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Abstract: Background: The β2-Adrenergic receptor (β2-AR) is associated with tumor growth and progression. Howev-
er, the clinical significance of β2-AR expression in patients with non-small cell lung cancer (NSCLC) remains unclear. 
Methods: Three hundred twenty-eight patients with surgically resected NSCLC were retrospectively investigated. 
Tumor sections were stained by immunohistochemistry for assessing β2-AR and Ki-67 expression and microvessel 
density (MVD), which was using CD34 levels. Results: β2-AR was positively expressed in 27% of all patients, in 29% 
of adenocarcinoma (AC) patients, and in 24% of non-AC patients. In AC patients, β2-AR expression was significantly 
correlated with lymphatic permeation (r=0.240; P<0.001), vascular invasion (r=0.239; P<0.001), and Ki-67 expres-
sion (r=0.175; P=0.009). However, this correlation was not observed in non-AC patients. Positive β2-AR expression 
was identified as a negative predictor for worse outcomes in AC patients, particularly in those with stage I tumors. 
Multivariate analysis confirmed that β2-AR expression was an independent factor for predicting poor progression-
free survival in stage I AC patients (HR=2.220; 95% CI, 1.077-4.573; P=0.031). Conclusion: β2-AR expression is an 
independent prognostic factor for early-stage AC patients.
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try

Introduction

Lung cancer is the leading cause of cancer-
related deaths worldwide. Despite years of 
research, the prognosis for patients with lung 
cancers remains dismal, with a 5-year survival 
rate of 14% [1]. In addition, patients with stage 
I non-small cell lung cancer (NSCLC) have a risk 
for disease recurrence even if the tumor is 
completely resected via surgery [2]. Thus, ass- 
essing the potential of established biomarkers 
for predicting the outcome and response to 
specific anti-cancer therapies is vital for improv-
ing the prognosis in NSCLC patients. Tumor 
staging and performance status are currently 
the most powerful prognostic predictors in 
patients with NSCLC [3]. Recent large-scale 
studies have demonstrated that sex, smoking 
history, and histology may also affect the treat-
ment outcome in patients with NSCLCs [4-6].

The β2-adrenergic receptor (β2-AR), a member 
of the transmembrane G protein-coupled recep-
tors (GPCRs) family, initiates multiple signaling 
cascades and regulates cell proliferation th- 
rough a classical cyclic-adenosine-monophos-
phate (cAMP)/protein kinase A (PKA) pathway 
[7, 8]. Tumor recurrence is a multifactorial pro-
cess that includes tumor cell migration, inva-
sion, and metastasis. Neurotransmitters and 
chemokines are ligands that bind to GPCRs and 
act as prominent regulatory factors in tumor 
recurrence [9, 10]. It has recently been report-
ed that β-adrenergic activation of the cAMP-
PKA signaling pathway via β2-AR could affect 
angiogenesis followed by cell growth and prolif-
eration in ovarian cancer cells [11]. 

β2-AR overexpression has been reported in 
various human cancers, including breast can-
cer, oral cancer, prostate cancer, melanoma, 



β2-AR expression in NSCLC

5060 Am J Transl Res 2016;8(11):5059-5070

and hepatocellular carcinoma, and it can lead 
to poor clinicopathological features such as 
tumor recurrence, metastasis, and reduced 
survival [12-16]. The results of these studies 
suggest that β2-AR may be a cancer-relevant 
biomarker in carcinogenic processes. An in 
vitro study indicated that β2-AR could be used 
as a potential target for cancer therapy [17]. 
Moreover, it has been reported that the use of 
β-blockers, particularly propranolol, prolongs 
survival in breast cancer patients [18, 19]. 
β-blockers are also generally administered to 
lung cancer patients with coexisting heart dis-
eases. However, little is known about the clini-
copathological significance of β2-AR expres-
sion in lung cancer patients and of the rela- 
tionship between β-blocker use and lung can-
cer prognosis. Considering previous data on 
β2-AR expression within cancer cells, β2-AR 
could be an attractive therapeutic target in vari-
ous human neoplasms, including lung cancer.

