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Abstract: Adrenergic receptors (ARs), especially β-ARs, are constitutively expressed in most mammalian cells and 
are associated with various malignancies including lung cancer. Epidemiologic studies have reported that activation 
of β-AR signalling promotes the development and progression of lung cancer and that pharmacological interference 
by β-AR blockers could partially reverse lung cancer progression. In this review, we mainly focus on the role of β-ARs 
in lung cancer and then reveal the possible application of AR blockers in anti-tumour therapy for lung cancer.
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Introduction 

Cancer incidence and mortality are rapidly in- 
creasing, and lung cancer is the leading cause 
of cancer incidence and mortality in both sexes 
worldwide and in China [1-3]. Despite the great 
advances in the diagnosis and treatment of 
lung cancer, the overall 5-year survival rate of 
lung cancer patients is less than 20% [2, 4].

The human genome encodes nine different 
adrenoceptor genes, which are classed into 
three families termed α1-, α2-, and β-adreno- 
ceptors, each of which contains three family 
members. The adrenergic receptors (or adreno-
ceptors, ARs) are a class of G-protein-coupled 
receptorsthat are expressed by most cell types 
in humans and that function as the primary  
targets of the catecholamines norepinephrine 
(NE) and epinephrine (E), which are released 
from the sympathetic nervous system or are 
activated by stress, smoking or agonists. ARs 
play a central role in human disease and are 
key targets for widely used drugs. The main  
ARs have been classed according to their func-
tions, which are described in detail in this 
review [5-10]. 

Recently, emerging data have demonstrated 
that the activation of adrenoceptors, and espe-
cially β-ARs, by catecholamines, chronic stress 
[11], smoking or AR agonists leads to pro-
tumourigenic effects. Some of these effects  
are involved in carcinogenesis, proliferation, im- 
mune regulation [12-15], invasion [16], neoan-
giogenesis [17], clinical prognosis and treat-
ment resistance [18] in various malignancies 
such as melanoma [7], breast cancer [19, 20], 
prostate cancer [21, 22], and pancreatic can-
cer [23]. 

Similarly to other common cancers, epidemio-
logic studies have reported that activation of 
β-AR signalling promotes the development and 
progression of lung cancer and that pharmaco-
logical interference by β-AR blockers could  
partially reverse lung cancer progression [24, 
25]. In regards to the role of ARs in the tumour 
biology of lung cancer, the evidence predomi-
nantly implicates the β-ARs (encoded by the 
ADRB1, ADRB2, and ADRB3 genes [25]), which 
are expressed to different degrees in both nor-
mal bronchial epithelial cells and lung cancer 
cells [24]. Many cells in the tumour microenvi-
ronment express ARs as a result of chronic 
stress, smoking or ARs agonists, which can acti-
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vate various cancer-associated signalling path-
ways via both direct and indirect mechanisms 
[14]. In our review, the pro-cancer role of β-AR 
signalling in lung cancer is discussed in the fol-
lowing text and is summarized briefly in Figure 
1 and Table 1.

In this paper, we will review the current evi-
dence of the role of ARs, especially β2-ARs in 
lung cancer, which have not yet been published 
in a review. We will also provide new insight into 
the use of AR blockers in anti-tumour therapy 
for lung cancer.

The expression of β-ARs in lung cancer

Several studies have demonstrated β-AR ex- 
pression in lung cancer, but the expression of 
α-ARs has not yet been reported. A study by X. 
Wu et al. combined two PAC data sets (GSE2514 
and GSE7670) to find novel target genes by  
bioinformatics analysis. They identified 1030 
differentially expressed genes (DEGs) in their 
meta-analysis and revealed that ADRB2 was 
expressed to a high degree in PAC [26]. In the 
study by Z.Q. Tian, 1063 DEGs were identified 

between normal control (NC) tissues and non-
small lung cancer (NSCLC) tissues by integra-
tion of 15 microarray datasets. It was revealed 
that ADRB2 was one of the significant hub pro-
teins. They then used qRT-PCR to demonstrate 
that ADRB2 expression was downregulated 
3.4-fold in five NSCLC tissues compared with 
NC tissues [27]. However, further experiments 
are still needed to confirm these conflicting 
results.

