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Abstract

The stress-related catecholamine hormones and the α- and β-adrenergic receptors (α- and β-AR) 

may affect carcinogenesis. The β-AR GRK/β-arrestin biased agonist carvedilol can induce β-AR-

mediated transactivation of the epidermal growth factor receptor (EGFR). The initial purpose of 

this study was to determine whether carvedilol, through activation of EGFR, can promote cancer. 

Carvedilol failed to promote anchorage-independent growth of JB6 P+ cells, a skin cell model 

used to study tumor promotion. However, at non-toxic concentrations carvedilol dose-dependently 

inhibited EGF-induced malignant transformation of JB6 P+ cells suggesting that carvedilol has 

chemopreventive activity against skin cancer. Such effect was not observed for the β-AR agonist 

isoproterenol and the β-AR antagonist atenolol. Gene expression, receptor binding, and functional 

studies indicate that JB6 P+ cells only express β2-ARs. Carvedilol, but not atenolol, inhibited 

EGF-mediated activator protein-1 (AP-1) activation. A topical 7,12-dimethylbenz[α]anthracene 

(DMBA)-induced skin hyperplasia model in SENCAR mice was utilized to determine the in vivo 

cancer preventative activity of carvedilol. Both topical and oral carvedilol treatment inhibited 

DMBA-induced epidermal hyperplasia (P < 0.05) and reduced H-ras mutations; topical treatment 

being the most potent. However, in models of established cancer, carvedilol had modest to no 

inhibitory effect on tumor growth of human lung cancer A549 cells in vitro and in vivo. In 

conclusion, these results suggest that the cardiovascular drug carvedilol may be repurposed for 

skin cancer chemoprevention, but may not be an effective treatment of established tumors. More 

broadly, this study suggests that β-ARs may serve as a novel target for cancer prevention.
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Introduction

Skin cancer accounts for nearly 40% of all diagnosed cancers in the U.S and is the most 

common cancer worldwide (1). Each year more than a million cases of skin cancer are 

diagnosed in the US, and over 10,000 deaths annually (1). The primary causative agent for 

skin cancer is the ultraviolet (UV) radiation from sunlight (1). UV radiation causes DNA 

damage and reactive oxygen species (ROS) production that contribute to the development of 

all three major types of skin cancer: basal cell carcinoma (BCC), squamous cell carcinoma 

(SCC) and melanoma (2). Everyone is recommended to limit sun exposure and use 

sunscreens for primary and secondary prevention of skin cancer. However, despite these 

efforts, the incidence of skin cancer continues to increase.

Chemoprevention, defined as using natural or synthetic substances to decrease the risk of 

developing cancer, has become an important approach toward decreasing cancer morbidity 

and mortality (3). Although many agents have been, and are continually, examined for 

chemoprevention, none has been approved by the FDA as a preventive strategy for skin 

cancer due to limited efficacy and intolerable adverse effects (4). Thus, there is a need to 

identify novel molecular targets and chemopreventive agents which are efficacious and have 

no, or very low, toxicity to normal cells.

Studies demonstrate an association between psychosocial factors such as chronic stress or 

depression with cancer onset and progression (5). Such effects are partly mediated through 

activation of the sympathetic nervous system which results in the release of the 

catecholamine hormones norepinephrine (NE) and epinephrine (Epi). The effects of NE and 

Epi are mediated through α- and β-adrenergic receptors (AR). Both Epi and NE impact 

several key pathways for cancer progression and metastasis (6). In particular, β-AR 

signaling is implicated in multiple cellular processes in cancer development (7), leading a 

number of researchers to suggest that the commonly prescribed β-AR antagonist drugs (β-

blockers) may inhibit cancer progression (8). Indeed, several epidemiological and clinical 

studies have examined the relationship between β-blocker usage and cancer progression. 

Results from these studies, although not always consistent, suggest that β-blockers may have 

a protective role in reducing the incidence of all cancer types including skin cancer (8). 

However, questions regarding the chemoprevention efficacy and mechanisms of β-blockers 

remain unanswered.

An additional issue in these epidemiological studies is that not all β-blockers are merely 

blockers; some are biased agonists that can induce β-AR-mediated transactivation of the 

epidermal growth factor receptor (EGFR) and downstream ERK activation (9, 10). Because 

EGFR signaling is well known to promote proliferation, migration, and invasion of various 

types of cancer (11), our initial hypothesis was that the biased agonist carvedilol may 

promote malignant cell transformation. Therefore, we first determined whether carvedilol 

would induce the transformation of the mouse epidermal JB6 clone Cl 41-5a cells (JB6 P+) 
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cells. The JB6 P+ cells are non-cancerous cells that are known to be transformable and form 

colonies in soft agar after exposure to several tumor promoters, such as EGF (12). However, 

our initial data proved the hypothesis incorrect and suggested that carvedilol prevented 

EGF-mediated transformation of JB6 P+ cells.

