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Aim of the study: To study the effect of
thyroid transcription factor-1 (TTF-1)
expression on ipsilateral mediastinal
nodal (N2) metastases in primary ade-
nocarcinoma of the lung.

Material and methods: The patients
operated on with a diagnosis of prima-
ry adenocarcinoma of the lung were ret-
rospectively analyzed and divided into
two groups according to their TTF-1
expression. The relationship between
TTF-1 expression and N2 metastases was
evaluated.

Results: There were 73 patients (58 male,
15 female) with a mean age of 58.4
+10.2 in the study group. Sixty-six lobec-
tomies or pneumonectomies and medi-
astinal lymph node dissection, and sev-
en mediastinoscopies were performed.
Positivity of the TTF-1 protein expression
detected by the immunohistochemical
staining of the specimens was present in
33 patients (45.2%); these patients were
classified as group A and the rest of the
patients as group B. Eleven patients had
N2 disease in group A versus five patients
in group B and the difference between the
two groups was statistically significant.
Conclusions: Patients with primary ade-
nocarcinoma of the lung having TTF-1
expression are more likely to have N2 dis-
ease. They might be considered as can-
didates for adjuvant therapy.
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Introduction

Lung cancer is the most common cause of cancer death in many countries.
Surgical treatment is the optimum treatment method for early stage non-small
cell lung cancer (NSCLC). Despite complete resection, 23% of patients with
pathological stage TlaNOMO according to the revised Union for Internation-
al Cancer Control (UICC)/American Joint Committee on Cancer (AJCC) classi-
fication are expected to die within 5 years after intent-to-cure surgery, imply-
ing that NSCLC can be micrometastatic even at diagnosis [1]. The benefit of
adjuvant treatment for 5-year overall survival does not exceed 5% [2]. Fur-
thermore, the improvement of overall survival seems to be limited to stages
Iland I11[3, 4]. Several studies in the literature have focused on analyzing the
possible factors causing local or distant recurrence or factors predicting poor
survival in patients having NSCLC to better choose the best candidates for adju-
vant chemotherapy [5-13].

Thyroid transcription factor 1 (TTF-1), also known as Nkx2.1 or thyroid-
specific enhancer-binding protein, is a 38-kDa nuclear protein encoded by a gene
located on chromosome 14q13. TTF-1is expressed in the thyroid, the lung and
the diencephalon during embryogenesis. It plays a physiological role in the
development and the morphogenesis of the thyroid and the lung during embryo-
genesis [14]. TTF-1is more frequently expressed in adenocarcinoma and small
cell carcinoma so it is widely used in the differential diagnosis of metastat-
ic and primary lung adenocarcinomas even in frozen section or cytological prepa-
rations [15-17]. The role of TTF-1 in the development of lung cancer is not clear.
It was suggested that TTF-1 could promote development of cancer by regu-
lating the activity of proliferating cells and the formation of new vessels, at
least in adenocarcinoma, and by increasing the rate of proliferation [18, 19].
In this study, the role of TTF-1 expression in N2 metastases in primary ade-
nocarcinoma of the lung is investigated.

Material and methods

Patients operated on between January 2009 and December 2010 with the
diagnosis of primary adenocarcinoma of the lung were analyzed retrospec-
tively. All the patients were evaluated by chest X-ray, computed tomography
(CT) scan of the chest and a whole body positron emission tomography (PET)/CT
scan before the operation. Preoperative invasive staging methods such as medi-
astinoscopy were performed for positive mediastinal lymph nodes on PET/CT
scan. Anatomic resection and mediastinal lymph node dissection was performed
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for all patients with no evidence of mediastinal lymph node
involvement or distant metastasis.

Formalin-fixed, paraffin-embedded sections were stained
with TTF-1 antibodies (clone 8G7G3/1, Neomarkers Co., Fre-
mont, California, USA). Immunohistochemical staining was
performed using a streptavidin biotin peroxidase system
(DAKO LSAB kit). For TTF-1 staining, slides were treated with
3% hydrogen peroxide heated in antigen retrieval solution.
The slides were allowed to cool at room temperature for
20 minutes and then were rinsed with deionized water. After
immersing in aminomethane-buffered saline, pH 7.6, con-
taining a 0.05% solution of polysorbate 20 for 5 minutes, the
slides were transferred to an immunochemical stainer. The
slides were stained with primary antibodies. Tumors were des-
ignated positive for TTF-1 when their cells displayed distinct
brown nuclear staining (Fig. 1). Semi-quantitative scoring of
TTF-1 positivity is defined as diffuse (more than 50% tumor
cells are positive for TTF-1) and focal (less than 50% tumor
cells are positive for TTF-1).

The patients were divided into two groups according to
their thyroid transcription factor-1 (TTF-1) expression. The rela-
tionship between TTF-1 expression and N2 disease was eval-
uated.

SPSS 15.0 was used for the statistical analysis. Fisher’s
exact test or Pearson chi square test was performed to com-
pare the variables of the two groups.

Results

There were 73 patients (58 male, 15 female) with a mean
age of 58.4 £10.2 in the study group. The demographics
of the patients are summarized in Table 1 and subtypes of
adenocarcinoma are presented in Table 2. Sixty-six lobec-
tomies or pneumonectomies and mediastinal lymph node
dissection, and seven mediastinoscopies were performed.
The mean number of lymph nodes dissected was 13.3.

