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Abstract. Although the roles of soluble cD40 ligand 
(scD40l) or the klotho gene in lung cancer cells have been 
studied, little is known about the functions of klotho combined 
with scD40l in lung cancer. the present study was designed 
to investigate the biological effects of klotho combined with 
scD40l on the A549 lung cancer cell line (cD40 positive) 
and their possible mechanisms. lung cancer A549 cells were 
chosen as target cells and cD40 signals were stimulated 
by soluble cD40 ligand (scD40l). In this study, we found 
that klotho, soluble cD40 ligand and their combination can 
increase cell proliferation inhibition and the apoptosis rate 
in A549 cells by inhibiting the cell cycle, up-regulating Bax 
gene expression and (or) down-regulating Bcl-2 gene expres-
sion; and their combination has a stronger effect on A549 cell 
apoptosis and proliferation inhibition compared to klotho or 
scD40l alone. these data suggest that the combination of 
klotho and sCD40L may provide an efficient method to treat 
non-small cell lung cancer.

Introduction

lung cancer is one of the common malignant tumors. Its 
mortality is first in all kinds of malignant tumors, with 5-year 
survival rate approximately 10% for non-small cell lung cancer 
(nsclc). Although the traditional treatment has made great 
progress, the overall survival rate of patients with lung cancer 
has not improved (1). It is urgent to find a new treatment. More 
and more evidence has accumulated on combined gene therapy 
on tumors (2,3). Klotho gene was identified as an ‘anti-aging’ 
gene in mice which accelerates aging when disrupted and 
extends life span when overexpressed (4). the human klotho 
gene is located on chromosome 13q12, spanning over 50 kb 
in length. A defect in klotho gene expression leads to multiple 

aging-like phenotypes, including growth retardation (4), rapid 
thymic involution (5), and osteopenia (6). there are two forms 
of klotho protein, secreted and membrane protein. the major 
transcript in human produces the secreted form, and the 
extrancellular domain of the membrane-bound form is shed 
and then secreted (7). several activities of klotho have been 
described to date, including retention of the calcium channel 
trpV5 (8), binding to fibroblast growth factor receptors 
(FgFr)1-4, acting as a co-receptor for FgF23 (8), inhibiting 
insulin/insulin-like growth factor-1 receptors (IgF-1) (9,10) 
and acting as an inhibitor of the Wnt signaling (11). recently, 
klotho was identified as a potential tumor suppressor that 
inhibits the IgF-1 pathway and/or activates the FgF pathway 
in human breast cancer (9). Besides, research also showed 
that functional loss of klotho due to epigenetic silencing may 
contribute to aberrant activation of the canonical Wnt pathway 
in cervical carcinoma (12). our previous study found that 
the expression of klotho in lung cancer cell line A549 is low, 
and klotho overexpression inhibits, whereas klotho down-
regulation enhances, lung cancer cell growth (13). All of these 
studies prove that klotho gene is a potential tumor suppressor. 
cD40l (also called cD154, trAp-1, tBA), belonging to 
tnF superfamily, is a 39-kDa memberane protein that has 
been first identified on CD4+ t cells. cD40l has been found 
on the surface membrane of activated platelets from where a 
soluble form of cD40l can be released into the circulation 
(14). cD40l contains a total of 261 amino acids, of which 
the 46 to 261 amino acids in the extracellular can be cleaved 
into a form of soluble cD40l, and the 115 to 261 amino 
acids are cD40 receptor binding domain (rBD) (15). cD40, 
expressed on different cell types, including mature t cells, 
B cells, monocyte/macrophages, is a member of the tnF 
receptor superfamily (15,16). Interaction of cD40l-cD40 is 
crucial for adaptive immune responses. Humans with genetic 
mutations of cD40l, rendering the protein incapable of 
binding to cD40, have been found to have reduced circulating 
levels of immunoglobulins and defects in t cell function and 
cell-mediated immunity (16). In addition to its expression in 
normal lymphoid cells, cD40 is also found in a variety of 
malignant cells (17,18). However, in marked contrast to the 
proliferative effect of cD40 ligation on normal B lymphoid 
cells, researchers still hold different views toward the effect 
of cD40 ligation on malignant cells. Johnson et al and clod 
et al showed that scD40l-cD40 can promote blood system 
tumor cells proliferation and tolerance to chemotherapy in 
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Hodgkin lymphoma or poorly differentiated B cell malignan-
cies (19,20). At the same time, the growth inhibitory effect has 
noted in various solid neoplasmas treated with a soluble form 
or membrane-presented cD40l, including non-small cell lung 
cancer (21-23), breast cancer (24), epithelial cells (25), ovarian 
cancer (26), and bladder cancer (27). since both klotho and 
scD40l gene can inhibit the development of lung cancer, and 
both of them can regulate the cellular immunity and humoral 
immunity, we hypothesized that the klotho gene combined 
with scD40l can suppress tumor growth better than klotho 
gene or scD40l alone. In this study, we chose cD40-positive 
lung cancer cell line (A549), transfected with klotho gene 
and treated with scD40l at the same time, to investigate 
the biological effect of klotho combined with soluble cD40 
ligand on lung cancer cell line A549 and its mechanism.