Considering this, we conducted a clinicopatho-
logical study to evaluate the expression of 
β2-AR in patients with NSCLCs. We investigat-
ed whether β2-AR expression was closely asso-
ciated with post-treatment outcomes and 
explored the relationship between β2-AR and 
various clinicopathological characteristics. Fur- 
thermore, we assessed the correlation between 
β2-AR expression and both the Ki-67 labeling 
index (LI), as well as microvessel density (MVD; 
as determined by CD34).

Materials and methods

Patients

Our study cohort was composed of 347 con-
secutive patients with NSCLCs (stages I-III), 
who had undergone resection by lobectomy or 
pneumonectomy with mediastinal lymph-node 
dissection at Gunma University Hospital (Mae- 
bashi, Gunma, Japan) between June 2003 and 
December 2010. Of 347 patients, 19 were ex- 
cluded from further analysis owing to unavail-
able tissue specimens; thus, 328 patients were 
enrolled. Our approach to the evaluation and 
resection of these tumors was identical to the 
process outlined in our previous study [20]. 
One patient received platinum-based chemo-
therapy before surgery as neoadjuvant therapy. 
In our cohort, 79 patients were administered 
postoperative adjuvant chemotherapy, with 15 

patients receiving platinum-based regimens 
and 64 patients receiving oral tegafur (a fluoro-
uracil derivative drug). The study protocol was 
approved by the institutional review board. The 
tumor specimens were histologically classified 
according to the World Health Organization cri-
teria. The stages of pathological tumor node 
metastasis were determined using the Inter- 
national System for Staging Lung Cancer adopt-
ed by the American Joint Committee on Cancer 
and Union Internationale Contre le Cancer [21]. 
The day of surgery was considered as the first 
day after the operation. The follow-up duration 
ranged from 23 to 3,821 days (median, 1,438 
days).

Immunohistochemical staining

β2-AR expression was determined by immuno-
histochemical staining using a rabbit anti-
human β2-AR monoclonal antibodies (1:100 
dilution; Abcam, Inc., Cambridge, UK) raised 
against a C-terminal peptide of the human 
β2-AR. Immunohistochemical staining was per-
formed on paraffin sections using the polymer 
peroxidase method (Histofine Simple Stain 
MAX PO (MULTI) kit; Nichirei Corporation, Tokyo, 
Japan). Briefly, deparaffinized rehydrated sec-
tions were treated with 0.3% hydrogen peroxide 
in methanol for 30 min to block endogenous 
peroxidase activity. To expose the antigens, 
sections were autoclaved in 10 mmol/L sodium 
citrate buffer (pH 6.0) for 5 min, and cooled for 
30 min. After rinsing with phosphate-buffered 
saline, sections were incubated with the anti-
β2-AR antibody (1:100) overnight. Thereafter, 
they were incubated using the Histofine Simple 
Stain MAX PO (MULTI) kit (Nichirei Corporation). 
The peroxidase reaction was performed using 
0.02% of 3,3-diaminobenzidine tetrahydrochlo-
ride and 0.01% hydrogen peroxide in 0.05 M 
Tris-HCl buffer, pH 7.6. Negative control tissue 
sections were prepared by omitting the primary 
antibody. The expression of β2-AR was consid-
ered as positive only if distinct membrane and 
cytoplasm staining was present. The β2-AR 
expression scores were assessed based on the 
extent of the staining as follows: 1, ≤10% of the 
tumor area stained; 2, 11%-25% of the tumor 
area stained; 3, 26%-50% of the tumor area 
stained; and 4, ≥51% of the tumor area stained. 
Tumors in which the stained tumor cells were 
scored as ≥2 were defined as showing positive 
expression.
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Mouse monoclonal antibodies against CD34 
(1:800 dilution; Nichirei Corporation) and Ki-67 
(1:40; Dako, Glostrup, Denmark) were also 
used. The number of CD34-positive vessels 
was counted in four randomly selected regions 
in a 400× field (0.26 mm2 field area). The MVD 
was defined as the mean number of microves-
sels per 0.26 mm2 field area and tumors in 
which the number of stained tumor cells was 
greater than the median were defined as areas 
of high expression. For Ki-67, epithelial cells 
with nuclear staining of any intensity were con-
sidered as positive. Approximately 1,000 nuclei 
were counted on each tumor slide, and their 
proliferative activity was assessed as the per-
centage of Ki-67-stained nuclei (Ki-67 LI) in 
each sample. The median Ki-67 LI was evalu-
ated, and tumors with an LI greater than the 
median were considered to show high level of 
expression. All sections were independently 
assessed using light microscopy in a blinded 
manner by at least two of the authors.

