially 
we selected genes from up-regulated genes because their gene 
function in radiation sensitivity could be easily examined by 
gene depletion experiments. Expression levels of FBXL6, 
PPP3CA, MOCS1, ELAVL4, TMPRSS7, ID1, ZNF239, CDCA7 
and DEAF1 were examined by real-time reverse transcription 
polymerase chain reaction (RT-PCR) with specific sets of 

Figure 1. DNA microarray was done with samples from A549 cells. Cells were non-irradiated or irradiated with 5 Gy of ionizing radiation (IR). After 12 h 
of incubation after IR, cells were harvested and RNA was isolated for DNA microarray. (A) Hierarchical clustering of total genes from non-irradiated and 
irradiated A549 cells. (B) Numbers of differentially expressed genes. Genes were sorted based on their expression levels either 2-fold up- or down-regulated.
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primers (Table II). Those genes are associated with cellular 
functions in metabolism, cell death, tumor suppression, or 
cell proliferation which might affect radiation sensitivity. 
Significant up-regulation of PPP3CA, ELAVL4, TMPRSS7 
and ID1 was observed in irradiated A549 samples when 
compared to non-irradiated samples (Fig. 3).

In order to examine the genes as modulators of radiation 
sensitivity, we examined effect of specific gene depletion 
on cellular viability following ionizing radiation (Fig. 4). 
Depletion study of only ELAVL4 and TMPRSS7 are shown 
for comparison (other genes did not exhibit significant differ-
ences in radiation sensitivity, data not shown) (Fig. 4). When 

Table II. Primer sets for quantitative reverse transcription polymerase chain reaction (RT-PCR) of the selected genes.a 

	G ene symbol	P rimer sequence	

1	 FBXL6	 Forward: CTCCGGGACGAGGGGTGGCT
		R  everse: AGGGGCTGCCCTCCTTGGCT	
2	PPP 3CA	 Forward: CTGCCTTCCCCTGGCTGCCC
		R  everse: GGGCTTCGTGGGCTCGGAGT	
3	 MOCS1	 Forward: CTGGCCCGGCTACTGCCCCA
		R  everse: GCGCACATCCAGGGGGAGGC	
4	 ELAVL4	 Forward: GGGCTGAATGGCCAGAAGCCCAG
		R  everse: GGGGAGAACCTGGGGGAACAAGC
5	T MPRSS7	 Forward: TGGCTGGGGGCGAAGACACGA
		R  everse: TGGTCGTCCACATCCATGTCCCCA	
6	 ID1	 Forward: CGCCTGCCTGCCCTGCTGGA
		R  everse: CATGCCGCCTCGGCCGTCAG	
7	 ZNF239	 Forward: TGCACATCCACCAGCGAGTCCA
		R  everse: TGCGAAGATCCGAGCTCTGGCTGA
8	C DCA7	 Forward: TGCCCAGAAGCCGTCGCTCCA
		R  everse: AGGCGGGCAATGCCAGTTCGG	
9	 DEAF1	 Forward: CCCCTCTGGCTCCCGGCCAA
		R  everse: CACTGCAAGGGTCGGCCCGC

aForward and reverse primers are indicated.

Figure 2. Functional categories of the differentially expressed genes after ionizing radiation. Categories were determined based on known cellular functions 
of the genes.
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A549 cells were depleted of >70% of ELAVL4 or TMPRSS7, 
colony forming ability of the cells was examined following 

irradiation with various doses (Fig. 4). Decreased expression 
of ELAVL4 by siRNA depletion exhibited enhanced radiation 

Figure 3. Analysis of the gene expression following ionizing radiation by real-time RT-PCR. A549 cells were either non-irradiated or irradiated with 5 Gy. 
Cells were harvested after 12 h and RNA was isolated for real-time RT-PCR. Real-time RT-PCR was done more than four times and standard deviation is 
indicated in the bar of the graph. Levels of gene expression in non-irradiated cells were set at 100% as a control. Gene expression of irradiated cells was 
compared to control.

