
Histol Histopathol (2001) 16: 335-343 

http://www.ehu.es/histol-histopathol 

Histology and 
Histopathology 
Cellular and Molecular Biology 

Revie w 

Significance of proneural basic helix-loop-helix 
transcription factors in neuroendocrine differentiation 
of fetal lung epithelial cells and lung carcinoma cells 
T. Itol, N. udakal, M. lkedal, T. Yazawal, R. Kageyama2 and H. Kitamura' 
l Department of Pathology, Yokohama City University School of Medicine, and 
2Virus Research Institute, Kyoto University, Kyoto, Japan 

Summary. In this brief review article, we describe how 
cell fate determination by which the airway epithelial 
cells become neuroendocrine or non-neuroendocrine is 
regulated by a network of basic helix-loop-helix 
transcription (bHLH) factors in a similar manner to 
neurona1 differentiation, and how this system could work 
to determine cell  differentiation of human lung 
carcinomas. Immunohistochemical studies reveal that 
mammalina achaete-scute complex homologue (Mash)l 
is expressed in pulmonary neuroendocrine cells (PNEC), 
while hairy and Enhancer of split (Hes)l is expressed in 
pulmonary non-neuroendocrine cells (non-PNEC). 
Studies using gene-deficient mice for the bHLH factors 
revealed that in Mashl homozygous null mice no PNEC 
are detected, while PNEC increase markedly in Hesl 
homozygous null mice. These obse~at ions suggest that 
Mashl is an essential positive factor for neuroendocrine 
differentiation of lung epithelium, and that Hesl is one 
of the repressive factors for  neuroendocrine 
differentiation. Moreover, immunohistochemical studies 
revealed that Notch receptors are detected in non-PNEC, 
and thus the Notch signalling pathway could play a role 
in the determination of airway epithelial cell  
differentiation. 

In human lung carcinomas, a similar bHLH network 
should operate to determine cell  differentiation 
phenotypes. Generally, expression of the human 
homologue of Mashl (HASH1) is detected in small cell 
carcinoma and carcinoids, while Hes l  seems to be 
expressed mainly in non-small cell carcinoma. 

Thus, proneuronal bHLH factors may play roles in 
cell fate determination of the airway epithelial system, 
and may regulate human airway epithelial cells in 
diseased conditions. 
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lntroduction 

The lung epithelium is derived from the foregut 
endoderm, and contains various epithelial cell types 
which differentiate from primitive undifferentiated cells. 
Cytodifferentiation of the fetal lung epithelium seems 
morphologically to follow a centrifugal pattern and to 
occur in a specific order (Cutz, 1987). The first cell type 
which manifests a differentiated phenotype and can be 
morphologically defined is the neuroendocrine cell in 
humans and animals (Cutz, 1987; Ito, 1999). Afterwards 
pulmonary neuroendocrine cells (PNEC), ciliated cells, 
secretory cells such as Clara cells, and basa1 cells appear 
in developing fetal airway epithelium. Type 2 alveolar 
cells occur with development of the alveolus. Regulatory 
mechanisms of differentiation of lung epithelial cells 
have been extensively studied in recent years, and it has 
been shown that the establishment of a cell phenotype 
requires the presence of transcription factors (Table 1) 
that activate or repress expression of specific genes 
(Hackett et al., 1996; Whitsett, 1998). Hepatocyte 
nuclear factor-3 family members, homeodomain proteins 
such as thyroid transcription factor-1 ( m - 1 )  and zinc 
finger proteins such as GATA-6 play important roles in 
the development and differentiation of the tissues and 
cells from the foregut endoderm. HNF-3B, TT'F-1 and 
GATA-6 are reported to be expressed in undifferentiated 
airway epithelial cel ls  and to be involved in 
differentiation of Clara cells or type 2 alveolar cells 
through regulation of the gene expression of Clara cell 
secretory protein or surfactant apoproteins (Bingle and 
Gitlin, 1993; Bohinski et al., 1994; Ikeda et al., 1996; 
Kimura et al., 1996; Zhou et al., 1997; Bruno et al., 
2000). On the other hand, HNF-3lforkhead homologue 4 
(HFH-4) is associated with differentiation of ciliated 
cells with expression of B-tubulin (Blatt et al., 1999; 


















