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Background : Congenital cystic adenomatoid malformation (CCAM) is a congenital abnormal-
ity of branching morphogenesis of the lung. Thyroid transcription factor-1 (TTF-1) is detected in
human respiratory epithelial cells from 11 weeks of gestation, and at full term, TTF-1 expres-
sion is confined within type Ⅱ epithelial cells and in some respiratory nonciliated bronchiolar
epithelial cells. Immunoexpression of bcl-2 is intimately related to apoptosis during the devel-
opment. Methods : To elucidate the nature of the lesion, TTF-1 expression was evaluated in
twenty-four cases of CCAM (eight cases of type 1 and sixteen cases of type 2) along with
immunostaining for bcl-2. For the control group, four cases of fetal lungs (19 week-, 21 week-,
27 week- and 40 week-gestational age) were also evaluated. In all cases of CCAM, TTF-1 was
detected in the nuclei of epithelial cells lining the cysts. Results : TTF-1 was expressed in the
majority of the bronchiolar-like epithelial cells of the cysts in CCAM types 1, and 2, where
almost 100% of the lining cells of the cysts were TTF-1 positive with variable intensity, while
negative TTF-1 expressions were found in the alveolar-like epithelium of the adjacent alveoli or
distal nonciliated bronchi. For bcl-2 immunostaining, no lining epithelial cells of the cysts were
stained except for the infiltrating lymphocytes. In the control group, strong immunoreactivities
found in early fetal stages were absent in the full-term aged lung (40 gestational weeks). Con-
clusion : These results support the hypothesis that CCAM types 1 and 2 reflect the abnormali-
ties in lung morphogenesis and differentiation that are distinct from those for normally devel-
oped alveolar epithelium or adjacent bronchial epithelium, thus retaining the abnormal TTF-1
immunoreactions. Though restricted to CCAM types 1 and 2 in this study, CCAM might be
related to TTF-1 rather than apoptosis in the morphogenesis of the developing lung.
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INTRODUCTION

Congenital cystic adenomatoid malformation (CCAM), also
designated as congenital pulmonary airway malformation (CPAM),
is a hamartomatous lesion of the lung and one of the most fre-
quent dysplasias of the lung with an incidence of about 1 per
5,000 live births.1 Much debate about the pathogenesis of CCAM
has occurred. Recently, dysregulation of developmental factors
and disruption of cell turnover have been receiving attention.
For example, the glial cell-derived neurotrophic factor (GDNF),
a growth factor involved in organogenesis, may play a role in
lung development; a recent report reveals that abnormal GDNF
expression in CCAM might suggest a dysregulation of the GDNF
signaling pathway and argues in favor of a focal arrest in matu-
ration during development.2 Thyroid transcription factor-1 (TTF-
1) is another well known growth factor for early lung develop-

ment. It regulates the expression of surfactant associated protein
and Clara cell secretory protein, and it has received great atten-
tion among surgical pathologists as a good immunohistochem-
ical marker for lung and thyroid neoplasm. Immunoexpression
of bcl-2 is known to be related to apoptosis during the develop-
ment. The role played by TTF-1 and bcl-2 in the development
of CCAM, if any, is not clear yet. Only one immunohistochem-
ical application of TTF-1 on CCAM has been reported.3 Here,
we investigate the staining patterns of TTF-1 and bcl-2 and
their relationship with the formation of CCAM types. 

MATERIALS AND METHODS

Specimens included in this study were surgically resected,
pathologically diagnosed CCAM lungs (n=24) collected during
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the period of 1994 and 2002 at Samsung Medical Center. The
patients were aged from 1 to 41 years (mean 10.9 years). Thir-
teen patients were males and eleven were females. The onset of
symptoms ranged from 1 day to 17 years (mean: 3.3 years).
Chest computed tomographyies revealed hyperlucent masses in
most cases, but some of the cases were presented with an acute
phase of a lobar pneumonia like consolidation. Others were
presented with occasionally pleural effusions. We obtained nor-
mal human fetal and infant lung specimens taken from autopsies
(n=4); the specimens included one in the pseudoglandular
stage (19 weeks gestational age), two in the canalicular stage (21
and 27 weeks gestational age), and one from a full-term infant
(40 weeks gestational age). The specimens were fixed in 10%
neutral formalin and embedded in paraffin. They were stained
with hematoxylin and eosin. CCAM was classified into three
types based on clinical and pathological features using the Stock-
er’s4 classification; the cystic structures were classified as type 1
if large cysts (more than 10 cm) were present, type 2 if multi-
ple small cysts (about 2.5 cm) were present, and type 3 if the
lesion was solid due to tiny small cysts. Immunohistochemistry
was performed using an avidin-biotin-peroxidase complex me-
thod. Briefly, after the tissue sections were microwaved for 10
minutes to enhance the immunoreactivity, they were then all-
owed to react with a primary antibody for 30 minutes at room
temperature. Subsequently, the sections were incubated with
biotinylated secondary antibodies for 30 minutes, and then with
horseradish peroxidaseconjugated streptavidin for 30 minutes.
The colored reaction products were developed in 3,3′-diamino-
benzidine tetrahydrochloride for 5 minutes. The sections were
then lightly counterstained with hematoxylin and processed for
light microscopy observation. The primary antibodies used were:
TTF-1 (8G7G3/1, 1:50, Dako, Glo-strup, Denmark) and bcl-2
(124, 1:40, Dako, Glostrup, Denmark). 