Materials and methods

Group. the cells were assigned to 6 experimental groups: 
a control group, that received normal treatment, a mock 
group, that treated with transfection reagent, a pCMV6 group, 
that transfected with an entry vector (pCMV6), a pCMV6-
MYC-KL group, that transfected with MYC-tagged klotho 
expression vector (pCMV6-MYC-KL), a sCD40L group, that 
received sCD40L (2 µg/ml), a pCMV6-MYC-KL+sCD40L 
group, that transfected with pCMV6-MYC-KL and treated 
with scD40l at the same time.

Construct. the MYC-tagged klotho expression vector 
(pCMV6-MYC-KL) and its entry vector (pCMV6) were 
designed and purchased from oriGene (Rockville, MD, 
UsA). 

Cell culture and treatment. the human cD40-positive lung 
adenocarcinoma cell line A549 was studied. our laboratory 
has detected that the expression rate of cD40 molecules on 
lung cancer A549 cells surface was 48.1±6.2%. the cells were 
maintained in Duibecco's modified eagle's medium (DMeM)  
containing 10% fatal bovine serum (FBs), and cultured in a 
humidified atmosphere of 95% air and 5% Co2 at 37˚C. the 
cells were observed with a binocular inverted microscope 
everyday and the medium was changed every other day. the 
dose of scD40l administered was 2 µg/µl as used by other 
authors (28).

Transfection of A549 cells. A549 cells were transfected 
with Megatran 1.0 transfection reagent (origene). the cells 
transfected with pCMV6 and untreated served as control. 
All the procedures were performed according to the reagent 
supplier.

MTT viability assay. cell proliferation was evaluated by a 
modified 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide (Mtt) assay. the test cells were plated in 96-well 
culture plates (5000 cells/well) and added DMeM containing 
10% fatal bovine serum (FBs) to adjust the volume to 200 µ1. 
After different culture time, Mtt (20 µ1, 10 mg/ml) was 
added. After an additional 4 h of incubation, the reaction was 
terminated by removal of the supernatant and addition of 
150 µ1 DMSo for 10 min. optical density (oD) of each well 

was measured at 570 nm using elIsA reader (elx808 Bio-tek 
Instruments, UsA). cell growth inhibition rate (%) = (oD 
value of control group - oD value of experimental group)/oD 
value of control group × 100%.

Flow cytometric analysis of apoptosis and cell cycle phase. the 
tested cells were collected by 0.25% trypsin digestion, washed 
twice with ice-cold PbS, fixed in 70% ethanol at 4˚C for 
30 min, incubated with 500 µg/ml Rnase at 37˚C for 30 min 
and then stained with propidium iodide (pI; 50 µg/ml). sample 
DNA content was analyzed by flow cytometry (FACSCalibur, 
BD Biosciences). the proportion of cells in different cell cycle 
phase and undergoing apoptosis was calculated as percentages 
from statistics generated using cell Quest software (BD 
Immunocytometry systems). the experiments were repeated 
3 times.

