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Abstract. The transcription factor, interferon regulatory 
factor 4 (IRF4), serves an essential role in the regulation of 
immune responses, and has been reported to act as a diagnostic 
and prognostic marker for various hematological malignancies. 
The present study aimed to investigate whether IRF4 could 
exert effects on human non‑small cell lung cancer (NSCLC) 
and to explore the underlying mechanism. The mRNA and 
protein expression of IRF4 was detected in NSCLC tissues 
using reverse‑transcription quantitative polymerase chain 
reaction and western blotting, respectively. In the in vitro 
experiment, IRF4 expression was knocked down or overex-
pressed using lentivirus in human lung adenocarcinoma A549 
and lung squamous cell carcinoma LC‑AI cell lines. Cell 
proliferation and colony number were analyzed using MTT 
and colony formation assays, respectively. The expression 
levels of IRF4 mRNA and protein were significantly higher 
in NSCLC  tissues  (n=54) compared with that in adjacent 
non‑tumor tissues. Similarly, the expression levels of Notch1 
and Notch2 mRNA were significantly higher in NSCLC 
tissues. Furthermore, the expression level of IRF4 mRNA was 
positively correlated with the levels of Notch1 and Notch2 
mRNA in NSCLC tissues. Consequently, using NSCLC 
cell lines, it was demonstrated that the knockdown of IRF4 
expression significantly reduced the cell proliferation rate and 
colony formation, whereas IRF4‑overexpression significantly 
increased them. Notably, the IRF4 knockdown significantly 
decreased the expression levels of Notch1 and Notch2 mRNA, 
and phosphorylated protein kinase B (AKT), whereas IRF4 
overexpression resulted in the opposite. The results of the 
present study indicate that IRF4 is overexpressed and serves as 
a tumor promoter in human NSCLC, at least partially, through 
activating the Notch‑Akt signaling pathway.

Introduction

Lung cancer is a serious public health problem and remains the 
most common cause of cancer‑related mortality (1). Non‑small 
cell lung cancer (NSCLC) accounts for approximately 80% of 
all lung cancers (2). Although many advances have achieved in 
cancer biology, such as the development of specific therapies 
for distinct subtypes of NSCLC, appropriate treatment options 
for the majority of patients are unsatisfactory (3). To identify 
new therapeutic targets and options, it is of great necessity and 
importance to have a better understanding of the pathogenesis 
of NSCLC.

Accumulating evidence suggests that, in many types of 
malignancies, inflammatory signals could be regulated by 
cytokines and chemokines, and thus exerting vital effects on 
tumor progression including cancer cell proliferation, survival, 
metastasis and angiogenesis  (4). The nine members of the 
interferon regulatory factor (IRF) family are transcription 
factors that play diverse roles in innate and adaptive immune 
responses, cell growth regulation, cell apoptosis, and hemato-
poietic development (5‑7).

Particularly, IRF4 is a diagnostic and prognostic marker 
for various hematological malignancies (8). IRF4 is lympho-
cyte specific and is overexpressed in Epstein‑Barr virus 
transformed cells, multiple myeloma, and human T cell 
leukemia virus 1 (HTLV1)‑infected cell lines and associated 
adult T cell lymphoma/leukemia  (9‑12). There are several 
reports suggest a possible role of IRF4 in the pathogenesis of 
chronic myeloid leukemia (13,14). Besides, IRF4 upregula-
tion has been proved to induce the growth of lymphomas or 
multiple myeloma (10,15). Yang et al (16) reported that IRF 4 
binding protein is a novel p53 target gene and suppresses 
cisplatin‑induced apoptosis of breast cancer cells. In a previous 
study by Chen et al (17), IRF4 was shown to predict poorer 
survival of NSCLC patients. Based on these investigations, it 
raises the possibility that IRF4 may be involved in NSCLC 
tumor progression, however, the underlying mechanism was 
not clear yet. In the present study, we investigated whether 
IRF4 could exert effects on human NSCLC and to explore 
the underlying mechanism in the in vitro experiment. IRF4 
expression was upregulated in NSCLC tissues as compared to 
the corresponding adjacent non‑tumor tissue. In vitro experi-
ments showed that IRF4 knockdown by shRNA significantly 
reduced cell proliferation and colony number of NSCLC cells; 
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whereas IRF4 overexpression showed the absolutely opposite 
results. Further investigations were performed to explore the 
underlying mechanism in human NSCLC cells. The present 
study suggests that IRF4 may be a new potential target for 
NSCLC treatment.

