
Indexed and abstracted in Science Citation Index Expanded and in Journal Citation Reports/Science Edition

Bratisl Med J 2023; 124 (4)

292 – 303

DOI: 10.4149/BLL_2023_045

   EXPERIMENTAL STUDY

Anti-proliferative effects of beta-blocker propranolol 
on human lung cancer and noncancer cells
Menderes Yusuf TERZI1,2, Meral URHAN-KUCUK1,2

Hatay Mustafa Kemal University Faculty of Medicine Department of Medical Biology, Tayfur Ata Sökmen Campus, 
Antakya-Hatay, Turkey. menderesyusufterzi@gmail.com

ABSTRACT  
OBJECTIVE: Propranolol (PRO) has been recently discovered to possess anti-tumorigenic effects in cancer 
patients. So, we aimed to enlighten the in vitro effects of PRO in A549 lung cancer cells and BEAS2B 
nontumoral lung cells. 
METHODS: The gene expression levels of apoptotic proteins; caspases 3, 8, and 9 (CASP3, 8, 9), apoptosis 
inducing factor (AIF), and DNA damage inducible transcript 3 (DDIT3) and cell cycle regulatory proteins; 
WEE1 G2 checkpoint kinase (WEE1) and cyclin dependent kinase inhibitor 1A (CDKN1A) were analyzed with 
quantitative reverse-transcription PCR to assess the effect of PRO on A549 tumor and BEAS2B nontumoral 
cells. The protein levels of CASP3 and AIF1 were detected with Western blot. 
RESULTS: PRO exerted its anti-tumorigenic effects against A549 cells by arresting cell cycle via CDNK1A 
and by inducing apoptosis via caspase-dependent (CASP3) and -independent pathways (AIF, DDIT3). As to 
nontumoral BEAS2B cells, PRO decreased the cell viability at a lesser extent compared to tumoral cells. In 
contrast to tumor cells, PRO reduced the protein levels of CASP3 and AIF1. Notably, at 48th hour of PRO 
treatment, we observed a sustained expression of elevated DDIT3 mRNA levels at 24h in BEAS2B cells 
unlike in A549 cells. 
CONCLUSION: We suggest that D DIT3 and CDKN1A play a critical role during cell fate decision after 
PRO treatment by protecting nontumoral cells against apoptosis and by triggering apoptosis in tumor cells. 
The selective action mechanism of PRO with less cytotoxicity in nontumoral lung cells puts it forward as a 
promising adjuvant agent in lung cancer therapy (Tab. 1, Fig. 4, Ref. 50). Text in PDF www.elis.sk
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Introduction

Lung cancer is one of the most prevalent cancer type world-
wide along with more than 1.7 million of deaths annually among 
cancer-related mortalities (1‒3). The prognosis of lung cancer 
is still not at the desired point despite the advanced therapeutic 
strategies such as tumorectomy, chemo-/radio-therapy, immune 
therapy, etc. (4). In this regard, developing alternative or cor-
roborative therapy strategies is of vital importance to reduce side 
effects of conventional cancer therapies and to overcome the re-
sistance of cancer cells (4, 5). Cancer patients experience highly 
distressed mood as a part of diagnostic and therapeutic period. 
Several studies have reported that chronic stress and psychosocial 
factors are correlated with cancer risk and chronic stress hormones 
are claimed to sustain tumor progression (6‒8). Of which, norepi-

nephrine and epinephrine exert their biological effects via α1-, α2-, 
and β-adrenergic receptors (β-ARs) that transmit signals through 
various biochemical pathways in several tissues (9‒11). Preclini-
cal studies have reported that stress hormones mediate their direct 
effects on tumor cells through mostly G protein-coupled β-ARs 
(GPCRs) (2, 12, 13). β-adrenergic signaling pathway has been 
previously demonstrated to be implicated also in tumorigenesis of 
several cancer types via modulation of certain pathways including 
DNA repair and apoptosis (5). Similar studies also revealed that 
β-adrenergic receptor antagonists, so called β-blockers, exerted 
potential benefi cial effects as an adjuvant therapeutic option in the 
treatment of cancers by inhibiting metastasis, tissue invasion, and 
angiogenesis via blocking VEGF and IL-6 (5, 13, 14). 