Therefore, we further investigated the cancer preventative attributes of carvedilol. To our 

surprise the data presented in this study strongly suggests that carvedilol prevents malignant 

transformation in vitro and in vivo models of skin carcinogenesis. The results led us to 

conclude that carvedilol may be a novel chemopreventive agent that is not only safe, but 

also represents a novel chemopreventive approach. Although this study focuses on skin 

cancer, these data may form the basis of clinical trials of these agents on prevention of other 

types of cancer.

Materials and methods

Compounds

Carvedilol was purchased from TCI America (Portland, OR). 4-(3-t-butylamino-2-

hydroxypropoxy)-[5,7-3H]benzimidazole-2-one (3H-CGP) with a specific activity of 41.7 

Ci/mmol was purchased from Perkin Elmer (Waltham, MA). Isoproterenol, 3-isobutyl-1-

methylxanthine (IBMX), and forskolin were purchased from Sigma (St. Louis, MO). 

Atenolol, nebivolol, ICI-118,551, L-748,337, xamoterol humifumerate, formoterol 

humifumerate and L-755,507 were obtained from Tocris (Bristol, United Kindom). EGF 

was purchased from Peprotech (Rocky Hill, NJ) and dissolved in sterile deionized water as 

100 ug/mL stock and stored in −20°C freezer.

Cell culture

JB6 CI 41-5a sensitive to promotion of transformation (JB6 P+) mouse epidermal cells, 

were purchased from American Type Culture Collection (ATCC, Manassas, VA). No 

authentication was done by the authors. JB6 P+ were maintained in Eagle’s minimum 

essential medium (EMEM) containing 5% heat-inactivated fetal bovine serum and 1% 

penicillin/streptomycin. A549 and HEK-293 cells were obtained from ATCC, cultured in 

RPMI 1640 and DMEM, respectively, supplemented with 10% FBS and 1% penicillin-

streptomycin. All cells from cell culture experiments were incubated at 37°C in 5% 

CO2/95% air.

Anchorage-independent growth assay in soft agar

In a 96-well tissue culture plate, 2,000 JB6 P+ cells or 200 A549 cells per well were mixed 

with 0.33% agar suspended on top of a layer of 0.5% agar. 4% Nobel agar (Sigma-Aldrich) 

was prepared in PBS, autoclaved and stored at 4°C. 0.5% and 0.33% agar were diluted from 

4% stock using EMEM supplemented with 10% FBS and 1% penicillin/streptomycin. EGF 

(10 ng/mL) was used to promote the anchorage-independent growth of JB6 cells, but not 

added for A549 cells. Various concentrations of β-AR agonist or β-blockers were added 

together with EGF into the top and bottom layers of the agar. Plates are incubated at 37 °C, 

5% CO2 for 7–10 days. Colonies with greater than ten cells were counted manually under a 

microscope. Similar assay was conducted in a 12-well plate.
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RT-PCR

JB6 P+ (6 × 105 cells per well) were seeded in 6-well plates and once confluent RNA was 

extracted using RNAeasy Plus Kit (Qiagen). cDNA was synthesized using High Capacity 

cDNA Reverse Transcription Kit (Applied Biosystems). PCR was performed using mouse 

Adrb1, Adrb2 and Adrb3 primers. The primer sequences are available upon request. 

Jumpstart RedTaq Ready Mix (Sigma) was used for polymerase chain reaction (PCR). PCR 

programming was as follows: 94°C for 5 minutes for denaturation; 35 cycles of 

amplification of 94°C for 30 seconds, 60°C for 30 seconds, and 72°C for 30 seconds; then 

70°C for 7 minutes to finalize elongation. Product size was validated through gel 

electrophoresis and visualized using a Gel Logic 1500 Imaging System (Kodak).

Radiolabeled binding assays

As the assay is nearly identical to previously published studies (10); herein, only deviations 

will be detailed. JB6 P+ cells were seeded in 12-well plates pretreated with poly-D-lysine 

(Sigma) and allowed to grow to confluency. For saturation binding, increasing 

concentrations of 3H-CGP in EMEM was added to the wells. For the competition assays, a 5 

nM 3H-CGP stock solution in EMEM was created and subdivided into separate tubes where 

the inhibitors were added, and in identical experiments 1 μM isoproterenol was added to 

each sample in order to determine non-specific binding. The assay was conducted on ice 

within a 4°C refrigerator. Nonspecific binding was subtracted from each point, and data 

were expressed as a percent of total surface receptors determined in the control.

Cyclic AMP (cAMP) assay

cAMP was measured as previously described (10, 13) with the following changes. JB6 P+ 

cells were grown in poly-D-Lysine coated 12-well plates. All cells were treated with 500 μM 

IBMX for 5 minutes, then 10 nM of the β1-AR-specific agonist xamoterol, 10 nM of the β2-

AR-specific agonist formoterol, 5 nM of the β3-AR-specific agonist L-755,507, or 10 μM 

forskolin was added to the cells at 37°C for 15 minutes (n = 4 for each treatment). 