Statistical analysis

P-values of less than 0.05 were used to indi-
cate a statistically significant difference. Chi-
squared or Fisher’s exact tests were used to 
examine the association between the two cat-
egorical variables. The correlation between dif-
ferent variables was analyzed using the non-
parametrical Spearman’s rank test.

Elderly patients were defined as those older 
than 65 years, and smokers were defined as 
those who had smoked at least 100 cigarettes 
in their lifetimes. Disease staging was divided 
into two groups: stages I group and stage II/III 
group. The Kaplan-Meier method was used to 
estimate survival as a function of time, and dif-
ferences in survival were analyzed using the 
log-rank test. Overall survival (OS) was deter-
mined as the time from tumor resection to 
death from any cause. Progression-free surviv-
al (PFS) was defined as the time between tumor 

Figure 1. Immunohistochemical staining of tumor tissues. Immunohistochemical staining sections showed positive 
or negative β2 adrenergic receptor (β2-AR) expression in non-small cell lung cancer. A: Positive β2-AR expression 
in adenocarcinoma (AC); B: Positive β2-AR in squamous cell carcinoma (SCC); C: Negative β2-AR in AC; D: Negative 
β2-AR in SCC.
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resection and the first disease progression or 
death. Multivariate analysis was performed us- 
ing a stepwise Cox proportional hazards model 
to identify the independent prognostic factors. 
Statistical analysis was performed using IBM 
SPSS Statistics version 21 (IBM corp., NY, USA) 
for Windows.

Results

Immunohistochemical analysis and patient 
demographics

Three hundred twenty-eight primary NSCLC 
lesions were analyzed using immunohisto-
chemical analysis. The β2-AR expression was 
predominantly localized to the plasma mem-
brane (Figure 1). All positive cells showed 
strong membranous and cytoplasmic staining. 
Positive expression of β2-AR was identified in 
27% (89/328) of all patients; in 29% (64/222) 
of adenocarcinoma (AC) patients; and in 24% 
(25/106) of non-AC patients.

The median number of CD34-positive vessels 
was 12 (range, 1-45) and was chosen as a cut-
off point. The median Ki-67 LI was 14% (range, 
1-92), and was, likewise, used as a cutoff point. 
High expressions of CD34 and Ki-67 LI was 
detected in 51% (168/328) and 52% (172/328) 
of all patients, respectively.

Non-AC tumors consisted of squamous cell car-
cinoma (82%, 87/106), adenosquamous carci-
noma (4%, 4/106), large-cell carcinoma (3%, 
3/106), and large-cell neuroendocrine carcino-
ma (11%, 12/106).

Table 1 represents patient characteristics 
based on the β2-AR expression. In all patients, 
positive β2-AR expression was significantly 
associated with disease stage, T factor, N fac-
tor, lymphatic permeation, vascular invasion, 
and Ki-67. This was mirrored in AC patients, 
where similar association could be seen in 
between β2-AR expression and almost all of the 

Table 1. Patient characteristics according to β2-AR expression

Variables
All (n = 328) AC (n = 222) non-AC (n = 106)

Total  
(n = 328)

Positive 
(n = 89)

