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ABSTRACT
Background: We hypothesized that the activated phosphorylated forms of
proapoptotic Bcl-2 family of proteins is most relevant to small cell lung cancer (SCLC)
biology. We therefore characterized pBcl-2 and pMcl-1 in pulmonary neuroendocrine
tumors to better elucidate the role of these proteins in SCLC.
Methods: We analyzed archival samples of pulmonary carcinoid, SCLC and largecell neuroendocrine carcinoma (LCNEC) by immunohistochemistry (IHC). Association
of protein expression with age, gender, smoking status, tumor type, stage and
survival was assessed by Wilcoxon rank-sum test, Kruskal-Wallis test, Spearman
rank correlation, and Cox regression model.
Results: We employed 77 cases: carcinoid (21%), SCLC (53%) and LCNEC
(26%); median age of 61.5 years, 75% Caucasians and 60% female. Carcinoid
had lower median expression of Bcl-2 [0 (0 - 100) vs. 90 (0 - 300); p<0.001] and
pBcl-2 [12.5 (0 - 255) vs. 190 (0 - 300); p<.001] compared to SCLC and LCNEC. On
univariate analyses, high nuclear pBcl-2 expression was associated with adverse
features (smoking, malignant histology, higher stage) and higher risk of progression
(PFS HR: 1.45; 95% CI:1.13-1.85; p=0.004) and death (OS HR: 1.32; 95% CI: 0.991.75;p=0.054). High cytoplasmic Mcl-1 immunoscore was significantly associated with
male gender (p-value= 0.009), and higher risk of progression (HR: 1.31 (1.02-1.68);
p=0.036). On multivariable analysis, pBcl-2 remained significantly associated with
PFS both by intensity (HR: 1.54; 1.08-2.20; p=0.016) and immunoscore (HR: 1.41;
0.99-2.02; p=0.058).
Conclusions: pBcl-2 and pMcl-1 showed stronger correlation with adverse
prognostic features in SCLC and should be considered superior biomarkers for patient
selection for therapy.

large cell neuroendocrine carcinoma (LCNEC), and
small cell lung carcinoma (SCLC). TC and AC differ
in cellular atypia and quantity of mitotic figures but are
both considered well-differentiated and less aggressive.
LCNEC and SCLC have more malignant pathologic
features and are quite aggressive in terms of clinical

INTRODUCTION
Pulmonary neuroendocrine (NE) tumors constitute
a histologic spectrum of lung tumors with varying
degrees of clinical aggressiveness. Pathologic subtypes
include typical carcinoid (TC), atypical carcinoid (AC),
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RESULTS