Figure 4. Effect of gene depletion on radiation sensitivity. Depletion of ELAVL4 (A) and TMPRSS7 (B) in A549 cells. Expression levels of the genes after 
depletion by siRNA were determined by real-time RT-PCR. For depletion of the gene expression, A549 cells were incubated with siRNA for 72 h. Real-time 
RT-PCR was done more than four times. Standard deviation is indicated on each bar of the graph. (C) Clonogenic assay of A549 cells which were depleted of 
ELAVL4. A549 cells were treated with control siRNA or ELAVL4 siRNA and incubated for 24 h. After splitting of the siRNA-treated cells and incubation 
for another 24 h, cells were irradiated with 0, 1, 2, 3 and 4 Gy of IR. Number of colonies were counted and expressed in comparison to 0 Gy control sample 
which was set as 1 in y-axis. Four separate clonogenic assays were performed. Standard deviation is also indicated in the graph. (D) Clonogenic assay of A549 
cells depleted of TMPRSS7. siRNA treatment and irradiation (C). Clonogenic assay shown as a graph (C).
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sensitivity by showing less surviving cell fraction whereas 
TMPRSS7 depletion did not affect radiation sensitivity. These 
results indicate that ELAVL4 modulates radiation sensitivity 
in A549 lung cancer cells and that decreased ELAVL4 

expression render the lung cancer cells sensitive to ionizing 
radiation. Because clonogenic assay tests cellular ability to 
undergo division, the results following ionizing radiation could 
result from either cell proliferation or death. We examined the 

Figure 5. Effect of ELAVL4 or TMPRSS7 gene depletion on cell proliferation and apoptotic cell death. (A) MTT assay of control siRNA-treated, ELAVL4- 
or TMPRSS7-depleted A549 cells in the absence of ionizing radiation. After the gene depletion, cell proliferation was measured by MTT assay after 1, 2 and 
3 days. Four separate MTT assays were performed. Standard deviation is indicated in the graph. Proliferation at day 1 is set as 1 and proliferation at days 2 
and 3 were normalized to that of day 1. (B) Effect of IR on proliferation of control siRNA-treated, ELAVL4- or TMPRSS7-depleted A549 cells. After 24 h of 
the gene depletion, the cells were plated onto 24-well plates. After another 24 h, cells were irradiated with 10 Gy of ionizing radiation. Cell proliferation was 
measured by MTT assay after 1, 2 and 3 days. Four separate MTT assays were performed. Standard deviation is indicated in the graph. Proliferation at day 1 
is set as 1 and proliferation at days 2 and 3 were normalized to that of day 1. (C) Apoptotic cell death measurement of control siRNA-treated, ELAVL4- or 
TMPRSS7-depleted A549 cells in the absence or presence of ionizing radiation. A549 cells were treated with the respective siRNA as in (A and B). The cells 
were irradiated with 10 Gy and incubated for 72 h. Apoptotic cell death was measured by FACS after staining cells with propidium iodide and annexin V. 
Three separate measurements were done and the average and standard deviation for each condition is indicated.
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cause of the enhanced radiosensitivity by ELAVL4 depletion. 
Effect on cell proliferation by gene depletion was examined 
by MTT assay. In the absence of ionizing radiation, depletion 
of ELAVL4 alone decreased cell proliferation more than the 
TMPRSS7 depletion (Fig. 5A). The decrease in cell prolifera-
tion was evident after longer incubation time, i.e. more than 
two days. In the presence of ionizing irradiation, regardless 
of gene depletion, the cell proliferation decreased as expected 
from irradiated cells (see the difference in scale of Y-axis 
of the graph in Fig. 5B). ELAVL4 depletion together with 
irradiation showed more decrease in cell proliferation when 
compared to un-irradiated samples. In irradiated samples, 
proliferation of ELAVL4 depletion decreased more than that 
of TMPRSS7 depletion. Thus decreased cell proliferation 
by ELAVL4 depletion might be partly attributable to the 
enhanced radiation sensitivity as shown in clonogenic assay 
(Fig. 4C). However, the results of proliferation assay alone do 
not explain the result of TMPRSS7 clonogenic assay because 
TMPRSS7 depletion did not affect colony forming ability 
although the gene depletion slightly decreased cell prolifera-
tion. It suggests the presence of additional cellular processes 
that might affect clonogenic survival. Therefore, we examined 
cell death, another critical factor for clonogenic survival. 
Analysis of apoptotic cell death after irradiation revealed that 
ELAVL4 depletion increased cell death compared to control 
siRNA-treated samples whereas TMPRSS7 depletion did not 
(Fig. 5C). Irradiation of TMPRSS7 depleted cells induced 
comparable cell death to control siRNA-treated samples. 
Depletion of TMPRSS7 in the absence of irradiation induced 
less cell death than the control. However, significance of the 
finding in radiation sensitivity is unclear. Thus taken together, 
enhanced radiation sensitivity by ELAVL4 depletion seems 
to be caused by decreased cell proliferation as well as by 
increased apoptotic cell death. In other words, ELAVL4 is 
involved in modulation of radiation sensitivity via regulation 
of cell proliferation and death.