Materials and methods

Human samples. Paired NSCLC (34 females and 20 males; 
with an average age of 54; 22 patients with adenocarcinoma 
and 32 patients with squamous cell carcinoma) and non‑tumor 
adjacent lung tissues (more than 5 cm from the edge of tumor) 
were obtained, with informed consent, from 54 patients who 
underwent primary surgical resection of NSCLC at the Second 
Affiliated Hospital of Soochow University (SuZhou, China). 
Among them, 22 patients had negative lymph nodes metas-
tasis and 32 patients had positive lymph nodes metastasis. 
19 patients were at the I‑II TNM stages and 35 were at the 
III‑IV TNM stages. None of the patients had received preop-
erative radiotherapy or chemotherapy and chronic obstructive 
pulmonary disease was excluded in the present study. Tissues 
were obtained and frozen immediately with liquid nitrogen and 
stored in a freezer at ‑70˚C. The present study was approved 
by the Ethics Committee of the Second Affiliated Hospital of 
Soochow University. Written informed consent was obtained 
from all the participants.

Quantitative real‑time PCR. Total RNA was extracted from 
paired NSCLC and non‑tumor adjacent lung tissues with 
Trizol reagent (Invitrogen, Carlsbad, CA, USA) according 
to the manufacturer's instructions. First‑strand cDNA was 
synthesized from total RNA using Super Script II first‑strand 
synthesis system (Invitrogen). Real‑time PCR was performed 
using an Applied Biosystems 7300 Sequence Detection 
system (Applied Biosystems, Foster City, CA, USA). The 
primers for IRF4: forward, 5'‑CTA​CAC​CAT​GAC​AAC​GCC​
TTA​CC‑3' and reverse, 5'‑GGC​TGA​TCC​GGG​ACG​TAG​T‑3'. 
Notch1: forward, 5'‑CTT​AGA​TGT​GCT​GAG​CGC​GTC​AAT​
GTG​TC‑3' and reverse, 5'‑GCG​CGA​TCC​TTG​ATA​ACC​TGC​
GGA​T‑3'. Notch 2: forward, 5'‑CAT​AGA​ATG​ATT​AGC​AGA​
GAG‑3' and reverse, 5'‑CAA​CAT​CAG​AGC​TAG​CAA​GAG‑3'. 
GAPGH, forward 5'‑GGT​GGA​GGT​CGG​GAG​TCA​ACG​
GA‑3', reverse 5'‑GAG​GGA​TCT​CGC​TCC​TGG​AGG​A‑3'. The 
comparative threshold cycle (Ct) method was used to analyze 
the results.

Western blot analysis. For western blot analysis, cell lysates 
were prepared from cell lines with RIPA lysis buffer kit 
(Santa Cruz Biotechnology, Santa Cruz, CA), and the protein 
concentrations were quantified using a Bio‑Rad protein assay 
(Bio‑Rad, Hercules, CA). Whole‑cell proteins (30 µg) were 
separated on 8% sodium dodecyl sulfate polyacrylamide gel 
electrophoresis (SDS‑PAGE) and transferred to polyvinylidene 
difluoride membranes (Amersham Corp., Arlington Heights, 
IL). The membranes were incubated with primary antibodies 
anti‑IRF4 (1:500, cat. sc‑6059; Santa Cruz Biotechnology), 
anti‑Notch1 (1:100, cat. Val1744, Cell Signaling, Danvers, 
MA), anti‑Notch2 (1:500, cat.  D67C8; Cell Signaling), 
anti‑AKT (1:500, cat. 9272; Cell Signaling), anti‑AKT phos-
phorylation (1:500, cat. 9271; Cell Signaling) or anti‑GAPDH 

(1:1,000, cat.  2111; Cell Signaling) overnight at 4˚C. The 
horseradish peroxidase‑conjugated secondary antibodies 
(1:1,000, cat. A50‑106P; Beijing Zhongshan Golden Bridge 
Biotechnology Co., Ltd., Beijing, China;) were subsequently 
used at room temperature for 1  h. Signals were detected 
using enhanced chemiluminescence kit (Wuhan Booute 
Biotechnology Co., Ltd, Wuhan, China; cat. no. orb90504) and 
exposed to Kodak X‑OMAT film (Eastman Kodak, Rochester, 
NY, USA).