outcome. They account for 15% to 20% of deaths from
lung cancer [1]. Standard therapy for SCLC typically
involves chemotherapy alone or in combination with
radiation depending on the stage of the disease. While
many patients will experience a good initial response,
the vast majority of patients will ultimately become
refractory to therapy and die of their disease. Median
survival for patients diagnosed with extensive stage of
SCLC is less than 1 year [2, 3].
In an attempt to identify new targets of therapy
that will improve the outcome for SCLC, preclinical
and clinical studies have been conducted to assess
for molecular and genetic drivers of neuroendocrine
tumors especially, SCLC. Loss of tumor suppressor
genes p53 and RB1, developmental pathway gene,
NOTCH and activation of oncogenes c-kit and MYC
have been identified to be frequently altered and
considered to play key roles in disease initiation and
progression [4-6]. The anti-apoptotic protein Bcl-2 is
one of the earliest described molecular alterations in
SCLC leading to recent attempts at therapeutic strategy
targeting this pathway. Bcl-2 and its family members
constitute a dynamic family of pro and antiapoptotic
molecules involved in cancer cell development,
progression and resistance to treatment [21]. However,
the prognostic impact and predictive value of Bcl2 expression in SCLC remains controversial [7-12].
While overexpression of Bcl-2 is frequently observed
in SCLC, the prognostic implication has been difficult
to establish. Some studies indicated a poor prognostic
outcome while others have identified a correlation of
total Bcl-2 expression with poor prognosis in SCLC
[1, 7-11]. Moreover, clinical trials looking at anti-Bcl2
targeted agents failed to achieve meaningful clinical
benefit [13-15].
Phosphorylation of Bcl-2 (pBcl-2) is a regulatory
step that controls its biological activity, which has not
been well-studied in SCLC [16]. We hypothesize that
pBcl-2 is a more relevant biomarker for prognostic
assessment and for guiding patient selection for
therapeutic intervention. Moreover, other components
of the Bcl-2 family of proteins including Mcl-1, NR13, A1, Bcl-w, Bcl-xL, Bcl-2, Bax, Bak and Bad have
complementary and antagonistic activity. Mcl-1 has a
predominant antiapoptotic activity and has been shown
to better predict resistance to anti Bcl-2 therapy in
preclinical models [17, 18]. To better elucidate the role
of Bcl-2 dysfunction in pulmonary NE neoplasms, we
assessed the biologically relevant form of Bcl-2 and the
predominant prosurvival family member, Mcl-1, and
compared expression pattern across different histologic
subtypes of pulmonary neuroendocrine (NE) tumors.
Understanding the role of Bcl-2 and Mcl-1, particularly
the biologically active phosphorylated forms, will help
guide the development of targeted therapeutic agents
for pulmonary NE tumors, especially SCLC.
www.impactjournals.com/oncotarget

Subjects and tumor types
We identified 77 eligible cases of pulmonary
neuroendocrine tumors that underwent surgical resection
for inclusion in this study. Due to the requirement for
surgical resection, the vast majority of patients had
relatively early stage of disease. Majority of the cases was
female (60%) and of Caucasian race (82%). Breakdown by
histology showed 16 cases of carcinoid, 41 cases of SCLC
and 20 cases of LCNEC. The detailed demographics and
clinical characteristics are presented in Table 1.

Protein expression and tumor histologies
Pairwise comparison showed no significant
correlation between Mcl-1 and Bcl-2 expression and only
a weak correlation observed between pBcl-2 and pMcl1 (Table 2) both in terms of intensity of cytoplasmic
expression (CC: 0.213; p=0.067) and immunoscore
(CC: 0.259; p=0.025). Assessment of cytoplasmic and
nuclear expression (Bcl-2, pBcl-2, Mcl-1, and pMcl-1)
for total and phosphorylated forms of Bcl-2 and Mcl-1
showed significant differences in expression by histology
(Figure 1; Table 3). Bcl-2 showed highest expression in
LCNEC, followed by SCLC and lowest expression in
carcinoid while pBcl-2 showed highest expression in
SCLC, followed by LCNEC and lowest expression in
carcinoid (Figure 1). There was no significant difference
in the expression of Mcl-1 or pMcl-1 across different
tumor histologies (Figure 2; Table 3). A consistent
pattern of increased expression of Bcl-2 and pBcl-2 but
not Mcl-1 or its activated form, pMcl-1, was observed
when the comparison was defined by benign (carcinoid)
and malignant (SCLC and LCNEC) pulmonary
neuroendocrine tumor histologies (Table 4).

Protein expression and clinical characteristics
There was a significant association of smoking
(Figure 3) with higher cytoplasmic (p=0.001) and
nuclear expression (p=0.005) of Bcl-2. A similar
pattern was observed with pBcl-2 based on cytoplasmic
(p=0.008) and nuclear (p=0.006) localization of the
staining. There was no significant association between
Mcl-1 or pMcl-1 expression and smoking status but
cytoplasmic expression of Mcl-1 was associated with
male gender (by intensity; p=0.007 and immunoscore;
p=0.009). There was no consistent association between
protein expression and other clinical variables such as
age or race or the patients.

