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Effect of rapamycin (RAPA) on the growth of lung cancer 
and its mechanism in mice with A549
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Abstract: Objective: To investigate the effects of rapamycin (RAPA) on the tumor growth of lung cancer in the mice 
bearing A549 and the mechanisms. Methods: 60 mice with A549 lung cancer models established were randomly 
divided into model group, low RAPA dose group and high RAPA dose group. The low dose group underwent intra-
peritoneal injection of 1.5 mg/kg RAPA, while the high dose group underwent intraperitoneal injection of 4.5 mg/
kg RAPA, and the control group was given the same volume of PBS. 21 d after the administration, the changes of 
the tumor growth and survival rates of three groups were observed. RT-PCR and Western blot were utilized to ana-
lyze Caspase-3 mRNA and protein levels in the tumor tissues of the mice, and TUNEL staining method was used 
to analyze the cellular apoptosis of tumor tissues. Results: Compared with the model group, the low and high dose 
groups significantly inhibit tumor growth and have remarkably higher survival rates (P<0.05). The high dose group 
has obviously better effects on inhibiting tumors and a higher survival rate than low dose group (P<0.05). Compared 
with the model group, the low and high dose groups have significantly increased Caspase-3 mRNA and protein lev-
els in tumor tissues (P<0.05), and higher cellular apoptosis rates in tumor tissues (P<0.05); Caspase-3 mRNA and 
protein levels and apoptosis rates of the mice’s tumor tissues of high dose group are markedly higher than those of 
low dose group (P<0.05). Conclusions: RAPA can significantly increase the expression of Caspase-3 in tumor tissues 
and promote the apoptosis of tumor tissue cells, and thus achieve good anti-tumor effects.
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Introduction

Lung cancer is the most common malignant 
tumor in the world and has the highest fatality 
rate. Even after clinical treatment, five-year sur-
vival rate is still low. As one of the clinically com-
mon respiratory tumors, the incidence and 
fatality rate of lung cancer are increasing, which 
greatly threatens human health [1, 2]. About 
85% of the lung cancer cases are non-small-
cell lung cancer (NSCLC), and when the patients 
visit doctors, most of them are with terminal 
lung cancer and metathesis in adjacent or dis-
tant organs. Even for the patients with early 
NSCLC, quite a few have relapse after radical 
operation [3, 4]. Therefore, it is crucial to in-
depth study the molecular biological mecha-
nism of lung cancer for improving the treatment 
of lung cancer. rapamycin (RAPA) is a new mac-
rolides immunosuppressive agent. It stops T 
lymphocyte and other cells from progressing 
from stage G1 to S by breaking signal transmis-

sion via different cytokines, so as to obtain 
immunologic suppression [5-7]. RAPA has been 
proved to be able to inhibit the growth of many 
tumor cells, including rhabdomyosarcoma, neu-
roblastoma, small lung cancer, osteosarcoma, 
pancreatic cancer, breast cancer, leukemia 
cells and B cellular lymphoma [8-10]. As the 
research into the effects of RAPA on human 
NSCLC model mice is rare, we chose different 
concentrations of RAPA to treat mice with A549 
lung cancer to observe the changes of tumor 
growth, survival rates and weight, and thus to 
study how RAPA inhibit transplanted tumor in 
nude mice and related mechanisms.