RNA extraction and quantitative real-time PCR. total 
cellular rnA was extracted from the A549 cells with trIzol 
reagent (Invitrogen) according to the manufacturer's instruc-
tions. gene expressions were detected by the syBr-green 
real-time pcr kit (toyobo) according to the manufacturer's 
instructions. the primer sequences used for rt-pcr ampli-
fication were as follows: klotho (104 bp), sense: 5'-GCt CtC 
AAA gcc cAc tAc tg-3'; antisense: 5'-gcA gcA tAA 
cgt AgA ggc c-3'; Bax (91 bp), sense: 5'-Atg cgt ccA 
ccA AgA Agc-3'; antisense: 5'-Acg gcg gcA Atc Atc 
ctc; Bcl-2 (402 bp), sense: 5'-AtA gct gAt tcg Acg 
ttt tgc c-3'; antisense: 5'-AcA AcA tcg ccc tgt 
ccc tgt ggA tgA c-3'; β-actin (205 bp), sense: 5'-tgA 
cgt ggA cAt ccg cAA Ag-3'; antisense: 5'-ctg gAA 
ggt ggA cAg cgA gg-3' (Invitrogen). the relative levels 
of gene mrnA transcripts were normalized to the control 
β-actin. PCR consisted of initial denaturation at 94˚C for 
5 min, followd by 30 reaction cycles (30 sec at 94˚C, 30 sec 
at 60˚C, and 30 sec at 72˚C) and a final cycle at 72˚C for 
10 min.

Statistical analysis. statistical analysis was performed using 
spss software. Data were expressed as mean ± sD. Unpaired 
student's t-test with two tails was used to determine the 
significance of results. A value of P<0.05 was considered as 
statistically significant difference.

Results

Klotho expression was analyzed, using RT-PCR in A549 cell 
line. to determine the effect of overexpression of klotho in 
A549 and 293t cells after transfected with klotho and to 
detect whether sCD40L can affect the transfection efficiency, 
the cells were transfected with pCMV6, pCMV6-MYC-KL, 
respectively treated with scD40l or not at the same time. the 
results revealed that the levels of klotho mrnA transcripts 
were highly elevated in pCMV6-MYC-KL-transfected cells 
when compared with pCMV6, and adding sCD40L at the 
same time did not affect the transfection efficiency (Fig. 1).

Increased growth inhibition following overexpression of 
klotho combined with sCD40L in A549. Mtt was used to 
detect the combined effect on A549 cell proliferation. the 
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results showed that: compared with pCMV6 group, klotho 
gene significantly inhibited the proliferation of lung cancer 
A549 cells (vs. pCMV6, *P<0.05), and the growth inhibition 

rates were: 16.1% (24 h), 14.2% (48 h), 13.1% (72 h) and 14.9% 
(96 h) (Fig. 2A). scD40l can also inhibit A549 cells prolif-
eration, compared with the control group (vs. control *P<0.05), 
and cell growth inhibition rates were: 18.0% (24 h), 20.6% 
(48 h), 20.3% (72 h) and 18.1% (96 h) (Fig. 2B). Besides these, 
compared with MYC-KL group or sCD40L group alone, the 

Figure 2. the effect of klotho combined with scD40l on A549 cell 
proliferation. A549 cells were measured at 570 nm using elIsA reader at 
24, 48, 72 and 96 h after treated. (A) the effect of klotho gene on A549 cell 
proliferation (vs. pCMV6, P<0.05); (b) the effect of sCD40L on A549 cells 
proliferation (vs. control, P<0.05); (C) the effect of klotho gene combined 
with sCD40L on A549 cell proliferation (vs. sCD40L, P<0.05; vs. pCMV6-
MYC-KL, P<0.05).

Figure 1. (A) A549 and 293t were transfected with a standard DnA 
plasmid carrying full-length cDnA encoding for gFp. Images were taken 
48 h post-transfection. (B) Klotho mrnA expression after transfection with 
pCMV6-MYC-KL by Rt-PCR. A549 cells were transfected with an entry 
vector pCMV6, pCMV6-MYC-KL, pCMV6-MYC-KL combined with 
scD40l, and were treated with scD40l only (**P<0.01, vs. pCMV6). (C) 
electrophoresis of klotho cDnA outcome from rt-pcr production. Klotho 
cDnA is 104 bp, which is consistent with our expectation.
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Figure 3. (A) the percentage of cell cycle (a, P<0.01, vs. control; b, 
P<0.01, vs. pCMV6; c, P<0.05, vs. control). Data represent the mean ± SD 
of triplicate samples. (B) cell apoptosis and cell cycle phase outcome 
from 48 h after treatment with pCMV6, MYC-KL, sCD40L, MYC-KL 
combined with sCD40L and control were determined by flow cytometry 
after propidium iodide staining. (C) the rate of cell apoposis (a, P<0.01, vs. 
pCMV6; b, P<0.01, vs. control; c, P<0.05, vs. pCMV6-MYC-KL; d, P<0.05, 
vs. scD40l).

