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Abstract: Interleukin 7/Interleukin 7 receptor (IL-7/IL-7R) signaling induces the upregulation of cyclin D1 to promote 
cell proliferation in lung cancer, but its role in preventing the apoptosis of non-small cell lung cancer (NSCLC) cell 
lines remains unknown. To study the role of IL-7 in lung cancer cell apoptosis, normal HBE cells as well as A549 
and H1299 NSCLC cells were examined using flow cytometry. The results showed that the activation of IL-7R by its 
specific ligand, exogenous interleukin-7, was associated with a significant decline in apoptotic cells. Western blot 
and real-time PCR assays indicated that the activation of IL-7/IL-7R significantly upregulated anti-apoptotic bcl-2 
and downregulated pro-apoptotic bax and p53 at both protein and mRNA levels. The knockdown of IL-7R through 
small interfering RNAs significantly attenuated these effects of exogenous IL-7. However, there was no significant 
anti-apoptotic effect in H1299 (p53-) cells. Furthermore, the inhibition of p53 significantly abolished the effects 
of IL-7/IL-7R on lung cancer cell apoptosis. These results strongly suggest that IL-7/IL-7R prevents apoptosis by 
upregulating the expression of bcl-2 and by downregulating the expression of bax, potentially via the p53 pathway 
in A549 and HBE cells.

Keywords: Interleukin 7, interleukin 7 receptor, p53, apoptosis, NSCLC

Introduction

Interleukin-7 (IL-7) is an essential cytokine 
required for the normal development of the 
immune system, and it maintains normal 
immune functions in the human body [1]. IL-7 
acts as a survival factor for resting peripheral T 
cells via the maintenance of cellular homeosta-
sis and by promoting the expression of anti-
apoptotic proteins. In addition, IL-7 can serve 
as a costimulatory factor during T cell activa-
tion, a role particularly important in conditions 
associated with lymphopenia when IL-7 triggers 
homeostatic proliferation [2]. IL-7/IL-7R signal-
ing play important role in various process of B 
and T cell development. Interleukin-7 receptor 
(IL-7R) deficiency severely impairs T-cell devel-
opment due to substantial apoptosis [3-5]. 
Apoptosis is a tightly regulated process that 

plays an important role in the progression of 
human tumorigenesis. An important regulator 
of this process, tumor-suppressor p53 (TP53), 
is a crucial transcription factor that controls the 
cell cycle and apoptosis of cells under genotox-
ic stresses. TP53 exerts its role through activat-
ing the transcription of hundreds of genes by 
binding to specific sequences at their promot-
ers [6]. Some studies have reported that the 
apoptosis induced by IL-7Rα deficiency is par-
tially due to an elevated p53 activity in IL-7Rαnull 
mice, and that p53 inactivation permits the sur-
vival of IL-7Rαnull thymocytes, leading to exacer-
bated lymphomagenesis [1]. However, the rela-
tionship between IL-7/IL-7R signaling and p53 in 
lung cancer cell apoptosis is unclear. Recently, 
more studies showed that IL-7 and IL-7R played 
complex roles in cancer progression. Therefore, 
studies on the association of p53 with IL-7/
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IL-7R signaling will elucidate the importance of 
IL-7/IL-7R in tumorigenesis.

Our previous study demonstrated that IL-7R is 
highly expressed in human non-small cell lung 
cancer (NSCLC) cells [7], and that IL-7/IL-7R 
promotes the proliferation of A549 and LH7 
NSCLC cells via the c-Fos/c-Jun pathway by 
upregulating cyclin D1 [8]. However, the role of 
IL-7/IL-7R in the apoptosis of human NSCLC 
cells has not been studied. 

We hypothesized that IL-7/IL-7R could prevent 
apoptosis in NSCLC cells. The purpose of this 
study was to examine the effect and regulatory 
mechanism of the IL-7/IL-7R interaction on the 
apoptosis of A549, H1299, and HBE cells. IL-7/
IL-7R prevented cell apoptosis by upregulating 
the expression of anti-apoptotic bcl-2 and by 
downregulating the expression of pro-apoptotic 
bax in A549 and HBE cells, potentially via the 
p53 pathway. This study provides novel evi-
dence on the mechanisms of survival of cancer 
cells through IL-7/IL-7R and may aid the explora-
tion of treatment targets for NSCLC.