Materials and methods

Model construction and grouping

Balb/c nude mice at SPF grade were purchased 
from Henan Experimental Animal Center, Zheng- 
zhou, China. They were 8-weeks old, weighing 
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20±1.5 g and kept in animal house. The human 
lung adenocarcinoma cells A549 (ATCC, Man- 
assas, VA, USA) were cultured in DMEM medi-
um (Hyclone, Logan, Utah, USA) containing 10% 
FBS (Hyclone, Logan, Utah, USA). When the 
cells grew to be in exponential growth phase, it 
was digested with 0.25% pancreatic enzyme 
and then centrifugated at 1500 g for 5 min. The 
cell precipitation was washed with PBS twice, 
and the serum was removed, and then the cells 
were suspended in PBS; the cell concentration 
was adjusted to be 1×107/ml, and 100 μl was 
inoculated into each mouse’ s fat pad near 
armpit in the left rib. After 9 days, the tumor 
grew to be 100-130 mm3, the mice with tumors 
were randomly divided into model group, low 
RAPA dose group and high RAPA dose group, 
15 mice for each group. The low dose group 
underwent intraperitoneal injection of 1.5 mg/
kg RAPA (Sigma, St. Louis, MO, USA), while the 
high dose group underwent intraperitoneal 
injection of 4.5 mg/kg RAPA, and the control 
group was given the same volume of PBS. 
Starting from the day of administration, the 
death of mice of each group was observed and 
recorded. 30 days after administration, the 
mice were dissected and the tumor was 
stripped off (the animals of the normal group 
were excluded) and weighed with analytical bal-
ance. The tumor growth inhibition rate was cal-
culated, the average tumor inhibition rate (%)  
= (model group-administration group)/model 
group × 100%. This study was performed in 
strict accordance with the recommendations in 
the Guide for the Care and Use of Laboratory 
Animals of the National Institutes of Health 
(Bethesda, MD, USA). Eighth Edition, 2010. The 
animal use protocol has been reviewed and 
approved by the Institutional Animal Care and 
Use Committee (IACUC) of the Second Affiliated 
Hospital of Zhengzhou University.

RT-PCR

21 d after administration, the mice were killed 
respectively. 0.1 g of tumor tissue was taken to 
be put into liquid nitrogen. The tumor tissue 
was grinded, and 1 ml Trizol (TaKaRa, Dalian, 
China) was added, and then placed in 1.5 ml 
tube. 200 μl chloroform was added into the 
centrifuge tube, and the solution was oscillated 
greatly to be mixed up, and then placed on ice 
for 15 min for stratification, and centrifugated 
at 15,000 g for 15 min. After stratification, the 

supernatant (about 500 μl) was moved to 500 
μl isopropanol to be mixed up, and placed on 
ice for separating out RNA precipitation. 15 min 
later, it was centrifugated at 15,000 g for 10 
min, and the sediment was washed twice with 
pre-cooled 75% anhydrous ethanol, and finally 
dissolved in double distilled water without  
RNA enzyme. The sample concentration was 
detected, and RNA was transcripted to be  
cDNA with reverse transcription kit (TaKaRa, 
Dalian, China) as the template of PCR. The  
mice Caspase-3 primer was designed as fol-
lows: Caspase-3-F: 5’-GGTATTGAGACAGACAG- 
TGG-3’, Caspase-3: 5’-CATGGGATCTGTTTCTTT- 
GC-3’; β-actin-F: 5’-GCGGGAAATCGTGCGTGAC- 
3’, β-actin-R: CGTCATACTCCTGCTTGCTG-3’. The 
following reaction system was conducted to 
prepare reaction mixture: 2×SYBR Green com-
mon qPCR Master Mix (Roche, Basel, Switzer- 
land) 10 µl, upstream/downstream primers (10 
µmmol•L-1) 1 µl, respectively, cDNA 1 µl, adding 
double distilled water to get the final volume  
of 20 µl. PCR was carried out based on the fol-
lowing reaction conditions: pre-denaturation: 
95°C, 30 s; denaturation: 95°C, 3 s; annealing 
and extension: 60°C, 30 s; constructing disso-
lution curve. Finally, read the data from RT-PCR 
instrument (Bio-Rad, Hercules, CA, USA).

Western blot

After the three groups’ mice were sentenced to 
death, their tumor tissues were taken to be 
rinsed in cold saline; when the blood was 
removed, the tissues were dried with filter 
paper and weighed; 1 g of tissues were placed 
in the mortar with liquid nitrogen to be grinded, 
and 300 µl pre-cooled lysates were added for 
suspension; 3 µl protease inhibitor was added, 
and then it was placed on ice for 30 min, cen-
trifugated at 15,000 g for 15 min; the superna-
tant was taken, and the total protein content 
was measured according to the instruction of 
BCA protein concentration determination kit 
(Beyotime Biotechnology, Shanghai, China); 4× 
buffer solution was added, and boiled for 30 
min; after centrifugation, the sample was 
added, while SDS-PAGE was conducted, and 
the protein was moved onto PVEF membrane, 
sealed with 5% skimmed milk powder, envel-
oped for overnight with Caspase-3 primary anti-
body (Abcam, Cambridge, UK), washed for 
three times with PBST, enveloped for 1 h at 
room temperature with HRP-coupling goat anti-
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rat secondary antibody (Boster, Wuhan, China), 
washed for three times with PBST; luminous liq-
uid was added for color development and pho-
to-taking. Meanwhile, with GAPDH as internal 
reference, the target protein band gradation 
was analyzed with gradation calculation soft-
ware so as to calculate the relative expression 
of target protein.