Cell lines and cell culture. Human lung adenocarcinoma 
cell line  (A549) and lung squamous cell carcinoma cell 
line  (RERF‑LC‑AI, LC‑AI) were obtained from Shanghai 
Cell Bank (Chinese Academy of Sciences, China) and main-
tained in ‑80˚C freezer or cultured in RPMI (Roswell Park 
Memorial Institute) 1640 medium containing 10% fetal bovine 
serum (FBS) before experiments. Cells were maintained in 5% 
CO2 incubator at 37˚C and used for experiments in the expo-
nential phase of their growth. To detect the effect of Notch 
on NSCLC cells, A549 and LC‑AI were treated with 20 µM 
MK‑0752, a Notch pathway inhibitor (18), for 48 h.

Lentivirus packaging. For IRF4 knockdown, the lentivirus 
expressing short hairpin RNA (shRNA) targeting the sequence 
of IRF4 (5'‑GCC​GTA​CAA​AGT​TCA​GGA​TCC‑3') and the 
control sequence (5'‑TTC​TCC​GAA​CGT​GTC​ACG​T‑3') 
was purchased from Genechem Co. Ltd (Shanghai, China). 
Lentivirus expressing scrambled shRNA was used as a 
negative control (sh‑Ctrl; Genechem Co. Ltd.). For IRF4 over-
expression, the targeted IRF4 gene was amplified in human 
sample by PCR with the following primers: forward: 5'‑CAC​
CAT​GAC​AAC​GCC​TTA​CC‑3' and reverse 5'‑CAT​TTT​CAC​
AAG​CTG​GGC​CT‑3'. The PCR product containing PmeI and 
BstBI site introduced by primer was digested, and then cloned 
into lentivirus vector to construct a lentiviral vector carrying 
IRF4. The empty lentivirus vector was used as a nega-
tive control  (Ctrl). The shRNA‑expressing, overexpressing 
lentivirus and the corresponding controls were transfected 
into 293 T cells, which are always used in producing lenti-
viruses (19), together with the lentivirus helper plasmids to 
generate respective lentivirus. After transfection, the lentivirus 
supernatant was collected to transfect A549 and LC‑AI cells. 
Infectious lentivirus was harvested 48 h post‑transfection, 
centrifuged to remove cell debris, and then filtered through 
0.45 µm cellulose acetate filters.

Cell proliferation assay. Cells were seeded into a 96‑well 
plate (1x104 cells/well) and cultured in 200 µl RPMI‑1640. 
At 4 h before terminating culture, 20 µl MTT (5 mg/ml) was 
added into each well. After cell culture, the supernatant was 
discarded and 100 µl dimethylsulfoxide (DMSO) was added 
into each well. After the formazan granules were completely 
dissolved, a value of each well was measured at 490 nm, and 
the corresponding cell proliferation number was calculated.

Colony formation assay. NSCLC cells were suspended in 
1.5  ml complete medium supplemented with 0.45% low 
melting point agarose. The cells were placed in 35  mm 
tissue culture plates containing 1.5 ml complete medium 
and agarose (0.75%) on the bottom layer. The plates were 
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incubated at 37˚C with 5% CO2 for 2 weeks. Cell colonies 
were stained with 0.005% crystal violet and analyzed using 
a microscope.

Statistical analysis. Data were presented as means ± SEM. 
The statistical analysis was performed with SPSS 10.0 (SPSS, 
Inc., Chicago, IL, USA). For two groups, Student's t test was 
performed to analysis the data, and one‑way ANOVA analysis 
was applied when three or more groups exist. The associa-
tions between Notch1, Notch2 mRNA expression levels and 
IRF4 mRNA level in NSCLC tissues were tested with the 
linear regression analysis. P<0.05 was considered statistically 
significant.

Results

IRF4 is upregulated in human NSCLC tissues. To investigate 
the role of IRF4 in NSCLC development, we first analyzed the 
expression of IRF4 in NSCLC tissues (n=54, 22 cases with 
adenocarcinoma and 32 cases with squamous cell carcinoma). 
As shown in Fig. 1A, the expression levels of IRF4 mRNA 
were significantly highe rin NSCLC tissues as compared with 
non‑tumor adjacent normal tissues (n=54 for each group). 
Moreover, the expression levels of IRF4 protein were signifi-
cantly higher in NSCLC tissues (Fig. 1B and C). These findings 
indicate the potential role of IRF4 in NSCLC development and 
progression.

