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Abstract: Lung cancer is now the leading cause of related death in the world, non-small lung cancer (NSCLC) in pre-
dominant type of lung cancer. In this study, we mainly discuss expression, distribution, and prognostic significance
of ERB2, Bel-xl and Bax in NSCLC. The expression of ERB2, Bcl-xl and Bax were detected by immunohistochemistry
(IHC), and then the staining was evaluated and correlated with clinic and pathologic characteristics, overall survival
(0S). ERB2, Bel-xl and Bax were localized in NSCLC, and they were over-expressed all in NSCLC (P<0.05) compared
with BPL tissues. IHC results showed that ERB2, Bcl-xl and Bax were not correlated with gender, age, smoking index,
histological type, regional lymph node metastasis, whereas it was correlated with TNM staging of patients. In a
Kaplan Meier analysis, the higher expression of ERB2, Bcl-xl and Bax was correlated with good OS. ERB2, Bcl-xl and
Bax may be prognostic factors in NSCLC and useful to clinic trials.
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Introduction

Lung cancer is now the leading cause of can-
cer-related mortality worldwide [1]. Non-small-
cell lung cancer (NSCLC) is the most common
type of the lung cancer. It accounts for about
85% of the lung cancer cases throughout the
world and the five-year overall survival rate is
almost 15% [2]. Through its therapy has seen
much improvement, the prognosis of NSCLC
patients remains poor. Even in early stages with
no nodal or other metastatic involvement, there
is little advancement in regards to distant
recurrence and subsequent mortality [3]. In
recent years, ER was found as an important
maker in the disease progression of some can-
cers, including some estrogen targeted organ
cancers, such as prostate cancer and breast
cancer, even some no estrogen targeted organ
cancers, such as colon cancer and lung cancer
[4-9]. Some studies suggested that ER3 may be
a good prognosis maker for NSCLC, which is
related to inhabit its progression [10, 11]. ERB
is one class of estrogen receptors that has five
protein isoforms, including ERB1, ERB2, ER[3,
ERB4 and ERB5. The expression level, distribu-
tion and function of them in organs are differ-

ent [8, 9, 12-14]. In the breast cancers, ERB2
could predict better prognosis [15]. In our previ-
ous studies, we found ERB2 maybe had impor-
tant function in NSCLC. But there are still some
controversies on mechanisms of ERB2 in
tumors, which is necessary to be explored
further.

The B-cell lymphoma (BCL) protein family is well
known as an important role in the intrinsic
apoptotic signaling pathway [16]. In normal con-
ditions, pro-apoptotic members like Bax and
Bak are sequestered and inhibited by anti-
apoptotic factors like BCLxI, Bax and BCL-2.
But their fate may be changed when apoptotic
stimuli like DNA damage or massive protein
aggregation occur, then their expression level
may be disorder and out of control [17]. The
studies reported that high Bcl-2 levels seem to
correlate with a good clinical outcome [18]. In
contrast, anti-apoptotic proteins (bcl-2, bax and
bcl-xl) are overexpressed in different tumor
entities [19], high Bcl-xL expression has been
shown to correlate with lower tumor differentia-
tion and poorer overall patient survival [20].
And low expression of Bax may be associated
with the poor outcome in patients with non-


http://www.ijcep.com

ERB2, Bel-xl and Bax in non -small cell lung cancer

adenocarcinoma squamous carcinoma  magnocellular carcinoma normal lung tissues

-t L3 S TR

-‘ & e ,"_:_'fyl_-g e

RIS B !
R » RS b AT
‘.r.."(‘-éa-{_,;g D 31 ey

Figure 1. Immunohistochemical analyses of ERB2, bcl-xl and Bax in NSCLC tissue and BPL tissue.

squamous NSCLC [21]. Since anti-apoptotic
proteins have always been described as being
redundant, we underline the necessity of a bet-
ter understanding of their relevance and com-
mitment in lung cancers.

In our study, our study is mainly to detect the
expression of ERB2 and Bcl-xL, Bax via immu-
nohistochemical staining, and observe the dis-
tribution in NSCLC. We would analyze the rela-
tionship between ERB2, Bcl-xL and the pa-
thology would be analyzed, the survival. The
results obtained from this study maybe provide
useful clinical data into the treatmentin NSCLC.

Materials and methods
Human tissues

148 samples including 108 NSCLC (adenocar-
cinoma (AC), squamous carcinoma (SC) and
magnocellular carcinoma (MC)) and 40 benign
pulmonary lung tissues (BPL) were taken upon
surgical resection in the first affiliated hospital
of Sun Yat-sen university from 2009 to 2011.
All the samples were made into paraffin-em-
bedded tissue specimens after normal dehy-
dration and dehydration processing. All patients
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selected had no liver, kidney or endocrine dis-
eases, and had not received radiotherapy, che-
motherapy or estrogen therapy before surgical
resection. The relevant clinic and pathological
data included patients’ age, gender; smoking
index; tumor staging (TNM); histological type;
regional lymph node metastasis; overall surviv-
al (0S).