TUNEL staining

After 20 d of treatment, the three groups’ mice 
were killed to get the tumor tissues, which were 
embedded with OCT, cut into 7 µm slices with 
freezing microtome, and fixed for 30 min with 
4% paraformaldehyde solution. The solution 
was abandoned, and the slides were washed 
for three times with PBS, and each washing 
lasted 5 min; Proteinase K solution was diluted 
to an appropriate proportion to get a final  
concentration of 20 μg/ml. On each slide, 
Proteinase K solution was drop wise added, 
incubated at room temperature for 10min, and 
then rinsed for three times, each rinse lasting 5 
min. 5× Equilibration Buffer was diluted by dou-
ble distilled water, dropped to 1× Equilibration 
Buffer and samples to be tested, and incubat-
ed at room temperature for 30 min. TdT incuba-
tion buffer was dropped onto the samples, 
which were incubated at 37°C for 60 min away 
from light. After the incubation, the samples 
were washed with PBS for three times, each 
washing lasting 5 min, and then observed 
under inverted fluorescence microscope (DM 
IRBE; Leica, Bensheim, Germany). The apop-
totic cells in which brown yellow granules exist 
in the nucleus are defined to be positive cells. 
The observation was carried out with 40× 
object lens and 10× eye lens. 10 visual fields in 
the infarction zone and surrounding areas were 
randomly selected to calculate the proportion 

of apoptotic cells to the total cells, which is 
taken as the apoptotic rate of brain cells.

Statistical analysis

All data were analyzed with SPSS 17.0 soft- 
ware (SPSS Inc, Chicago, IL, USA); measure-
ment data were expressed by X ± S; the group 
comparison of measurement data was con-
ducted with analysis of variance; the survival 
rates were compared with Kaplan-Meier meth-
od and Log-Rank test. P<0.05 was considered 
to indicate a statistically significant difference.

Results

Inhibition of RAPA to the growth of mice’s 
transplanted tumors and the effect on survival 
rate

Low dose and high dose of RAPA can inhibit the 
growth of tumors in nude mice. The tumor 
weight of low and high dose groups is signifi-
cantly lower than that of the model group, and 
the difference is statistical significant (P<0.05). 
The tumor inhibition rates of the low dose  
and high dose group are 48.85% and 53.44% 
respectively, and the difference between the 
low and high dose groups is of no statistical sig-
nificance (P>0.01) (Figure 1). The survival rates 
of the low dose and high dose groups are 60% 
and 55% respectively, which are remarkably 
higher than 35%, the survival rate of the model 
group, and the difference between the low dose 
and high dose groups is not statistically signifi-
cant (P>0.05) (Figure 2).

Effect of RAPA on the expression of Caspase-3 
in mice’s tumor tissues

RT-PCR results indicate that the Caspase-3 
primer designed in this research has good 

Figure 1. The inhibition of RAPA to the growth of mice’s transplanted tumors. A. Survival rate in three groups; B. 
Average tumor weight of mice in three groups; C. Tumor inhibition rate in three groups.
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specificity, and the dissolution curve has no 
impure peak (Figure 2A, 2B); compared with 
the model group, the low dose group and high 
dose group have significantly increased Cas- 
pase-3 mRNA level in the mice’s tumor tissues 
(P<0.05), and the high dose group has more 
significant higher Caspase-3 mRNA level, and 
the difference is statistically significant (P> 
0.05) (Figure 2C).