Additionally, a complete second set of samples were treated with 100 nM carvedilol.

Cell proliferation assay

96-well plates were seeded with 3,000 to 4,000 JB6 P+ cells per well and allowed to attach 

overnight. Cells were treated with test compounds for 72 hours and incubated at 37°C in 5% 

CO2/95% air. Cell viability was determined using Sulforhodamine B (SRB) assay of Sigma 

according to manufacturer’s protocol.

Luciferase reporter gene assay

HEK293 cells were transfected with pGL4.22-AP1 (gift, Dr. D. Sanchez) and pRL-TK-luc 

(Promega) at a 40:1 ratio using FuGENE HD Transfection Reagent (Roche Applied Science, 

Indianapolis, IN) according to the manufacturer’s instructions. Twenty-four hours after 

transfection, the cells were exposed to test agents for another 24 hours. Cell lysates were 

used for determining luciferase activities of both firefly and renilla by the dual luciferase 

reporter gene assay (Promega). Firefly luciferase activity was normalized to renilla 

luciferase activity.
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Cell scratch-wound assay

A549 cells were seeded in 35mm dishes to create a confluent monolayer. The dishes were 

allowed to incubate overnight. On the following day, wounds were created by a straight 

scratch from a pipette tip in the center of the culture. The cells were then treated with 

DMSO or carvedilol at 1μM and 10μM concentrations. Gap distances were quantitatively 

evaluated using EVOS microscope (Life Technologies, Foster City, CA) immediately after 

the scratch and after 24-hour incubation.

Model of chemically induced murine skin tumorigenesis

All animal studies were carried out in strict accordance with the recommendations in the 

Guide for the Care and Use of Laboratory Animals of the National Institutes of Health, and 

approved by the Western University of Health Sciences Institutional Animal Care and Use 

Committees. Five-week-old female SENCAR mice (National Cancer Insitute, Frederick, 

MD) (n=36) were divided into six groups and the backs of mice shaved. At 7-week of age, 

100 nmol DMBA dissolved in 200 μl acetone was applied topically twice weekly for four 

weeks. Carvedilol was given at 5 weeks of age twice weekly topically in two doses (5 and 

10 μM in 200 μL acetone) 30 min before DMBA exposure when co-administering, and 

orally by gavage in two doses (5 and 20 mg/kg in 1% methyl cellulose in PBS) 2 hours 

before DMBA exposure when co-administering. Two days after the last treatment mice were 

sacrificed, and samples of skin were excised and fixed immediately in formalin and 

embedded in paraffin blocks. The embedded tissues were cut into 3-micron thick sections 

and stained with H&E to determine the morphology.

Immunohistochemistry (IHC) analysis

Paraffin-embedded sections were baked at 60°C for 1 hour and deparaffinized in xylene and 

rehydrated through a graded alcohol series. The antigen was retrieved using citrate buffer 

(pH 6.0) for 20 min at 95°C. Briefly, sections were blocked by 10% normal goat serum for 2 

hours followed by overnight incubation at 4°C with 1:1000 dilution of proliferation cell 

nuclear antigen (PCNA; Cell signaling technologies) primary antibody. Sections were then 

incubated for 2 hours with 1:5000 dilution of HRP secondary antibody followed by 5-minute 

incubation with DAB substrate (Vector labs; Burlingame, USA) counterstained with 

Mayer’s hematoxylin.

Competitive Allele-Specific TaqMan PCR (castPCR)

Genomic DNA was isolated from frozen skin tissues by DNAzol (MRC, Inc) according to 

the protocol provided by the manufacturer. CastPCR was performed with TaqMan Mutation 

Detection Assay designed to detect CAA → CTA transversion in codon 61 of the mouse H-

ras gene (Applied Biosystems by Life Technologies) following manufacturer’s instruction. 

The castPCR was run on a GeneAmp 7300 Sequence Detection system (Applied 

Biosystems) using a universal mutation detection thermal-cycling protocol. The mutational 

status of a sample was determined by calculating the ΔCt value between the mutant allele 

assay and wild-type allele assay to obtain the percent mutation according to manufacturer’s 

instruction.
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Xenograft lung tumor growth

Sub-confluent A549 cells were trypsinized and then suspended in RPMI 1640. 1 × 106 cells 

in 100 μl RPMI 1640 was injected subcutaneously into the right and left flanks of eight-

week-old female NOD SCID mice (Taconic, Hudson, NY) (n = 5 for each group). Mice 

were given vehicle (1% methylcellulose in PBS) or 600 μg carvedilol (estimated as 26 

mg/kg) orally every day for seven weeks. Tumor volumes were regularly measured starting 

19 days after implantation. The tumor volume was calculated according to the formulation: 

.