Propranolol (PRO) is a non-selective β-AR antagonist com-
monly used as prophylaxis in the treatment of hypertension, an-
gina, anxiety, cardiac arrythmia, hyperthyroidism, essential tremor 
and migraine, variceal bleeding, and myocardial infarction (7, 15, 
16). The research about the anti-tumorigenic effects of PRO have 
been commenced with the studies investigating basically the role 
of catecholamines in carcinogenesis and their affi nities to the 
various binding sites of β-ARs in several tissues (7). Especially, 
coincidental observations with respect to the therapeutic effects of 
PRO on hemangiomas have revived the attention on the discov-
eries regarding its anti-angiogenic and anti-tumorigenic activities 



Menderes Yusuf TERZI, Meral URHAN-KUCUK. Anti-proliferative effects of beta-blocker propranolol… 

xx

293

(17). So that PRO can be a pr omising adjuvant agent against the 
lung cancer progression. In this context, we aimed in this study to 
investigate the in vitro effects of PRO on cell viability, apoptosis, 
and cell cycle in A549 lung cancer cells and healthy lung epithe-
lial cells BEAS2B. For this purpose, prominent apoptosis-related 
proteins; caspases (3, 8, and 9), apoptosis inducing factor (AIF), 

and DNA damage inducible transcript 3 (DDIT3) and cell cycle 
regulatory proteins; WEE1 G2 checkpoint kinase (WEE1) and 
cyclin dependent kinase inhibitor 1A (CDKN1A) were selected 
to analyze the effect of PRO on both, lung cancer and healthy 
lung cells (18, 19).

Supplementary Fig. 1. Representative melting curves of target genes; CASP8 and CASP9 in A549 and BEAS2B cells analyzed with qPCR.

Supplementary Fig. 2. Representative melting curves of target genes; CASP3, CDKN1A, GAPDH in A549 and BEAS2B cells analyzed with qPCR.
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Material and methods

Culture of A549 and BEAS2B cell lines
A549 human lung adenocarcinoma and its non-syngeneic 

form; non-tumorigenic BEAS2B human lung bronchial epithelial 
cell lines, previously purchased from American Type Culture Col-
lection, were obtained from cell culture stocks of Department of 
Medical Biology, Hatay Mustafa Kemal University. We cultured 
the cells with Dulbecco’s Modifi ed Eagle Medium (DMEM, Gib-
co) containing 1 % L-glutamine, 10 % fetal bovine serum (FBS, 
Hyclone), and 1 % penicillin/streptomycin (Hyclone) medium in 
T75 cell culture fl asks (Corning). The cells were incubated under 
37 °C and 5 % CO2 conditions for proliferation. We passaged the 
cells after they reached 70‒80 % confl uency and replaced the cell 
media with fresh one at every 2-3 days.

Cell viability assay
We measured the effect of PRO on the cell viability of A549 

and BEAS2B cells based on the 3-(4,5-Dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) assay. Hence, we seeded 96-
well cell culture plates with 104 cells per mL (100 μl/well). After 
cells reached confl uency, we treated the cells in the test group with 
0 (zero), 7.81, 15.63, 31.25, 62.50, 125, 250, and 500 μM PRO 
in serum-free cell medium for 24 h in 37 °C incubator. Then the 
media were replaced with 1 mg/mL MTT (100 μl) (Sigma Aldrich, 
USA) in DPBS (Sigma Aldrich, Germany) to incubate for ~ 2‒3 
hours at 37 °C. Thereafter, MTT solution was removed, and the 
cells were treated with 100 μl DMSO solution for another 5 min 
at room temperature (RT) with gentle shaking. The plate was put 

into a spectrophotometer (Multiskan Go, Thermo Fisher, Finland) 
to analyze color spectrum change at 590 nm and 670 nm as the 
reference wavelength. We expressed the cell viability as the per-
centage of control group and calculated the half-maximal inhibi-
tory concentration (IC50) values for each cell line by using the best 
fi t curve analysis in GraphPad prism.

Colony formation assay
Colony formation assay was performed on A549 cells to ana-

lyze the effect of PRO on the clonogenic effi ciency of cancer 
cells. Colony formation assay was performed as described previ-
ously with minor modifi cations (20). To summarize, 50 cells/mL 
were seeded into 6-well plate for 10 days of incubation. Then the 
colonies comprising 10-15 cells were counted with a phase con-
trast microscope (Nikon Eclipse TS100, Tokyo, Japan) for fi nal 
analysis. The colony formation effi ciency was calculated as the 
following: number of counted colonies / (number of initial seeded 
cells) x 100.