Protein expression and survival
Univariate analyses showed that the expression of
total Bcl-2 and pBcl-2 was significantly associated with
2
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Table 1: Patient and tumor characteristics
Characteristics

N=77

Age, Mean (± SD)

61.45 (± 12.08)

Tumor Histology, N (%)
  Carcinoid

16 (20.78)

  SCLC

41 (53.25)

  LCNEC

20 (25.97)

Ethnicity, N (%)
  Caucasian

58 (75.32)

  Others *

19 (24.68)

Gender, N (%)
  Male

31 (40.26)

  Female

46 (59.74)

Smoking status, N (%)
  Smokers

58 (75.32)

  Non-smokers

13 (16.88)

  Unknown

6 (7.79)

Stage at presentation, N (%) **
  I

21 (27.27)

  II

6 (7.79)

  III

7 (9.09)

  IV

16 (20.78)

  Limited

21 (27.27)

  Unknown

6 (7.79)

Tissue sample source, N (%)
  Excisional Biopsy

17 (22.08)

  Wedge Resection

7 (9.09)

  Segmentectomy

3 (3.90)

  Lobectomy

15 (19.48)

  Pneumonectomy

2 (2.60)

  Unknown

33 (42.86)

Note: SCLC=small cell lung cancer; LCNEC=large cell neuroendocrine carcinoma; Carcinoid includes atypical and typical
carcinoid.
*Includes Black, Asian, or unknown
**Staging consisted of TNM staging system or two-stage criteria (limited disease versus extensive disease).
patient outcome whereby the risk of progression and or
death was higher in patients with higher levels of expression
of Bcl2 and pBcl-2. The observed association was stronger
with pBcl2. The intensity of staining both in the cytoplasm
and in the nucleus showed a stronger association with PFS
and OS than immunoscore (Tables 5 and 6). On multivariate
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analysis with adjustment for known prognostic factors
such as race, smoking status and stage at presentation,
higher level of pBcl-2 expression measured as nuclear
staining intensity was still associated with a higher risk of
progression (HR: 1.54; 95% CI: 1.08-2.20; p-value=0.016,
Table 7). Higher pMcl-1 score in cytoplasm was associated
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Table 2: Pairwise associations between protein expressions
Bcl-2

Mcl-1

CC

P-value

Bcl-2 Cytoplasm Intensity

Mcl-1 Cytoplasm Intensity

0.125

0.280

Bcl-2 Cytoplasm Score

Mcl-1 Cytoplasm Score

0.15

0.197

P-Bcl-2 Cytoplasm Intensity

P-Mcl-1 Cytoplasm Intensity

0.213

0.067

P-Bcl-2 Cytoplasm Score

P-Mcl-1 Cytoplasm Score

0.259

0.025

P-Bcl-2 Nuclear Intensity

P-Mcl-1 Nuclear Intensity

-0.139

0.233

P-Bcl-2 Nuclear Score

P-Mcl-1 Nuclear Score

-0.108

0.358

Note: CC, correlation coefficient; Bcl-2 Nuclear Intensity, Bcl-2 Nuclear Score, Mcl-1 Nuclear Intensity, and Mcl-1 Nuclear
Score were all zeros.
P-value is calculated by Spearman rank correlation.

Figure 1: Representative sections (X200) showing variable expression of Bcl-2 across different histologic types of
pulmonary neuroendocrine tumors. Note the more predictable pattern of expression of pBcl-2 with higher expression in LCNEC
and SCLC compared to carcinoid tumors.
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Table 3: Differences in protein expression comparing carcinoid, SCLC and LCNEC
Protein

All patients

Tumor Histology

P-value

Carcinoid

SCLC

LCNEC

Bcl-2 Cytoplasm Intensity

1.25 (0 - 3)

0 (0 - 40)

42.5 (0 - 100)

52.5 (0 - 100)

<.001

Bcl-2 Cytoplasm Score

40 (0 - 300)