Material and methods

Cell lines and cell culture

A549, human bronchial epithelial (HBE), and 
H1299 cell lines were obtained from the 
American Type Culture Collection (Manassas, 
VA, USA). A549 and H1299 cells were cultured 
in RPMI 1640 (Sigma, St. Louis, MO, USA) con-
taining 10% HyClone fetal bovine serum 
(ThermoFisher Scientific, Fremont, CA, USA). 
HBE cells were propagated in DMEM (Sigma, 
St. Louis, MO, USA) with 15% FBS, 100 IU/ml 
penicillin (Sigma, St. Louis, MO, USA), and 100 
mg/ml streptomycin (Sigma). Cells were grown 
on sterile tissue culture dishes and passaged 
every two days using 0.25% trypsin (Invitrogen). 
Cells were divided into six groups: NC group: 
cells transfected with negative control siRNA; 
NC+IL-7 group: cells transfected with negative 
control siRNA then incubated with recombinant 
human IL-7 (20 ng/ml) for 24 h; siIL-7R+IL-7 
group: cells transfected with IL-7R siRNA then 
incubated with recombinant human IL-7 (20 
ng/ml) for 24 h; siIL-7R group: cells transfected 
with IL-7R siRNA; NC+IL-7+sip53 group: cells co-
transfected with negative control siRNA and 
p53 siRNA then incubated with recombinant 

human IL-7 (20 ng/ml) for 24 h; siIL-7R+IL-
7+sip53 group: cells co-transfected with IL-7R 
siRNA and p53 siRNA then incubated with 
recombinant human IL-7 (20 ng/ml) for 24 h. 

Antibodies and reagents

Anti-IL-7R (rabbit polyclonal, sc-662), p53 (mo- 
use monoclonal, sc-126), bcl-2 (rabbit mono-
clonal, Cell Signaling Technology-2872), bax 
(rabbit monoclonal, Cell Signaling Technolo- 
gy-2774), β-Actin (mouse monoclonal, sc-477- 
78), and GAPDH (mouse monoclonal, sc-36- 
5062), Recombinant human IL-7 was pur-
chased from Invitrogen (Carlsbad, CA, USA), 
Lipofectamine 2000 was from Invitrogen 
(Carlsbad, CA, USA), Annexin V-FITC Apoptosis 
Kit (BD Pharmingen, San Jose, CA, USA). 

Small interfering RNA treatment

A549, HBE, and H1299 cells were plated onto 
6-well dishes and grown to 40-60% confluence 
before transfection with Lipofectamine 2000 
and siRNAs (Genepharma, Suzhou, China). The 
transfection efficiency was assessed by flow 
cytometry. The mRNA and protein levels were 
assessed 48 and 72 h after transfection. 
Efficiencies of siIL-7R and non-specific stable 
negative control siRNA were tested using real-
time-PCR and western blot analysis. The 
sequences of siRNAs targeting IL-7R, p53 (siIL-
7R, sip53, respectively) and control siRNAs 
were: siIL-7R, 5’-GAACUCCAGAGAUCAAUAATT-3’ 
and 5’-UUAUUGAUCUCUGGAGUUCTT-3’; sip53, 
5’-CAA UGG UUC ACU GAA GAC CTT-3’ and 
5’-GGUCUUCAGUGAACCAUUGTT-3’ non-specif-
ic negative control, 5’-UUCUCCGAACGUGUCA- 
CGUTT-3’ and 5’-ACGUGACACGUUCGGAGAA- 
TT-3’.

Western blot analysis

After treatment with IL-7 (20 ng/ml) for 24 h, 
cells were extracted with lysis buffer (150 mM 
NaCl, 1% NP-40, 0.1% SDS, 2 mg/ml aprotinin 
and 1 mM PMSF) for 30 min at 4°C. Extracts 
were centrifuged at 15,000 ×g for 15 min at 
4°C. Supernatants containing total protein 
were then harvested. Aliquots, each containing 
50 mg proteins, were separated by 10% SDS-
PAGE and transferred to PVDF membranes at 
40 V or 100 V for 2 h at low temperature. The 
membranes were blocked in 5% skim milk or 
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5% bovine serum albumin (BSA) for 2 h and pro-
teins were detected using monoclonal or poly-
clonal antibodies overnight at 4°C. Proteins 
were visualized using anti-mouse or anti-rabbit 
IgG antibodies conjugated to horse radish per-
oxidase (HRP) for 2 h at 28°C. Bound proteins 
were visualized using ECL (Thermo Fisher 
Scientific, Waltham, MA, USA) and detected 
using the BioImaging System (UVP Inc., Upland, 
CA, USA). The relative protein levels were calcu-
lated based on β-actin or GAPDH as the loading 
control.

