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Abstract Recent studies cite 32-adrenergic receptor (32AR)
antagonists as novel therapeutic agents for melanoma, as they
may reduce the disease progression. The 32AR has shown to
be expressed in malignant melanoma. However, it remains
unclear whether the 32AR expression has a clinical and path-
ological significance in patients with cutaneous malignant
melanoma. We herein conducted a clinicopathological study
to investigate the protein expression of 32AR in malignant
melanoma of the skin and its prognostic significance. One
hundred thirty-three patients with surgically resected cutane-
ous malignant melanoma were evaluated. Tumor sections
were stained by immunohistochemistry for 32AR, Ki-67,
the microvessel density (MVD) determined by CD34, and
p53. B2AR was highly expressed in 44.4 % (59 out of 133)
of the patients. The expression of 32AR was significantly
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associated with the tumor thickness, ulceration, T factor, N
factor, disease stage, tumor size, cell proliferation (Ki-67),
and MVD (CD34). Using Spearman’s rank test, the f2AR
expression was correlated with Ki-67 (r=0.278; 95 % CI,
0.108 to 0.432; P=0.001), CD34 (r=0.445; 95 %CI, 0.293
to 0.575; P<0.001), and the tumor size (r=0.226; 95 % CI,
0.053 to 0.386; P=0.008). Using a univariate analysis, the
tumor thickness, ulceration, disease stage, 32AR, Ki-67, and
CD34 had a significant relationship with the overall and
progression-free survivals. A multivariable analysis con-
firmed that B2AR was an independent prognostic factor for
predicting a poor overall survival (HR 1.730; 95 % CI 1.221—
2.515) and progression-free survival (HR 1.576; 95 % CI
1.176-2.143) of malignant melanoma of the skin. 32AR can
serve as a promising prognostic factor for predicting a worse
outcome after surgical treatment and may play an important
role in the development and aggressiveness of malignant
melanoma.

Keywords Melanoma - 32-Adrenergic receptor - Prognostic
factor - Cutaneous - Immunohistochemistry - Angiogenesis

Background

Malignant melanoma is an aggressive malignancy borne from
melanocytes. Malignant melanoma of the skin is responsible
for ~60 % of deaths from skin cancers, and both the incidence
and prevalence of the disease have increased over the past few
decades; meanwhile, the overall mortality rates have remained
somewhat stable [1]. As metastatic melanoma carries a poor
prognosis, there is a need for novel therapies [2]. More than
60 % of cutaneous melanomas harbor a mutation in BRAF'[3],
of which more than 80 % feature the specific V60OE amino
acid substitution mutation [4]. Single-molecule targeting
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approaches, such as BRAF inhibitors, in melanoma cannot
cure the disease and some resistance occurs. Therefore, alter-
native therapies are required for melanoma that can be com-
bined with BRAF inhibitors.

Beta2-adrenergic receptor (2AR) is the prototypic and
ubiquitous cell-surface proteins known as G protein-coupled
receptors (GPCRs) or seven transmembrane receptors. 32AR
is involved in production of physiological responses to adren-
aline and noradrenaline [5]. Beta-blockers are commonly used
for the treatment of cardiac disease [6]. Recently, the fortu-
itous discovery that the noncardioselective beta-blocker, pro-
pranolol, can safely induce involution of infantile
haemangiomas has led to important insights regarding their
effects on tumor growth [7]. The expression of 32AR has
been shown in various human cancers [8—12]. Melhem-
Bertrandt et al. reported that breast cancer patients taking
beta-blockers have a significant reduction in tumor recurrence
compared to those not prescribed beta-blockers, and beta-
blocker intake is found to be closely associated with a better
relapse-free survival in patients with breast cancer [13]. In
preclinical studies, (3-adrenergic signaling was shown to be
involved in the inhibition of apoptosis, the induction of vas-
cular endothelial growth factor (VEGF) expression, and the
development of metastasis [12, 14]. Thus, Barron et al. sug-
gested that the inhibition of (32-adrenergic signaling could
suppress the tumor progression and mortality in breast cancer
[14]. Regarding malignant melanoma, the clinical potential of
targeted therapy for 32AR was suggested by the inhibition of
32AR using propranolol [15, 16]. Immunohistochemical
studies on the 32AR expression in malignant melanoma were
performed and the expression rate was reported to be high in
malignant melanoma compared to melanocytic nevi [12, 17].
However, it remains unclear whether the 32AR expression
has a clinical and pathological significance in patients with
cutaneous malignant melanoma.