Negative 
(n = 239) P-value Positive 

(n = 64)
Negative 
(n = 158) P-value Positive 

(n = 25)
Negative 
(n = 81) P-value

Age
    <65 years/≥65 years 96/232 23/66 73/166 0.405 17/47 59/99 0.125 6/19 14/67 0.559
Sex
    Male/Female 198/130 50/39 148/91 0.344 30/34 74/84 0.996 20/5 74/7 0.149
Smoking
    Yes/No 212/116 57/32 155/84 0.892 32/32 75/83 0.732 25/0 80/1 >0.999
p-Stage
    I/II-III 221/107 52/37 169/70 0.035 40/24 124/34 0.014 12/13 45/36 0.647
Histology
    AC/non-AC 222/106 64/25 158/81 0.318 - - - - - -
T factor
    T1/T2-4 151/177 33/56 118/121 0.047 28/36 92/66 0.050 5/20 26/55 0.245
N factor
    N0/N1-2 248/80 59/30 189/50 0.016 42/22 132/26 0.003 17/8 57/24 0.821
Pleural invasion
    Positive/Negative 116/212 37/52 79/160 0.151 23/41 40/118 0.112 14/11 39/42 0.492
Lymphatic permeation
    Positive/Negative 138/190 47/42 91/148 0.016 34/30 44/114 <0.001 13/12 47/34 0.595
Vascular invasion
    Positive/Negative 124/204 44/45 80/159 0.008 31/33 38/120 <0.001 13/12 42/39 0.990 
Ki-67
    High/Low 172/156 55/34 117/122 0.038 34/30 54/104 0.009 21/4 63/18 0.502
CD34
    High/Low 168/160 38/51 130/109 0.060 24/40 73/85 0.236 14/11 57/24 0.182
Abbreviations: AC = adenocarcinoma; β2-AR = β2 adrenergic receptor; p-stage = pathological stage. The bold entries show a statistically signifi-
cant difference.
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aforementioned factors (with the exception of 
vascular invasion). However, no significant as- 
sociation between β2-AR and any of the tested 
variables was observed in non-AC patients. 
Furthermore, in stage I AC patients, positive 
β2-AR expression was found to be significantly 
associated with pleural invasion, lymphatic per-
meation, vascular invasion, and Ki-67 expres-
sion (Supplementary Table 1).

Correlation between β2-AR and different 
variables

Using Spearman’s rank correlation, positive 
β2-AR expression in all patients was significant-
ly correlated with lymphatic permeation, vascu-
lar invasion, and cell proliferation, based on 
Ki-67 expression levels. When assessing tum- 
ors based on their histological type, a statisti-
cally significant correlation was observed in AC 
patients, but not in non-AC patients. In stage I 
AC patients, a significant correlation with pleu-
ral invasion was also identified (Table 2).

Patient mortality

The 5-year survival rates were 67% for all 
patients, 73% for AC patients, and 54% for non-
AC patients. Table 3 shows the results of uni-
variate and multivariate analyses for each 
group. Figure 2 shows the Kaplan-Meier sur-
vival curve for patients displaying either posi-
tive or negative β2-AR expression. In all pati- 
ents, univariate analysis showed that age, sex, 
smoking history, disease stage, pleural inva-
sion, lymphatic permeation, vascular invasion, 
β2-AR, Ki-67, and MVD were significant predic-
tors for worse OS and PFS. Sex was also identi-
fied as a significant prognostic factor for OS.

Next, a survival analysis of OS and PFS was 
performed according to the histological type of 

the tumor. Both AC patients, as well as the over-
all patient cohort, showed identical tendencies 
for OS and PFS. However, in non-AC patients, 
disease stage and pleural invasion were signifi-
cantly associated with poor OS, while smoking 
and disease stage were significantly associat-
ed with poor PFS.

Next, we examined the relationship between 
β2-AR and survival in patients with stage I AC. 
Poor OS was significantly associated with age, 
sex, smoking, pleural invasion, lymphatic per-
meation, vascular invasion, β2-AR expression, 
Ki-67 expression, and MVD. These factors were 
also associated with poor PFS, as was disease 
stage (Table 4).

Finally, we performed multivariate analyses for 
each group (Tables 3 and 4) and β2-AR was 
identified as an independent prognostic marker 
for predicting a worse PFS in AC patients with 
stage I disease.

Discussion

This is the first clinicopathological study to eval-
uate the prognostic significance of β2-AR 
expression in patients with NSCLC. Our results 
demonstrate that a positive β2-AR expression 
is significantly correlated with lymphatic perme-
ation, vascular invasion, and tumor cell prolif-
eration, and is a promising predictor related to 
poor outcome in patients with AC. This was par-
ticularly true for patients with early-stage AC 
but was not observed in patients with non-AC. 
Furthermore, multivariate analyses also identi-
fied positive β2-AR expression as an indepen-
dent prognostic factor for predicting poor PFS 
in patients with stage I AC. Considering our 
observations, β2-AR expression seems to play 
an important role in tumor progression and 
metastasis. Thus, β2-AR could be a potential 

Table 2. Spearman’s rank correlation according to β2-AR

Variables
Total (n = 328) AC (n = 222) non-AC (n = 106) stage I AC (n = 164)
|r| P-value |r| P-value |r| P-value |r| P-value