Statistical Analysis

Data are expressed as mean ± standard error, unless stated otherwise, and was analyzed 

using NCSS 2007 (Kaysville, UT) or Graph GraphPad Prism version 6.0 (La Jolla, CA); 

additionally Grubs outlier test was run to exclude single samples from a group that were 

significant outliers. The specific tests are detailed in the text and figure legends. For all 

statistical analysis, means were indicated to be statistically different when p < 0.05.

Results

Carvedilol inhibited EGF-induced epidermal cell transformation in JB6 P+ cells

This project was initiated to test the hypothesis that the GRK/β-arrestin biased agonist β-

blockers, which are known to transactivate EGFR (9), would promote the transformation of 

JB6 P+ cells. Surprisingly, carvedilol alone had no effect on JB6 P+ colony formation 

(Figure 1A). A serendipitous mistake allowed monitoring of the effect of carvedilol on EGF-

mediated transformation of JB6 P+ cells. Co-administration of EGF and carvedilol to JB6 P

+ cells significantly reduced the numbers of colony growing in soft agar. These series of 

data invalidated our initial hypothesis and suggested that carvedilol is a chemopreventive 

agent; therefore, we designed experiments to further examine this effect and test the new 

hypothesis that carvedilol is a chemopreventive agent.

To determine the effects of agonizing or antagonizing the β-ARs in skin cell transformation, 

we tested the β-AR agonist isoproterenol as well as the β-blockers carvedilol and atenolol on 

10 ng/mL EGF-mediated neoplastic transformation of JB6 P+ cells (Figure 1B–D). Atenolol 

was chosen because it is the most commonly prescribed β-blocker and the most prevalent β-

blocker in the aforementioned clinical studies. 0.1 μM and 1.0 μM isoproterenol, doses that 

are higher than those needed to activate β-ARs, did not alter EGF-mediated neoplastic 

transformation (Figure 1B). Treatment with carvedilol resulted in drastic inhibition of 

colony number (Figure 1C). Although atenolol had a statistically significant effect, the 

inhibition by atenolol was modest (Figure 1D). As this assay is dependent on cell growth, 

we conducted sulforhodamine B (SRB) colorimetric assays for cytotoxicity, and parallel 

colony formation assays (Figure 2). Treatment of JB6 P+ cells with carvedilol demonstrated 

a dose-dependent inhibition of EGF-mediated transformation (log IC50 = −6.365 ± 0.158 M) 

that was fully efficacious, while only toxic at 100 μM with no significant toxicity seen at any 

other concentrations (Figure 2A). These data indicate that the lack of EGF-mediated colony 

formation is not due to a general cytotoxic effect. On the other hand, atenolol demonstrated 

a dose-dependent inhibition of EGF-mediated transformation (log IC50 = −5.037 ± 0.266 M) 
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that only reached 48% inhibition of colony formation, while displaying no toxicity (Figure 

2B). Representative images of colonies in soft agar are shown in Figure 2C. Since the JB6 P

+ transformation assay has a positive predictive value for in vivo efficacy of 

chemopreventive agents (14), these data suggest that carvedilol may have chemopreventive 

activity at non-toxic concentrations.

Only β2-adrenergic receptors are expressed in JB6 P+ cells

To determine whether the JB6 P+ cells express any of the β-AR receptors, the expression 

levels of β1-, β2- and β3-ARs were evaluated using RT-PCR analysis and ligand binding. 

RT-PCR indicates expression of only β2-ARs, while the positive control displayed the 

expected band for each receptor (Figure 3A). Radiolabeled receptor binding assays were 

performed using the cell impermeant β-AR non-specific ligand 3H-CGP that binds with the 

following affinities: 0.3, 0.79, and 152 nM for the β1-, β2-, and β3-ARs, respectively (15–

17). First a saturation binding experiment was conducted; 3H-CGP Bmax was found to be 

0.2024 ± 0.0437 DPM/Hoechst reached at 30 to 100 nM 3H-CGP (data not shown), which 

suggests JB6 P+ do not express β3-ARs due to the Bmax concentration being well below the 

reported affinity for the β3-AR. Competition assays conducted with 5 nM 3H-CGP, which 

will occupy approximately 25% of the specific binding sites, was examined by competition 

with highly specific inhibitors: nebivolol (β1) Ki = 0.9 nM (18), ICI-118,551 (β2) Kd = 0.55 

nM (19), and L-748,337 (β3) Ki = 4.0 nM (20). Each antagonist was used up to 100-times 

the reported affinity to ensure competition (Figure 3B). Only ICI-118,551 significantly 

reduced CGP binding in a dose-dependent manner. The calculated Kd for ICI-118,551 is 

7.537 nM. Although the calculated Kd appears high, accounting for only a quarter of the 

receptors occupied by CGP results in the 95% confidence interval to include 0.55 nM (CI: 

0.18 to 19.83 nM).