Analysis of relative mRNA expression with quantitative reverse 
transcription-PCR (qRT-PCR)

We measured relative gene expression levels of CDKN1A 
(p21), WEE1, DDIT3 (CHOP), AIF1, CASP3, CASP8, and CASP9 
via qRT-PCR method. Initially, we seeded A549 and BEAS2B cells 
with a density of 105 cells/mL into 6-well plates for about 24 h to 
ensure adherence. Then we treated A549 and BEAS2B cells with 
sub-cytotoxic concentrations of PRO i.e., 100 μM and 125 μM 
respectively, in serum-free medium for 24 h while control cells 
received just serum-free medium without PRO. After treatment 

Supplementary Fig. 3. Representative melting curves of target genes; WEE1, DDIT3, AIF1 in A549 and BEAS2B cells analyzed with qPCR.
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we harvested all cells to isolate total RNA (Gene jet RNA Puri-
fi cation Kit, Thermo Fisher, USA). We diluted all RNA samples 
after concentration measurements (μDrop, Thermo Scientifi c) 
to get 2 μg RNA as the fi nal amount for each cDNA conversion 
reaction (High-Capacity cDNA-RT-Kit, Thermo Scientifi c) in a 
thermal cycler (Bio-Rad). We diluted the cDNAs for further real 
time gene expression analyses in Rotor Gene Q (Qiagen, Hilden, 
Germany). Sybr green (Maxima SYBR Green, Thermo Fisher 
Scientifi c, Lithuania) detection method was utilized with the fol-
lowing reaction steps: 2 min at 50 °C, 10 min at 95 °C, 40 cycles: 
[15 sec at 95 °C, 1 min at 60 °C). Melting curve analyses were 
performed at the end of each qPCR reaction to confi rm the ampli-

con size of the target genes and primer specifi city (Supplementary 
Figs 1‒3). We normalized the Ct values of target genes by using 
glyceraldehyde-3-phosphate dehydrogenase (GAPDH). We used 
Livak method (2-ΔΔCt) to express the relative mRNA levels of the 
target genes as fold change (21). We listed the designed primer 
sequences (Thermo Fisher Scientifi c, Lithuania) of the correspond-
ing target genes used in real time PCR in Table 1.

Total protein isolation and quantifi cation
The cells were seeded into 6-well plates at a ratio of 105 cells/

well. After the cells reached confl uence, sub-cytotoxic concentra-
tions of PRO were added into the culture medium and incubated for 

Gene symbol Primer sequence Amplicon (bp) Anneal. (°C), Cycle Ref. Seq.

DDIT3
F: 5′-CTTCTCTGGCTTGGCTGACTGA-3′
R: 5′-TGACTGGAATCTGGAGAGTGAGG-3′ 88 60,40x NM_001195053.1

AIF1
F: 5’-GTGCCTATGCCTACAAGACTATG-3’
R: 5’-TCTGTTTCTGTTCTGGTGTCAG-3’ 90 60,40x NM_004208.4

CDKN1A
F: 5´-CCGAAGTCAGTTCCTTGTGG-3´
R: 5´-CATGGGTTCTGACGGACAT-3´ 112 60,40x NM_000389.5

WEE1
F: 5′-ACCACAAGTGCTTTCCCAAGA-3′
R: 5′-CAGTGCCATTGCTGAAGGTC-3′ 88 60,40x NM_003390.4

CASP3
F: 5´-CTTCTACAACGATCCCCTCTGA-3´
R: 5´-TGTGCTTCTGAGCCATGGTG-3´ 102 60,40x NM_004346.4

GAPDH
F: 5´-GTCAACGGATTTGGTCGTATTG-3´
R: 5´-TGTAGTTGAGGTCAATGAAGGG-3´ 106 60,40x NM_002046.7

Gene Globe ID*
CASP8 PPH00359F 65 60, 40x
CASP9 PPH00353B 114 60, 40x
AIF1 ‒ Apoptosis inducing factor mitochondria associated 1, DDIT3 ‒ DNA damage inducible transcript 3, CDKN1A ‒ Cyclin dependent kinase inhibitor 1A, WEE1 ‒ WEE1 
G2 checkpoint kinase, CASP3, CASP8, CASP9 ‒ Caspases 3, 8, 9, GAPDH ‒ Glyceraldehyde-3-phosphate dehydrogenase, bp ‒ base pair, F ‒ forward primer sequence, 
R ‒ reverse primer sequence, Anneal. ‒ Annealing temperature, X ‒ times of cycle, Ref. Seq. ‒ NCBI reference sequence. *Qiagen RT2 qPCR Primer Assays (Maryland, USA)

Tab. 1. Primers used in qPCR analyses.