0 (0 - 100)

90 (0 - 300)

105 (0 - 300)

<.001

2.5 (0 - 3)

2.5 (1 - 3)

2.5 (0 - 3)

2.5 (1 - 3)

0.737

250 (0 - 300)

243.75 (60 300)

250 (0 - 300)

250 (75 - 300)

0.637

2 (0 - 3)

0.75 (0 - 3)

2 (0 - 3)

2 (0 - 3)

0.044

142.5 (0 - 300)

12.5 (0 - 255)

200 (0 - 300)

141.25 (0 - 300)

<.001

1 (0 - 3)

1 (0 - 2.5)

2 (0 - 2.5)

1 (0 - 3)

0.012

P-Bcl-2 Cytoplasm Score

90 (0 - 300)

25 (0 - 200)

180 (0 - 250)

62.5 (0 - 300)

<.001

P-Mcl1 Nuclear Intensity

0 (0 - 3)

0 (0 - 2)

0 (0 - 3)

0 (0 - 2)

0.932

0 (0 - 297)

0 (0 - 20)

0 (0 - 297)

0 (0 - 60)

0.901

2 (0 - 3)

2 (1 - 3)

2 (0 - 3)

2 (1 - 3)

0.455

190 (0 - 300)

110 (20 - 237.5)

200 (0 - 300)

180 (30 - 300)

0.147

Mcl-1 Cytoplasm Intensity
Mcl-1 Cytoplasm Score
P-Bcl-2 Nuclear Intensity
P-Bcl-2 Nuclear Score
P-Bcl-2 Cytoplasm Intensity

P-Mcl1 Nuclear Score
P-Mcl1 Cytoplasm Intensity
P-Mcl1 Cytoplasm Score

Data are presented as median (range).
Note: SCLC=small cell lung cancer; LCNEC=large cell neuroendocrine carcinoma; Carcinoid includes atypical and typical
carcinoid; Bcl-2 Nuclear Intensity, Bcl-2 Nuclear Score, Mcl-1 Nuclear Intensity, and Mcl-1 Nuclear Score were all zeros.
P-value is calculated by Kruskal-Wallis test.

with a higher risk of progression HR: 1.31; 95% CI: 1.021.68; p-value=0.046, Table 5) while there was no significant
association with OS (Table 6).

further clinical development of the therapeutic strategy
targeting the Bcl-2 family of proteins in SCLC.
The biologically active phosphorylated form
of the Bcl-2 family of proteins is important for
normal physiologic role and for the cancer promoting
pathologic activity of these proteins [16]. Furthermore,
the overall impact of aberrant function depends on
the cooperative and antagonistic interaction between
different family members [16]. However, there has not
been any systematic attempt to characterize the active
and biologically relevant forms of Bcl-2 and the other
prosurvival member of the family, Mcl-1 in SCLC
to date. We therefore employed the full spectrum of
benign and malignant pulmonary neuroendocrine
tumors to evaluate potential differences in expression
of activated Bcl2 and Mcl-1. Consistent with previously
published works, we observed increased expression of
Bcl-2 in malignant neuroendocrine tumors of the lung
compared to the more benign histologies of TC and
AC. More importantly, however, we noted that the
pBcl-2 showed a stronger association with survival.
Contrarily, Mcl-1 and its phosphorylated form, pMcl1 showed no significant difference in their levels of
expression across the spectrum of benign and malignant
neuroendocrine tumors. Furthermore, there was no
prognostic impact of Mcl-1 or pMcl-1 on PFS or OS.