  B
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combination group can increase growth inhibition of A549 
cells (vs. sCD40L, P<0.05; vs. pCMV6-MYC-KL, P<0.05). 
cell growth inhibition rates increased about 18.2% compared 
with MYC-KL group and 13.4% compared with sCD40L 
group at 48 h (Fig. 2C). the MYC-KL group and sCD40L 
group did not have significant differences. these data show 
that a combination treatment with MYC-KL and sCD40L can 
enhance the inhibition effect on A549 cell proliferation.

Direct anti-tumor activity of klotho gene combined with 
sCD40L. to verify whether klotho gene combined with 
scD40l can increase the rate of apoptosis and cell cycle inhi-
bition more effectively than transfection with klotho vector or 
treatment with scD40l alone, the cell apoptosis and cell cycle 
were evaluated by flow cytometry analysis (Fig. 3B). the 
percentage of G0/G1 phase cells increased in MYC-KL-group 
and sCD40L-group compared with pCMV-group and control-
group respectively (P<0.01) at 48 h. Although the percentage 
of g0/g1 phase cells increased in the combination-group 
compared with control-group (P<0.01), significant differences 
were not found in the combination-group when compared with 
MYC-KL-group or sCD40L-group (P>0.05). the percentage 
of G2/M phase cells in MYC-KL-group and sCD40L-group 
showed a declining trend compared with pCMV6-group and 

control-group respectively, but the differences did not reach 
statistical significance (P>0.05) at 48 h. the percentage of 
G2/M phase cells decreased in the combination-group compared 
with control-group (P<0.05) at 48 h, but no significant differ-
ences were found when compared with MYC-KL-group or 
scD40l-group. the percentage of s phase cells in each group 
showed no significant differences (Fig. 3A). the percentage of 
apoptosis increased in MYC-KL-group and sCD40L-group 
compared with pCMV6-group and control-group respectively 
(P<0.01) at 48 h after treatment, while the percentage of 
apoptosis in the combined-group showed further increased 
compared with MYC-KL-group or sCD40L-group respec-
tively (P<0.05) (Fig. 3C). We did not find differences in 
apoptosis and cell cycle between MYC-KL group and sCD40L 
group. these data indicated that the combination can trigger 
A549 cells apoptosis more effectively.

Apoptosis-related gene Bax and Bcl-2 expression. We then 
investigated the potential pathways involved in the combined 
treatment-induced apoptosis. the results showed that Bcl-2, 
bax and β-actin cDNA are 400 bp, 91 and 205 bp respec-
tively, which is consistent with the expected results (Fig. 4B, 
and D). Although the anti-apoptosis gene Bcl-2 was found 
down-regulated in MYC-KL-group and sCD40L-group 

Figure 4. Apoptosis-related genes bax and bcl-2 expression. (A) bcl-2 mRNA expression at 48 h after treatment (a, P<0.05, vs. pCMV6; b, P<0.05, vs. control; 
c, P<0.05, vs. sCD40L; d, P<0.05, vs. MYC-KL). (b) electrophoresis of bcl-2 cDNA outcome from Rt-PCR production, and bcl-2 cDNA was 400 bp. (C) 
Bax mrnA expression at 48 h after treatment (**P<0.01, vs. pCMV6 or sCD40L; △△P<0.01, vs. control or sCD40L or pCMV6). (D) electrophoresis of bax 
cDnA outcome from rt-pcr production, and Bax cDnA was 91 bp.
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compared with pCMV6-group and control-group, respectively 
(P<0.05) at 48 h after treatment, the bcl-2 mRNA in the 
combination group was down-regulated compared with 
MYC-KL-group or sCD40L-group, respectively (P<0.05) 
(Fig. 4A). In contrast, Bax mrnA was up-regulated in 
MYC-KL-group and the combination-group compared with 
sCD40L-group or control-group or pCMV6-group (P<0.01); 
but a corresponding up-regulation was not found in scD40l-
group (P>0.05, vs. control) (Fig. 4C). the results showed that 
Bcl-2 and Bax-related apoptosis pathways may be involved in 
the combined treatment-induced apoptosis.

