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Abstract

Aim: In this study, we aimed to analyze the expression of the Phosphatase and Tensin Homologous gene (PTEN) by interphase-fluorescence in situ-hybridization
(iFISH), and localization and immunoreactivity of PTEN by immunocytochemistry method in bronchoalveolar lavage (BAL) fluid of patients with non-small cell
lung cancer (NSCLC).

Material and Methods: BAL samples collected from 30 patients diagnosed with NSCLC and from 10 control subjects without any malignancy were included.
iFISH was performed with a 10g23.3 PTEN DNA dual color FISH probe, analyzing multiple cells. Imnmunocytochemistry was based on the Streptavidin-Biotin-
Peroxidase method and PTEN levels were semi-quantitatively scored.

Results: The percentage of cells with 2G/2R was 86.8% which was significantly lower than that of the control group (p<0.0001). Loss of the PTEN gene was
6.43% among all patients. The percentage of cells with monoallelic deletion (p=0.0246) and atypical signal (p=0.0001) and the percentage of monosomic cells
(p=0.0001) were significantly higher in patients compared to controls. PTEN immunopositivity was significantly increased in patients compared to controls
(p<0.0001).

Discussion: Increased abnormal signals and mutational cells in BAL samples of NSCLC patients suggest that the investigation of the PTEN gene in BAL by
using iFISH may guide clinicians in differential diagnosis and therapeutic management of NSCLC. Being faster, easier and cost-effective in routine testing,
the immunocytochemistry method can also be combined as a diagnostic tool with molecular methods.
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Introduction

Lung cancer, the most common cancer in the world, accounts
for approximately a third of cancer-related deaths [1]. Mostly
derived from the primary bronchus tissue, the tumor is located
centrally in the lung. Lung cancers are divided into two main
groups according to the appearance of the cells observed under
a microscope: small cell lung cancer (SCLC) and non-small-cell
lung cancer (NSCLC). The NSCLC group is responsible for 80-
85% of all lung cancer cases and is divided into three major
subtypes: Squamous cell carcinoma (SCC), adenocarcinoma and
large cell lung carcinoma (LCLC) [2].

The main molecular alterations observed in lung cancer are
mutational activation of oncogenes, inactivation of tumor
suppressor genes, alterations manifested in genes involved
in cell cycle regulation and DNA repair [3, 4]. Loss, insertion
or mutation of different gene loci responsible for the cell
proliferation in cancer cells leads to initiation and progression
of the tumor.

One of the genetic alterations in cancers is associated with
Phosphatase and Tensin Homologous gene (PTEN) that is the
best-known tumor suppressor gene, which has a key role of a
complex intra-cellular phosphoinositide signaling network [5].
PTEN is a critical regulator gene located in the q23.2 region
of the long arm of the 10th chromosome and is involved in
the regulation of multiple types of cancer [6]. This gene is
associated with familial cancer syndromes, as one of the alleles
is inherently inactive, and the increased risk of cancer can
be inherited from generation to generation in the form of an
autosomal dominant [7].

PTEN is involved in several processes, including aging,
angiogenesis, apoptosis, cell cycle progression, cell contraction,
and response to DNA damage [8]. Loss of function of PTEN as
a tumor suppressor protein is one of the most common events
observed in a lot of types of cancer [9]. Li et al. investigated the
PTEN expression and its prognostic effects in primary NSCLC
patients and reported that increased expression in NSCLC
patients was associated with a good prognosis. They also found
that a high level of the PTEN expression was correlated with a
43% reduction in mortality risk among all NSCLC patients [10].
In our study, we aimed to analyze PTEN gene expression using
the interphase Fluorescent in situ Hybridization (iFISH) method
and localization and immunoreactivity levels of PTEN by
immunocytochemistry (ICC) method in bronchial lavage (BAL)
fluid of NSCLC patients.

Material and Methods

Patient Selection

Among the patients admitted to the Department of Chest
Diseases in Istanbul University Cerrahpasa Medical Faculty due
to suspicion for lung diseases, a total of 30 cases diagnosed
with NSCLC were selected in a blind manner independent of age,
gender and tumor stage, and these cases were designated as
the patient group. The inclusion criteria were adequate samples
with a diagnosis of NSCLC. The control group consisted of 10
individuals who had no viral disease, no histopathologically
confirmed malignancy in the lung, no smoking, but who
underwent bronchoscopy for any other indication. Bronchial
lavage fluids were collected from the individuals selected for the

patient and control groups, after signing the ‘Informed Consent
Form’ (with the Ethics Committee Decision dated 19.08.2016
and numbered 66018902-050.99-306809) for the study.