All three β-AR subtypes are expressed in lung 
tumour specimens and lung cancer-derived  
cell lines, but β2-AR is expressed at a relatively 
higher level and is more widely investigated 
compared with β1-AR and β3-AR. Data from a 
study by Monique B et al. showed that β-AR 
mRNA was expressed in 159 NSCLC clinical 
samples and 116 lung cancer cell lines by qRT-
PCR and, specifically, that β2-AR was highly 
expressed [24]. Schuller HM et al. also showed 
the mRNA expression of β1-AR and β2-AR in  
NCI-H322 and NCI-H441 cells by RT-PCR [28]. 
Additionally, using immunohistochemistry (IHC), 
T. Yazawa et al. also found that β2-AR was posi-

Figure 1. Cartoon illustrating the proposed mechanisms of the β-ARs signaling induced by chronic stress or smoking 
(NNK) or β-ARs agonists and suppressed by γ-GABA or β-ARs anagonists.
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Table 1. The role and mechanisms of adrenergic receptors in lung cancer
Agonists Receptor Signalling Patients/cells References

The expression of β-ARs in lung cancer

/ ADRB2 / PAC [26]

/ β2-AR / NSCLC tissues [27]

/ β-ARs NSCLC tissues [24]

β1-AR, β2-AR NCI-H322 and NCI-H441 [28]

β2-AR NSCLC tissues [29]

NNK β2-AR not β1-AR / Lung cancer cells in hamsters [30]

β-ARs signaling promotes lung tumorigenesis

Norepinephrine β2-AR PKA-VDCC-IGF-1R Airway epithelial cells  [31]

Stress Catecholamines FVB mice initiated for LC

NNK β-ARs IGF-1R via IGF2 transcription BEAS-2B cells (vitro) [34]

NNK β-ARs A/J mice AC models

NNK β-ARs Arachidonic acid NCI-H322 and NCI-H441 cells [35]

NNK β-ARs cAMP PAC in hamsters [36]

Soproterenol β-ARs cAMP PAC derived from Clara cell [37]

β-ARs signaling increases proliferation of lung cancer

/ β2-AR Ki-67 expression NSCLC, AC and non-AC patients [29]

NNK, estrogen β1-AR alpha7nAChR cAMP HPL1D cells [24]

NNK β-ARs Bad and PKCiota A549 cells [39]

NNK β-ARs Bad A549 cells [38]

Epinephrine propranolol tolazoline β-ARs cAMP Human peripheral adenocarcinomas 
that present Clara cells features

[41]

ISO β2-AR ERK1/2/CREB, A549 cells [42]

Epinephrine β-ARs cAMP CSCs from NSCLC [43]

Isoproterenol antagonist β2-AR GIRK1 NCI-H69 [25]

β2-AR SCLC cells

β-ARs signaling facilities angiogenesis and invasion of lung cancer

β2-AR CD34 NSCLC, AC and non-AC patients [36]

ISO β2-AR ERK1/2/CREB,MMP2,9,VEGF A549 cells [42]

Chronic stress β-ARs VEGF CSCs from NSCLC [43]

ISO / HDAC6/PKA/Epac/ERK- H1299 cells [48]

β-ARs signaling promote immune evasion of lung cancer

Stress β-ARs NK cells Mice of lung cancer models [58]

The role of β-ARs in the clinical prognosis of lung cancer

/ β2-AR Worse outcomes Stage I AC patients [29]

β-ARs-blockers
β-ARs Decreased DMFS, DFS, and OS NSCLC received definitive radio-

therapy
[60]

β-ARs-blockers β-ARs Decreased mortality Stage III NSCLC [61]

Metoprolol β-ARs Favour OS Metastatic NSCLC patients [62]

β-ARs-blockers β-ARs Reduced OS Patients with resection of NSCLC [63]

β-ARs-blockers β-ARs No association with OS Lung cancer [64]

α1-AR-blockers α1-AR Significant OS benefit Stage 4 SCLC [66]