Discussion

the traditional treatments for cancer include surgery, radio-
therapy, and chemotherapy. Although these methods have 
good effects on patients in the short term, the defects including 
side effects, serious mutilation and high recurrence rate, can 
not be ignored. Moreover, in patients who have metastasis it is  
difficult to achieve a good long-term effect using traditional 
treatments (1). With the discovery of oncogenes and tumor 
suppressor genes, gene therapy has become increasingly 
prominent. gene therapy include: immunogene therapy, 
tumor suppressor gene therapy, antisense gene therapy and 
suicide gene therapy. Mechanisms of gene therapy are divided 
into two categories: regulating the immune system; attacking 
tumor cells using the differences between tumor cells and 
normal cells. since the tumor is a result of multi-factors, 
multi-links, and multi-stages, to correct it with a single factor 
to inhibit tumor is not effective. the ideal cancer therapy 
should have the potency to eradicate systemically at multiple 
sites as well as the specificity to discriminate between malig-
nant and normal tissue. considering these factors, combined 
gene therapy has become a research focus and has emerged 
as a potentially plausible approach for the control of cancers 
(2,3).

In this study, we compared the effect of klotho gene, 
scD40l and their combination on A549 cells. Although the 
effect of scD40l on A549 cells has already been reported, 
there are few data on the effect of klotho gene, in addition, 
there are no data on the effect of their combination on A549 
cells. Both klotho gene and scD40l are thought to be tumor 
inhibition factors and their combination should have a cumu-
lative regenerating effect on A549 cells. the major end-point 
of this study was to investigate if their combination has a 
synergistic or antagonistic effect on A549 cells.

scD40l, a member of the tumor necrosis factor (tnF) 
superfamily, is predominantly expressed on activated cD4+ 

t lymphocyte surface (14). cD40, a member of the tnF 
receptor superfamily, which is expressed on a plethora 
of cell types, including endothelial cells, dendritic cells 
and normal B lymphocytes, plays a critical role in B-cell 
activation by providing cell survival signals via interaction 
with the cD40 ligand (14,15). In addition to its expression in 
normal lymphoid cells, cD40 is also expressed in a variety 
of malignant cells, including lymphomas, leukemias, ovaries, 
liver, lung and breast (17,18). It has been noted that in various 
carcinoma cell lines treated with a soluble form or membrane-
presented cD40l, including non-small cell lung cancer 
(21,22,23,28), breast cancer (24), epithelial cells (25), ovarian 

cancer (26), and bladder cancer (27), scD40l-cD40 can 
inhibit tumor cell growth and increase apoptosis, and the 
mechanisms included a direct mechanism involving rapid 
up-regulation of tnFr-associated factor (trAF)3 protein 
that promotes the caspase-9/caspase-3-associated intrinsic 
apoptotic machinery (27) and a indirect effects involving 
enhancing anti-tumor immunity (22). In this study, we found 
that soluble cD40 ligand can increase A549 cell proliferation 
inhibition and the apoptosis rate by inhibiting cell cycle and 
down-regulating bcl-2 gene expression, and these findings are 
consistent with previous studies (21-27).

Klotho has been characterized as systemic anti-aging 
hormone (4,7). people exhibiting a polymorphic variant of 
klotho gene are more prone to osteoporosis (29,30), arterial 
hypertension (31) and emphysema (32). the signal pathways 
of klotho include retention of the calcium channel trpV5 
(33), inhibiting insulin/insulin-like growth factor-1 receptors 
(IgF-1) (9,10) and acting as an inhibitor of the Wnt signaling 
(11). As the IgF-1/insulin pathways and the Wnt signaling 
have important functions in many cancer pathogenesis, klotho 
is already a hotspot to be studied as an anti-tumor gene. our 
data indicated that klotho can increase cell proliferation 
inhibition and the apoptosis rate by inhibiting cell cycle, 
up-regulating Bax gene expression and down-regulating Bcl-2 
gene expression in A549 cell line. Wolf et al showed that 
overexpression of klotho gene reduced proliferation of breast 
cancer cells and inhibited ligand-dependent activation of the 
IgF-1 and insulin pathways in breast cancer cells (10). these 
authors also observed that heterozygosity for the KlotHo-V 
allele was associated with increased breast and ovarian 
cancers risk in Ashkenazi Jewish women carriers of BrcA1 
mutation (34). lee et al indicated that epigenetic silencing of 
klotho may occur during the late phase of cervical tumori-
genesis, and consequent functional loss of klotho as the 
secreted Wnt antagonist may contribute to aberrant activation 
of the canonical Wnt pathway in carvical carcinoma (12). 
these data suggest that klotho can behave as a potential tumor 
suppressor in different kinds of human cancers. these find-
ings agree with our results.