The demographics including age and gender were recorded.
Cancer staging in patients was performed by a specialist
pulmonologist, by using computerized tomography (CT) and
positron emission tomography (PET) scans of the lungs, and
according to the new 8th TNM staging system for lung cancer
[11].

Sample Collection

The BAL samples selected for the study were
aspirated through a bronchoscopic tube after injecting 20 ml
of cold and sterile saline to the suspicious region for a lesion
during a bronchoscopy. The first two tubes were used for iFISH
analysis, and the third tube was used for the ICC method.
iFISH Method

10g23.3 PTEN DNA dual color FISH probe (MyProbes Powered
by Cytocell, UK), which was specially designed and checked for
quality was applied to the cells obtained from the BAL samples,
according to the manufacturer’s instructions. The smears were
analyzed under a fluorescence microscope with 100x objective,
using Texas red, FITC (green) and DAPI filters, and visualized
with the “Isis FISH Imaging System” program.
Immunocytochemistry (ICC)

ICC staining based on the Streptavidin-Biotin-Peroxidase
method was applied by using Histostain-Plus Bulk Kit (Mouse
and Rabbit Specific HRP Zymed Lab. Ins. San Francisco CA,
USA) containing AEC (ABC) Detection IHC Kit (ab93705).

The specificity of the immunostaining was confirmed by
preparing a negative control slide in which all steps of ICC were
applied except for the primary antibody, which was replaced by
PBS. Positive immunostaining of PTEN in cells selected from
ten random fields on slides was semi-quantitatively determined
under a light microscope (LEICA DM500) at x40 magnification
(-; no staining, +; poor staining, ++; moderate staining, +++;
severe staining). According to this system, the scores were
determined as (-): O, (+): 1, (++): 2 and (+++): 3.

Statistical Methods

For all statistical analysis, GraphPad InStat Software (version
3.06) was used. The Kolmogorov-Smirnov test was used to test
the normality of variables. Paired T-test was used to compare
the two groups. One-way ANOVA test was used for multiple
group comparisons. As a multiple comparison test for intragroup
and intergroup, the Tukey-Kramer Multiple Comparisons test
was applied. The significance level was chosen as p <0.05.
Ethical Approval

Ethics Committee approval for the study was obtained.

secretions

Results

Patients

The patient group had 21 cases diagnosed with SCC (70%), 6
cases with adenocarcinoma (20%) and 3 cases with unclassified
subtypes (10%) of NSCLC. 90% of patients were males (n=27)
with a mean age of 65.7 years for males and 54.6 years for
females. All cases included in the control group (n=10) were
males, and the mean age was 60.6 years (Table 1).

According to the 8th staging guideline for NSCLC, 23.3% of the
cases in the patient group were diagnosed at Stage IV (n=7),
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56.7% at Stage Il (n=17), 3.3% at Stage Il of NSCLC (n=1),
however 16.7% (n=5) could not be staged due to inadequate
amount of sample or low differentiation of the tumor.

iFISH Findings

The chromosome detected

independently for each case. The microscopical images of the

insertions or losses were
iFISH analysis were given in Figure 1. These images showed a
cell containing a 3G3R signal in a case with adenocarcinoma
(Figure TA), an atypical cell containing a 6G3R signal in a case
with adenocarcinoma (Figure 1B), a number of cells containing
an atypical 1G2R signals in the case with squamous cell lung
cancer (Figure 1C & 1D), a number of cells with monoallelic
2G1R, monosomy (1G1R) and normal (2G2R) signals in a case
with squamous cell lung cancer. In the control group, a number
of cells containing 2G2R signals and one cell with monoallelic
deletion (2G1R) were observed.

Table 2 presents the comparison of the percentage of signals
and cells in the samples of NSCLC and control cases. The median
percentage of cells with normal signal in the control group was
93.7%, with monoallelic deletions 1.67%, the percentage of
monosomic cells was 1.9% and with an atypical signal 2.68%,
but no biallelic deletion was detected in the control group (Table
2). The median percentage of cells containing normal signal
(2G/2R) in the patient group was 86.8%, while the median
percentage of loss of PTEN gene was 6.43% in total, the median
of monoallelic deleted cells was 2.67% and monosomic cells
3.76%. The percentage of total atypical signals was 5.67% in
the patient group. In addition, we found that the percentage of
cells containing normal signals in the patient group decreased
by 11.2% compared to the control group (Table 2). The number
of cells with atypical signals increased among patients at
higher stages of lung cancer.