TTF-1 expression detected by the immunohistochemical
staining of the specimens was present in 33 patients
(45.2%); these patients were classified as group A and the
rest of the patients as group B. Eleven patients had N2 dis-
ease in group A versus five patients in group B and the dif-

ference between the two groups was statistically significant
(p = 0.046).

TTF-1 positivity was found to be diffuse in 18 (54%) and
focal in 15 (46%) patients after the examination of the
histopathological specimens.

Discussion

Thyroid transcription factor-1is expressed in lung cancer
and generally used in the differential diagnosis of metasta-
tic and lung adenocarcinomas but its functional roles
remain unexplored. In the lung, TTF-1 controls the expres-
sion of surfactant proteins that are essential for lung stability
and lung host defense. Recent studies have implicated TTF-1
as a lineage-specific proto-oncogene for lung cancer [20].

The prognostic value of TTF-1 for NSCLC has also been
investigated but different results have been obtained from
these studies. Berghmans and colleagues [14] reported
their meta-analysis on this topic in 2006 and found that TTF-1
is associated with statistically significant reduced survival
in one and improved survival in four studies. They concluded
that TTF-1is a good prognostic factor for survival in NSCLC

Fig. 1. Diffuse brown nuclear staining in the tumor cells (10 x 10)

Table 1. Patients’ characteristics of the two study groups and the results of the statistical analysis

Variables and subsets TTF-1(+)

Patients, n (%) 33 (45.2%)

Mean age 57.7£9.2
Gender
male 26 (44.8%)
female 7 (46.6%)
Type of operation
mediastinoscopy 5
lobectomy 26
pneumonectomy 2
Mean tumor diameter (cm) 3.7 415
Mean number of lymph nodes removed 15.1+8.0

N2 (+) lymph nodes 11 (68.7%)

TTF-1 - thyroid transcription factor-1

TTF-1 (&) Total p value
40 (54.8%) 73
59.1 £11.0 58.4 +10.2 0.23
1
32 (55.2%) 58 (79%)
8 (53.3%) 15 (21%)
2 7
36 62
2 4
41421 3.9+19 0.35
11.9 +5.1 13.3+6.6 0.11
5 (31.3%) 16 (21.9%) 0.046
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Table 2. Subtypes of adenocarcinoma in the study population

Subtypes n (%)
acinar 21(29)
papillary 13 (19)
bronchioloalveolar 1(1)
solid adenocarcinoma with mucin 3(3)
mixed subtypes 35 (48)

and they also suggested that this effect also appears sig-
nificant when the analysis is restricted to patients with ade-
nocarcinoma. Martins et al. [21] reported that patients
with high TTF-1 and low metalloproteinase-9 (MMP-9) are
in the low-risk group while those with low TTF-1 and high met-
alloproteinase-9 (MMP-9) are in the high-risk group for NSCLC
deaths. Saito and colleagues [22] stated that TTF-1 inhibits
transforming growth factor-beta-mediated epithelial-to-
mesenchymal transition in lung adenocarcinoma cells and
suggested that modulation of TTF-1 expression can be
a novel therapeutic strategy for treatment of lung cancer. Bai
[23, 24] concluded that both TTF-1and TTF-1 mRNA expres-
sion often indicates high likeliness of lung carcinoma
metastasis. Barletta [25] studied the clinical significance of
TTF-1 protein expression and TTF-1 gene amplification in lung
adenocarcinoma and concluded that TTF-1 expression is a pre-
dictor of good outcome in patients with lung adenocarcinoma.
Patients with no TTF-1 expression or TTF-1 expression and
TTF-1 gene amplification tend to have a significantly worse
prognosis than patients with TTF-1 expression and no
TTF-1 gene amplification. Lastly, Yoon [26] reported that
TTF-1 mRNA-positive circulating tumor cells in the peripheral
blood predict poor prognosis in surgically resected non-small
cell lung cancer patients and that monitoring of TTF-1 (+) cir-
culating tumor cells status after surgery may be useful for
identifying high-risk patients among surgically resected NSCLC
cases. So, according to most of the literature mentioned
above, TTF-1 expression seems to be a good prognostic fac-
tor for NSCLC patients, especially for patients with adeno-
carcinoma.

There is only one study in the literature that has inves-
tigated the relation between TTF-1 positivity and the occur-
rence of lymph node metastases in patients with lung can-
cer, with a limited number of patients [27]. They also found
a statistically significant association between TTF-1 positivity
and both hilar and mediastinal lymph node metastases.

Even though the results from the literature show that
TTF-1 positivity is a good prognostic factor for NSCLC
patients, our results suggest that patients with adenocar-
cinoma having TTF-1 positivity tend to have mediastinal lymph
node metastases. We did not evaluate the relationship with
TTF-1 positivity and its effect on survival as the mean follow-
up period for our study group is short.

In conclusion, TTF-1 expression may be a predictor of medi-
astinal lymph node metastases in patients with lung ade-
nocarcinoma and these patients might be candidates for adju-
vant therapy.

This study was presented as a poster presentation at the
14th World Conference on Lung Cancer, 2011, Amsterdam.
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