Supplementary Fig. 4. Western blot total protein loading controls for CASP3 analysis at 24 h and 48 h. Bright-white lanes are representing the 
protein markers on the blot. Each lane consisting of dark black bands represents an individual sample. The amount of total loaded protein; 
at 24 h for both cell lines is 30 μg/well and at 48 h; 30 μg/well for A459 and 20 μg/well for BEAS2B cells. M: Marker, Con: Control, Propra: 
Propranolol.
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24-h in CO2 incubator. After that, the cells were rinsed with ice-cold 
DPBS (Thermo Scientifi c) once and incubated in RIPA buffer con-
taining protease inhibitor cocktail (Thermo Scientifi c) for 15 min 
on ice with gentle shaking. Then cell lysate was collected with a 
cell scraper and centrifuged at 13000xg for 5 min and supernatants 
were transferred into microfuge tubes in several aliquots and kept at 
‒20 °C. All protein samples were quantifi ed with BCA assay (Ther-
mo Scientifi c). Total protein concentrations were calculated to 
equalize the protein amount for the following Western blot analysis.

Western blot protein analysis
In order to analyze protein expression levels of total and 

cleaved CASP3, 20‒30 μg protein/well was loaded into SDS-
PAGE ready-to-use stain-free gels (Bio-Rad). After running of 
proteins under constant 200 V current for about 20‒30 min. (Bio-
Rad), the blotting was performed using PVDF membrane for about 
3‒7 min using turbo-blot transfer settings of semi-dry blotting sys-
tem (Bio-Rad). After imaging total protein on both the gel and the 
membrane to evaluate transfer effi ciency, the blot was washed with 
TBS-T and incubated in a commercial blocking solution (Thermo 
Scientifi c) for 1 h at RT. After washing, the blot was incubated 
with primary rabbit anti-CASP3 (Cell Signaling Technology) and 
rabbit anti-AIF (Cell Signaling Technology) antibodies overnight 
at 4 °C on a shaker. The blot was washed several times and incu-
bated with secondary HRP-conjugated anti-rabbit antibody for 1 h 
at RT. After fi nal washing step, the blot was re-imaged  to visualize 
total protein bands per well in order to normalize the band signals 
of target proteins (Supplementary Figs 4‒5). Thereafter, the blot 
was exposed to the HRP substrate (Bio-Rad) for about 10‒15 min. 

Finally, the blot was imaged under chemiluminescence channel 
to visualize target specifi c bands. All imaging and analyses were 
performed with ChemiDoc Image Analyzer (Bio-Rad).

Statistical analysis
The Gaussian distribution of whole data was analyzed with 

Shapiro Wilk’s normalization test. The data of multiple groups 
were analyzed with one-way ANOVA or Kruskal Wallis tests and 
the comparison between two individual groups were performed 
with Dunnett’s multiple comparison test. The comparison of con-
trol and test groups were performed with two-way unpaired stu-
dent’s t-test or Mann-Whitney U tests. The experiments were per-
formed at least in triplicates. All data were expressed as mean ± 
SEM or mean ± SD. Statistically, the p values less than 0.05 were 
accepted as signifi cant. The GraphPad Prism software version 8.0.2 
(263) was used to prepare plots and for all statistical analyses.

Results

Reduced cell viability after PRO treatment
We tested the effect of several PRO concentrations on the 

cell viability of A549 and BEAS2B cells. As depicted in Figure 
1, PRO, at several concentrations, signifi cantly lowered the cell 
viability of both cancer and non-cancer cell lines after 24 h (p < 
0.05). However, both microscopic (Fig. 1A) and spectroscopic 
(Fig. 1B) analyses revealed that PRO exerted higher cellular toxi-
city on A549 cells compared to BEAS2B cells since IC50 values 
were calculated as 147.7 μM and 159.6 μM, respectively. More-
over, BEAS2B cells were more resistant to PRO’s lower concen-

Supplementary Fig. 5. Western blot total protein loading controls for AIF analysis at 24 h and 48 h. Bright-white lanes are representing the 
protein markers on the blot. Each lane consisting of dark black bands represents an individual sample. The amount of total loaded protein is 
20 μg/well for each time point and cell line. M: Marker, Con: Control, Propra: Propranolol.
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Fig. 1. Representative microscopic photos after treatment with non-cytotoxic concentration of propranolol for 24 h (A) and MTT analysis to test 
cell viability after treatment with 0 (zero), 7.81, 15.63, 31.25, 62.50, 125, 250, and 500 μM propranolol in A549 and BEAS2B cells for 24 h (B). 
Cell viability was expressed as the percentage (%) of control cells (Control cells were treated with serum-free medium without propranolol). 
IC50 values were calculated with GraphPad prism. Data were expressed as mean ± SD (n = 5). * p < 0.05. Scale bars = 200 μm.