The role of β-ARs in the treatment resistance of lung cancer

Stress β2-AR LKB1/CREB/IL-6 EGFR TKI resistance in NSCLC [24]

ADRB2 single-nucleotide polymorphisms (SNPs) in lung cancer

NNK ADRB2 Induced ADRB2 SNPs AC from NNK-injected olden hamsters [69]

ADRB2 SNPs (no association) AC risk [70]

tively expressed in 27% of 328 tumour sections 
from patients with surgically resected NSCLC, 
in 29% of PAC patients, and in 24% of non-PAC 
patients [29]. Based on research by Schuller 
HM et al., β2-AR protein or the phosphorylation 
at Ser-355/Ser-356 of β2-AR in tumour cells 

was profoundly increased compared with cor-
responding normal airway epithelia and alveo-
lar epithelia of NNK-treated or untreated con-
trol hamsters. However, β1-AR was not observ- 
ed to be over-expressed in tumour cells [30], 
which suggests that β-ARs, especially β2-Ars, 



The role of adrenergic receptors in lung cancer

2230 Am J Cancer Res 2018;8(11):2227-2237

play important roles in lung cancer. Next, we 
will summarize the current knowledge of the 
details of β2-ARs in lung cancer.

β-ARs promotes lung tumourigenesis

It is widely accepted that activation of β-AR sig-
nalling pathways induced by chronic stress, 
NNK or β-AR agonists promotes lung carcino-
genesis via various mechanisms and that β-AR 
blockers can reverse this effect. 

First, emerging data have demonstrated the 
relationship between ARs induced by chronic 
stress and lung cancer. Jang HJ et al. showed 
that chronic stress in FVB mice initiated lung 
tumourigenesis via the production of catechol-
amines, especially NE, and then markedly  
promoted urethane- or KrasG12D/+- -induced lung 
tumourigenesis and development. Mechanisti- 
cally, the NE-increased β2-AR activation facili-
tates VDCC-mediated Ca2+ influx, which then 
induces IGF-1R activation via the release of 
IGF2 by airway epithelial cells; this in turn leads 
to lung epithelial cell transformation and lung 
tumour formation. Importantly, clinical drugs 
that block L-type VDCC decrease the effects of 
chronic stress or norepinephrine on the β2- 
AR-PKA-VDCC-IGF-1R signalling cascade, along 
with lung epithelial cell transformation and lung 
tumourigenesis [31]. This finding is consistent 
with the results of another study by Wu X et Al., 
who demonstrated that C57BL/6 mice exposed 
to repeated social defeat stress for 10 days fol-
lowed by subcutaneous inoculation with Lewis 
lung carcinoma cells for seven days exhibited 
significantly increased weight and volume of 
the primary tumour as well as the number of 
lung metastatic nodules [32]. 

Second, current preclinical and clinical data 
that indicate that smoking facilitates NSCLC 
progression via direct and indirect mechanisms 
that involve nicotinic receptor-regulated β-AR 
signalling are summarized in a previous study 
[33]. Moreover, targeted pharmacological inter-
ference with β-AR blockers or by γ-GABA can 
reduce the role of β-AR signalling. For instance, 
research by Min HY et al. revealed that NNK-
inducedIGF-1R activation through β-ARs was 
vital for lung carcinogenesis. Notably, the IGF2 
level increase through β-ARs, NF-κB, and stat3 
was dependent on NNK-mediated IGF-1R acti-
vation. Finally, treatment with β-AR antagonists 
inhibited the transformation of lung epithelial 

cell sand lung tumour formation in mice [34], 
which implies that blocking β-AR-induced IGF-
1R activation might be an effective method for 
lung cancer prevention in smokers. Data from a 
study by Schuller HM et al. also indicated that 
NNK facilitated the growth of NCI-H322 and 
NCI-H441 cells via the binding of an agonist to 
β-ARs, which resulted in the release of arachi-
donic acid (AA). RT-PCR revealed that NNK 
induced the expression of β1-AR and β2-AR in 
two cell lines, accelerated DNA synthesis and 
induced the release of AA. β-AR antagonists 
completely blocked the release of AA and the 
increase in DNA synthesis [35]. Experiments 
performed by Schuller HM et al. indicated a 
notable increase in NNK-mediated AC multip- 
licity in hamsters that were chronically expos- 
ed to the β-AR agonist epinephrine or theophyl-
line, which led to intracellular accumulation of 
the beta-adrenergic second messenger, cAMP. 
Moreover, propranolol before NNK injection sig-
nificantly decreased the development of ACs 
[36].