DISCUSSION
We characterized the expression and prognostic
impact of the Bcl-2 family of prosurvival proteins
in neuroendocrine lung neoplasms. We observed
differential expression of Bcl-2 and pBcl-2 but not
Mcl-1 in the cases under study. More importantly, we
observed that the phosphorylated activated form of Bcl2 showed stronger association with patient outcome
whereby higher expression correlated with increased
risk of disease progression and death. Some prior
works showed that Bcl-2 is frequently overexpressed
in SCLC leading to attempts to target this protein as a
therapeutic strategy [7-12]. However, results of clinical
trials targeting Bcl-2 have seen modest efficacy and
challenged the relevance of Bcl-2 in SCLC biology
[13-15]. Similar attempts are currently afoot targeting
Mcl-1, another antiapoptotic member of the Bcl-2
family of proteins [19]. A better understanding of the
role of Bcl-2 family of proteins, especially, elucidation
of how best to select patients and which family member
to target for optimal clinical efficacy will be critical to
www.impactjournals.com/oncotarget
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Although there is significant association of pBcl2 with
PFS and stage, this did not translate into significant
differences in OS. This discordance may be explained
partly by the fact that pBcl2 is only of many biological
and clinical factors impacting patient’s outcome. Our
findings are consistent with other studies looking at
Bcl2 expression in pulmonary neuroendocrine tumors
where Bcl2 expression is higher in malignant subtypes
of neuroendocrine tumors [12, 20, 21]. Moreover,
advanced tumors that overexpress pBcl2 are also more

likely to harbor other molecular alterations such that
pBcl2 expression alone becomes less of a dominant
driver of overall survival or tumor progression [22-25].
Thusly, the altered tumor biology induced by increased
expression of pBcl2 in association with advanced tumor
stage and smoking may be obscured by other clinical
characteristics and therapeutic interventions, which we
are unable to control for in a retrospective study of this
type. While findings from a small retrospective study
such as ours are mostly hypothesis generating, taken

Figure 2: Representative sections (X200) showing variable expression of Mcl-1 and pMcl-1 across various histologic
subtypes of pulmonary neuroendocrine tumors. Note the higher expression of pMcl-1 in LCNEC and SCLC compared to carcinoid
but greater variability in expression compared to pBcl-2.
www.impactjournals.com/oncotarget
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Table 4: Differences in protein expression comparing benign (carcinoid) and malignant (SCLC and LCNEC)
pulmonary neuroendocrine tumors
Protein

Tumor Histology

P-value

Carcinoid

SCLC/LCNEC

Bcl-2 Cytoplasm Intensity

0 (0 - 40)

45 (0 - 100)

<.001

Bcl-2 Cytoplasm Score

0 (0 - 100)

90 (0 - 300)

<.001

Mcl-1 Cytoplasm Intensity

2.5 (1 - 3)

2.5 (0 - 3)

0.628

243.75 (60 - 300)

250 (0 - 300)

0.453

0.75 (0 - 3)

2 (0 - 3)

0.020

12.5 (0 - 255)

190 (0 - 300)

<.001

1 (0 - 2.5)

1 (0 - 3)

0.021

P-Bcl-2 Cytoplasm Score

25 (0 - 200)

95 (0 - 300)

0.003

P-Mcl1 Nuclear Intensity

0 (0 - 2)

0 (0 - 3)

0.762

P-Mcl1 Nuclear Score

0 (0 - 20)

0 (0 - 297)

0.731

P-Mcl1 Cytoplasm Intensity

2 (1 - 3)

2 (0 - 3)

0.479

110 (20 - 237.5)

190 (0 - 300)

0.093

Mcl-1 Cytoplasm Score
P-Bcl-2 Nuclear Intensity
P-Bcl-2 Nuclear Score
P-Bcl-2 Cytoplasm Intensity

P-Mcl1 Cytoplasm Score

Data are presented as median (range).
Note: SCLC=small cell lung cancer; LCNEC=large cell neuroendocrine carcinoma; Carcinoid includes atypical and typical
carcinoid; Bcl-2 Nuclear Intensity, Bcl-2 Nuclear Score, Mcl-1 Nuclear Intensity, and Mcl-1 Nuclear Score were all zeros.
P-value is calculated by Wilcoxon rank-sum test.