IRF4 level is positively correlated with the expression of 
Notch in NSCLC tissues. Then, we want to further explore 
the underlying mechanism of the tumorigenic role of IRF4 in 
NSCLC. Notch, firstly identified in human T‑cell neoplasia, 
is a potent regulator for cellular differentiation, develop-
ment, proliferation and survival (20‑22). Besides, previous 
study indicated that IRF4 acts as a critical regulator of Notch 
signaling during chronic lymphocytic leukemia (CLL) devel-
opment (23).Therefore, the mRNA levels of Notch1 and Notch2 
in NSCLC tissues were determined, as shown in Fig. 2A, 
Notch1 and Notch2 mRNA expression were significantly 
upregulated in NSCLC tissues as compared with non‑tumor 
adjacent normal tissues. Subsequently, linear regression 
analysis showed that IRF4 mRNA expression was positively 
correlated with the mRNA level of Notch1 in 54 cases of 
NSCLC tissues (Fig. 2B). The linear regression analysis also 
showed that IRF4 mRNA expression was positively correlated 
with the mRNA level of Notch2 in NSCLC tissues in 54 cases 
of NSCLC tissues (Fig. 2C). These results showed that IRF4 
level was positively correlated with the expression of Notch in 
NSCLC tissues.

IRF4 promotes cell growth of human NSCLC cells. To 
understand the tumorigenic role of IRF4, we knock‑downed 
the expression of IRF4 with lentivirus expressing sh‑IRF4 in 
A549 and LC‑AI cells, respectively. The IRF4 expression was 
significantly decreased by IRF4 knockdown in A549, which 

Figure 1. IRF4 is up‑regulated in human NSCLC (A) IRF4 mRNA level is overexpressed in human non‑small cell lung cancer (NSCLC) tissues (T) compared 
with non‑tumor adjacent normal tissues (N) (n=54 in each group). (B) IRF4 protein level is up‑regulated in NSCLC tissues (T) compared with non‑tumor 
adjacent normal tissues (N) (n=54 in each group). Representative western blot images were shown (n=5, 1case (lane 1) with adenocarcinoma and 4 cases (lane 
2‑5) with squamous cell carcinoma). (C) Quantitative results of IRF4 protein level in (B). The protein level of IRF4 is normalized by GAPDH protein level. 
N=54 in each group. 54 NSCLC cases consist of 22 cases with adenocarcinoma and 32 cases with squamous cell carcinoma. IRF4, interferon regulatory 
factor 4; NSCLC, non‑small cell lung cancer; T, tumor; N, non-tumor.

Figure 2. IRF4 level was positively correlated with the expression of Notch in NSCLC tissues (A) Notch1 and Notch2 are overexpressed in NSCLC tissues 
(N=54 in each group). **P<0.01 vs. normal. (B) Linear regression analysis was performed to analyze the correlation between IRF4 and Notch1 (N=54 in each 
group). (C) Linear regression analysis was performed to analyze the correlation between IRF4 and Notch2 (N=54 in each group). IRF4, interferon regulatory 
factor 4; NSCLC, non‑small cell lung cancer.
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is determined by western blot analysis (Fig. 3A). As shown 
in Fig. 3B, cell proliferation was significantly suppressed in 
A549 that with IRF4 knockdown in a time‑dependent manner. 
And IRF4 knockdown also markedly reduced the colony 
number in A549 cells (Fig. 3C). Similarly, IRF4 expression was 
also significantly inhibited in the LC‑AI cells (Fig. 3D) and the 
cell proliferation rate and colony number of LC‑AI cells were 
markedly reduced by IRF4 knockdown (Fig. 3E and F).

Additionally, IRF4‑overexpressing lentivirus (IRF4) was 
also generated and infectedA549 cells, which was confirmed 
by western blotting analysis (Fig.  3G). In contrast to the 
results of IRF4 knockdown, IRF4 overexpression significantly 
promoted the proliferation and increased colony number 
of A549 cells (Fig. 3H and I). Besides, similar results were 
found in LC‑AI cells (Fig. 3I). These results indicate that 
IRF4 promotes NSCLC cell proliferation and increases colony 
number.

IRF4 activates notch‑Akt signaling in NSCLC cells. 
Furthermore, as shown in Fig. 4A and B, IRF4 knockdown 
significantly decreased both the mRNA expression of Notch1 
and Notch2 in A549 cells; whereas IRF4 overexpression mark-
edly increased the mRNA expression of Notch1 and Notch2 in 
A549 cells.