A B

A

B

Fig. 2. Representative microscopic photos of colony formation assay after treatment with non-cytotoxic concentration of propranolol for 10 
days (A) and the analysis of colony formation effi ciency in A549 cells (B). Colony formation was calculated as the percentage (%) of colonies 
based on the initially seeded cell number. Data were expressed as mean ± SEM (n = 3). * p < 0.05. Scale bars = 200 μm.
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trations compared to A549 cells; although the cell loss was 30 % 
in A549 cells at 62.5 μM PRO concentration, no cell loss was 
observed in BEAS2B cells at the same concentration (Fig. 1B). 
To conduct further analyses, we picked the sub-cytotoxic concen-
trations of PRO as 100 μM and 125 μM for A549 and BEAS2B, 
respectively.

PRO diminished A549 colonies post-treatment
The clonogenic effi ciency of A549 cells for 10 days post-

PRO treatment was analyzed under phase contrast microscope. 
The microscopic evaluation (Fig. 2A) showed that 100 μM PRO 
treatment completely diminished the A549 colonies after 10 days 
of incubation (Fig. 2B) (p < 0.05).

Cell cycle arrest of both cell types via different pathways
The gene expression levels of cell cycle regulatory proteins, 

WEE1 and CDNK1A (p21), were analyzed with qRT-PCR after 

24 h and 48 h PRO treatments in A549 and BEAS2B cells. We 
found that CDKN1A expression signifi cantly increased in both cell 
lines at both time points (Fig. 3) (p < 0.05). On the other hand, 
WEE1 showed a spatiotemporal expression pattern meaning; its 
levels did not change after PRO treatment at any time points in 
BEAS2B cells (Figs 3B, D) (p > 0.05) while decreased in A549 
cells after 48 h of PRO treatment (Fig. 3C) (p < 0.05) with steady 
levels after 24 h (Fig. 3A) (p > 0.05).

Altered gene expression patterns of apoptosis-related genes in 
A549 and BEAS2B cells

We measured the mRNA levels of apoptosis-related genes 
after PRO treatment in A549 and BEAS2B cells. CASP3 expres-
sion did not change in A549 cells at either time point (Figs 3A, 
C, p>0.05) while CASP8 and CASP9 signifi cantly increased after 
24 h PRO treatment (Fig. 3A) (p < 0.05) with steady levels at 48 h
(Fig. 3C) (p > 0.05). In BEAS2B cells, PRO altered the expres-

A B

C D

Fig. 3. Relative mRNA levels of CASP3, DDIT3, AIF1, CDKN1A, WEE1, CASP8, and CASP9; after propranolol treatment at 24 h in A549 (A) 
and BEAS2B cells (B) and at 48 h in A549 (C) and BEAS2B cells (D). Gene expression levels were expressed as the fold change (2-ΔΔCt) of control 
group. Data were expressed as mean ± SEM (n = 4). * p < 0.05, ** p <0.001, *** p < 0.0005, **** p <0.0001 . Glyceraldehyde-3-phosphate de-
hydrogenase gene was used for the normalization. AIF1: Apoptosis inducing factor mitochondria associated 1, DDIT3: DNA damage inducible 
transcript 3, CDKN1A: Cyclin dependent kinase inhibitor 1A, WEE1: WEE1 G2 checkpoint kinase, CASP3, CASP8, CASP9: Caspases 3, 8, 9.
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sion of CASP8 just at 24h with an upregulation and the expres-
sion of CASP3 at 48 h with a downregulation (Figs 3B, D) (p < 
0.05). The CASP9 expression did not show any signifi cant change 
at any time points (Figs 3B, D) (p > 0.05). Regarding other apop-
totic markers, PRO treatment signifi cantly upregulated DDIT3 
expression at all time points in BEAS2B cells and at 24 h in A549 
cells (Figs 3A, B, and D) (p < 0.05) but returned to steady levels 
in A549 cells at 48 h (Fig. 3C) (p > 0.05). Moreover, PRO sig-
nifi cantly elevated the mRNA levels of AIF1 at 24 h in BEAS2B 
cells (Fig. 3B) (p < 0.05) but did not cause any signifi cant change 

at other time points in A549 and BEAS2B cells (Figs 3A, C, and 
D) (p > 0.05).