Moreover, Adissu HA et al. found that human 
lung adenocarcinomas ofa Clara cell lineage 
were highly sensitive to the tumour-promoting 
effects of β-AR agonists such as isoproterenol, 
which could promote cAMP expression. How- 
ever, lung adenocarcinomas that develop from 
alveolar type II cells are resistant to β-AR ago-
nists such as isoproterenol and respond to 
stimulation with cAMP with a reduction in cell 
growth [37]. This finding suggests the impor-
tant role of β-AR signalling in lung carcinogene-
sis and indicates that the application of AR 
blockers could be an effective means to pre-
vent lung carcinogenesis.

β-ARs increase the proliferation of lung cancer 
cells

Currently, several studies have revealed that 
NNK or β-AR agonists facilitate NSCLC prolifer-
ation via direct and indirect mechanisms that 
involve β-AR signalling and that pharmacologi- 
cal interference by AR blockers or γ-GABA can 
suppress the abovementioned effects. It has 
also been shown that β2-AR is positively ex- 
pressed in tumour sections from patients with 
surgically resected NSCLC (in both AC and non-
AC) by β2-AR IHC. Additionally, β2-AR expression 
was found to be significantly correlated with 
Ki-67 expression in NSCLC and AC, but this  
correlation was not observed in patients with-
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out AC [29], which implies that the role of β2-AR 
in proliferation in different histopathological 
types of NSCLC requires further investigation.

Al-Wadei HA et al. previously reported that a 
single dose of NNK stimulated the proliferation 
of immortalized human small airway epithelial 
cells (HPL1D) via the actions of cAMP on the 
β1-AR and that oestrogen enhanced this res- 
ponse. Then, they reported that γ-GABA could 
prevent the combined signalling of NNK and 
oestrogen in HPL1D cells. Additionally, chronic 
NNK and oestrogen also decrease γ-GABA via 
the desensitization of its regulatory alpha-
4beta2nAChR [24]. In another study, Jin Z et al. 
revealed that treatment of human lung cancer 
cells with a PKC inhibitor (staurosporine) or a 
Src-specific inhibitor (PP2) could block NNK-
induced Bad phosphorylation to facilitate ap- 
optotic cell death. Propranolol decreases both 
NNK-induced Bad phosphorylation and PKCiota 
activation as well as cell survival, while it induc-
es apoptosis of A549 cells, which suggests that 
NNK-mediates these effects at least partly via 
the upstream β-AR pathway [38, 39].

Several studies have shown that β-AR agonists 
facilitate NSCLC proliferation and that AR block-
ers or γ-GABA can suppress the above effects. 
Epinephrine increases the proliferation of and 
DNA synthesis in NSCLC cells, and this effect 
could be blocked by propranolol [40]. According 
to data from Park PG et al., a β-AR-induced 
mitogenic pathway, which activates the cAMP 
down-stream pathway in cell lines, arose from 
human peripheral adenocarcinomas that pre-
sented features of Clara cells. β-AR agonists 
such as epinephrine strongly promote cell pro-
liferation, while propranolol, but not antago-
nists of α-ARs (e.g., tolazoline) or antagonists of 
cAMP, can inhibit this effect. However, in their 
recent study, the SCLC cell line NCI-H69 exhib-
ited no cell proliferation effect as a result of 
stimulators of this pathway [41], which implies 
differences in different pathological types. 
However, the mechanism remains unclear. Hu 
P et al. also reported that β2-adrenergic recep-
tor activation by isoproterenol (ISO) promoted 
A549 proliferation via the ERK1/2/CREB path-
way [42]. Using spheroid formation assays, 
Banerjee J et al. also demonstrated that epi-
nephrine enhanced the number of cancer stem 
cells derived from three NSCLC cell lines (NCI-
H322, NCI-H441, NCI-H1299), while intracellu-