In this study, we examined the 32AR expression in
resected tissue specimens to evaluate the clinicopathological
and prognostic significance of 32AR in patients with cutane-
ous malignant melanoma.

Materials and methods
Patients

We analyzed 156 consecutive patients with malignant mela-
noma who underwent surgical resection at Gunma University
Hospital between September 1989 and October 2011.
Twenty-three patients were excluded due to unavailable pa-
tient information. In total, 133 patients were analyzed in the
study. The clinical stages were defined according to the 2009
guidelines of the American Joint Committee on Cancer
(AJCC). We further analyzed 30 resected lesions with
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melanocytic nevi as a negative control. The approach used
for the evaluation and resection of these tumors has been de-
scribed previously [18]. This study was approved by the in-
stitutional review board of Gunma University Hospital (ethi-
cal committee for clinical studies-Gunma University Faculty
of Medicine). In the present study, the morality and recurrence
were determined using medical records.

Immunohistochemical staining

The 32AR expression was examined by immunohistochemi-
cal staining with a rabbit anti-human 32AR monoclonal anti-
body (Abcam, Inc., Cambridge, UK; 1:100 dilution) raised
against a C-terminal peptide of human 32AR. Immunohisto-
chemical staining was performed on paraffin sections using a
polymer peroxidase method (Histofine Simple Stain MAX PO
(MULTI) kit; Nichirei Corporation, Tokyo, Japan). Briefly,
deparaffinized, rehydrated sections were treated with 0.3 %
hydrogen peroxidase in methanol for 30 min to block endog-
enous peroxidase activity. To expose antigens, the sections
were autoclaved in 10 mmol/L sodium citrate buffer
(pH 6.0) for 5 min and cooled for 30 min. After rinsing in
phosphate-buffered saline (PBS), the sections were incubated
with anti-32AR antibody (1:100) overnight. Thereafter, they
were incubated with the Histofine Simple Stain MAX PO
(MULTYI) kit (Nichirei Corporation). The peroxidase reaction
was performed using 0.02 % 3,3-diaminobenzidine tetrahy-
drochloride and 0.01 % hydrogen peroxidase in 0.05 M Tris-
HCI buffer, pH 7.6. Negative control tissue sections were pre-
pared by omitting the primary antibody. The expression of
[32AR was considered to be positive only if distinct cytoplas-
mic and plasma membrane staining was present. The 32AR
expression scores were assessed by the extent of staining as
follows: 1, <10 % of the tumor area was stained; 2, 11-25 %
was stained; 3, 26-50 % was stained; and 4, >51 % was
stained. The tumors in which stained tumor cells were scored
as >3 were defined to have a high expression.

For CD34, Ki-67, and p53, immunohistochemical staining
was performed according to the procedures described in pre-
vious reports [19, 20]. The following antibodies were used:
mouse monoclonal antibodies against CD34 (Nichirei, Tokyo,
Japan, 1:800 dilution), Ki-67 (Dako, Glostrup, Denmark, 1:40
dilution), and p53 (D07; Dako, 1:50 dilution). The number of
CD34-positive vessels was counted in four selected hot spots
in a 400x field (0.26 mm [2] field area). The microvessel
density (MVD) was defined as the mean count of
microvessels per 0.26 mm [2] field area. The median number
of CD34-positive vessels was evaluated, and the tumors in
which stained tumor cells made up more than each median
value were defined as having a high expression. For p53, a
microscopic examination for the nuclear reaction product was
performed and scored, and p53 expression in greater than
10 % of the tumor cells was defined as a positive expression
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[18]. For Ki-67, a highly cellular area of the immunostained
sections was evaluated. All melanoma cells with nuclear stain-
ing of any intensity were defined as having a high expression.
Approximately 1000 nuclei were counted on each slide. The
proliferative activity was assessed as the percentage of Ki-67-
stained nuclei (Ki-67 labeling index) in the sample. The me-
dian value of the Ki-67 labeling index was evaluated, and the
number of tumor cells with greater than the median value were
defined as having a high expression. The sections were
assessed using light microscopy in a blinded fashion by at
least two of the authors.