Pleural invasion 0.079 0.152 0.107 0.113 0.067 0.497 0.183 0.019
Lymphatic permeation 0.133 0.016 0.240 <0.001 0.052 0.599 0.211 0.007
Vascular invasion 0.146 0.008 0.239 <0.001 0.001 0.990 0.270 <0.001
Ki-67 0.114 0.038 0.175 0.009 0.065 0.507 0.267 0.001
CD34 0.104 0.060 0.079 0.238 0.130 0.185 0.047 0.551
Abbreviatoins: AC = adenocarcinoma; β2-AR = β2 adrenergic receptor. The bold entries show a statistically significant differ-
ence.

http://www.ajtr.org/files/ajtr0036212suppltab.xlsx
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Table 3. Univariate and multivariate analysis of overall survival and progression-free survival
Overall survival Progression-free survival

Variables

Total (n = 328) AC (n = 222) Multivariate 
analysis non-AC (n = 106) Total (n = 328) Multivariate 

analysis AC (n = 222) Multivariate 
analysis non-AC (n = 106)

5-year 
survival 
rate (%)

P-value
5-year 

survival 
rate (%)

P-value HR 95% CI 
P-value

5-year 
survival 
rate (%)

P-value 5-year sur-
vival rate (%) P-value HR 95% CI 

P-value
5-year sur-

vival rate (%) P-value HR 95% CI 
P-value

5-year 
survival 
rate (%)

P-value

Age

    <65 years/≥65 years 82/61 <0.001 90/65 <0.001 57/54 0.422 75/55 0.001 81/58 0.001 52/50 0.579

Sex

    Male/Female 62/75 0.003 68/78 0.026 1.282 
0.593-2.773 

0.527

55/49 0.869 58/65 0.051 0.784 
0.471-1.305 

0.349

64/68 0.224 0.752 
0.390-1.451 

0.395

52/40 0.613

Smoking

    Yes/No 60/79 <0.001 66/80 0.005 1.605 
0.736-3.501 

0.234

55/0 0.012 54/74 <0.001 2.195 
1.244-3.870 

0.007

56/74 0.004 2.215 
1.129-4.345 

0.021

51/0 0.013

p-Stage

    I/II-III 79/44 <0.001 85/44 <0.001 4.113 
2.932-7.701 

<0.001

62/44 0.017 74/33 <0.001 3.685 
2.568-5.287 

<0.001

80/30 <0.001 4.370 
2.710-7.046 

<0.001

60/38 0.001

Pleural invasion

    Positive/Negative 47/79 <0.001 49/84 <0.001 46/63 0.021 43/71 <0.001 40/77 <0.001 46/55 0.068

Lymphatic permeation

    Positive/Negative 50/80 <0.001 48/87 <0.001 51/58 0.432 42/75 <0.001 39/81 <0.001 46/56 0.216

Vascular invasion

    Positive/Negative 49/78 <0.001 47/86 <0.001 52/56 0.274 44/72 <0.001 37/79 <0.001 52/50 0.479

β2-AR

    Positive/Negative 56/71 0.062 60/79 0.045 1.125 
0.651-1.943 

0.674

47/57 0.414 47/66 0.005 1.427 
0.982-2.073 

0.062

47/74 0.001 1.548 
0.955-2.508 

0.076

48/52 0.660 

Ki-67

    High/Low 58/76 0.001 60/80 0.004 55/50 0.871 50/72 <0.001 49/75 0.001 50/55 0.730 

CD34

    High/Low 62/73 0.028 66/79 0.013 56/51 0.479 52/70 0.008 52/76 0.006 50/50 0.831
Abbreviations: AC = adenocarcinoma; β2-AR = β2 adrenergic receptor; 95% CI = 95% confidence interval; HR = hazard ratio; p-stage = pathological stage. The bold entries show a statistically significant difference.
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biomarker for early-stage lung adenocarcino-
ma. However, the reason for the variation in 
β2-AR protein expression between AC and non-
AC remains unclear. Therefore, further study is 
warranted to clarify the biological mechanisms 
underpinning β2-AR expression in histologically 
varying tumors.