lar cAMP levels and the levels of stem cell 
markers such as sonic hedgehog (SHH) and 
aldehyde dehydrogenase-1 (ALDH-1) were also 
enhanced. These effects were reversed by 
γ-GABA or cAMP inhibition [43]. Plummer HK et 
al. observed GIRK1 mRNA and protein expres-
sion in SCLC cell lines such as NCI-H69 but did 
not observe expression in any NSCLC cell lines. 
They also observed that SCLC cells treated with 
a β2-AR antagonist daily for seven days exhibit-
ed slight decreases in the GIRK1 mRNA level 
and decreased proliferation. NCI-H69 cells 
stimulated with the β2-adrenergic agonist iso-
proterenol exhibited increased growth rates. 
The GIRK inhibitor U50488H also inhibited NCI-
H69 cell proliferation, but this inhibition was 
reversed by isoproterenol [25].

β-ARs facilitate angiogenesis and promote 
invasiveness in lung cancer

ARs are expressed by most cell types such as 
tumour cells and immune cells in the tumour 
microenvironment. They play an important role 
in the process of cancer metastasis by induc-
ing degradation of basement membranes, can-
cer cell invasiveness, migration, extravasation 
and colonization [44]. 

β-AR activation in recent in vitro experiments 
and in vivo animal models has shown that β- 
ARs induced by chronic stress and the stress-
related neurotransmitters significantly promote 
the metastatic potential of malignancies [45] 
including lung cancer. According to β2-AR IHC 
experiments, β2-AR expression is significantly 
correlated with lymphatic permeation, vascular 
invasion (CD34) in tumour sections from pa- 
tients with surgically resected NSCLC, AC and 
non-AC [36], which implies that the role of β2- 
AR in angiogenesis in different histopathologic 
types of NSCLC requires further investigation. 
Hu P et al. have reported that β2-AR activation 
by isoproterenol (ISO) in A549 cells increased 
the expression of MMP family proteins such as 
MMP-2, MMP-9 and VEGF in, which could be 
blocked by knockdown of CREB [42]. These 
findings are similar to those of other studies in 
pancreatic cancer [23] and gastric cancer [46]. 
Banerjee J et al. demonstrated that chronic 
stress induced by epinephrine enhanced VEGF 
expression and the number of cancer stem 
cells derived from three NSCLC cell lines (NCI-
H322, NCI-H441, NCI-H1299) [43], which is 
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similar to the finding that tumours in stressed 
animals showed significantly increased VEGFR-
2 and L1CAM expression, increased VEGF pro-
tein secretion, and increased pERK, MMP-2 
and MMP-9 protein expression [32]. These 
results are also in agreement with the latest 
evidence from a study on prostate cancer [47]. 
Lim JA et al. reported that isoproterenol led to 
HDAC6 mRNA and protein expression via a 
PKA/Epac/ERK-dependent pathway, the induc-
tion of the deacetylation of α-tubulin and stimu-
lation of H1299 cell migration. Moreover, ISO 
enhances H1299 cell migration via the induc-
tion of HDAC6 expression [48]. The pro-angio-
genic and invasive role of β2-AR signalling in 
other tumour types has also been reported [17, 
44, 45, 47, 49, 50].

β-ARs promote immune regulation in lung 
cancer

In general, both stressors and the depression 
of AR signalling are associated with decreased 
cytotoxic T-cell and natural-killer-cell activities, 
which affects processes such as the immune 
surveillance of tumours [51-54]. Although the 
role and mechanisms of ARs in immune regula-
tion in other malignancies such as B-cell lym-
phoma [15] and pancreatic carcinoma [55] 
have been widely investigated [14, 51, 56, 57], 
reports on the immune modulation of ARs in 
the lungs are rare. It has been reported that 
stress stimulation could induce a tumour-resis-
tant phenotype via the infiltration of NK cells 
into tumours in mouse models of lung cancer 
when they are housed in an enriched environ-
ment. Exposure to an enriched environment 
could enhance the cytotoxic activity of NK cells 
against tumours. Moreover, β-AR blockade or 
chemical sympathectomy inhibited the effects 
of the enriched environment on the cytotoxic 
activity of NK cells and subsequently decreased 
the antitumour effect of the enriched environ-
ment [58]. However, the determination of the 
effect and mechanisms of ARs on immune reg-
ulation in lung cancer still requires extensive 
investigation.

