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Immunocytochemical expression of tissue specific
transcription factor-1 in lung carcinoma
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Abstract
Aims-To investigate the immunocyto-
chemical expression of the tissue specific
transcription factor-1 (TTF-1) on cyto-
logical specimens of small cell lung carci-
noma (SCLC) and to establish its value in
the cytological diagnosis oflung cancer.
Methods-For each case, the diagnosis
was made on cytological specimens and
confirmed on subsequent bronchial bi-
opsy specimens. TTF-l was detected im-
munocytochemically using the avidin-
biotin complex technique with a rabbit
antiserum. Expression of TTF-1 was
evaluated in 41 cases ofSCLC and 17 cases
of non-small cell carcinoma (NSCC). The
latter were subdivided into eight cases of
adenocarcinomas and nine cases of
squamous cell carcinomas (SCC).
Results-Positive nuclear immunoreac-
tivity to TTF-l was identified in 38 (92.7%)
of the 41 cases of SCLC, in five (62.5%) of
eight cases of adenocarcinoma, and one
(11%) of nine cases of SCC. A significant
difference was observed between the two
main groups, SCLC and NSCC. A com-
parison between SCLC and adenocarci-
noma and SCC showed that TTF-l
expression was significantly different.
TTF-1 immunoreactivity was not detected
in the inflammatory cells of the same
cases.
Conclusions-TTF-1 is strictly associated
with SCLC; it was weakly expressed in the
various subtypes of NSCC. Although
TTF-1 is not specific for SCLC, it can be
used to highlight neoplastic cells to good
effect when a large inflammatory compo-
nent is present, and to differentiate SCLC
from lymphoid infiltrates.
(7 Clin Pathol 1997;50:30-32)
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Lung cancer is the leading cause of death from
cancer in the West.' The basic division of lung
cancer in two categories-namely small cell
(SCLC) and non-small cell types (NSCC)-is
valuable because of the significant differences
in biological and clinical behaviour. The thera-
peutic approach to patients with NSCC differs
from that in patients with SCLC. In fact, the
former may benefit from a surgical approach,
but this is not usually the case in the latter.' In
addition, combined chemotherapy may induce
a complete remission of SCLC because of the
high sensitivity of this tumour type to antiblas-

tic agents.2 Therefore, oncologists need to
define tumour type accurately, a task often
requiring the use of cytology.

Tissue specific transcription factor- 1
(TTF-1) is expressed by epithelial cells of thy-
roid, lung, and, during development, by some
areas of the brain.3 TTF-1 can be detected
immunohistochemicaily in human fetal lung as
early as 11 weeks of gestation, being localised
in the nuclei of epithelial cells of the developing
airways. After birth, TTF-1 is selectively
expressed in type II alveolar cells and in a sub-
set of bronchiolar epithelial cells of the lung.4
TTF- 1 activates the transcription of thy-
roglobulin and thyroperoxidase genes in fol-
licular thyroid cells and the transcription of the
surfactant protein genes in alveolar cells.5 A
recent study reported that TTF- 1 is immuno-
histochemically expressed in SCLC.6 The
present study investigates the potential use of
TTF-1 immunostaining to improve the value
of cytology in the diagnosis of SCLC.

Methods
Fifty eight samples of bronchial cytology from
58 patients (mean age, 65.6 years, range 49-93;
male:female ratio, 2.6:1) collected from the
files of the Institute of Anatomic Pathology,
University of Udine, Italy, were studied. For
each case, the diagnosis was made on bronchial
cytological material and confirmed on the cor-
responding biopsy specimens. A total of 41
cases ofSCLC, eight cases of adenocarcinoma,
and nine cases of squamous cell carcinoma
(SCC) were evaluated for TTF-1 immunocy-
tochemical expression. Routinely processed
paraffin wax sections from four representative
cases of normal lung tissue were also used as
controls.
The cytological material was processed for

microscopic examination using a cell block
technique.7 The sputum and bronchial lavage
specimens were fixed in 70% alcohol for 12-24
hours and routinely embedded in paraffin wax.
Multiple sections, 5 ,um thick, were obtained
for each case and stained with haematoxylin
and eosin for microscopic examination. Ac-
cording to the WHO classification,8 SCLC was
divided into two subgroups: the classic oat cell
carcinoma (12 cases) and the intermediate type
(10 cases); the cytological subtype was not
determined in 19 cases. TTF-1 was detected
immunocytochemically using a rabbit antise-
rum to TTF-1. The specificity of this antise-
rum in immunohistochemical studies has been
established before.3

Briefly, after rehydration and inhibition of
endogenous peroxidase, the sections were
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TTF-1 and pulmonary cytology

Table 1 TTF-1 immunoreactivity in small and
non-small cell lung carcinoma

TTF-1 TTF-I
positive(%o) negative(%o) Total

SCLC 38 (92.7) 3 (7.3) 41
SCC 1 (11) 8 (89) 9
AC 5 (62.5) 3 (37.5) 8

Figure 1 Small cell lung carcinoma: many cells show a strong nuclear granular
immunoreactivity for TTF-1. (Fluorescence-confocal laser scanning)
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Figure 2 Normal lung tissue showing some bronchiolar epithelial cells with nuclear
positivity for TTF-1. Anthracotic deposits can be seen in the interstitium (arrow).
(Immunoperoxidase-haematoxylin.)
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Figure 3 Normal lung tissue showing diffuse nuclear immunoreactivity for TTF-1 in
alveolar cells. (Immunoperoxidase-haematoxylin.)