RNA isolation and quantitative real-time PCR

Total RNA was isolated from cells using TRIzol 
(Invitrogen, Carlsbad, CA, USA) according to the 
manufacturer’s instructions. Quantitative real-
time PCR was performed using SYBR Green 
PCR master mix (Applied Biosystems) in a total 
volume of 20 μl on the 7900HT Fast Real-Time 
PCR System (Applied Biosystems) as follows: 
95°C for 30 s, 40 cycles of 95°C for 5 s, and 
60°C for 30 s. A dissociation step was per-
formed to generate a melting curve to confirm 
the specificity of the amplification. β-Actin was 
used as the. The relative levels of gene expres-

sion were represented as ΔCt =Ct gene-Ct ref-
erence, and the fold change of gene expression 
was calculated by the 2-ΔΔCt method. Experi- 
ments were repeated in triplicate. The primer 
sequences were as follows: IL-7R forward: 
5’-TGGAGACTTGGAAGATGCAG-3’, IL-7R reverse: 
5’-AAGCACAGGTCAGTGAGTGC-3’; β-Actin for-
ward: 5’-ATAGCACAGCCTGGATAGCAACGTAC-3’, 
β-Actin reverse: 5’-CACCTTCTACAATGAGCTG- 
CGTGTG-3’; bcl-2 forward: 5’-TGGCCAGGG- 
TCAGAGTTAAA-3’, bcl-2 reverse: 5’-TGGCCTC- 
TCTTGCGGAGTA-3’; bax forward: 5’-TTGCTTC- 
AGGGTTTCATCCA-3’, bax reverse: 5’-AGACA- 
CTCGCTCAGCTTCTTG-3’; p53 forward: 5’-TC- 
AGTCTACCTCCCGCCATA-3’, p53 reverse: 5’-TT- 
ACATCTCCCAAACATCCCT-3’.

Annexin V staining

After treatment with IL-7 (20 ng/ml) for 24 h, 
cells were harvested and washed twice with 
cold PBS by gentle shaking. Resuspended cells 
were added to Binding buffer (1×) and adjusted 
to a cell density of 2-5×105/ml. In the dark, 5 μl 
Annexin V-FITC (50 mM TRIS, 100 mM NaCl, 1% 
BSA, 0.02% sodium azide, pH 7.4) was added 
to the cell suspension mix of 195 ml and incu-

Figure 1. Expression of IL-7R in NSCLC cell lines. A, B: The protein and mRNA expression level of IL-7R was analyzed 
by western blotting and real-time PCR in HBE, A549, and H1299 cell lines. C, D: Western blot analysis and real-time 
PCR analysis of IL-7R depletion efficiency in HBE, A549, and H1299 cells at the protein and transcriptional level. 
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bated for 10 min at room temperature before 
adding 190 ml binding buffer (1×) and 10 μl PI. 
Ten thousand events per sample were acquired 
using a FACS-scan flow cytometer (Becton-
Dickinson, San Jose, CA, USA) and the percent-
age of cell apoptosis analyzed using CellQuest 
analysis software (Becton-Dickinson).

Statistical analysis

Data were analyzed using SPSS 16.0 software. 
One-way analysis of variance (ANOVA) was used 
to evaluate the differences between groups 
with various treatments, and the least signifi-
cant difference (LSD) test or Dunnett’s T3 test 
was used for post hoc subgroup analysis. The 
p-value was based on two-sided statistical 
analysis, and *p<0.05 or **p<0.01 was con-
sidered to indicate statistical significance.

Results

IL-7/IL-7R prevents apoptosis of A549 and 
HBE cells

Western blot analysis (Figure 1A) and real-time 
PCR (Figure 1B) revealed that IL-7R expression 
was significantly higher in lung cancer cell lines 
(A549 and H1299) compared to a normal bron-
chial epithelial cell line (HBE). To determine 
whether activation of IL-7R also influences 
apoptosis of A549, H1299 and HBE cells, IL-7R 
activation and inhibition were induced with 
exogenous IL-7 (20 ng/ml) and with IL-7R small 
interfering RNA (siRNA), respectively. According 
to our published data, IL-7 at a concentration of 
20 ng/ml significantly promoted cell prolifera-
tion [7, 8]. Therefore, IL-7 at 20 ng/ml was used 
in the following experiment. The effectiveness 