RESULTS

Light microscopic findings 

In accordance with the types of CCAM classified by Stocker’s
classification, eight cases belonged to type 1 and sixteen cases
to type 2. In normal fetal and postnatal lung tissues and in the
CCAM tissue, the number of labeled apoptotic bodies in the
epithelial compartment was less than 1 per 1,000 epithelial
cells. Massive chronic inflammatory cell infiltration was seen in
almost all cases of the CCAM tissues.

Immunohistochemical results

TTF-1 expressions were identical in CCAM types 1 and 2;
diffuse strong TTF-1 positive staining was present in almost
100% of the bronchiolar-like epithelium lining the cysts (Fig.
1A, B). The occasional ciliated cells lining the cystic spaces
were also TTF-1 positive. Focal immunoreaction was found in
the basal cells of the adjacent bronchiolar epithelium (Fig. 1C),
whereas no expression was detected in the cuboidal epithelial
cells of the adjacent alveoli, distal nonciliated bronchi, the
endothelial and mesenchymal cells. For bcl-2 immunostaining,
none of the cystic epithelial cells were stained except for the
focally infiltrated inflammatory cells at the cyst walls. 

Normal fetal and full-term lung tissues (n=4) showed diffuse,
strong to sparse weak TTF-1 expressions in both the epithelium
of the primitive airway; lung tissues of 19 week gestational age
(Fig. 2A) and 22 week gestational age (Fig. 2B) showed strong
TTF-1 expressions in the epithelium of the primitive airways,
but the lung tissue of the 40-week infant (Fig. 2C) showed sparse
immunoreaction of the alveolar epithelium for TTF-1. No bcl-1
staining was detected in the epithelial cells of the primitive air-
ways of the fetal and neonatal lungs. 

DISCUSSION

From the viewpoint of embryology of CCAM, it may result
from injury occurring at different times during gestation. Stock-
er’s type 3 resembles fetal lungs of the pseudoglandular period
(fetal age of 17 weeks) of lung development, and type 2 the
canalicular period (around 24 weeks of fetal age). However, type
I cannot be catalogued as one specific stage as it may arise from
the pseudoglandular or canalicular period.5,6 Theories postulat-
ing the pathogenesis of CCAM have been raised, such as dis-
turbance between endoderm and mesoderm,7,8 disordered cell
proliferation and apoptosis,9 and anomalous vascular develop-
ment.10 Morotti et al.11 evaluated the cellular composition of
each type of CCAM using immunohistochemistry, and also sug-
gested that CCAM resulted from an arrest in lung development.
The exact pathogenesis of CCAM is yet unclear. TTF-1, also
known as NKX2.1 and T/EBP, is a well known nuclear protein
initially identified as a mediator of thyroid-specific gene tran-
scription (thyroglobulin, thyroid peroxidase, thyrotropin recep-
tor) and the lung (surfactant proteins A, B, C, and D, and Clara
cell secretory protein). TTF-1 is well known to play an essential
role in the organogenesis of the lung, thyroid gland and ventral