incubated with normal goat serum. Subse-
quent incubations were as follows (all at room

temperature): antibody to TTF-1 diluted 1 in

200 for two hours; biotin labelled goat
anti-rabbit for 30 minutes; avidin-biotin per-
oxidase complex (ABC; Vector Laboratories,
Burlingame, California, USA) for 30 minutes;
incubation in substrate solution. 3,3'diami-
nobenzidine was used as the chromogen. The
sections were counterstained with light Harris'
haematoxylin, dehydrated, cleared, and
mounted in Eukitt.
The immunocytochemical preparations

were evaluated by two independent observers.
The reaction was considered positive if nuclear
immunostaining was seen. The percentage of
positive cells was evaluated for each immuno-
reactive case. Fisher's exact test was used for
statistical evaluation of the data.

Results
Immunostaining for TTF-1 was limited to the
nuclei of epithelial cells with a finely granular
pattern decorating the chromatin, more clearly
shown by means of a confocal laser scanning
microscope (0.488 ,um/pixel, x40 objective) (fig
1).
In non-neoplastic tissues, nuclear TTF- 1

immunoreactivity was seen in the alveolar and
bronchiolar epithelial cells; interstitial cells,
lymphocytes, alveolar macrophages did not
immunostain for TTF- 1 (figs 2-4).
Data about TTF- 1 immunoreactivity in lung

tumours are summarised in table 1.
Nuclear immunoreactivity for TTF-1 was

identified in neoplastic cells in 38 (92.7%) of
the 41 cases of SCLC (fig 5), five (62.5%) of
the eight cases of adenocarcinoma and in one
(11 %) of the nine cases of SCC. The percent-
age of positive neoplastic cells in cases of
SCLC ranged from 10% to 100% (mean 62.2;
SD 30.1). In TTF-1 positive adenocarcino-
mas, the percentage of positive cells ranged
from 30% to 80% (mean (SD) 52 (21.7) %).
The immunoreactive case of SCC contained
80% positive cells. A significant difference in
TTF-1 immunoreactivity was found between
the two main groups of SCLC and NSCC
(p < 0.001). When we compared TTF-1 ex-
pression in SCLC and adenocarcinoma and
SCC, the difference remained significant, with
p values, respectively, of <0.05 and <0.001.

Inflammatory cells, such as macrophages,
neutrophils, and lymphocytes, did not stain for
TTF- 1.

Discussion
TTF-1 expression has been investigated both
in thyroid and lung tumours.6 In contrast to
differentiated thyroid carcinomas where
TTF-1 is always expressed, in lung carcinomas
TTF- 1 immunoreactivity varies according to
tumour type. A recent study showed that
immunostaining for TTF-1 was positive in all
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Figure 4 Interstitial pulmonaryfibrosis. Alveolar cells are positive for TTF-1

lymphocytes and intra-alveolar macrophages are negative. Note anthracotic pid
cytoplasm of macrophages. (Immunoperoxidase-haematoxylin.)

Figure 5 Small cell lung carcinoma: a group of non-cohesive neoplastic cells s
TTF-1 immunoreactivity. The variable intensity seems to be correlated with ch
compactness. The chromosomes of a mitotic figure are also positive.
(Immunoperoxidase-haematoxylin.)

cases of SCLC evaluated on biopsy s
the percentage of immunoreactive ct

from 54 to 97%. On the contrary
bronchioalveolar carcinoma, and a(

noma, positivity for TTF- 1 was foun
few cases.6 Recently, other authorn
similar results in NSCC.'5

In the present cytological series, 1

expressed in 92.7% of SCLC, 110/'
and 62.5% of adenocarcinomas.
Although TTF-1 is strictly assoc

SCLC, our results show its low spec:
as a consequence, its unsuitability
marker of SCLC. However, del
TTF-1 could be valuable for highlig
plastic cells when cytological specii
tain only a few cells, or when
elements are obscured by inflammati
necrosis.

Furthermore, in some pathologi
tions, such as inflammatory diseases
nary lymphomas, small lymphocyt

misinterpreted as SCLC. As a rule, '-TTF-1
immunostaining may be used as an ancillary

s*̂ diagnostic method in the differential diagnosis
between neoplastic epithelial cells and lym-
phocytes because of the absence of TTF-1 in
the latter. This is especially valuable when the
cytoplasm is absent or not well preserved, and
cytoplasmic immunostaining-namely cytok-

54t eratins and leucocyte common antigen-does
* not clarify diagnosis.

The high percentage ofpositivity observed in
adenocarcinoma could also be favourably used
to differentiate primary pulmonary adenocar-
cinoma from metastatic adenocarcinoma, as
recently reported by Bejarano et al."5

Finally, because of the high prevalence of
TTF-1 in SCLC and the differential expres-
sion of this marker in NSCC, its potential
prognostic role seems to be promising. Indirect
support for this hypothesis comes from the

whereas findings of the study by Bejarano and col-
leagues in which TTF- 1 and surfactant protein
A (SP-A) are shown to be frequently co-
expressed in pulmonary tumours.'° In fact, in
NSCC, surfactant associated protein SP-A and
10 kilodalton Clara cell protein (CC10) have
been reported to have prognostic value and, in
particular, SP-A is associated with a slower
development of metastases." Furthermore,
TTF-1 was recently shown to be involved as a
transcription factor in the regulation of sur-
factant proteins and CC 10 gene expression.5 12
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