Statistical analysis

Probability values of <0.05 were considered to indicate a sta-
tistically significant difference. The significance of the differ-
ence was determined by the Mann-Whitney U test. The cor-
relation between different variables was analyzed using a non-
parametric Spearman’s rank test. The Kaplan-Meier method
was used to estimate the survival as a function of time, and
survival differences were analyzed by the log-rank test. The
overall survival (OS) was determined as the time from tumor
resection to death from any cause. The progression-free sur-
vival (PFS) was defined as the time between tumor resection
and the first disease progression or death. A univariate analy-
sis was performed using the first 5-year survival rate after
resection. Multivariate analyses were performed using a step-
wise Cox proportional hazards model to identify independent
prognostic factors. Statistical analyses were performed using
the GraphPad Prism 4 (GraphPad Software, San Diego, CA,
USA) and JMP 8 software programs (SAS, Institute Inc.,
Cary, NC, USA) for Windows.

Results
Patient’s demographics

One hundred thirty-three patients with malignant melanoma
resected in Gunma University were analyzed. The clinicopath-
ologic results stratified by the tumor location are listed in
Table 1. The median age of the patients was 71 years (range,
42 to 86 years). Most tumors (n=126, 90.6 %) were stages I to
III. The day of surgery was considered to be the starting day
for measuring the postoperative survival. The median follow-
up duration for all patients was 1725 days. Before 1996, 7
patients had been treated with Bacille Calmette-Guerin
(BCG) immunotherapy. After that, most of the patients were
treated with DAV-Feron therapy (dacarbazine, ACNU, vin-
cristine, and IFN-[3). DAV-Feron therapy was done in 88 pa-
tients, while DAC-tam therapy (dacarbazine, nimustine, cis-
platin, and tamoxifen) was tried in advanced 10 patients.

Immunohistochemical analysis

The immunohistochemical analyses were performed on 133
primary lesions with malignant melanoma and 30 resected
lesions with melanocytic nevi. Figure 1 represents the immu-
nohistochemical staining of 32AR in malignant melanoma.
32AR immunostaining was detected in melanoma cells and
localized predominantly on their cytoplasmic and plasma
membrane (Fig. 1a). Negative staining of 32AR in malignant
melanoma and melanocytic nevi were observed (Fig. 1b, c). A
high expression rate of B2AR staining was observed in
44.4 % of the patients’ sections of malignant melanoma,
whereas it was expressed in 0 % of the melanocytic nevi.

Table 1 Patient's demographics

according to 32AR expression Variables Total B2AR
High Low P-value
(n=133) (n=59) (n=74)

Age <65/>65 years 67/66 27/32 40/34 0.385
Sex Male/female 67/66 31/28 36/38 0.728
Thickness, mm <2.00/>2.00 70/63 18/41 52/22 <0.001
Ulceration Yes/no 21/112 16/43 5/69 0.002
T factor T1-2/T3-4 71/62 17/42 54/20 <0.001
N factor No/N1-2 100/33 38/21 62/12 0.015
Disease stage Ior I/l or IV 93/40 36/23 57/14 0.019
Anatomic site Axial/extremity 36/97 13/43 23/51 0.332
Tumor size, mm <20/>20 72/61 25/34 47127 0.022
Ki-67 High/low 62/71 36/23 26/48 0.005
CD34 High/low 65/68 44/15 21/53 <0.001
p53 High/low 97/36 50/19 47127 0.285