Reverse effects of PRO on protein levels of apoptotic CASP3 and 
AIF1 in cancer and healthy cells

We sought to analyze the protein levels of the main mediators 
and executioners of caspase-dependent (CASP3) and caspase-
independent (AIF1) apoptotic pathways after PRO treatment in 
A549 and BEAS2B cells with Western blot. We have shown that, 
PRO treatment signifi cantly increased the CASP3 protein levels 

Fig. 4. Relative protein expression levels analyzed with Western blot. Effect of propranolol treatment; on CASP3 protein levels at 24 h and 48 
h in A549 (A) and BEAS2B cells (B), and on AIF1 levels at 48 h in A549 (C) and BEAS2B cells (D). Protein expression levels were normalized 
based on the total protein loaded. Data were expressed as mean ± SD (n = 4). * p < 0.05, ** p < 0.001, *** p < 0.0005, **** p < 0.0001. CASP3: 
Caspases 3, AIF1: Apoptosis inducing factor mitochondria associated 1.

A B

C D
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after 48 h in A549 cells (Fig. 4A) (p < 0.05) although it did not 
show any effect at 24 h (Fig. 4A) (p > 0.05). On the contrary, the 
CASP3 protein levels signifi cantly decreased in BEAS2B cells 48 
h post PRO treatment (Fig. 4B) (p < 0.05), but remained unchanged 
at 24 h (Fig. 4B) (p > 0.05). A similar pattern to CASP3 protein 
expression was observed in AIF1 levels in A549 and BEAS2B 
cells. AIF1 upregulated at 24 h in A549 cells and returned to its 
basal levels at 48 h in A549 cells (Fig. 4C). In BEAS2B, PRO 
signifi cantly reduced the AIF1 protein levels at both time points 
(Fig. 4D) (p < 0.05). We also tried to measure the protein levels 
of DDIT3, as a prominent endoplasmic stress-induced apoptotic 
marker, but we found no detectable signal after Western blot analy-
sis (data not shown).

Discussion

In the current study, we analyzed the effect of a non-se-
lective β-blocker called PRO, a commonly used drug against 
hypertension, on the cell viability and the regulatory proteins 
involved in both apoptosis and cell cycle control in human epi-
thelial lung cancer cell line A549 and its nonsyngeneic and non-
tumorigenic form of human bronchial cell line BEAS2B with 
qRT-PCR and Western blot analyses. Apart from previous stud-
ies in the literature, we demonstrated that cytotoxicity of PRO 
was higher in A549 cells compared to BEAS2B cells. Besides, 
our data revealed that PRO-induced cell death in A549 cells 
was mediated via both, caspase-dependent (CASP3, 8, 9) and 
independent (AIF1) pathways. On the other hand, the reduced 
cell viability in BEAS2B cells was most likely caused by the 
sustained cell cycle inhibition via increased levels of CDNK1A 
due to reduced protein levels of cells death markers i.e., CASP3 
and AIF1. Given that the discovery of novel anti-cancer drugs 
is costly and a time-consuming procedure, developing alter-
native treatment strategies, e.g. the reuse of established drugs 
against other diseases in a combinatory way, is less costly and 
can yield unexpected promising outcomes within shorter time 
period (4). Of which, PRO, a commonly used β-AR antagonist 
in cardiac and hypertensive patients, has been shown to be anti-
tumorigenic owing to its inhibitory effects on tumor progression 
by blocking β-ARs whose expression is upregulated in several 
tumor types such as mammary, colon, and pancreas cancers (7, 
22, 23). Moreover, in vitro and clinical studies have claimed that 
PRO could corroborate the treatment effi ciency by increasing the 
conventional treatment of human cancer cells in a combinatory 
manner (17, 24‒26).

In our study, several concentrations of PRO have signifi cantly 
reduced cell viability in both A549 cancer cells and nontumoral 
BEAS2B lung cells. We observed after cell viability analysis 
that cytotoxicity of PRO in A549 cells was higher compared to 
BEAS2B cells. Furthermore, the colony-forming effi ciency of 
A549 cells has diminished after 10-day long 100 μM PRO expo-
sure. β-adrenergic agents are known as strong mitogenic agents 
(22). In a study conducted with different cancer cell lines, even 
low PRO concentration as 25 μM has led to reduction in cell 
proliferation at a ratio between 15 % to 67 % depending on the 

cancer type (27). In another in vitro study with pancreatic cancer 
cells, PRO caused maximum response at 100 μM concentration 
regarding the inhibition of cell proliferation (28). 