Western blot analysis results are shown by 
Figure 3A and 3B. Compared with the model 
group, the low dose group and the high dose 
group have significantly increased Caspase-3 
protein level in the tumor tissues of the mice 
(P<0.05), and the comparison between the two 
groups is of no statistical significance (P>0.05).

Effect of RAPA on the apoptosis of tumor cells 
in mice

Compared with the model group, the low dose 
group and the high dose group have markedly 
increased cellular apoptotic levels in the mice’s 
tumor tissues (P<0.05), while the high dose 
group has obviously higher apoptotic level than 
the low dose group, and the difference is of sta-
tistical significance (P<0.05) (Figure 4).

Discussion

Lung cancer is a heterogeneous disease, being 
the first cancer-related death factor in the 
world. It consists of two major histological sub-
types: NSCLC and small cell lung cancer [11]. 

Figure 2. Comparison of the expression of Caspase-3 in mice’s tumor tissues of three groups. A. Amplification curve 
of Caspase-3 primer by real time PCR. B. Melt curve of Caspase-3 primer by real time PCR. C. Caspase-3 mRNA level 
in three groups.

Figure 3. Comparison of Caspase-3 protein in mice’s tumor tissues of three groups. A. Caspase-3 protein level in 
three groups by Western blot; B. Quantitative analysis of Caspase-3 protein level in three groups.
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NSCLC accounts for 85% of the cases. Although 
the diagnosis and treatment methods are 
increasingly developing, no breakthrough has 
been made in the treatment of NSCLC during 
the past decades. Even for the NSCLC patients 
at stage I, their five-year survival rate is only 
50%, only 30% for the patients at stage II, and 
only less than 15% for those at advanced stage. 
The reason for this is that the occurrence and 
development of lung cancer is a complex prog-
ress involving many factors, multiple gene 
changes and several stages [12-14]. As a result, 
an in-depth study of lung cancer’s molecular 
biological features is of great clinical signifi-
cance for the early diagnosis, treatment and 
prognosis improvement of lung cancer. Besides, 
a high efficient treatment method with low tox-
icity or without toxicity is always a difficulty in 
treating tumor.

As an immunosuppressant, RAPA has been 
widely applied in clinics. As is shown by 
researches, the occurrence of many tumors is 
related to the abnormal activation of RAPA pro-
tein signal pathway of mammals. It combines 
with the target protein m-TOR of the immune 

affinity protein FKBP12, and thus affects the 
proliferation in vitro and the growth cycle of 
many tumor cells. In the cells of NSCLC, the 
abnormal phosphorylation of this protein also 
exists [15-17]. Li et al. [18] chose human NSCLC 
strain A549 as object to observe and analyze 
the effects of RAPA on the growth and prolifera-
tion of human NSCLC strain A549. The results 
indicate that RAPA significantly inhibits cellular 
morphology, cycle and proliferation of human 
lung cancer strain A549, which is time- and 
concentration-dependent. Liu et al. [19] stud-
ied the influence of RAPA on different tumor 
cells’ Bax/Bcl-2 and active caspase-3 expres-
sion, finding that after RAPA exerts its effect on 
adenocarcinoma A549, the cells’ relative prolif-
eration is decreased, and the Bax/Bcl-2 and 
active caspase-3 expression is up-regulated, 
which suggests that RAPA may inhibit the prolif-
eration of cell A549 and promote the apopto-
sis. However, most local and foreign researches 
on RAPA are on the molecular scale, and the 
researches on animal scale are few. In this 
research, the effects of RAPA on the tumor 
growth in the mice with human adenocarcino-
ma cell A549 was observed. The results indi-
cate that both low dose and high dose of RAPA 
can significantly inhibit the tumor growth in the 
mice. In addition, compared with the model 
group, the two groups have higher survival 
rates. Meanwhile, the research further analyz-
es the expression of caspase-3 and cellular 
apoptosis in the tumor tissues of the three 
groups. The results manifest that RAPA can 
markedly increase the expression of Caspase-3 
in the tumor tissues and promote the tumor 
cells’ apoptosis, resulting in excellent anti-
tumor effects, so it can guide the clinical treat-
ment of lung cancer to some degree.
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