Previous clinicopathological studies have dem-
onstrated an enhanced expression of β2-AR in 
pancreatic cancer, hepatic cellular carcinoma, 
and oral squamous cell carcinoma [12, 14, 22, 

23]. These studies have indicated a close rela-
tionship between the enhanced expression of 
β2-AR and poor prognosis in pancreatic cancer 
and hepatic cellular carcinoma, due to a signifi-
cant correlation between β2-AR and tumor size 
and vascular invasion. However, some contro-
versy still remains on whether such a correla-
tion exists in oral squamous cell carcinoma. In 
our study, the expression level of β2-AR was 
significantly correlated with progression and 
metastasis in AC patients, but no such relation-
ship was found in non-AC patients. The clinico-

Figure 2. Kaplan-Meier analysis of overall survival (OS) and progression-free survival (PFS) according to β2-
adrenergic receptor (β2-AR) expression. There was no statistically difference in OS (A), whereas there was a statisti-
cally difference in PFS (B) in NSCLC patients with positive β2-AR expression. A statistically significant difference in 
OS and PFS was observed in the adenocarcinoma patients with positive β2-AR expression of stage I-III (OS, C; PFS, 
D); stage I (OS, E; PFS, F), respectively.
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pathological parameters involved in the varying 
expression levels of β2-AR in different histologi-
cal types, such as adenocarcinoma and squa-
mous cell carcinoma, remain unknown. There- 
fore, further study is needed to investigate 
β2-AR expression due to possible mechanical 
difference based on the histological type of 
tumor. 

β2-AR increases vascularization and enhances 
the expression of vascular endothelial growth 
factor (VEGF), MMP2, and MMP9 in ovarian 
carcinoma [11]. In pancreatic cancer, amplifica-
tion of the β2-AR signaling pathway might aug-
ment the expression of EGFR, VEGF, and MMP2 

as a result of variable downstream pathways of 
β2-AR, such as EGFR pathways and angiogen-
esis, resulting in the promotion of lymph node 
metastasis [23]. Other studies have indicated 
that stimulation of β2-AR induces VEGF, MMP2, 
and MMP9, followed by the promotion of angio-
genesis, cell proliferation, and cell adhesion 
[24, 25]. Several in vitro studies have revealed 
that the β2-AR agonist isoproterenol promotes 
the growth of human cancer cells in vitro via 
β2-AR-mediated activation of cAMP/PKA, mito-
gen-activated protein kinase (MAPK)/extracel-
lular signal-regulated kinase 1/2 (ERK1/2), and 
PI3-kinase (PI3 K)/protein kinase B (AKT) sig-
naling pathways. Furthermore, isopreterenol 

Table 4. Univariate and multivariate analysis in overall survival and progression-free survival of stage 
I AC patients

Variables

Overall survival Progression-free survival
Univariate Multivariate Univariate Multivariate

5-year survival 
rate (%) P-value HR 95% CI 

P-value
5-year survival 

rate (%) P-value HR 95% CI 
P-value

Age
    <65 years/≥65 years 100/77 <0.001 100/69 0.012
Sex
    Male/Female 76/93 0.001 3.238 

1.055-9.944 
0.040

77/83 0.032 1.089 
0.447-2.651 

0.851
Smoking
    Yes/No 77/92 0.003 1.669 

0.596-4.678 
0.330

71/87 0.003 2.371 
0.924-6.087 

0.073
p-Stage
    IA/IB 92/71 0.057 1.703 

0.764-3.794 
0.193

88/62 0.002 2.480 
1.229-5.005 

0.011
Pleural invasion
    Positive/Negative 59/91 0.001 50/86 <0.001
Lymphatic permeation
    Positive/Negative 65/90 0.001 53/86 <0.001
Vascular invasion
    Positive/Negative 45/94 <0.001 46/87 <0.001
β2-AR
    Positive/Negative 62/91 0.017 1.889 

0.839-4.254 
0.125

60/85 0.003 2.220 
1.077-4.573 

0.031
Ki-67
    High/Low 69/90 0.016 63/86 0.002
CD34
    High/Low 76/90 0.016 64/88 0.004
Abbreviations: AC = adenocarcinoma; β2-AR = β2 adrenergic receptor; 95% CI = 95% confidence interval; HR = hazard ratio; 
p-Stage = pathological stage. The bold entries show a statistically significant difference.
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activates MAPK/ERK1/2 through a β2-AR-
mediated and vascular endothelial growth fac-
tor (VEGF)-independent mechanism [26-29]. 
Thus, β2-AR has recently received attention as 
a potential therapeutic target for the treatment 
of cancer.