The role of β-ARs in the clinical prognosis and 
treatment resistance of lung cancer

The data from previous studies on the associa-
tion between β-AR-blocker use and overall sur-
vival in patients with lung cancer are currently 

controversial, which is similar to what is seen in 
other types of cancers [59].

Thus far, several reports have demonstrated 
beneficial progress in β-AR blocker use in 
patients with lung cancer. T. Yazawa et al. also 
found that positive β2-AR protein expression 
was a negative predictor of worse outcomes in 
AC patients, particularly in patients with stage I 
tumours. A multivariate analysis showed that 
β2-AR protein expression was an independent 
factor for predicting poor progression-free sur-
vival in patients with stage I AC [29]. A univari-
ate analysis in another study on NSCLC patients 
who received definitive radiotherapy (RT) dem-
onstrated that β-AR blockers were associated 
with improved distant metastasis-free survival 
(DMFS), disease-free survival (DFS), and overall 
survival (OS) but not locoregional progression-
free survival (LRPFS) compared with patients 
who were not treated with β-AR blockers. Ad- 
ditionally, in a multivariate analysis, the up- 
take of β-AR blockers was found to be related 
to a notably better DMFS, DFS, and OS with 
adjustments for age, stage, histologic type, and 
treatment with chemotherapy and radiation. No 
relationship was observed between β-AR block-
ers and LRPFS [60]. Moreover, those authors 
also found a 22% decrease in mortality, but this 
result was derived only from hospital-based 
data of 673 patients with stage III NSCLC [61]. 
According to a univariate analysis in a retro-
spective study of 35 patients with metastatic 
NSCLC who were treated with the β-AR blocker 
metoprolol, the treated patients exhibited a 
favourable overall survival compared with con-
trols (72 patients with metastatic NSCLC who 
were not treated with metoprolol). However, the 
benefit of β-AR blockers on OS was not ob- 
served in the multivariate analysis, which sug-
gests that use of β-AR blockers during chemo-
therapy may be associated with an increased 
OS for patients with metastatic NSCLC [62]. 
Univariate analyses showed that selective and 
nonselective β-AR blockers were related to 
reduced recurrence-free survival and OS in pa- 
tients undergoing resection of NSCLC. However, 
the results were not always consistent with 
those discussed above even after adjustments 
for possible variables in the multivariate analy-
sis, which illustrates that nonselective or selec-
tive β-AR blockers may not increase recurrence-
free survival or OS [63].
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In contrast, several studies have not illustrated 
any association between β-AR blockers and the 
survival of patients with lung cancer. A large ret-
rospective cohort study consisting of 436 
patients with lung cancer showed no correla-
tion between the use of β-AR blockers and OS. 
Compared with cancer patients who received 
other antihypertensive medications, patients 
who received β-AR blockers experienced a 
slightly poorer survival; this poorer OS was seen 
in patients with pancreatic and prostate cancer 
but was not observed in patients with lung, 
breast or colorectal cancer, which suggests 
that not all the β-AR blockers used will result in 
a favourable survival in patients with malignan-
cies [64]. In the largest study thus far, the rela-
tionship between β-AR blockers and OS was 
analysed by a Cox proportional hazards re- 
gression model. However, pre-diagnostic β-AR 
blockers were not related to OS of patients with 
lung cancer in the adjusted model. In contrast, 
some notable associations with β-AR blockers 
were observed when stratified by subtype, 
stage, site, dose or duration of use, but these 
associations did not follow a consistent direc-
tion [65]. Importantly, Lohinai Z et al. confirmed 
that aspirin, statins, SSRIs, ADRA1, and TCA 
were administered to a total of 876 patients 
with stage 4 SCLC (138, 72, 20, 28, and 5 
cases, respectively, were given aspirin, statins, 
SSRIs, ADRA1 and TCA), and it was found that 
administration of α1-adrenergic receptor antag-
onists (doxazosin and prazosin) did not result in 
a statistically significant OS benefit [66].