Our gene expression data revealed that treatment of A549 
and BEAS2B cells with PRO for 24 h and 48 h led to signifi cant 
increase in the mRNA levels of CDKN1A at both time points 
and cell types. We also found that WEE1, another prominent cell 
cycle regulatory gene, remained at basal level after 24h post-
PRO treatment in A549 cells but decreased after 48h. However, 
in non-tumoral BEAS2B cells, WEE1 gene expression did not 
show a signifi cant change. In a previous in vitro study designed 
to enlighten the inhibitory action mechanism of PRO against 
proliferation of SVR vascular tumor cells, it was reported that 
24h-long 100 μM PRO treatment upregulated the mRNA levels 
of CDKN1A 4.7-times and WEE1 1.2-times (27). It is known 
that under unfavorable conditions p53-induced CDKN1A ar-
rests cell cycle especially at G1 and G2 check points by inter-
fering with cyclin-dependent kinases while WEE1 is mostly 
active at S phase (29-31). WEE1 arrests the dividing cells at 
G2/M phase check point if a DNA damage response is present 
(32). Previous studies showed that inhibition of WEE1 expres-
sion in several breast cancer cell lines drove the cells at S-phase 
or G2-phase directly into M phase without check point regula-
tions, which eventually drives tumor cells into apoptosis due to 
accumulated mutations caused by premature mitosis (33‒36). 
Our gene expression data i.e., reduced WEE1 levels in tumor 
cells post-PRO treatment, are in line with these fi ndings. On the 
other hand, the steady levels of WEE1 post-PRO treatment in 
nontumoral BEAS2B cells can be interpreted as a resistance or 
survival struggle of cells against apoptosis. In this context, the 
versatile expression levels and patterns of cell cycle regulatory 
proteins in our study could arise from the triggering of differ-
ent decision mechanisms regarding cell fate depending on the 
tumorigenicity of the cell types. 

Apoptosis is a vital mechanism during embryogenesis as 
well as a defense mechanism against infections and tumorigen-
esis (18). Especially caspase enzymes are the main initiators and 
executioners of the apoptosis. There are also caspase-indepen-
dent pathways in the cells promoted by mitochondrial nucleases 
such as AIF1 and endonuclease G proteins (37, 38). It has been 
known that disruption of apoptosis via mutations in apoptosis-
related players such as p53, or BCL2 result in tumorigenesis and 
metastasis (18). Vice versa, as a cancer therapeutic strategy, the 
induction of apoptosis is an effective strategy in eradication of 
tumor cells (18, 39). In a mouse model of ovarian cancer, it was 
shown that PRO treatment reversed the β-adrenergic activation-
induced tumor angiogenesis by blocking cAMP–PKA signaling 
pathway (40). PRO exerts its anti-tumorigenic effects not only 
by blocking angiogenesis but also through triggering apoptosis, 
suppressing anti-apoptotic mediators, and inhibiting proliferation 
and invasion/metastasis of tumor cells (41, 42). 

In this regard, we checked the effect of PRO on mRNA levels 
of CASP 3, 8, and 9, and as caspase-independent apoptotic players 
AIF and DDIT3 genes in both tumoral and nontumoral cells. We 
also measured the protein levels of CASP3 and AIF1 with western
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blot to observe apoptotic effect of PRO on A549 tumor and 
BEAS2B non-tumoral lung cells. We found that, while the mRNA 
levels of CASP 8 and 9 in A549 cell increased signifi cantly 24h 
post-PRO treatment, CASP3 gene expression did not exhibit any 
signifi cant alteration. However, CASP3 protein level increased 
after 48h suggesting that the initiator caspases i.e., CASP8 and 
9, induced both intrinsic and extrinsic apoptotic pathways which 
resulted in upregulation of effector CASP3 in tumor cells. An 
in vitro study with pancreatic cancer cell line demonstrated that 
PRO could inhibit cell proliferation by triggering apoptosis via 
only mitochondrial caspase-dependent pathway (41). In another 
study conducted with human ovarian cell line, PRO induced both 
intrinsic and extrinsic pathways (15). In line with these studies, 
we demonstrated that PRO triggered caspase-dependent apoptotic 
pathway in lung tumor cells. 