Reagents and materials

Anti-ERB2 antibody and anti-Bcl-xL antibody
were purchased from Cell Signaling Company
(Danvers, MA, USA), and then anti-Bax antibody
was purchased from Santa Cruz Company
(California, USA). NovoLink Polymer Detection
System was obtained from Leica Microsystems
Company (Wetzlar, Germany). EDTA buffer (pH
8.0), PBS, 3% H,0, reagent and other reagents
were prepared by ourselves.

Immunohistochemical analysis

Paraffin-embedded NSCLC and normal tissue
sections were cut into 3 ym and adhered into
slides. The slides were dewaxed by xylene and
rehydrated with a series of graded alcohols and
washed with water for three times, followed by
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Table 1. The different analyses of the ER2, Bcl-xl and in

Bax NSCLC and BPL expression

ers. Expression status was dichoto-
mized using Allred score >3 as cutoff.

Cytoplasmic and nuclear staining

Allred score ERB2 Belxl Bax i i
NSCLC BPL NSCLC BPL NSCLC BPL ‘J’r"?s deterlr':fi’ Wherg for n_e%ff? ¥
e 1 52 o o ” or weak; ++ for moderate; or
strong staining.
+ 24 5 23 7 18 4
++ 21 3 18 4 15 1 Statistical analysis
F++ 16 1 15 2 16 1

Positive Rate (%)
X? Value
P Value

13.522
<0.001

4.393
0.027

4448 2250 51.85 32.50 45.37 15.00
11.529

0.001

All statistical analyses were analyzed
by statistical software SPSS 22.0
(SPSS Inc., Chicago, USA). The asso-

Table 2. Correlation of cytoplasm and nuclear
ERB2 with clinic pathologic parameters

- ERB2
Characteristics —+ P Value
GENDER

Male 34 36 0.108
Female 13 25
Age (years)
<55 13 26 0.080
>55 34 35
Smoking index
<400 34 47 0.367
>400 13 14
Histological type
Squamous cell carcinoma 16 22 0.793
Adenocarcinoma 25 32
Large cell carcinoma 6 7
Regional lymph Node metastasis
NO 29 34 0.411
N1-3 18 25
TNM staging
IA-11B 32 22 0.001
IA-IV 15 39

heat-induced antigen retrieval with EDTA buffer
(pH 8.0). Subsequently, the slides were blocked
by 3% H,0, reagent for 5 minutes, and then
were stained by the NovoLink Polymer Detection
System, according to the manufacturer’s proto-
col. The main primary antibodies have been
used: anti-Bax antibody, anti-ERB2 antibody
and anti-Bcl-xL. Negative controls were gener-
ated by omitting the primary antibody.

Immunoreactive score
The immunoreactive score (IRS) was evaluated

by three independent and experienced examin-
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ciations of expressions of ERB2, Bcl-
xI and Bax were conducted with
Spearman correlation S(r). Differences between
high and low expression were compared
through X2. Multiple linear regression analysis
was used to analyze the relationship between
ERB2, Bclxl, Bax and the factors of clinical
pathology.

OS were analyzed initially by Kaplan-Meier plots
(Log-rank test). The P Value of <0.05 was con-
sidered statistically significant.

Results

Expression of ERB2, Bcl-xl and Bax in NSCLC
and benign pulmonary tissues

To assess the expression level of ERB2, Bel-xl
and Bax, immunohistochemistry were used in
108 cases NSCLC and BPL paraffin-embedded
tissues. Expression status was dichotomized
as negative (Allred score <3) and positive (=3)
based on statistical assessment. Positive ER[32
expression was observed in 61 out of 108
(44.48%) in NSCLC, whereas positive Bcl-xl and
Bax expression was detected in 56 out of 108
(51.85%) and 49 out of 108 (45.37%) in NSCLC
respectively. Compared with expression of
ERB2, Bcl-xl and Bax in BPL, it was significantly
higher in NSCLC respectively (Figure 1).

Meanwhile, the correlations among ER2, Bcl-xI
and Bax were analyzed. The analysis result
showed that there was a significant positive
correlation between ERB2 and Bcl-xl in NSCLC,
and the similar results were observed between
ERB2 and Bax, Bcl-xl and Bax (Table 1).