In the patient group, the median percentage of cells with biallelic
deletion, monoallelic deletion, and percentage of monosomic
cells and cells with atypical signals were significantly lower
than the number of cells with normal signal (p < 0.001). This
has also been observed in subtypes of NSCLC. In the control
group, the median percentage of cells with monoallelic deletion,
monosomic cells and atypical signals was significantly lower
than the number of cells with normal signals (p < 0.0001). The
median percentage of normal cells in the patient group was
significantly lower than that of the control group (p < 0.0001).
The number of cells with monoallelic deletion (p = 0.0246),
monosomic cells (p = 0.0001) and cells with atypical signal (p =
0.0001) was significantly higher in the patient group compared
to those of the control group (Table 2).

Table 1. Demographics of control and patient groups.

Patient Group

Control Group

Adenocarcinoma Scc Unclassified Total

N (%) 10 (100) 6 (20) 21 (70) 3(10) 30 (100)
Gender, N (%)
Male 10 (100) 5 (83.3) 19 (90.5) 3 (100) 27 (90)
Female 0(0) 1(16.7) 2(9.5) 0(0) 3(10)
Age

60.6 + 6.5 6717 £7.5 652 +9.5 55.7 +12.2 64.6 + 9.6
Mean + SD

SCC: Squamous cell carcinoma, SD: Standard deviation

Figure 1. iFISH images of the samples of bronchoalveolar
lavage fluids collected from the patient group diagnosed with
non-small cell lung cancer (A-D). A) One cell containing a 3G3R
signal from a case with adenocarcinoma. B) One atypical cell
containing a signal (6G3R) from a case with adenocarcinoma.
C) One cell containing an atypical signal (1G2R) from a case
with squamous cell lung cancer. D) A case with squamous cell
lung cancer showing most cells with atypical signals (1G2R).
Magnification: x100.

Figure 2. Micrographs of immunostaining for PTEN in the
samples of bronchoalveolar lavage fluids collected from the
control group (A) and the patient group diagnosed with non-
small cell lung cancer (B). A) An epithelial cell from the control
group, having an apparent nucleus and cytoplasm. B) PTEN (+)
staining is observed in occasional parts of the heterochromatin
regions in the nucleus (). Counterstaining: Hematoxylin (x100).
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Table 2. Comparison of the percentage (%) of signals among all counted cells according to iFISH analysis of PTEN between the

patient group including subtypes of NSCLC and control group.

Patient Group Median [Min-Max]

Signal/Mutation

SCC (n=21) AC (n=6)

Unclassified (n=3)

Control Group
p value?®
(n=10)

Total (n=30) Median [Min-Max]

Normal signal 85.6 [23.5-94.1] 88.5 [87.3-94.6] 87.1[86.5-91.6] 86.8[23.5-94.6] 93.7[91.6-96.9] <0.0001
Atypical signal 552+ [1.8-75.1] 5.16* [3.2-7.04] 6.69** [3.1-8.89] 567*** [1.84-75.1] 2.68*** [0.31-3.96] 0.0001
Biallelic deletion 0.0*** [0.0-3.06] 0.0**[0.0-0.89] 0.0*** [0.0-3.06] - -

Monoallelic deletion 2.69*** [0.65-12.2] 2.43*[1.6-3.8] 2,68 [1.23-3.11] 2.67** [0.65-12.2] 1.67*** [0.0-2.78] 0.0246
Monosomic cells 3.9 [0.0-8.6] 3.04* [0.64-4.4] 3.37**[1.3-3.57] 3.76*** [0.0-8.6] 1.9 [0.88-3.32] 0.0001

SCC: Squamous cell carcinoma, NSCLC: non-small cell lung cancer, AC: Adenocarcinoma; All values are given in Median [Range]. *p<0.05, *p<0.01, ***p<0.001 vs corresponding normal signal. a

Data of all patient groups were compared with the data of the control group

Table 3. Comparison of PTEN immunocytochemical scores between
the control and patient groups, including subtypes of NSCLC.

Group Immunocytochemical Score

Control Group (n=10) 1.59 £+ 0.11
Total (n=30) 2.55 + 0.60%
SCC (n=21) 255 + 0.60°

Patient Group
AC (n=6) 2.05+0.10
Unclassified (n=3) 3.0 + 0.5

SCC: Squamous cell carcinoma, NSCLC: non-small cell lung cancer, AC: Adenocarcinoma
ap <0.001, bp < 0.0001 vs the control group, cp < 0.05 vs adenocarcinoma

Immunocytochemical Findings

The micrographs of ICC staining for PTEN immunoreactivity
observed in the BAL samples obtained from the patients are
giveninFigure 2. Epithelial cells in the control group had apparent
nuclei with occasionally PTEN (+) heterochromatin regions and
cytoplasm. PTEN (+) hyperplastic cells were observed around
the epithelial cells (Figure 2A). The epithelial cells from the
patients with SCC had PTEN (+) nucleus and dense cytoplasm
or PTEN (+) epidermoidal-derived tumor cell accompanied with
leukocytes. In the vicinity. PTEN (+) round macrophages with
a granular cytoplasm were observed in adenocarcinoma cases
(Figure 2B). Active PTEN (+) macrophages with very clear cell
boundaries or damaged and aged PTEN (+) macrophages filled
with granules or vacuolized juvenile macrophage cell were
remarkable in the samples of patients with SCC.