together, however, our findings support a biologically
meaningful role for Bcl-2 in SCLC. In particular, the
activated pBcl-2 expression may serve as a better tool
for future prospective studies interrogating Bcl-2 role in
tumor behavior and response to treatment.
The high expression of pBcl-2 was associated
with other indicators of poor prognosis such as positive
history of tobacco use and later stage at diagnosis,
worsened PFS and poor OS. Identifying the biologic
relevance of pBcl-2 expression in SCLC can help
guide the development of a more targeted therapy.
Similarly, there was higher pBcl2 expression in the
more malignant subtypes compared to the relatively
benign carcinoid. This observation is consistent with
prior works showing increased rate of proliferation
marker Ki-67 in small and large cell neuroendocrine
carcinoma and atypical carcinoid compared to typical
carcinoid [12, 20]. While benign carcinoids are
genetically inert, there is increased genomic instability
with the more malignant neuroendocrine tumors leading
to a high frequency of mutations in TP53, deletions of
3p and 17p [21-25]. We hypothesize that this genomic

www.impactjournals.com/oncotarget

perturbation probably drives the increased expression
of pBcl2, which mediates the prosurvival adaptation
that frequently accompanies and balances the increased
proliferation noted with malignant transformation.
The intriguing observation that pBcl-2 but not
pMcl1showed significant correlation with smoking
status may be explained by the fact that NNK, a key
component of tobacco smoke, specifically promotes
Bcl2 phosphorylation (PMID: 15210690; 11768610)
and its interaction with other oncogenes like c-Myc and
is one of the mechanisms underlying tobacco-induced
carcinogenesis [26, 27].
Several weaknesses inherent in our study limit
the potential impact of our findings. These include the
retrospective nature of the study, which can confound our
ability to verify the clinical and outcome data retrieved from
the patient’s electronic record. Secondly, phosphorylated
epitopes of proteins are known to be labile and susceptible
to degrade following prolonged storage. Future studies
using frozen samples will strengthen our results and enable
further generalization of our results. In conclusion, we
observed increased expression of pBcl2 but not pMcl-1 in

7

Oncotarget

Figure 3: Graphs showing the comparison of expression of Bcl-2 and pBcl-2 between smokers and non smokers. There
was higher expression of both total Bcl-2 and pBcl-2 in smokers versus non smokers.
www.impactjournals.com/oncotarget
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Table 5: Univariate analysis of progression free survival
Variable

N

Hazard Ratio (95% CI)

P-value

  Carcinoid

16

0.28 (0.13-0.63)

0.002

  SCLC

40

1.76 (1.02-3.02)

0.042

  LCNEC

20

1 (Ref)

  Caucasian

57

0.66 (0.39-1.12)

  Others

19

1 (Ref)

  Male

31

1.02 (0.64-1.63)

  Female

45

1 (Ref)

  Smokers

57

2.39 (1.26-4.54)

  Non-smokers

13

1 (Ref)

  I

21

0.02 (0.01-0.08)

<.001

  II

6

0.03 (0.01-0.14)

<.001

  III

7

0.06 (0.01-0.24)

<.001

  IV

15

1 (Ref)

Bcl-2 Cytoplasm Intensity

75

1.30 (1.03-1.63)

0.026

Bcl-2 Cytoplasm Score

75

1.24 (0.99-1.56)

0.056

Mcl-1 Cytoplasm Intensity

75

1.12 (0.88-1.42)

0.353

Mcl-1 Cytoplasm Score

75

1.14 (0.91-1.44)

0.258

P-Bcl-2 Nuclear Intensity

76

1.41 (1.10-1.81)

0.007

P-Bcl-2 Nuclear Score

76

1.45 (1.13-1.85)

0.004

P-Bcl-2 Cytoplasm Intensity

76

1.30 (1.01-1.67)