There is growing evidence that Notch regulates the AKT 
pathway in several normal and cancer cell types  (24), we 
then investigated whether Notch/AKT pathway was activated 
by IRF4. Indeed, IRF4 knockdown significantly suppressed 
the protein expression of Notch1, Notch2 and phosphorylation 
of AKT (p‑AKT) in A549 and LC‑AI cells (Fig. 4C); whereas 
IRF4 overexpression markedly facilitated the protein expres-
sionof Notch1, Notch2 and p‑AKT in A549 and LC‑AI cells 
(Fig. 4D). Furthermore, A549 cells with IRF4 overexpression 
(IRF4) were treated with Notch pathway inhibitor MK‑0752 
(20 µM) or DMSO for 48 h. Western blotting was performed 

Figure 3. IRF4 promotes NSCLC cell proliferation and increases colony number (A) IRF4 knockdown in A549 cells. A549 cells were infected with lentivirus 
expressing sh‑Ctrl or sh‑IRF4 vectors for 48 h. Western blotting was performed to analyze protein level. **P<0.01 vs. sh‑Ctrl. (B) IRF4 knockdown inhibits 
proliferation of A549 cells. A549 cell were infected with lentivirus expressing sh‑Ctrl or sh‑IRF4 vectors. Relative cell numbers were evaluated at the indi-
cated time points using MTT method. *P<0.05 vs. sh‑Ctrl. (C) IRF4 knockdown decreases colony number of A549 cells. A549 cells infected with lentivirus 
expressing sh‑Ctrl or sh‑IRF4 vectors were subjected to soft sugar colony formation assay. The colony number in each well was evaluated two weeks later. 
**P<0.01 vs. sh‑Ctrl. (D) IRF4 knockdown in LC‑AI cells. LC‑AI cells were infected with lentivirus expressing sh‑Ctrl or sh‑IRF4 vectors for 48 h. Western 
blotting was performed to analyze protein level. **P<0.01 vs. sh‑Ctrl. (E) IRF4 knockdown inhibits proliferation of LC‑AI cells. LC‑AI cell were infected with 
lentivirus expressing sh‑Ctrl or sh‑IRF4 vectors. Relative cell numbers were evaluated at the indicated time points using MTT method. *P<0.05 and **P<0.01 
vs. sh‑Ctrl. (F) IRF4 knockdown decreases colony number of LC‑AI cell. LC‑AI cells infected with lentivirus expressing sh‑Ctrl or sh‑IRF4 vectors were 
subjected to soft sugar colony formation assay. The colony number in each well was evaluated two weeks later. **P<0.01 vs. sh‑Ctrl. (G) IRF4 overexpression in 
A549 cells. A549 cells were infected with lentivirus expressing Ctrl or IRF4 vectors for 48 h. Western blotting was performed to analyze protein level. **P<0.01 
vs. Ctrl. (H) IRF4 overexpression facilitates proliferation of A549 cells. A549 cell were infected with lentivirus expressing Ctrl or IRF4 vectors. Relative cell 
numbers were evaluated at the indicated time points using MTT method. *P<0.05 and **P<0.01 vs. Ctrl. (I) IRF4 overexpression increases colony number of 
A549 and LC‑AI cells. A549 and LC‑AI cells infected with lentivirus expressing Ctrl or IRF4 vectors were subjected to soft sugar colony formation assay. The 
colony number in each well was evaluated two weeks later. **P<0.01 vs. Ctrl. IRF4, interferon regulatory factor 4; NSCLC, non‑small cell lung cancer. IRF4, 
interferon regulatory factor 4; NSCLC, non‑small cell lung cancer; sh-Ctrl, negative control; Ctrl, control. 
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Figure 4. IRF4 activates Notch‑Akt signaling in NSCLC cells (A) IRF4 knockdown inhibits Notch1 and Notch2 expression in A549 cells. A549 cells 
were infected with lentivirus expressing sh‑Ctrl or sh‑IRF4 vectors for 48 h. qRT‑PCR was performed to analyzed mRNA level. **P<0.01 vs. sh‑Ctrl. 
(B) IRF4overexpression promotes Notch1 and Notch2 expression in A549 cells. A549 cells were infected with lentivirus expressing Ctrl or IRF4 vectors 
for 48 h. qRT‑PCR was performed to analyzed mRNA level. **P<0.01 vs. Ctrl. (C) IRF4 knockdown inhibits Notch‑Akt signaling in A549 and LC‑AI cells. 
A549 and LC‑AI cells were infected with lentivirus expressing sh‑Ctrl or sh‑IRF4 vectors for 48 h. Western blotting was performed to analyze protein level. 
(D) IRF4 overexpression promotes Notch‑Akt signaling in A549 and LC‑AI cells. A549 and LC‑AI cells were infected with lentivirus expressing Ctrl or IRF4 
vectors for 48 h. Western blotting was performed to analyze protein level. (E) Notch pathway inhibitor MK‑0752 reverses the effect of IRF4 on activation 
of Akt signaling in A549 cells. A549 cells were infected with lentivirus expressing Ctrl or IRF4 vectors with/without MK‑0752 (20 µM) treatment for 48 h. 
**P<0.01 vs. IRF+DMSO group. IRF4, interferon regulatory factor 4; NSCLC, non‑small cell lung cancer, sh-Ctrl, negative control; Ctrl, control; qRT-PCR, 
quantitative reverse transcription-polymerase chain reaction; p-, phosphorylated; AKT, protein kinase B.