The Figures in italics indicate statistical significance

(32A4R beta-2 adrenergic receptor
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Fig. 1 Immunohistochemical staining of 32AR in malignant melanoma.
a Positive staining of the 32AR expression in the cytoplasmic and plasma
membrane of malignant melanoma. b Negative staining for the 2AR
expression in the malignant melanoma. ¢ Negative staining for the 32AR
expression in the melanocytic nevus. d Positive staining of the CD34
expression in the malignant melanoma. e Negative staining of the

The positivity of 2AR expression was significantly different
between malignant melanoma and melanocytic nevus lesions
(P<0.001). The cutoff points for a high CD34 expression and
high Ki-67 labeling index were defined as follows. The me-
dian number of CD34-positive vessels was 4 (range, 0-90),
and thus, the value of 4 was chosen as the cutoff point. The
median value of the Ki-67 labeling index was 10 % (range, 0—
47), and thus, the value of 10 % was chosen as the cutoff point.
A positive expression of p53 was observed in 73 % (97/133)
of'the patients. Representative figures of each immunostaining
were shown (Fig. 1d-i).

Table 1 shows the expression patterns of the biomarkers
according to the tumor location. The rate of high expression or
positivity in these biomarkers was significantly higher in mel-
anoma than in melanocytic nevus lesions. The patient’s

@ Springer

CD34 expression in the malignant melanoma. f Positive staining of the
Ki-67 expression in the malignant melanoma. g Negative staining of the
Ki-67 expression in the malignant melanoma. h Positive staining of the
P53 expression in the malignant melanoma. i Negative staining of the p53
expression in the malignant melanoma

demographics according to the 32AR expression status are
listed in Table 1. The expression of 32AR was significantly
associated with the tumor thickness, ulceration, T factor, N
factor, disease stage, tumor size, cell proliferation (Ki-67),
and MVD (CD34).

Table 2  Correlation with 32AR expression

Spearman r 95 % CI P value
Ki-67 0.278 0.108 to 0.432 0.001
CD34 0.445 0.293 to 0.575 <0.001
Tumor size 0.226 0.053 to 0.386 0.008

The Figures in italics indicate statistical significance
95%CI 95 % confidence interval, 324R beta-2 adrenergic receptor
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Correlation between 32AR and different variables

Spearman’s rank test revealed that the $2AR expression sig-
nificantly correlated with Ki-67 (»=0.278, P=0.001), CD34
(r=0.445, P<0.001), and tumor size (r=0.226, P=0.008)
(Table 2).

Survival analysis according to the 32AR expression

The 5-year survival rates of the OS and PFS for all patients
were 75 and 65 %, respectively. Of 133 patients, 36 died and
50 had recurrence after initial surgery. According to a univar-
iate analysis, the tumor thickness, ulceration, disease stage,
32AR, Ki-67, and CD34 had a significant relationship with
the OS and the PFS (Table 3). Only adjuvant chemotherapy
was recognized as a significant prognostic marker for the PFS.
A multivariable analysis confirmed that 2AR was an inde-
pendent prognostic factor for predicting a poor OS and PFS
after surgery in patients with cutaneous malignant melanoma.
Figure 2 shows the Kaplan-Meier survival curve in patients
with high and low expressions for 32AR. Significant differ-
ences in the OS and PFS were observed with respect to the
intensity of the 32AR expression.

Discussion

This is the first study to elucidate the clinicopathological sig-
nificance of the 32AR expression in patients with cutaneous
malignant melanoma. The expression of 32AR in the tumor
specimens closely correlated with cell proliferation and angio-
genesis and was a significant indicator for predicting a poor
outcome after surgical resection. Therefore, a high 32AR ex-
pression may play an important role in the growth of malig-
nant melanoma.

Immunohistochemical studies on the 32AR expression in
malignant melanoma using patient’s samples have been pre-
viously carried out. Yang et al. reported that 18 out of 20
melanoma biopsies were positive for 32AR [12]. Moretti
et al. studied cutaneous melanocytic lesions from 40 patients
using both anti-3 1 AR antibody and anti-32AR antibody and
found that both receptors were expressed in benign
melanocytic nevi, atypical nevi, and malignant melanomas.
Moreover, the expression rate was significantly higher in ma-
lignant melanomas [17]. Our data were consistent with the
previous results and provide further evidence that a high ex-
pression of 32AR was an independent prognostic factor for
predicting a poor prognosis of malignant melanoma.