In vitro studies have demonstrated that norepi-
nephrine-induced stimulation of cell prolifera-
tion and migration is significantly inhibited by 
propranolol, a non-cardioselective β2-AR an- 
tagonist, in human prostate, colorectal, ovari-
an, and breast cancer cell lines [30-33]. In ad- 
dition, propranolol has been shown to suppress 
prostate cancer cell growth in a nude mouse 
xenograft model [34]. Moreover, a recent exper-
imental study using melanoma cells has docu-
mented that propranolol inhibits cell prolifera-
tion and induces apoptosis as a result of regu- 
lating the expression of different genes involved 
in tumor angiogenesis, cell death, or prolifera-
tion, such as TP53, Akt3, HIF1a, and PiK3R5. It 
is intriguing, however, that metoprolol, which is 
a cardioselective β-blocker, hardly affects cell 
survival or proliferation [35]. Furthermore, 
other experimental studies have shown that, 
after encouraging their proliferation, lung can-
cer cell lines produced noradrenaline, and pro-
pranolol inhibited their growth due to restricting 
the activity of p-CREB and p-ERK1/2 down-
stream signaling pathways [36]. Other in vivo 
studies have revealed that β-blockers could 
augment the effectiveness of chemotherapy in 
certain conditions [37].

Clinical reports have shown that the β-blocker 
propranolol, but not atenolol, which is a β1-ad- 
renergic receptor-selective antagonist, impro- 
ves the outcome for breast cancer patients by 
reducing metastasis, recurrence, and mortality. 
Reports also indicate that angiotensin receptor 
blockers and angiotensin converting enzyme 
inhibitors do not affect patient prognosis [18, 
19]. On the other hand, it has been reported 
that β-blocker usage did not affect prognosis in 
breast and prostate cancer patients [38, 39]. 
However, in those studies, the effect of β2-AR 
expression on patient prognosis was not ade-
quately examined. For example, it has been 
demonstrated that strong β2-AR expression in 
breast cancer patients can be an indicator 
good early prognosis due to effects of tamoxi-
fen, an estrogen antagonist, but after 60 
months, this trend is reversed [40]. Therefore, 

it is also important to evaluate the β2-AR 
expression in lung adenocarcinoma patients.

Although adjuvant chemotherapy including cis-
platin-based combination regimens after sur-
gery is the current standard of care based on 
the results of phase III trials in patients with 
stage II/III NSCLCs, the use of adjuvant chemo-
therapy with cisplatin-based regimens in AC 
patients with stage I disease remains contro-
versial [41-43]. Therefore, an investigation of 
the possible markers capable of determining 
the candidates for adjuvant therapy is extreme-
ly relevant for treating patients with stage I lung 
adenocarcinoma. In light of our data, proprano-
lol may potentially be used as a novel post-sur-
gery adjuvant therapy for early-stage lung ade-
nocarcinoma patients showing positive β2-AR 
expression.

However, there were several limitations to our 
study. First, we used a single-center cohort, 
which may have biased our results. Second, it 
remains unclear what precisely is the optimal 
cutoff point for the expression level of β2-AR. 
Further study is warranted to investigate and 
identify the appropriate cutoff level for β2-AR. 
Third, the detailed mechanism responsible for 
β2-AR expression in various neoplasms still 
remains unclear. To the best of our knowledge, 
our investigation is the first study to examine 
the expression of β2-AR in patients with lung 
cancer. Keeping this in mind, future studies 
should aim to clarify the clinicopathological 
problems involved, such as the appropriate cut 
off level for β2-AR, before β2-AR inhibition 
would be truly applicable in clinical settings.

In conclusion, the expression of β2-AR is close-
ly related to tumor cell proliferation, angiogen-
esis, and metastasis, and is a significant inde-
pendent marker for predicting a worse outcome 
in patients with AC, particularly those with 
stage I disease. Our results suggest that β2-AR 
can play a crucial role in the development of 
tumor progression and metastasis. Therefore, 
the inhibition of β2-AR by antagonists such as 
propranolol may be a future potential target for 
anticancer therapy in early-stage lung adeno- 
carcinoma.
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