Discussion

We identified the ELAVL4 gene as a modulator of radiation 
sensitivity. In the search for the modulator we employed DNA 
microarray and functional assays including a viability assay. 
DNA microarray experiment revealed functional categories 
of genes whose expression is significantly different following 
ionizing irradiation. More than half of the differentially 
expressed genes were assigned to the functions such as signal 
transduction, transport or transcription (Fig. 2). Genes involved 
in cell cycle, differentiation, proliferation or death belonged to 
relatively minor categories of the total list. These functional 
categories of A549 NSCLC cell line are not totally different 
from those of other cells. For example, γ-irradiation of Jurkat 
T cells revealed 2400 distinct genes that show their involve-
ment in apoptosis, cell proliferation, signal transduction or 
translation (22). Moreover, genome-wide screening of DNA 
damage response genes also revealed similar functional cate-
gories (4,7,23). These similar functional categories between 
gene expression profiling and genome-wide screening of 
modulator of radiation sensitivity may suggest validity of 
DNA microarray as a possible tool for identification of modu-
lator genes. Our investigation adopted microarray and gene 

depletion of selected genes to identify modulators of radiation 
sensitivity. This approach has several advantages compared 
to large scale screening. First the approach can select genes 
of specific functional category based on expression levels 
following irradiation and test their role in radiation sensitivity. 
Second it can identify modulator genes for radiation sensi-
tivity in a time- and cost-effective way. Third, by combining 
gene expression profiling and viability assays, the approach 
may enhance stringency for identification of modulators. As 
an example, through examination of gene expression alone, 
this investigation selected several genes for viability assays. 
The genes were PPP3CA, ELAVL4, TMPRSS7, ZNF239 and 
CDCA7. Although gene expression levels of these genes were 
up-regulated, only ELAVL4 depletion exhibited significant 
radiosensitization (Figs. 3 and 4), only data of ELAVL4 and 
TMPRSS7 are shown for comparison. Data with other gene 
depletions did not reveal significant differences in radiation 
sensitivity. This result suggests that changes of gene expression 
alone do not guarantee identification of modulators. Rather 
combination with functional assays enhances the chances of 
finding cellular radiation modulators. Nonetheless, increased 
expression following irradiation of genes such as PPP3CA, 
TMPRSS7, ZNF239 and CDCA7 as well as ELAVL4 suggests 
possible use of the genes as markers to IR. Since marker genes 
to IR can be used to assess degree of cellular exposure to IR and 
even to determine progress of cellular radiation responses by 
following their expression levels, use of those genes as markers 
to IR in NSCLC is of importance. Therefore, if not all of the 
up-regulated genes are found to have activity as modulators of 
radiation sensitivity, use as potential markers could be expected.