There are several clinical studies that investigated the effi-
cacy of beta-blockers to malignant melanoma. De Giorgi V
et al. performed an epidemiological study of beta-blocker us-
age after the diagnosis of melanoma and melanoma-specific
survival [15]. This study reported a reduction in the risk of
recurrence in patients treated with beta-blockers after the

Table 3  Univariate and multivariate survival analysis in all patients

Progression-free survival

Overall survival

Variables

Multivariate

Univariate

Multivariate

Univariate

P value

95 % CI

HR

P value

5 year rate (%) HR 95 % CI

P-value

HR 95 % CI P value HR 95 % CI

5-year rate (%)

0.076

1.291 0.973-1.734

0.023
0.649

1.385 1.045-1.861

0.938

75/54
62 /68
88/39
28 /71

0.08

1.348 0.965-1.926

0.026
0.475

1.044-2.083
0.633-1.232

1.459
0.887

81/64
71/58
94/52
27/ 81

years

<65/>65

Age

0.708-1.239

Male/female
2.00/>2.00

Yes/no

Sex

<0.001
<0.001
<0.001
0.829
0.194
0.004

1.751-3.393
1.350-2.648

2.391

<0.001
<0.001
<0.001

0.905

1.706-3.812

2.479

Thickness, mm

1.916
1.873
0.979
1.201
1.662
1.742
1.479
2.899

1.403-3.106
1.336-2.633

0.662—1.387

2.118

Ulceration

1.296-2.296 <0.001

1.722

1.413-2.487
0.730-1.346

77138
65 /64
71/57
55/86
48 /78

1.239-2.456 0.002

1.742

1.873
0.978

85/52
78 /73
82 /66
70 /85
62/85
68 /83
58/92

T or I/III or IV
Axial/extremity

<20/>20

Disease stage

Anatomic site

0.908-1.589

0.123
0.154
<0.001

0.928-1.802
0.

1.291
0.761

Tumor size, mm

1.185-2.463
1.310-2.352

0.506-1.092

Yes/no

Adjuvant chemotherapy

B2AR
Ki-67

0.001

1.612 1.208-2.182

<0.001
0.006

0.002

1.201-2.446

1.691

1.296-2.622

1.819
1.482
2.506

High/low
High/low

1.116-1.986

54 /75
40/91

02

1.061-3.970
1.696-3.970

<0.001

2.035-4.407

<0.001

High /low

CD34
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Fig. 2 Outcomes after surgical a
resection shown by a Kaplan- 100+
Meier analysis of the overall
survival (OS) and progression-
free survival (PFS) according to
the B2AR expression. A
statistically significant difference
in OS (a) and PFS (b) was
observed between the patients

Percent survival(OS)
D
o

Low beta-2 AR expression (n=74) 100+

30+ High beta-2 AR expression (n=59)

Low beta-2 AR expression (n=74)

Percent survival(PF S)
o
o

3 N 204 20 High beta-2 AR expression (n=59)
with a high and low 32AR 104 p<0.001 10 p<0.001
eXpreSSion c I U L J T T 0 T T T T T T
0 1000 2000 3000 4000 5000 6000 0 1000 2000 3000 4000 5000 6000

days

diagnosis of malignant melanoma (thick melanoma: Breslow
thickness>1 mm). They also showed a significant reduction in
the proportion of deaths in the beta-blocker-treated patients
compared with controls. Lemeshow et al. investigated beta-
blocker usage prior to the diagnosis of malignant melanoma
and observed a 13 % reduction in melanoma mortality and
19 % reduction in all-cause mortality in 372 malignant mela-
noma patients treated with beta-blockers in the 90 days prior
to the diagnosis of melanoma [16]. Contrary to the previous
two studies, Livingstone et al. performed a population-based
cohort study and their results did not show a significant effect
of beta-blockers on the survival of malignant melanoma pa-
tients in the Netherlands [21]. Furthermore, McCourt et al.
investigated patients with incident malignant melanoma diag-
nosed between 1998 and 2010 in the UK [22]. They reported
that beta-blocker use after the diagnosis of malignant melano-
ma was not associated with a reduced risk of death from mel-
anoma in this UK population-based study. Most of these stud-
ies did not define the beta-blockers used. As shown previous-
ly, there is a discrepancy regarding the effect of beta-blockers
on melanoma progression. Although the results of the previ-
ous studies are controversial, our study implies the potential of
32AR inhibition in melanoma.