Expression of ERB2, Bcl-xI and Bax in relation
to clinic and pathologic characteristics

The correlations between the expression of
ERB2, Bel-xl and Bax and clinic and pathologic
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Table 3. Correlation of cytoplasm and nuclear
ERB2 with clinic pathologic parameters

Characteristics —Bax+ P Value
GENDER
Male 38 32 0.542
Female 21 17
Age (years)
<55 20 19 0.372
>55 38 30
Smoking index
<400 43 38 0.370
>400 16 11
Histological type
Squamous cell carcinoma 20 18 0.941
Adenocarcinoma 31 26
Large cell carcinoma 7 5
Regional lymph Node metastasis
NO 35 28 0.569
N1-3 23 19
TNM staging
IA-11B 35 19 0.026
IHA-IV 24 30

Table 4. Correlation of cytoplasm and nuclear
ERB2 with clinic pathologic parameters

Characteristics —BCI_):I_ P Value
GENDER
Male 36 34 0.235
Female 16 22
Age (years)
<55 19 20 0.544
>55 22 36
Smoking index
<400 36 35 0.133
>400 16 21
Histological type
Squamous cell carcinoma 18 20 0.561
Adenocarcinoma 30 27
Large cell carcinoma 4 9
Regional lymph Node metastasis
NO 28 35 0.171
N1-3 24 19
TNM staging
IA-11B 31 23 0.041
IHA-IV 21 33
10043

Table 5. Spearman correlation S(r) between

expression of ERB2, bcl-xl and Bax

ERB2 vs. Bcel-xl vs.
Bcel-xl Bax

P Value 0.017 <0.001 0.001

Patients Bax vs. ERB2

characteristics were analyzed. The expression
of ERB2 was not correlated with gender, age,
smoking index, histological type, regional lymph
node metastasis, whereas it was correlated
with TNM staging of patients (Table 2). The sim-
ilar results of were Bcl-xl and Bax obtained
simultaneously, the expression of Bcl-xl and
Bax was not associated with any other known
clinic pathologic indicators except TNM staging
of patients (Tables 3, 4). Spearman correlation
analysis showed that the expression of ERB2,
Bcl-xl and Bax were correlative (Table 5).

Correlation of the expression of ERB2, Bel-x!
and Bax with OS

Kaplan-Meier survival analysis was used to
assess survival with respect to ERB2, Bel-xl and
Bax expression. Kaplan-Meier survival analysis
showed that ERB2 higher expression was si-
gnificantly associated with the better OS (P=
0.022), and the results of Bcl-xl and Bax expres-
sion were similar (P=0.032 and 0.016) (Figure
2).

Discussion

Lung cancer is the most malignancy in many
countries and it has become one cause of can-
cer death in world, surpassing gastric cancer
[22, 23]. Lung cancer has two types, one is
small lung cancer, the other is non-small lung
cancer (NSCLC). As we know, NSCLC is now the
predominant type of lung cancer, which includes
lung adenocarcinoma, lung squamous carcino-
ma and large cell carcinoma. In the previous
articles, we have reported the role of estrogen
receptor B2 (ERB2) in the progress of non-small
lung cancer, but we have not found the associa-
tions between ERB2 and other proteins [24].

In this study, we mainly discuss the associa-
tions ERB2 and the other two proteins, and this
is firstly aimed at elucidating the expression
and prognostic of ERB2, bcl-xl and bax in NS-
CLC. Our results suggest the importance of
evaluating ER(B2, bcl-xI and bax immunoreac-

Int J Clin Exp Pathol 2017;10(9):10040-10046



ERB2, Bel-xl and Bax in non -small cell lung cancer

Figure 2. Evaluation of ERB2, Bcl-
xl and Bax as a predictor for OS by
the Kaplan-Meier (KM) plot.

tivity as they have important
and distinct prognostic impli-
cations.

Our data shows that ERB2, bcl-

xI and bax were expressed in
NSCLC respectively. Compared
with BPL tissues, ERB2, bcl-xl
and bax were over-expressed
in NSCLC obviously through
the immunohistochemistry.
Further statistics by Spearman

correlation method, we found
there is significant association

between ERB2 and bcl-xl, bax
respectively. This phenome-
non suggests that ERB2 not
only is a prognostic marker,
but also maybe involve in the
progress of NSCLC by very
complicated mechanisms. In
our discovery, it was interest-
ing that expression of ER(2
+ was associated with both bcl-

xI and bax, which were known
as anti-apoptotic factors. It
suggested that expression of
ERB2 may be associated with
anti-apoptosis mechanism of
cancer cells, but there was no

more clear data about this
finding now.

In recent reports, there were
many findings about ERB2 ex-
pressed in some organ tumors
and BCLxI and Bax expressed
in lung cancers respectively
[25, 26]. And there is no report
about connection of them. On
further analysis, we found the
expression of ERB2, BCLxI
and Bax were respectively cor-

related with TNM staging of
patients with NSCLC, but neg-
atively correlated with gender,
age, smoking index, histologi-
cal type and regional lymph
node metastasis. Our data
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also showed that ER2, BCL-xI
and Bax might be powerful
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predictors of OS in NSCLC. They were signifi-
cant associated with good 0S.

In summary, we consider that expression ERB2,
BCL-xI and Bax can provide us help on the role
and relationship with other makers of ERB2.
Our data shows that ERB2, BCL-xI and Bax may
be prognostic factors in NSCLC, though there
still were many un-revealed questions, in par-
ticularity, the mechanism of them. These prog-
nostic makers could play an important role in
stratifying patients in clinical trials through ana-
lyzing more adequate cases.
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