Figure 5. Notch pathway inhibitor MK‑0752 reverses the effects of IRF4 on NSCLC cell growth (A) Notch pathway inhibitor MK‑0752 reverses the effect of IRF4 
on proliferation of A549 cells. A549 cell were infected with lentivirus expressing Ctrl or IRF4 vectors with/without MK‑0752 (20 µM) treatment. Relative cell 
numbers were evaluated at the indicated time points using MTT method. *P<0.05 and **P<0.01 vs. Ctrl. #P<0.05 indicates IRF4+MK‑0752 vs. IRF4. (B) Notch 
pathway inhibitor MK‑0752 reverses the effect of IRF4 on proliferation of LC‑AI cells. LC‑AI cells were infected with lentivirus expressing Ctrl or IRF4 vectors 
with/without MK‑0752 (20 µM) treatment. Relative cell numbers were evaluated at the indicated time points using MTT method. *P<0.05 and **P<0.01 vs. Ctrl. 
#P<0.05 indicates IRF4+MK‑0752 vs. IRF4. (C) Notch pathway inhibitor MK‑0752 reverses the effect of IRF4 on colony formation of A549 cells. A549 cells 
were infected with lentivirus expressing Ctrl or IRF4 lentivirus vectors with/without MK‑0752 (20 µM) treatment. The colony number in each well was evalu-
ated two weeks later by soft sugar colony formation assay. **P<0.01 vs. Ctrl. #P<0.05 indicates IRF4+MK‑0752 vs. IRF4. (D) Notch pathway inhibitor MK‑0752 
reverses the effect of IRF4 on colony formation of LC‑AI cells. A549 cells were infected with lentivirus expressing Ctrl or IRF4 lentivirus vectors with/without 
MK‑0752 (20 µM) treatment. The colony number in each well was evaluated two weeks later by soft sugar colony formation assay. **P<0.01 vs. Ctrl. #P<0.05 
indicates IRF4+MK‑0752 vs. IRF4. IRF4, interferon regulatory factor 4; NSCLC, non‑small cell lung cancer, sh-Ctrl, negative control; Ctrl, control. 
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and the results showed that MK‑0752 could significantly reverse 
the effect of IRF4 overexpressionon activation of Akt signaling 
in A549 cells (Fig. 4E). Totally, those investigations indicated 
that IRF4 activates Notch‑Akt signaling in NSCLC cells.

Notch inhibition reverses the effects of IRF4 overexpression 
on cell growth. Finally, we explored whether Notch‑Akt 
pathway was involved in the effects of IRF4 on human NSCLC 
cell growth. As shown in Fig. 5, IRF4 overexpression (IRF4) 
could significantly increased cell proliferation and colony 
number. However, when treated with Notch pathway inhibitor 
MK‑0752 (IRF4+MK‑0752), the enhancement of cell prolifera-
tion and colony number induced by IRF4 overexpression were 
significantlyreversed. It seems that Notch inhibition signifi-
cantly reverses the effects of IRF4 overexpression on human 
NSCLC cell growth.