taken together, the present study suggest that pretreatment 
with the combination of klotho and scD40l can inhibit 
the growth of lung cancer cells A549 and promote their 
apoptosis more effective than transfected with klotho gene 
or treated with scD40l alone. several possible mechanisms 
may explain the results. In our study, we found that although 
the anti-apoptosis gene Bcl-2 was found down-regulated by 
klotho or scD40l, the Bcl-2 mrnA in the combination group 
was further down-regulated. We analyzed that the combina-
tion showed a synergistic inhibition of apoptosis-related gene, 
so the combination resulted in a stronger apoptosis-promoting 
response compared with cells that were transfected with klotho 
or treated with scD40l alone. It has also been found that in 
the presence of protein synthesis inhibitor cycloheximide 
(cHX) (35,36) or chemotherapeutic agents that inhibit protein 
synthesis (26), the pro-apoptosis properties of cD40 ligation 
in carcinomas can be dramatically enhanced. this observation 
suggests that cD40 transduces potent survival signals which 
counterbalance its apoptosis-inducing effects. It was reported 
that cD40 can regulate protein synthesis through pI3K/AKt/
mtor and erK, the signaling pathways that counteract the 
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pro-apoptotic properties of cD40 stimulation in carcinoma 
cells. Inhibition of these pathways may enhance the suscep-
tibility of carcinoma cells to cD40-induced cell death (27). 
coincidentally, Wolf et al found that overexpression of klotho 
gene was associated with reduced phosphorylation of not only 
IgF-1r, but also its downstream targets: Irs, AKt, extracel-
lular signal-regulated kinases (erK)-1 and erK-2 (10). Based 
on the above data, we hypothesized that klotho may inhibit 
AKt and erK pathways, and then enhances the susceptibility 
of carcinoma cells to cD40l-induced cells death. the other 
possible mechanisms included that the combination can block 
the cell cycle synergistically and/or exist the combined path-
ways that promote apoptosis. All these hypotheses require the 
support of further study.

Dysfunction of immune system of cancer patients and 
the lack of immune recognition molecules on the surface 
of tumor cells lead to tumor cells escape from immune 
surveillance. cD40 ligand was found to markedly enhance 
the antitumor immunogenicity of cancer cells presented by 
dendritic cells (Dcs). cD40 ligand up-regulated expression 
of major histocompatibility complex class Ⅰ/Ⅱ and costimu-
latory molecules on the surface of Dcs, and increased 
interleukin (Il)-12, Il-6, Il-15 production by Dcs that can 
induce of cytotoxic t lymphocyte (ctl) responses (37,38). B 
cells activated through cD40 up-regulate surface expression 
of major histocompatibility complex and costimulatory mole-
cules, produce Il-12, and exhibit potent antigen-presenting 
properties (39). cD40 expresses on a variety of malignant 
cells, and activation cD40 on these tumor cells up-regulates 
costimulatory molecules and then reduces immune escape of 
the tumor cells (17,18). Klotho gene down-regulation leads 
to abnormal immunity, while overexpression can increase 
the number of B cells in bone marrow and peripheral blood, 
inhibits the atrophy of thymus and maintain the thymus 
cells (40). Based on the previous data, we speculate that the 
combination with klotho gene and scD40l can enhance the 
activation Dcs and B cells, anti-tumor immunity, and reduce 
immunity escape of tumors in vivo. Additional studies in 
vivo are required in order to gain a better understanding of 
the role of klotho combined with scD40l in human lung 
cancer. Better knowledge of the combination activation in 
human lung cancer will give rise to new therapeutic strate-
gies against human lung cancer.
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