Figure 2. Effect of IL-7/IL-7R on apoptosis in A549 and HBE cells. A, B: A549 and HBE cells were treated with IL-7 
(20 ng/ml) for 24 h after transfection with IL-7R siRNA (siIL-7R). C: After treatment, apoptosis was estimated using 
Annexin V staining. Each bar represents the mean±SD of three independent experiments. *p<0.05 or **p<0.01, 
compared with negative control cells.
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of IL-7R-specific siRNAs was tested and shown 
to efficiently block IL-7R expression in A549, 
H1299, and HBE cell lines (Figure 1C, 1D). 
Annexin V staining was performed along with 
flow cytometry to determine the effect of IL-7/
IL-7R on apoptosis in A549 and HBE cells. As 
shown in Figure 2, the proportion of A549 and 
HBE pre-apoptotic cells in the IL-7 stimulated 
group was significantly reduced compared to 
the negative control groups (**p<0.01), but the 
inhibition of IL-7R by siRNA transfection 
enhanced apoptosis when compared to the 
negative control groups (**p<0.01). Taken 
together, these results indicated that the acti-
vation of IL-7R can inhibit the apoptosis of A549 
and HBE cells, an effect abolished by the inhibi-
tion of IL-7R.

IL-7/IL-7R regulates apoptosis-related proteins 
to inhibit apoptosis in lung cancer cells

B-cell lymphoma-2 (bcl-2) is an antiapoptotic 
protein important in the regulation of apoptosis 

in various cell types [9]. Bax is a death inducer 
expressed in thymocytes [10]. The ratio bet- 
ween antiapoptotic bcl-2 and proapoptotic bax, 
as well as between other bcl-2 homologues, is 
critical in determining the survival of many cell 
types [11]. While this ratio is inherent to stages 
of cell development, it can be reset by either 
endogenous or external stimuli [12-14]. 

In our previous studies, the inhibition of apopto-
sis in A549 and HBE cells was associated with 
the regulation of anti-apoptotic bcl-2 and pro-
apoptotic bax. Other work has also established 
that apoptosis involves the expression of bcl-2 
and bax [15, 16]. To determine the relationship 
of bcl-2 and bax expression with the IL-7/IL-7R-
mediated inhibition of apoptosis in A549 and 
HBE cells, western blot analysis and real-time 
PCR assays were performed. The expression of 
anti-apoptotic bcl-2 and pro-apoptotic bax were 
upregulated and downregulated, respectively, 
in the IL-7 group at both protein (Figure 3A) and 
mRNA (Figure 3B) levels compared to the nega-

Figure 3. Effect of IL-7/IL-7R on the expression of bcl-2 and bax in A549 and HBE cells. A, B: A549 and HBE cells 
were treated with IL-7 (20 ng/ml) for 24 h after transfection with IL-7R siRNA (siIL-7R). After treatment, the expres-
sion of bcl-2 and bax at both protein and mRNA was estimated using western blotting and real-time PCR. Each 
bar represents the mean±SD of three independent experiments. *p<0.05 or **p<0.01, compared with negative 
control cells.
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tive control group, while blocking IL-7R reversed 
these effects. These results indicated that the 
inhibitory function of IL-7/IL-7R on apoptosis in 
NSCLC cells possibly involves bcl-2 and bax. 

IL-7/IL-7R inhibits apoptosis in a p53-de-
pendent manner

The p53 pathway normally inhibits cell prolifer-
ation and induces apoptosis, and inactivation 
of the p53 pathway can promote tumorigene-
sis. To confirm whether the inhibition of apopto-
sis by IL-7/IL-7R is associated with p53, the lev-
els of p53 protein and mRNA were assessed 
through western blotting analysis and real-time 
PCR, respectively. As shown in Figure 4, p53 
protein and mRNA in A549 and HBE cells sig-
nificantly decreased in the IL-7 group 
(**p<0.01), but increased with IL-7R siRNA 
transfection (*p<0.05). 