To further confirm the RT-PCR and binding data, and demonstrate functionality of the β-

ARs, the ability of specific β-AR agonists to increase cAMP levels was examined (Figure 

3C). As a positive control, forskolin was utilized to verify the assay conditions; it stimulated 

cAMP production five-fold over control (Data not shown). The concentrations of each β-AR 

agonist were chosen based on their EC50 values for their specific receptor and to ensure 

there is minimal activation of the other two β-ARs. Only the β2-AR agonist formoterol 

statistically increased cAMP levels beyond the control values. Additionally, carvedilol 

prevented formoterol-mediated cAMP accumulation. These results support the previous 

conclusions that the β2-ARs are on the surface of JB6 cells and functional. Additionally, this 

data demonstrates that carvedilol functionally blocks β2-ARs.

Carvedilol inhibited EGF-induced AP-1 activity

To investigate carvedilol’s possible mechanisms of action its effect on EGF-mediated 

activation of AP-1 was evaluated; AP-1 is a major transcription factor involved in EGF-

induced transformation of JB6 P+ cells (12). As shown in Figure 4A, 1 μM and greater 

doses of carvedilol significantly inhibited EGF-mediated AP-1 activity (P < 0.05). In 

contrast, atenolol, which showed slight anti-transformation activity (Figure 1D & 2B), 

showed no significant inhibition of AP-1 activity (P > 0.05) (Figure 4B). These results 

Chang et al. Page 7

Cancer Prev Res (Phila). Author manuscript; available in PMC 2016 January 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



indicated that inhibition of AP-1 activity by carvedilol may explain part of the mechanism 

underlying the inhibitory activity against EGF-induced cell transformation.

Carvedilol inhibited DMBA-induced skin carcinogenesis in mice

To determine the in vivo chemopreventive activity of carvedilol a 4-week DMBA-induced 

skin hyperplasia assay in SENCAR mice was utilized. Carvedilol treatments included 

topically in two doses (5 and 10 μM), and orally in two doses (5 and 20 mg/kg), beginning 

two weeks before the first dose of DMBA. Representative samples of the epidermis (H&E 

staining) where DMBA was applied with and without carvedilol treatment shown in Figure 

5A. Skin thickness was measured 20 times at various locations along the epidermis and 

averaged to obtain a single sample’s epidermal thickness (Figure 5B) DMBA treatment 

increased epidermal thickness 3-fold from 10.9 ± 1.5 μm in control to 36.5 ± 6.0 μm. There 

was no significant difference between the two topical or the two oral doses of carvedilol 

(data not shown). However, topical treatment proved to be slightly more efficacious as the 

epidermal thickness was only 19.9 ± 3.1 in the 5 μM topical group. Analogous to the H&E 

data, immunohistochemical analysis indicates an increased expression of PCNA in the basal 

layer of the epidermis of mouse skin after DMBA treatment (Figure 5A). Carvedilol 

treatment reduced the number of PCNA positive cells within the epidermis.

One of the key events in tumor initiation in mouse skin is the mutation of H-ras at codon 61 

(CAA → CTA) (21). Utilizing TaqMan Mutation Detection Assays based on castPCR to 

assess H-ras mutations, it was found that the control mice had no mutations while all the 

treatment groups harbored a small percentage of CAA → CTA mutation (Figure 5C). As in 

the previous figure (Figure 5B), 5 μM topical carvedilol showed the greatest reduction of H-

ras mutation, yet there are no statistical differences between the treatment groups. Together, 

these experiments further support the notion that carvedilol is a chemopreventive agent.

Carvedilol has a modest effect on tumor growth of human lung cancer A549 cells in vitro 
and in vivo

As most preclinical and clinical studies examined the effect of β-blockers on developed 

cancer, the anticancer effects of carvedilol on A549 cells, an established human lung cancer 

cell line, was examined. Soft agar colony formation assay of A549 cells allowed for testing 

the effect of carvedilol on anchorage-independent growth. Carvedilol showed an inhibitory 

effect at a high concentration (30 μM). The SRB assay was also performed in order to 

evaluate the cytotoxicity of carvedilol on A549 cells (anchorage-dependent) and plotted 

together with the soft agar assay data (Figure 6A). Carvedilol was only toxic at 100 μM. 

Such results are very different from the non-cancerous JB6 P+ cells (Figure 2A). 

Additionally, cell mobility assays were conducted on A549 cells. Cells treated with vehicle 

or 1 μM carvedilol significantly shifted to close the gap; whereas, cells treated with 10 μM 

carvedilol failed to close the gap (Figure 6B), indicating an inhibitory effect of carvedilol on 

cell mobility only at high concentrations. Next, the effect of oral administration of carvedilol 

on xenograft tumor growth model utilizing A549 cells was evaluated (Figure 6C). Repeated 

measures ANOVA showed a minor difference between the two treatment groups (P = 

0.074255) and significant tumor growth over time (P < 0.000001). The data was 

significantly different on only two days: days 42 and 49. Throughout the experiment, the 
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body weights of the two groups were similar (data not shown). This in vivo study suggests 

that carvedilol treatment has little effect on established tumors.