 12 Na Rae Kim∙Dong Hoon Kim∙Gou Young Kim, et al.

forebrain,12,13 and immunohistochemical application has been
mainly focused on identifying tumors of pulmonary or thyroid
follicular epithelial origin. In the present study, to confirm the
nature of the lining cells of CCAM, immunohistochemistry
including TTF-1 and bcl-2 were done, and the results for TTF-
1 were similar to those of Morotti’s3 and Hosgor’s14 studies. In
Morotti’s report, TTF-1 was expressed in the majority of the
bronchiolar-like epithelial cells of the cysts in CCAM types 1,
2, and 3, where almost 100% of the cells were TTF-1 positive.
In contrast, the TTF-1 expression in the alveolar-like epitheli-
um of CCAM type 4 cysts was restricted to type Ⅱ pneumo-
cytes and only 30-60% of the lining cells were TTF-1 positive.
In Hosgor’s study, nuclear TTF-1 staining was similarly observed
in the progenitor cells of the developing bronchiolar cells early
in the human lung developmental series.14 At full term, TTF-1

is localized to both type Ⅱ epithelial cells and in subsets of res-
piratory nonciliated bronchiolar epithelial cells in similar pat-
terns of surfactant protein B distribution in developing and patho-
logic lungs.15 Our results are similar to other findings regarding
CCAM and the early fetal lung, but differ from those regarding
the full term lung. No TTF-1 expression was detected from the
level of the intrapulmonary bronchi, implying that TTF-1 appears
to play an important role in lung morphogenesis after the 11th
gestational week, a pivotal role in human lung development is
not likely. Furthermore, other transcription factor families such
as hepatocyte nuclear growth factor-3 (HNF-3) or GATA-6 may
act in combination to regulate TTF-1 expression in normal and
maldeveloped lungs.14,16

A precise correlation between cell proliferation and cell death
is critical for developing tissue morphogenesis, and there is now

A B C

Fig. 1. (A) Type 1 CCAM. TTF-1 is strongly expressed in the lining epithelial cells of the cysts. (B) The lining epithelial cells of type 2
CCAM show strong reactivity for TTF-1. (C) Normal adjacent lung parenchyma shows limited expression for TTF-1 in nonciliated
basal cells of the respiratory epithelium.

A B C

Fig. 2. Lung tissues of 19 week-gestational age (A) and canalicular stage of 22 week-gestational age (B) show strong TTF-1 expres-
sion in the epithelium of the primitive airways. In contrary, a weak reactivity is noted in primitive bronchioles (arrow). (C) Lung tissue
taken from a full-term aged 40-week infant shows no immunoreaction for TTF-1 in the alveolar epithelium.



increasing evidence that programmed cell death plays an impor-
tant role in organ development during embryogenesis. In
Fromont-Hankard’s report,2 apoptotic bodies were found in the
mesenchyme of both the normal fetal lung and the CCAM tis-
sue, whereas virtually no apoptotic bodies were detected in the
normal postnatal lung. The results corresponded well with the
report by Cass et al.17; there were no differences in the expressions
of keratinocyte growth factor protein or keratinocyte growth fac-
tor mRNA in CCAM and the normal lung, implying that
CCAM differs from the normal lung by increased cell prolifera-
tion and decreased apoptosis. The totally negative reaction for
bcl-2 in the lining epithelial cells of the cysts in the present study
argues in favor of a focal arrest in maturation during development
and might imply that the apoptosis of the progenitor cells of the
lung does not play an essential role in the formation of CCAM.

Other markers that are regarded to be involved in the patho-
genesis of CCAM such as platelet-derived growth factor-BB
(PDGF-BB) and GDNF have been studied.2,18 CCAM tissues
showed increased mesenchymal PDGF-B gene expression and
PDGF-BB protein production compared to the age-matched
normal fetal lung; this may be responsible for the autonomous
growth and proliferation seen in the hydropic fetal CCAM. In
contrast, GDNF is temporally expressed in the fetal lung devel-
opment, suggesting that this factor could play a role in normal
lung development and CCAM formation, possibly in associa-
tion with cell proliferation. Further studies are needed to clarify
and fully explain these factors in lung morphogenesis and
CCAM formation.

In summary, our immunohistochemical results, along with the
previous articles about GDNF and TTF-1 expressions in CCAM,
support the hypothesis of a focal arrest in lung maturation dur-
ing fetal life and progressing to abnormal cytodifferentiation.2,16

Taking this aspect into account, the present study simply docu-
mented the immunoreactivities of CCAM, supporting the pre-
vious theory of the pathogenesis of CCAM. However, it is impor-
tant to keep in mind that this study may include a selection bias
caused by a lack of type 3 CCAM. Examination of the factors
involved in cell proliferation and apoptosis with using more
amounts of surgical specimens including type 3 CCAM could
therefore provide insight into the pathogenesis of CCAM.
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