As a transcriptional promoter, p53 protein regu-
lates the transcription and expression of a vari-

ety of target genes required for cell cycle arrest 
and apoptosis, including Bcl-2 and Bax [17]. In 
addition, p53 is known to directly activate pro-
apoptotic Bax to permeabilize mitochondria 
and engage the apoptotic program [18]. To fur-
ther determine the role of the p53 pathway in 
the anti-apoptotic action of IL-7/IL-7R, siRNAs 
targeting p53 were applied to block wild-type 
p53. A549 and HBE cells were co-transfected 
with IL-7R siRNAs and p53 siRNAs. Blocking 
wild-type p53 significantly abolished siIL-
7R-mediated apoptotic effects in A549 and 
HBE cells and the alterations in bcl-2 and bax 
expression (Figures 5, 6). Flow cytometry analy-
sis further demonstrated that the apoptotic 
rate was lower in cells co-transfected with IL-7R 
siRNAs and p53 siRNAs compared to cells 
transfected with IL-7R siRNAs without p53 siR-
NAs (**p<0.01, Figure 5). Western blotting 
analysis showed that co-transfection of both 
siRNAs led to the upregulation of bcl-2 and the 
downregulation of bax compared to the trans-
fection of IL-7R siRNAs without p53 siRNAs 

Figure 4. Effect of IL-7/IL-7R on the expression of p53 in A549 and HBE cells. A, B: A549 and HBE cells were treated 
with IL-7 (20 ng/ml) for 24 h after transfection with IL-7R siRNA (siIL-7R). After treatment, the expression of p53 at 
both protein and mRNA was estimated using western blotting and real-time PCR. Each bar represents the mean±SD 
of three independent experiments. *p<0.05 or **p<0.01, compared with negative control cells.
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(**p<0.01, Figure 6). These results indicated 
that the regulation of apoptosis by IL-7/IL-7R 

was associated with bcl-2 and bax via the p53 
pathway.

Figure 5. Effect of IL-7/IL-7R on apoptosis in A549 and HBE cells after inhibiting p53 activation. A: A549 and HBE 
cells were divided into five groups as described in Methods section. B: Apoptosis was estimated using the Annexin V 
staining. Each bar represents the percentage of  Annexin positive cells of three independent experiments. *p<0.05, 
or **p<0.01, compared with negative control cells.
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Effects of IL-7/IL-7R on the apoptotic capabili-
ties of H1299 cells

To further validate the regulation of p53 by IL-7/
IL-7R signaling, the p53-deficient cell line 
H1299 [19] was treated with IL-7R siRNAs 
(Figure 1C, 1D) then apoptosis detected using 
Annexin V staining. Flow cytometry analysis 
demonstrated that the apoptosis rate only 
slightly decreased in cells treated with IL-7, and 
slightly increased in cells transfected with IL-7R 
siRNAs (Figure 7A, 7B) compared to the nega-

tive control group. Western blot assays showed 
that the expression of bcl-2 and bax did not sig-
nificantly differ between the IL-7 group and the 
negative control group (Figure 7C); however, 
the group treated with IL-7R siRNAs experi-
enced a slight decrease in bcl-2 and increase in 
bax (Figure 7C, 7D). These results indicated 
that the regulation of apoptosis by IL-7/IL-7R in 
p53-present cells was probably associated 
with the p53 pathway, but that the regulation of 
apoptosis in p53-deficient cells was probably 
associated with other pathways.

Figure 6. Effect of IL-7/IL-7R on the expression of bcl-2 and bax in A549 and HBE cells after inhibiting p53 activa-
tion. A: A549 and HBE cells were divided into five groups. The expression of IL-7R, p53, bcl-2 and bax protein level 
was estimated using western blotting. B: Densitometry analysis of western blot experiments. Data were normalized 
against GAPDH and each bar represents the mean±SD of three independent experiments. *p<0.05 or **p<0.01, 
compared with negative control cells.
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Discussion

Apoptosis is a tightly regulated process that 
plays an important role in tumorigenesis and 
immune response [20]. IL-7/IL-7R signaling is 
tightly associated with survival and apoptosis 
in T and B cells [21, 22]. Many studies on IL-7/
IL-7R and apoptosis have focused on T and B 
cellular homeostasis and HIV infection [23, 24], 
whereas few studies have examined their role 
in human tumors. In a previous study, we found 
that IL-7 and IL-7R were overexpressed in 
human NSCLC and that its expression correlat-
ed with clinical stage, lymph node metastasis, 
and the reduced survival of NSCLC patients [7]. 
IL-7/IL-7R induced cyclin D1 upregulation and 
promoted cell proliferation in lung cancer cells 
[8], indicating their role in lung cancer tumori- 
genesis.