0.038

P-Bcl-2 Cytoplasm Score

76

1.32 (1.03-1.68)

0.027

P-Mcl1 Nuclear Intensity

74

1.07 (0.84-1.38)

0.575

P-Mcl1 Nuclear Score

74

1.10 (0.87-1.38)

0.433

P-Mcl1 Cytoplasm Intensity

74

1.08 (0.84-1.39)

0.560

P-Mcl1 Cytoplasm Score

74

1.31 (1.02-1.68)

0.036

Tumor Histology *

Ethnicity
0.126

Gender
0.945

Smoking status
0.008

Stage at presentation

* Overall p-value < .001.
www.impactjournals.com/oncotarget
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Table 6: Univariate analysis of overall survival
Variable

N

Hazard Ratio (95% CI)

P-value

  Carcinoid

16

0.44 (0.17-1.14)

0.090

  SCLC

39

2.41 (1.22-4.77)

0.011

  LCNEC

20

1 (Ref)

  Caucasian

56

1.04 (0.49-2.22)

  Others

13

1 (Ref)

  Male

31

1.00 (0.58-1.72)

  Female

44

1 (Ref)

  Smokers

56

2.38 (1.06-5.37)

  Non-smokers

13

1 (Ref)

  I

21

0.03 (0.01-0.12)

<.001

  II

6

0.05 (0.01-0.21)

<.001

  III

7

0.08 (0.02-0.31)

<.001

  IV

14

1 (Ref)

Bcl-2 Cytoplasm Intensity

74

1.22 (0.94-1.59)

0.131

Bcl-2 Cytoplasm Score

74

1.24 (0.97-1.60)

0.089

Mcl-1 Cytoplasm Intensity

74

1.07 (0.82-1.40)

0.613

Mcl-1 Cytoplasm Score

74

1.08 (0.83-1.41)

0.564

P-Bcl-2 Nuclear Intensity

75

1.26 (0.95-1.68)

0.108

P-Bcl-2 Nuclear Score

75

1.32 (0.99-1.75)

0.054

P-Bcl-2 Cytoplasm Intensity

75

1.43 (1.07-1.92)

0.016

P-Bcl-2 Cytoplasm Score

75

1.38 (1.04-1.82)

0.026

P-Mcl1 Nuclear Intensity

73

1.16 (0.87-1.54)

0.316

P-Mcl1 Nuclear Score

73

1.38 (0.75-2.55)

0.296

P-Mcl1 Cytoplasm Intensity

73

0.97 (0.73-1.29)

0.846

P-Mcl1 Cytoplasm Score

73

1.06 (0.8-1.4)

0.704

Tumor Histology *

Ethnicity
0.925

Gender
0.994

Smoking status
0.036

Stage at presentation

* Overall p-value < .001.
www.impactjournals.com/oncotarget
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Table 7A: Multivariable analysis of progression free survival with P-Bcl-2 Nuclear Intensity
Variable
P-Bcl-2 Nuclear Intensity

Hazard Ratio (95% CI)

P-value

1.54 (1.08-2.20)

0.016

0.37 (0.14-0.96)

0.041

Ethnicity
  Caucasian
  Others

1 (Ref)

Smoking status
  Smokers

2.21 (0.94-5.22)

  Non-smokers

0.069

1 (Ref)

Stage at presentation *
  I

0.02 (0.01-0.09)

<.001

  II

0.03 (0.01-0.14)

<.001

  III

0.05 (0.01-0.21)

<.001

  IV

1 (Ref)

* Overall p-value < .001.
Table 7B: Multivariable analysis of progression free survival with P-Bcl-2 Nuclear Score
Variable

Hazard Ratio (95% CI)

P-value

1.41 (0.99-2.02)

0.058

  I

0.03 (0.01-0.10)

<.001

  II

0.03 (0.01-0.15)

<.001

  III

0.06 (0.01-0.23)