Discussion

β-blockers are often prescribed for cardiovascular diseases (22). While activation of β-AR 

signaling has been linked to several types of cancer (7), the effects of β-blockers on cancer 

initiation and promotion are unclear. Although the most commonly used drugs in published 

studies focusing on the anticancer effects of β-blockers are atenolol and propranolol, in this 

study carvedilol, a third-generation β-blocker that is actually a GRK/β-arrestin biased 

agonist (9, 10, 22), was utilized. The cancer-related effects of carvedilol, one of the most 

tolerable β-blockers, has not been extensively studied. We were interested in carvedilol 

because it transactivates the EGFR (9), which is a molecular target for multiple types of 

solid tumors including skin cancer (11). Therefore, one important question was whether 

carvedilol can promote cancer through activation of the EGFR. The mouse JB6 P+ cell line 

is a characterized model for neoplastic transformation in response to EGF; EGF induces 

these cells to acquire anchorage-independent growth in soft agar culture (12). Therefore, 

JB6 P+ cells were treated with carvedilol to determine if carvedilol could induce 

transformation similar to EGF. To our surprise carvedilol treatment was indistinguishable 

from the vehicle control group indicating that carvedilol does not induce transformation of 

JB6 P+ cells, and thus is not a tumor promoter, dispelling our hypothesis and concerns (23). 

This conclusion is supported not only by the data presented in this study, but numerous 

clinical studies of this approved cardiovascular drug that has been on the market for more 

than 15 years without evidence of increasing cancer risk.

The JB6 P+ cell line is also a good system to evaluate the potency and mechanisms of 

chemopreventive agents. In addition, many advances in cancer biology have been extended 

from the JB6 model in culture to several in vivo models of human cancers of epithelial 

origin. A serendipitous error occurred where carvedilol was mixed with EGF in one 

experiment; surprisingly carvedilol proved to be an efficacious inhibitor of EGF-induced 

colony formation in JB6 P+ cells. This finding allowed for an interesting switch in the 

hypothesis of this study – carvedilol may be a chemopreventive agent.

To test this new hypothesis, a β-AR agonist (isoproterenol) and the most commonly 

prescribed β-blocker (atenolol) were also used to determine if the effects are somewhat 

unique to carvedilol (Figure 1). Since carvedilol is a biased agonist, inhibits alpha-

adrenergic receptors, and generates nitric oxide (24); it is not surprising that neither 

isoproterenol nor atenolol replicates the results of carvedilol. However, atenolol did have 

partial activity at nearly 10-fold greater concentrations. The lesser potency can be explained 

by affinities for the receptor (see below); however, the decreased efficacy indicates that the 

effect goes beyond mere affinities and has a biological component. The nature of this 

component and whether it can be successfully targeted to prevent cancer is an ongoing 

investigation.

The presence of β-ARs on JB6 P+ cells prior to this study was unknown; thus, to determine 

if these effects could even begin to be ascribed to a β-AR, the receptors must be identified. 

Chang et al. Page 9

Cancer Prev Res (Phila). Author manuscript; available in PMC 2016 January 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



As determined by RT-PCR, receptor binding, and functional studies with highly specific 

agonists, only the β2-AR is present on JB6 P+ cells (Figures 3).

Carvedilol signals through the β2-AR utilizing the GRK/β-arrestin pathway resulting in the 

transactivation of the EGFR and activation of ERK1/2 (22). Although it remains to be 

determined whether carvedilol is able to stimulate EGFR transactivation in the JB6 P+ cell 

line, there is little reason to believe it does not activate the EGFR as it has been shown to 

signal through the β2-AR in mouse cells (10). If indeed carvedilol transactivates the EGFR 

in these cells, then these data suggest, in a bioassay, that transactivation of EGFR via the β2-

AR/β-arrestin pathway is not identical to direct activation of EGFR with its natural ligand 

EGF, as previously described in intestinal epithelial cells (25).

As stated, the lack of β1-ARs explains the reduced potency of atenolol (Figures 1 & 2) as it 

has approximately 6-fold greater selectivity for the β1-AR (26); however, at 100 μM 

atenolol is expected to saturate β2-ARs. Thus, the effects cannot be ascribed solely to a 

change in potency. Supporting this conclusion, the effects of micromolar concentrations of 

atenolol had no effect on EGF-mediated activation of AP-1 (Figure 4). At these 

concentrations, atenolol does have a statistically differentiable effect on colony formation 

with no toxicity. However, carvedilol significantly attenuated EGF-mediated activation of 

AP-1 (Figure 4). These data indicate that the cellular effects of carvedilol differ from 

atenolol. This may be due to GRK/β-arrestin biased agonism or other pleiotropic effects 

ascribed to carvedilol (27, 28). Since AP-1 is a mediator of transformation (12), one 

potential mechanism of carvedilol-mediated inhibition of EGF-induced colony formation is 

through blocking the activity of AP-1.