In several pancreatic tumour models housed at 
22 degrees Celsius, a beta-adrenergic recep- 
tor antagonist could facilitate the sensitivity of 
tumours to cytotoxic therapies [18]. In terms of 
the relationship between ARs and treatment 
resistance in lung cancer, a study by Monique B 
et al. revealed that stress hormones (E and  
NE) promoted EGFR TKI resistance in vitro and 
in vivo. Their data on confocal microscopy re- 
vealed NE-induced interactions between β-AR 
blockers and mutant EGFR but not wild-type 
EGFR. They further found that chronic stress 
hormones facilitated EGFR TKI resistance th- 
rough β2-AR activation via an LKB1/CREB/IL-6-
dependent mechanism. They also found that 
the inhibition of β-AR blockers by PPL or IL-6 
may have increased the response to erlotinib 
and may have been related to a better outcome 
in EGFR TKI-treated NSCLC patients. Finally, 

they observed that β-Arb locker use was asso-
ciated with lower IL-6 concentrations and an 
improved benefit from EGFR inhibitors. These 
findings imply that combinations of β-AR block-
ers with EGFR TKIs merit further investigation 
as a strategy to abrogate resistance in NSCLC 
patients. This combination could delay the em- 
ergence of resistance to the EGFRTKI afatinib 
[24]. The majority of EGFR TKIs have demon-
strated a survival benefit in patients with a  
variety of cancers, including lung cancer, who 
were randomized to psychologically effective 
interventions. This is highlighted by a recent 
randomized clinical trial of palliative care for 
NSCLC patients [67].

ADRB2 single-nucleotide polymorphisms 
(SNPs) in lung cancer

AR variants and their receptor functions have 
been reported to play important roles in physi-
ology and disease [68]. Two studies have re- 
vealed the association between ADRB2 and 
SNPs in lung cancer. One study reported that 
NNK induced ADRB2 single-nucleotide poly-
morphisms (SNPs) in AC tumours in NNK-in- 
jected golden hamsters. In their animal model, 
the authors found that both groups of hamsters 
contained SNPs but remarkably more ADRB2 
SNPs in NNK-injected hamsters compared with 
controls. The majority of these SNPs were no- 
vel, nonsynonymous mutations found in regi- 
ons near the ADRB2 gene that are known to  
be involved in ligand binding, G-protein cou-
pling, and desensitization/downregulation [69]. 
In another study by Wang H et al., ADRB2 poly-
morphisms were not considered to play a major 
independent role in lung AC risk. To determine 
the relationship between the genetic variants 
of ADRB2 and how they modify risk of AC, they 
compared three common SNPs of ADRB2 be- 
tween 313 patients with AC and 321 controls. 
They revealed no association between ADRB2 
alterations that modify risk and any one of the 
three SNPs or their combined haplotypes. 
However, in the subgroup of young subjects 
≤50 years of age, a notable association was 
seen for G-1023A, A46G (Gly16Arg), and the 
haplotype A(-1023)A(46) [70].

Conclusions and perspectives

This review aims to provide a comprehensive 
overview of AR signalling induced by chronic 
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stress, NNK or AR agonists, which has been 
described in various malignancies including 
lung cancer in association with tumourigenesis, 
proliferation, angiogenesis, migration and inva-
sion, immune invasion, survival and treatment 
resistance. Blockade of ARs or γ-GABA could 
partially reverse the effects of ARs.

Although the prognostic significance of β-ARs  
in lung cancer is not widely recognized and  
the use of AR blockade is not widely used in 
patients with lung cancer, β-AR blockers will be 
a promising treatment based on their pro-
tumour effects on the progression and develop-
ment of lung cancer. Finally, further work is 
required to clarify the role and mechanisms  
of ARs on several aspects such as immune 
regulation.
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