<.001

  IV

1 (Ref)

P-Bcl-2 Nuclear Score
Stage at presentation *

* Overall p-value < .001.
SCLC. Our findings provide further evidence for altered
Bcl-2 signaling pathway as a biologically relevant alteration
in SCLC. These findings support currently ongoing strategy
to identify the optimal approach to effectively target Bcl-2
as a therapeutic intervention in SCLC.

nature of the study. Of note, some of the samples came
from patients who previously consented to future use of
their tissue samples for research as part of our standard
tissue banking procedure. There was no direct patient
contact during this study since the tissue samples used
were archival.
Demographic data (age, ethnicity, gender, smoking
status, stage at diagnosis, and survival) were retrieved
from electronic medical records and online death registry.
Date of death was obtained using electronic medical
records and United States Social Security Death Index
database.

MATERIALS AND METHODS
Patients and tumor samples
Archival tissue samples of pulmonary carcinoid
(both AC and TC), SCLC and LCNEC were employed
for this analysis. Tissue samples obtained from lung
excisional biopsy, wedge resection, segmentectomy,
and partial or complete lobectomy performed between
1989 and 2010 at Emory University Hospital were
retrieved from the pathology archives. The study was
conducted under an IRB approved protocol and a waiver
of informed consent was granted due to the retrospective

www.impactjournals.com/oncotarget

Immunohistochemistry
Nuclear and cytoplasmic protein content was
determined by immunohistochemistry (IHC) using
monoclonal antibodies specific for total Bcl-2, Mcl-1,
phosphorylated Bcl-2 (pBcl-2), and phosphorylated Mcl-
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1 (pMcl-1). IHC was performed to assess expression of
proteins of interest using previously published protocols
and manufacturers’ recommendations for antigen retrieval
and antibody dilution along with positive and negative
controls. Briefly, 5 micron thick sections were employed
for IHC staining. Antigen retrieval steps proceeded in a
Decloaking Chamber™ (Biocare Medical; Concord, CA
94520 USA) using DAKO Target Retrieval Solution pH6
for Mcl-1 and Bcl-2 or Trilogy™ EDTA (Cell Marque;
Rocklin, CA, USA) at pH 8 for p-Mcl1 and pBcl-2.
Primary antibodies were incubated for 40 minutes (Mcl1, Bcl-2, pBcl-2) to 45 minutes (pMcl1). The following
primary antibodies were employed: Mcl-1 (S-19) rabbit
polyclonal antibody (Santa Cruz Biotechnology, Inc.
Dallas, TX U.S.A.Cat#SC-819) at 1:100 dilution;
Phospho-Mcl-1 (Ser159/Thr163) rabbit monoclonal
antibody (Cell Signaling, Danvers MA Cat#4579) at
1:100 dilution; Bcl-2 (N-19) polyclonal antibody (Santa
Cruz Biotechnology, Inc. Dallas, TX U.S.A.Cat#SC-492)
at 1:150 dilution; phospho-Bcl-2 (Ser70) (5H2) rabbit
monoclonal antibody (Cell Signaling, Danvers MA
Cat#2827) at 1:100 dilution. Slides were exposed to
secondary antibody for 30minutes using EnVisionTM+
Dual Link System-HRP (Dako North America, Inc.
Carpinteria, CA 93013, USA). Two investigators assessed
protein expression jointly by light microscopy. The degree
of expression of each protein of interest was assessed by
location (nuclear and cytoplasmic), intensity (0 ~ , 1+, 2+,
3+) and percentage of cell staining in line with published
algorithm.(24) A derivative score (immunoscore) ranging
between 0 and 300 was calculated as the product of
intensity and percent cell staining.

Hazard ratios (HRs) were expressed per 1-SD increment
in continuous variables. Analyses were performed using
SAS 9.3 (SAS Institute, Inc., Cary, North Carolina) with
two-sided tests and a significant level of 0.05.
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