We furthered the experiments with two different in vivo models. First we examined a cancer 

prevention model utilizing DMBA treated SENCAR mice (Figure 5). As expected DMBA 

resulted in hyperplasia of the exposed epidermis, which is a hallmark of early stage 

neoplastic transformation in this model (29). In accordance with the JB6 P+ model, 

carvedilol given either topically or orally reduced DMBA-induced epidermal thickness; 

however, topical administration of carvedilol proved to be the most effective. Topical 

administration can be logically thought to be more efficacious due to direct application of 

the drug to the area exposed to DMBA. This becomes intriguing when one considers that 

most skin cancer arises from excessive UV exposure, and there are many topical treatments 

for the prevention of sunburns and treatment of sunburns. Thus, one could formulate a 

cancer preventative agent, such as carvedilol, so that it can be added to these existing 

products and hopefully reduce the prevalence of skin cancer. Additionally, such an agent can 

be added to moisturizing creams and other regularly used non-sun exposure ointments to 

provide a skin cancer preventative affect. Furthermore, use of a topical β-blocker would 

likely mitigate cardiovascular effects of the drug, but this remains to be tested. Oral 

administration more closely resembles the current clinical use of β-blockers; thus, 

retrospective studies that focus on carvedilol may reveal a reduced incidence of skin, and/or 

other, cancers compared to the untreated population. There are studies indicating that 

carvedilol prevents cisplatin- and adriamycin-induced toxicity (30–32). However, 

epidemiological studies examining β-blockers and cancer that differentiate between β-
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blockers do not have enough carvedilol patients to make sound conclusions (33). Hopefully, 

this study will initiate retrospective clinical studies focused on carvedilol.

Secondly, we examined the role of carvedilol in the growth of an established tumor cell line, 

A549 lung cancer cells, in vitro and within a xenograft model (Figure 6). A549 lung cancer 

cells express β2-ARs, although with disputed functionality (24, 34). The overall effect of 

carvedilol was negligible and often not statistically different than the control. The subtle 

effects observed on cell growth and mobility may partially explain the modest in vivo effects 

of carvedilol in the xenograft model. Collectively, the A549 studies suggest that carvedilol is 

not very effective against existing tumors. Previous studies support this conclusion via 

indicating that carvedilol alone only transiently slows tumor growth, but synergizes with 

conventional antitumor drugs (35, 36). Collectively, the data suggest that the direct 

anticancer properties of carvedilol are rather weak when used alone, and thus is best used as 

an adjuvant therapy (37–41).

Taken together, the drastic difference seen in the prevention study (Figure 5) compared to 

the treatment study (Figure 6) supports the hypothesis that the mechanism(s) of cancer 

prevention is different from the mechanisms of cancer treatment. Identification of the 

mechanism via which carvedilol attenuates carcinogenesis in this model may allow for the 

generation of novel chemopreventive agents. There are two likely mechanisms that are not 

mutually exclusive and may coordinate to make carvedilol superior to atenolol in our 

studies: GRK/β-arrestin biased agonism plus inhibition of classical cAMP signaling at the 

β2-AR and antioxidant properties of the drug.

The most likely mechanism of such effect involves the direct targeting of the β2-AR. 

Previous studies provide evidence that catecholamines may affect cancer development, and 

several epidemiological and clinical studies have examined the association between β-

blocker uses and cancer progression (42, 43). In particular, β2-AR signaling occurs in 

normal human keratinocytes and is implicated in multiple cellular processes underlying skin 

cancer development (8, 44). Moreover, there are several studies that described a functional 

connection between EGFRs and β-ARs. β2-AR and EGFR were found to comprise a 

positive feedback loop in human cancer cells (6), and EGF-induced cancer cell proliferation 

requires the transactivation of β-ARs (45). Thus, inhibition of the β2-AR should help reduce 

cancer, but this clearly is not the complete mechanism due to the relative lack of effect of 

atenolol.

The second plausible mechanism may be related to the antioxidant and ROS scavenging 

properties of carvedilol (46). The antioxidant property is possibly due to its unique structure 

properties: the carbazole moiety, which is not present in propranolol and atenolol (46). 

Alternatively, or in combination, carvedilol-mediated signaling resulting in activation of the 

nuclear factor E2-related factor 2 (Nrf2)-antioxidant response element (ARE) (30) could 

reduce ROS as it is an important cellular stress response involved in controlling ROS (47). 