Discussion

In the present study, the function of IRF4 in human NSCLC 
was investigated. IRF4 mRNA and protein were found highly 
expressed in NSCLC tissues as compared to the corresponding 
adjacent non‑tumor tissues, indicating its potential role in 
NSCLC development and progression. The cell proliferation 
rate and colony number of A549 and LC‑AI were signifi-
cantly declined when IRF4 expression was knocked down. 
However, the cell proliferation rate and colony number of 
A549 and LC‑AI cells were markedly increased when IRF4 
expression was overexpressed. These investigations validated 
the important role of IRF4 in NSCLC cell growth. This is 
the first evidence demonstrating the oncogenic role of IRF4 
in NSCLC. IRF4 is overexpressed in many hematological 
malignancies, serves as a diagnostic and prognostic marker 
of hematological malignancies and is a promising therapeutic 
target for treatment of hematological malignancies (25). In a 
previous study by Chen et al (17), IRF4 was shown to predict 
poorer survival of NSCLC patients. To some extent, te present 
study is consistent with our study. By contrast, Wu et al (26) 
demonstrated that IRF4 was a protective prognostic factor in 
NSCLC patients. These contradictory data may suggest that 
IRF4 may reflect tumor‑infiltrating lymphocyte activity in 
tissue section.

Besides, in the present study, Notch1 and Notch2 expression 
were significantly upregulated in NSCLC tissues as compared 
to corresponding adjacent non‑tumor tissues, also indicating 
their potential role in NSCLC development and progression.
Notch1 and Notch2 expression were found positively correlated 
with IRF4 level in NSCLC tissues. The expression of Notch1, 
Notch2 and p‑AKT were found regulated by IRF4 in NSCLC 
cells. In the cells with IRF4 overexpressed that treated with 
MK‑0752, it showed the significant decreased cell proliferation 
rate and colony number as compared with cells treated with 
DMSO. Mechanically, our study suggests that the oncogenic 
role of IRF4 in NSCLC was, at least partially, through regu-
lating Notch expression and activating Notch‑Akt signaling 
pathway. Previous study indicated that low level of IRF4 is a 
common feature of CLL, and the deregulated IRF4‑Notch axis 
may represent a major pathway in the molecular pathogenesis 
of CLL (23). It suggests the positive relation between IRF4 
and Notch signaling pathway, to some extent, this is consistent 

with our study. Besides, Previous study also identified Nedd4 
as a key IRF4 target gene involved in impeding the responses 
of CLL cells and their precursors to Notch signaling  (23), 
whether Nedd4 acts as a linkage between IRF4 and Notch 
signaling in our study remain further exploration.

It is well‑known that Notch receptors (Notch1‑4) are 
critical for tumorigenesis (27). Upon binding to its ligands, 
Notch receptors are proteolytically processed bymetal lopro-
teases and the g‑secretase complex. This process releases the 
intracellular domain of Notch, which thentranslocates into 
the nucleus to modulate expression of its target genes (28). 
Our study is consistent with a serious of previous studies that 
indicating the tumorgenic role of Notch1 (29‑31). Particularly, 
a previous work has shown that Notch1 signaling promotes 
tumorigenicity and survival in NSCLC cells in vitro (32). 
The present study also showed that Notch2 mRNA was 
upregulated in NSCLC tissues, consistently, the transcrip-
tion factors Notch2 was upregulated in invasive cancer 
cells in all 11 minimally invasive adenocarcinomas (33). In 
embryonal brain tumors, Notch2 also functions as an onco-
gene (34). However, a study reported that Notch2 mediates 
differentiation and has tumor suppressor functions during 
lung carcinogenesis (3). Notch2 also functions as a tumor 
suppressor in bronchial epithelial cells modulating tumor 
initiation and progression (35).

There is growing evidence that Notch regulates the 
AKT pathway in several normal and cancer cell types (24). 
The present study showed IRF4 upregulated the expression 
of Notch‑1, Notch‑2 and p‑Akt, it seems that Notch‑1 and 
Notch‑2 have consistently regulative effects on p‑Akt levels. 
Differently, aprevious study indicated that Notch‑1 led to Akt 
phosphorylation and promoted cell survival, whereas Notch‑2 
signaling led to Akt dephosporylation and suppressed cell 
survival of malignant mesothelioma cells (35).

In summary, our results indicate that IRF4 acts as a tumor 
promoter in human NSCLC, at least partially, through acti-
vating Notch‑Akt signaling pathway.
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