Several groups have described the clinicopathological stud-
ies regarding the enhanced expression of 32AR in various
cancers, such as pancreatic cancer, hepatocellular carcinoma,
and oral squamous cell carcinoma [23-25]. Wenjuan et al.
described that single nucleotide polymorphisms in the f2AR
gene could be useful biomarkers for predicting the biological
behaviors and survival of pancreatic cancer throughout elevat-
ing vascularization and activating the epidermal growth factor
receptor (EGFR) signaling pathway [25]. Chen et al. implied
the use of the P2AR expression as a prognostic marker for
predicting a poor outcome and tumor recurrence in patients
with hepatocellular carcinoma after surgery [24]. On the other
hand, a strong 32AR expression was shown to be a favorable
prognostic factor for oral squamous cell carcinoma [23]. In
our study, the strong expression of 32AR was found to have
a great impact as a negative predictor. However, little is known
about such discrepancy of the prognostic significance in
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various human neoplasms. Further study is warranted to con-
firm the prognostic role of the 32AR expression in cancer
patients.

In the in vitro studies, it has been shown that a significant
increase in the tumor growth and metastasis requires [3-
adrenergic signaling, which correlated with the infiltration of
macrophages and pro-metastatic gene expression [26]. Recent
reports demonstrated that the effects of 3-adrenergic signaling
on the tumor progression and metastasis are suppressed by (32
antagonists, but not (31 antagonists [27]. Several studies have
revealed that the 32AR agonist, isoproterenol, promotes the
growth of human cancer cells in vitro via 32AR-mediated
activation of cAMP/PKA, mitogen-activated protein kinase
(MAPK)/extracellular signal-regulated kinase 1/2 (ERK1/2),
and PI3-kinase (PI3K)/protein kinase B (AKT) signaling path-
ways. Furthermore, isoproterenol has been shown to activate
MAPK/ERK1/2 by a 32AR-mediated and VEGF-
independent mechanism [28-30]. The stimulation of 32AR
has been shown to induce cell proliferation and cell adhesion
[31]. Thus, B2AR has recently received attention as a poten-
tial therapeutic target in the treatment of cancer. Recently,
Wrobel and Le Gal investigated the effect of
noncardioselective and cardioselective beta-blockers on mel-
anoma progression in vitro. They revealed that the
noncardioselective beta-blocker, propranolol, regulates the ex-
pression of different genes involved in tumor angiogenesis,
cell death, or proliferation and inhibits melanoma progression
[32]. In the present study, we did not investigate the relation-
ship between the expression of 32AR and any signaling path-
way in malignant melanoma tissues. Further study is neces-
sary to examine the signaling pathway related to the increase
of these active markers.

There are several limitations associated with our study.
First, the number of malignant melanoma patients included
was small, which may have biased our results. In addition,
the present study showed that the expression of 32AR was
closely associated with the tumor thickness, ulceration, stage,
cell proliferation (Ki-67), and angiogenesis (CD34). There-
fore, these factors were excluded from the multivariate analy-
sis in order to assess the 32AR expression as an independent
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prognostic factor and to resolve potential confounding. More-
over, information loss occurred with the continuous variables
were dichotomized.

In conclusion, a high expression of $2AR is therefore con-
sidered to be a promising pathological marker for predicting a
poor prognosis in patients with malignant melanoma of the
skin. The inhibition of 32AR expression may have anti-tumor
efficacy, and a molecular targeting drug that selectively in-
hibits F2AR will aid in alternative therapeutic strategies for
malignant melanoma.
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