The statistical comparison of the immunostainings for PTEN
in the control and patient groups is presented in Table 3.
PTEN immunopositivity was significantly increased in the
patient group compared to the control group (p < 0.0001). The
immunopositivity was between moderate to severe in the patient
group, while it was between poor to moderate in the control
group. According to the subtypes of NSCLC diagnosed in the
patient group (SCC, adenocarcinoma, and unclassified subtype),
there was a significant increase in PTEN immunopositivity
in samples of patients with SCC and unclassified subtypes
compared to that of the control group (p < 0.001) (Table 3).

Discussion

Studies of the PTEN tumor suppressor gene have accelerated in
the last decade, and it has been reported to have an important
role in the progression of many cancers [12, 13]. The present

findings of iFISH and ICC analysis of PTEN expression in BAL
samples from the patients with NSCLC showed that the signal
characteristics of cells can alter among cancer patients. To the
best of our knowledge, our study is the first report showing a
significantly higher percentage of cells with biallelic deletion,
atypical signal, monoallelic deletion and a higher percentage
of monosomic cells in the BAL samples of NSCLC patients than
those of the control group. In contrast, the immunoreactivities
of PTEN were significantly higher in samples of NSCLC patients
than in the control group, and each patient had different
intensities of cytoplasmic and nuclear PTEN expression.

Loss of PTEN expression was significantly more common in
SCC cells, but PTEN expression was shown to have a significant
effect on disease-free survival rate only in adenocarcinomas
[14]. In the present study, the percentage of normal signals for
PTEN expression in the samples of patient with NSCLS was
significantly lower than in control cases. This decrease was
observed in both subtypes of SCC and adenocarcinoma and
even in unclassified NSCLC. More to the point, the percentages
of cells with atypical signals, monoallelic deletions and of
monosomic cells for PTEN expression were significantly higher
than in the control group. These increases were observed
in both subtypes of SCC and adenocarcinoma and even in
unclassified NSCLC.

To study copy number variations of PTEN expression in NSCLC,
previous studies have used FISH method in biopsies of resected
or directly harvested cells from lung tissues of patients or on
cell lines commercially purchased [16]. Nowadays, short-read
and long-read DNA sequencing technologies are integrated into
molecular techniques to find out the alterations in the PTEN
gene in NSCLC [15]. We found that the total number of cells
obtained from all samples decreased significantly compared to
the control group, but no statistical significance was detected.
We also demonstrated that the rate of monoallelic deletion,
monosomic cell and atypical signaling decreased significantly
in the control group compared to the NSCLC group.

As a prognostic biomarker, loss of PTEN has been reported to
be useful for identifying low-risk cancer patients who are prone
to progression of the disease and therefore require treatment.
Xiao et al. demonstrated that decreased expression of PTEN
correlated with poor overall survival in NSCLC patients and was
indicative of a poor prognosis for disease-free survival and
progression-free survival in patients with NSCLC [16]. In the
present study, we observed the percentage of loss of PTEN gene
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as 6.74% in all patients with advanced stage of NSCLC, namely
Stage-lll and IV patients. However, as a limitation of present
study, we did not follow-up patients and could not correlate the
iFISH and ICC findings with the prognosis of the disease.

In the current study, we observed a significant increase in PTEN
expressions immunocytochemically in the bronchial lavage
fluids of NSCLC patients. Unfortunately, it is still unclear how
nuclear and cytoplasmic PTEN expression correlates with
disease prognosis exactly and how it affects patient survival.
Although the expression of nuclear PTEN represents a new
observation with interesting results of our study, it is undoubted
that more precise and comprehensive studies including a large
number of cases are needed to confirm these results.

In light of our findings of ICC showing the altered
immunoreactivity of PTEN in cells collected from BAL samples,
it is suggested that ICC staining method can be used as a
diagnostic tool in terms of being faster, easier and more
economical in routine testing. Acknowledging the molecular
value of the iFISH technique, which provides more sensitive
results than ICC, the investigation of cells that transferred from
the lung tissue to BAL by using molecular cytogenetic methods
will guide the clinicians in the management of the treatment
of NSCLC. Indeed, more comprehensive and detailed studies
planned with more parameters will allow a better understanding
of the differentiation of lung cells in the tumorigenesis process
at the molecular level focusing on whether PTEN expression
could be a biomarker in terms of predicting the clinical stage
and prognosis of NSCLC patients.
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