As to BEAS2B cells, just CASP8, as initiator caspase of ex-
trinsic pathway, signifi cantly increased at 24 h but it returned to 
basal levels at 48 h. More strikingly, CASP3 gene expression sig-
nifi cantly dropped down in BEAS2B cells 48 h post-PRO treat-
ment. In line with the mRNA expression data, protein levels of 
CASP3 also signifi cantly decreased in BEAS2B cells after 48 h 
PRO treatment. Contrary to tumoral A549 cells, the reversal of 
early apoptotic induction in BEAS2B cells after cell cycle arrest 
mediated by CDKN1A indicates that PRO exerted its apoptotic 
action based on cell type and exposure duration. Our data cor-
responding to apoptotic markers were also in parallel with the 
spatiotemporal expression pattern of cell cycle regulatory gene 
WEE1 as aforementioned above. 

The fact that some cancer types may lack CASP3 expression 
due to the gene deletion or blockage of caspase pathways makes 
the apoptosis-inducing agents fi nd alternative caspase-independent 
pathways like AIF-promoted cell death (43, 44). In the current 
study we also focused on AIF1 as an upstream apoptotic player 
involved in caspase-independent pathway. In the present study, 
we demonstrated the elevated protein level of AIF after 24h PRO 
treatment in A549 cells. We know from previous studies that AIF 
can also be induced coordinately with the caspase-dependent 
pathway to complement apoptosis (45). Induction of AIF also 
in our lung cancer model, as an alternative caspase-independent 
apoptotic molecule, could be upregulated as a back-up pathway 
to support caspase-mediated apoptosis. On the other hand, we 
observed that AIF protein expression was downregulated at both 
time points in BEAS2B cells despite the increased mRNA level 
at 24h post-PRO treatment. So, it may be claimed from our data 
that the apoptosis triggered by PRO is depended on the tumori-
genicity of the target cells.

Emerging evidence clearly indicates that there are multiple 
alternative pathways that lead the tumor cells to apoptosis (46). 
DDIT3 (CHOP) is a transcription factor which controls proli-
feration, differentiation, and apoptosis of the cells. It was shown 
in several cancer cell lines that DDIT3 acted as a pro-apoptotic
factor under oxidative stress by activating effector caspases and 
inhibiting BCL2 via endoplasmic reticulum (47, 48). We also 
checked the mRNA levels of DDIT3 to analyze alternative apop-
totic signals after PRO treatment in our tumoral and nontumoral 

cell lines. A previous in vitro model with angiosarcoma cells 
reported that after a global gene expression analysis compris-
ing 428 genes, DDIT3 gene expression remained unchanged 
after PRO treatment (27). It has been previously suggested that 
DDIT3, the central regulator of ER stress-induced apoptosis, 
played role in the regulation of cell cycle regulatory protein CDKN1A 
(49). Moreover, it was stated that elevated CDKN1A levels induced 
the cell cycle arrest and sustained the cell survival signal in the 
early phase of ER stress response in tumor cells by inhibiting 
apoptosis after unfolded protein response (49). DDIT3 gene ex-
pression is at quite low level under normal conditions but in-
creases with the stress signals (50). Along with this, we found 
in the current study that DDIT3 mRNA levels signifi cantly in-
creased in both cell lines after 24h-treatment with PRO. After
48h PRO treatment, in tumoral A549 cells DDIT3 returned to 
basal levels while it remained as signifi cantly high in non-tu-
moral BEAS2B cells compared to control group. In line with 
an in vitro study, the signifi cant upregulation of CDKN1A from 
2.5-fold at 24h to 4.9-fold at 48h via the sustained high levels of 
DDIT3 could presumably favor the cell survival pathway over 
apoptosis in non-tumoral BEAS2B cells unlike tumoral A549 
cells in which relative reduction of DDIT3 and CDKN1A trig-
gered apoptotic pathways (49).

Overall, we demonstrated that PRO could reduce cell vi-
ability by inducing both caspase-dependent and independent 
apoptosis in A549 lung tumor cells via CASP3 and AIF1. In 
nontumoral BEAS2B lung cells, cell proliferation was blocked 
through cell cycle regulatory gene CDKN1A after PRO treat-
ment. We also suggest that DDIT3 gene expression pattern to-
gether with CDKN1A plays a central role in decision of cell fate; 
particularly in the favor of survival in nontumoral cells and of 
apoptosis in tumor cells. The anti-tumorigenic effects of PRO 
on lung tumor cells along with less cytotoxicity in nontumoral 
lung cells make it a promising safe adjuvant therapeutic agent 
in cancer treatment.
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