Enhancement of radiation sensitivity by ELAVL4-depletion 
was attributable to decreased cell proliferation and increased 
apoptotic cell death (Figs. 4 and 5). ELAVL4 (embryonic 
lethal, abnormal vision, Drosophila homolog-like 4, alterna-
tively called HuD) is an RNA binding protein and associated 
with neuronal cell maturation, malignant neuroblastoma and 
Parkinson disease (24-26). In molecular terms, ELAVL4 has 
been associated with pre-mRNA processing or with enhance-
ment of translation via interaction with eIF4A (26,27). As 
expected from the critical role of ELAVL4 in those cellular 
processes, depletion of the gene in A549 cells decreased cell 
proliferation in the absence of ionizing radiation (Fig. 5A). 
While the cause of the decreased proliferation is not clear from 
the result, it is of interest to examine whether effect on pre-mRNA 
processing or on translation is responsible for the response in 
A549 NSCLC cells. By comparison, TMPRSS7 depletion 
resulted in less decrease in cell proliferation (Fig. 5A).

Apoptotic cell death analysis of the depleted cells also 
revealed difference. Depletion of ELAVL4 induced significantly 
increased apoptosis following irradiation whereas apoptosis 
of TMPRSS7-depleted cells was comparable to control which 
is much less than ELAVL4-depletion (Fig. 5C). Although the 
exact role of ELAVL4 in DNA damage-induced cell death is 
not known, the activity of another ELAV family member HuR 
suggests ELAVL4's possible role in the DNA damage responses 
(28). HuR protein increases its cytoplasmic abundance after 
DNA damage and plays roles in stabilization and translation of 
specific target mRNA (28). This activity may allow transient 
increase of certain protein products and affect corresponding 
cellular activities in DNA damage responses. HuR and other 
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ELAV family members affect cell growth and proliferation 
by binding to mRNAs that encode p21, p53, c-myc and 
c-fos (28). If ELAVL4 protein behaves in such a fashion, 
increased apoptosis of ELAVL4-depleted cells following 
DNA damage might have been caused by transient differences 
in certain proteins that are involved in cell proliferation or 
death. Although the current data do not provide explanation for 
possible mechanism of ELAVL4 in DNA damage responses, 
further understanding of the following may extend our 
knowledge, and first understanding of the association of DNA 
damage signaling with expression and activities of ELAVL4 
is essential to resolve the issue. DNA damage signaling such 
as ATM or ATR signaling is known to affect transcription by 
transducing the signal to many transcription factors such as 
p53 (29). Thus it is of interest to examine whether promoter of 
ELAVL4 has cis-regulatory elements for transcription factors 
that are regulated by DNA damage signaling. In addition, if 
ELAVL4 is involved in mRNA processing following DNA 
damage such as ionizing radiation, identification of the specific 
target mRNAs and their characterization in DNA damage 
responses should reveal responsible factors for enhanced apop-
tosis in ELAVL4-depleted cells following irradiation. The role 
of ELAVL4 in the absence of DNA damage is also a matter of 
importance. In our data, depletion of ELAVL4 alone decreased 
cell proliferation (Fig. 5A). Because NSCLC is known for 
enhanced PI3K/Akt signaling (15), it is of interest to examine 
whether endogenous function of ELAVL4 is associated with 
the signaling for cell proliferation. It is also worth examining 
whether ELAVL4 activity in RNA processing or translation is 
responsible for the effect on proliferation.

Taken together we identified ELAVL4 as a modulator 
of radiation sensitivity. Since depletion of ELAVL4 modi-
fied radiation sensitivity by affecting cell proliferation and 
apoptotic cell death, endogenous role of the protein might be 
associated with regulation of the cellular responses. Induction 
of ELAVL4 expression following irradiation suggests possible 
use of the gene as a marker of ionizing irradiation in A549 
cells. The capacity for modulation of radiation sensitivity 
by changing ELAVL4 expression levels could be adopted 
to enhance radiation cell killing of lung cancer cells. Thus, 
ELAVL4 is a potential marker and modulator of radiation 
responses in the A549 lung cancer cell line.
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