In the present study, the expression level of 
IL-7R was higher in A549 and H1299 lung can-
cer cell lines than in the HBE cell line, consis-
tent with results observed in NSCLC tissues. 
IL-7/IL-7R prevented the apoptosis of A549 
cells, and blocking IL-7R abolished this effect. 
Similar results were also achieved in HBE cells. 
In addition, IL-7 stimulation increased bcl-2 
expression and decreased bax and p53 mRNA 
and protein levels, effects reversed by blocking 
IL-7R. Moreover, blocking wild-type p53 attenu-
ated the apoptotic effects from blocking IL-7R. 
In p53-deficient H1299 cells, IL-7 stimulation 
did not obviously reduce the apoptosis rate, 
and blocking IL-7R only slightly increased the 
apoptotic rate. These findings suggest that IL-7/
IL-7R potentially regulates the apoptosis of lung 
cancer cells via the p53 pathway, but is not the 
sole pathway in this process. 

Figure 7. Effect of IL-7/IL-7R on apoptosis in H1299 cells. A: H1299 cells were treated with IL-7 (20 ng/ml) for 24 
h after transfection with IL-7R siRNA (siIL-7R). After treatment, apoptosis was estimated using Annexin V staining. 
B: Each bar represents the percentage of Annexin-positive cells from three independent experiments. C: The ex-
pression of bcl-2 and bax protein was estimated using western blotting. D: Densitometry analysis of western blot 
experiments. Data were normalized against GAPDH and each bar represents the mean±SD of three independent 
experiments.
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The regulatory mechanisms of IL-7 and IL-7R on 
cell apoptosis and survival are complex. IL-7 
has been reported to increase the expression 
of bcl-2 or bcl-xL in human and murine naive T 
cells as well as in murine IL-7-dependent T-cell 
lines [25-27]. IL-7 also reportedly suppresses 
precursor B cell apoptosis and produces low 
Bax and high Bcl-2 levels [28]. The antiapop-
totic effect of IL-7 has been shown to be par-
tially due to its upregulation of the antiapoptot-
ic protein bcl-2 in CD4+, CD45RA+ naive T cells 
[29, 30]. In agreement with results from these 
different cell models, the present study showed 
that the activation of IL-7R prevented apopto-
sis, resulting in an increase in the expression of 
anti-apoptotic bcl-2 and a decrease in the 
expression of pro-apoptotic bax in lung cancer 
cells. 

Kibe and his colleagues reported that in 
IL-7Rαnull mice, IL-7R deficiency-induced apopto-
sis is partially due to an elevated p53 activity 
and that the expression of bcl-2 decreased [1]. 
Our p53 inhibition studies demonstrated that 
IL-7/IL-7R protect A549 and HBE cells from 
apoptosis and regulate the expression of bcl-2 
and bax by activating the p53 pathway. While 
one study showed that withdrawal of IL-7 from 
D1 cells (IL-7-dependent cells established from 
CD4-CD8- cells sorted from p53-/- mouse thy-
mocytes) induced apoptosis and bcl-2, bcl-xl 
mRNA expression rapidly declined with no rela-
tionship to p53 [31]. Another research study 
reported IL-7 could protect pro-T1, -T2, and -T3 
cells from rapid apoptotic death, which corre-
lated with bcl-2 and bax levels and was inde-
pendent of Fas and p53 pathways [32]. Our 
results in H1299 cells deficient in p53 showed 
that there were probably other pathways invo- 
lved in the apoptotic process mediated by IL-7/
IL-7R. In this regard, the interaction of IL-7/IL-7R 
with the p53 pathway or other pathways may 
be quite complex. In native and memory CD4+ T 
cells, IL-7 together with IL-2 could regulate the 
balance between proliferation and Fas-medi- 
ated apoptosis [33]. In addition, IL-7 promotes 
the survival of human CD4+ effector/memory T 
cells by up-regulating bcl-2 proteins and acti-
vating the JAK/STAT signaling pathway [34]. 
Therefore, the regulatory mechanisms of IL-7/
IL-7R signaling are more various and extensive 
than previously thought. Despite the necessity 
of further research on these matters, our study 
further elucidates the function of IL-7/IL-7R in 

the regulation apoptosis and survival in lung 
cancer cells.

In conclusion, this study demonstrates that the 
activation of IL-7/IL-7R signaling can significant-
ly prevent the apoptosis of lung cancer cells, a 
process potentially mediated via the p53 path-
way. Although there may be other pathways 
involved in this reaction process, these results 
may help clarify the mechanisms of cancer cell 
survival and provide new insight into the roles 
of IL-7/IL-7R in lung cancer.
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