ROS can activate AP-1 in JB6 P+ cells (12), and AP-1 is involved in the process of cell 

transformation. Thus, the antioxidant effect of carvedilol may contribute to its cancer 

preventive activity.
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Collectively, these studies suggest that carvedilol can prevent skin cancer. Until further 

examination of this phenomenon, the mechanism cannot be fully elucidated, and there is a 

possibility that novel cancer preventive mechanisms not discussed, or known, may underline 

the presented observations. Compared to other reported potential chemopreventive agents, 

carvedilol stands out because it is clinically-employed and well tolerated by patients. Based 

on these features and the present findings, carvedilol is a very promising candidate for future 

clinical trials of skin cancer prevention.
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Figure 1. Effects of β-AR ligands on EGF-mediated neoplastic transformation of JB6 P+ cells
Effects of EGF or carvedilol (Car) on JB6 P+ cell transformation (A). The β-AR agonist 

isoproterenol (Iso) (B), the β-blockers carvedilol (C) and atenolol (Aten) (D) showed 

different degree of inhibition of EGF-induced cell transformation. Groups with different 

Greek letters are statistically different (p < 0.05) as determined by ANOVA with Tukey-

Kramer post hoc test.
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Figure 2. Comparison of the effects of carvedilol and atenolol on transformation and cytotoxicity 
of JB6 P+ cells
The β-blockers carvedilol (A) or atenolol (B) were examined for their effects on the cell 

transformation (by soft agar assay, in black) and cytotoxicity (by SRB assay, in gray) and 

data were normalized to their respective controls and plotted together. (C) Representative 

images of colonies after 10 days in soft agar within 12-well plates at 4x magnification; scale 

bar equals 1 mm.
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Figure 3. β-adrenoceptor expression in JB6 P+ cells
(A) RT-PCR analysis revealed that JB6 P+ cells only express β2-ARs. The positive control 

(+Ctr) is Mouse Universal Reference cDNA. (B) Binding assays utilizing 3H-CGP and 

specific β-blockers: nebivolol (β1-AR), ICI-118,551 (β2-AR), and L-748,337 (β3-AR) 

indicate that only inhibition of the β2-AR showed significant (p < 0.05) displacement of 

CGP in a dose-dependent manner via an ANOVA with Tukey-Kramer post hoc test, 

indicated by an asterisk (*); n ≥ 6. (C) Functional assays examining cAMP accumulation 

utilizing specific agonists: xamoterol (β1-AR), formoterol (β2-AR), or L-755,507 (β3-AR) 

and carvedilol demonstrate that only stimulation of the β2-AR resulted in a statistically 

significant increase in cAMP compared to control (p < 0.05) via Kruskal-Wallis multiple-

comparison test, indicated by an asterisk (*), which was reversed by carvedilol treatment.
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Figure 4. Effects of carvedilol and atenolol on EGF-induced AP-1 transactivation
HEK-293 expressing an AP-1 luciferase reporter and renilla control were treated with 

vehicle control, EGF (10 ng/mL), EGF plus β-blockers carvedilol (A) or atenolol (B) for 24 

h; data shown as means ± SE. Groups with different Greek letters are statistically different 

(p < 0.05) as determined by ANOVA with Tukey-Kramer post hoc test; n = 5.
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Figure 5. Effects of carvedilol on DMBA-induced epidermal hyperplasia and the mutation of H-
ras in SENCAR mice
(A) Representative microphotographs of the control and treated murine skin (H&E staining 

and PCNA expression). (B) Measurement of epidermal thickness; Groups with different 

Greek letters are statistically different (p < 0.05) as determined by ANOVA with Tukey-

Kramer post hoc test. (C) H-ras CAA → CTA mutations from the epidermal samples shown 

in A and B. Groups with different Greek letters are statistically different (p < 0.05) as 

determined by ANOVA with Kruskal-Wallis Multiple-Comparison Z-Value with the 

Bonferroni Test; n ≥ 5.
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Figure 6. Effects of carvedilol on human lung tumor A549 growth and migration in vitro and in 
vivo
(A) The β-blocker carvedilol was examined for effects on soft agar assay (in black) and SRB 

assay (in gray) and data were normalized to their respective controls and plotted together; 

asterisk (*) and cross (†) indicates the soft agar and SRB assay is statistically different than 

control, respectively, (p < 0.05) as determined by ANOVA with Tukey-Kramer post hoc 

test. (B) Cell migration of A549 cells was quantified by the gap distances before and after 24 

hour treatment with carvedilol; asterisk (*) indicates that the 24 hour period was statistically 

different than the initial (p < 0.05) as determined by paired t-test, n = 3. (C) Effect of 

carvedilol on xenograft lung tumor growth in mice. Asterisk (*) indicates p-value is < 0.05 

between the two points as determined via a RM-ANOVA with a Newman-Keuls multiple-

comparison post hoc test; n ≥ 4.
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