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F1G. 2. Immunoreactivity in postnatal day 2 rat lung is specific for
poly(a2,8-KDN). Positive control (lane 1) and control with KDNase
buffer (lane 2). The immunoreactive band becomes undetectable after
KDNase pretreatment (lane 3), antigen-preabsorption of the mAb
(lane 4), and omittance of the mAb (lane 5).

sialylation. Immunoblot analysis of endo N-pretreated samples
of lung proteins revealed the presence of 140-kDa and 120-kDa
NCAM isoforms (see also ref. 12) that with increasing age of
the rats became weaker to result in adult rat lung in a faint
140-kDa band (Fig. 1C). To test whether poly(«2,8-KDN)
immunoreactivity was present on immunoprecipitated and
endo N-treated NCAM of postnatal day 2 rat lung, immuno-
blot analysis with mAb kdn8kdn was performed. A negative
result was obtained, demonstrating that the 140- and 120-kDa
NCAM isoforms do not carry poly(a2,8-KDN) (Fig. 3, lane 2).
Regardless, endo N pretreatment of lung proteins to remove
poly(a2,8-Neu5Ac) did not effect the detectability of the
poly(a2,8-KDN) reactive band (data not shown).

Immunoblot analysis of poly(a2,8-KDN) in lung squamous
cell carcinoma and adenocarcinoma lines and the H69 small
cell lung carcinoma cell line revealed immunoreactivity asso-
ciated with a single 150-kDa band (Fig. 4).

The incubation of paraffin sections of embryonic rat (Fig.
5a) and human and rat postnatal (Fig. 5b) lung with the mAb
kdn8kdn resulted in intense cellular staining. In embryonic
and postnatal rat lung, immunostaining for poly(«2,8-KDN)
was found in the cells forming the alveolar septs and in the
epithelium, smooth muscle fibers, and fibroblasts of the bron-
chi, and smooth muscle fibers of blood vessels. The goblet cell
mucus was unreactive. Immunostaining was present along the
cell surface and in a punctate pattern in the cytoplasm
probably representing endosomal and lysosomal elements.
Similar to what was observed by immunoblot analysis, the
intensity of the immunostaining decreased in the lung of the
postnatal rats and became undetectable in adult rat and human
lung respiratory epithelium (Fig. 5¢). Only the blood vessel
endothelia and the smooth muscle fibers of blood vessels and
bronchi remained positive. However, immunostaining for
poly(«2,8-KDN) was again detectable in paraffin sections of
squamous cell and adenocarcinomas and small cell lung car-
cinomas (Fig. 6) with the surrounding normal lung tissue being
unreactive for poly(a2,8-KDN).

DISCUSSION

The findings that have emerged from the present study can be
summarized in that a new type of polysialic acid, poly(«a2,8-
KDN), has been detected in mammalian lung where it repre-
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F1G. 3. The glycoprotein bearing the poly(«2,8-KDN) in postnatal
day 2 rat lung is immunochemically not related to NCAM proteins.
Lane: 1, immunoblot for poly(a2,8-KDN) of lung homogenate; 2,
immunoblot for poly(a2,8-KDN) of immunoprecipitated lung NCAM;
3, aliquot of the NCAM immunoprecipitate used in lane 2 but probed
with anti-NCAM antibodies.
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FiG. 4. Poly (a2,8 KDN) is detectable in human lung carcinoma
cell lines. Lanes: 1 and 2, adenocarcinoma cell lines; 3 and 4, squamous
cell carcinoma cell lines; 5, small cell lung carcinoma cell line H69.

sents an oncodevelopmental antigen. Thus, in addition to the
poly(a2,8-NeuSAc) on the neural cell adhesion molecule
NCAM (12), poly(a2,8-KDN) exists in lung on a glycoprotein
distinct from the NCAM proteins. It is remarkable that this
newly discovered polysialic acid in lung appears to be present
on a single 150-kDa glycoprotein. To our knowledge, this
represents the first example of such highly selective protein
expression of a carbohydrate structure. Currently, it is not
known whether glycolipids in mammalian tissues carry
poly(a2,8-KDN) as demonstrated for fish (36). Aside from
tissue- and cell-type-specific expression patterns, various sia-
lylated oligosaccharide side chains occur commonly on many
different glycoproteins (37, 38). A somewhat more restricted
expression on glycoproteins has been reported for 9-O-
acetylated sialic acids (39), and for the poly(a2,8-NeuSAc),
which is found on the various isoforms of NCAM (1, 2), the
sodium channel « subunit (3), and some yet unidentified tumor
cell glycoproteins that are neither related to NCAM nor to
sodium channels (40).

Both forms of polysialic acid in lung have in common a
developmentally regulated expression in that they are present
during certain stages of organogenesis and of postnatal life and
are undetectable in the bronchial and alveolar epithelium of
adult lung. However, the fine details of their spatiotemporal
expression pattern are remarkably different. At the cellular
level, for example, the poly(a2,8-KDN) was always coex-
pressed in epithelial and mesenchymal elements. In contrast,
for poly(a2,8-NeuSAc) such coexpression was observed only
over a limited period of time in the embryo (chicken, rat, and
human) after which it became restricted to the mesenchyme
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FiG. 5. Immunohistochemical detection of poly(a2,8-KDN) in
paraffin sections of rat lung by immunogold-silver staining. The
immunolabeling appears in black. (a) Immunostaining is observed in
a terminal bronchiole (tb), a respiratory bronchiole (rb), and terminal
sacs (asterisks) in embryonic day 18 rat lung. (b) Immunostaining in
postnatal day 2 rat lung is present in the wall of a peripheral bronchus
(br), which extends in a bronchiole, and in the alveolocapillary
membranes and a blood vessel (bv). (¢) Immunostaining is undetect-
able in the epithelium of bronchi and alveoli of adult rat lung.
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FIG. 6. Immunohistochemical detection of poly(a2,8-KDN) in
paraffin sections of a human lung squamous cell carcinoma (a), an
adenocarcinoma (b), and a small cell lung carcinoma (c).

and neuroendocrine cells (12). As already observed for the
poly(a2,8-Neu5Ac) on NCAM (12, 18, 19), immunoreactivity
for poly(a2,8-KDN) became undetectable in adult lung by
Western blot analysis. The results of the in situ immunohisto-
chemical investigations confirmed the absence of poly(a2,8-
KDN) in the alveolar and bronchial epithelium. However,
endothelial cells and smooth muscle fibers exhibited immu-
nostaining as observed in various other adult rat tissues (26).
Both types of polysialic acids have in common that they
become reexpressed in malignant human lung tumors. The
poly(a2,8-KDN)-bearing 150-kDa glycoprotein represents a
valuable oncodevelopmental antigen being detectable in all
different histological types of lung carcinomas. In contrast, the
expression of poly(a2,8-NeuSAc) of NCAM is selective and
limited to the small cell lung carcinoma (18, 19, 41).

In normal lung and in lung carcinomas, the nature and
possible function(s) of the 150-kDa glycoprotein as well as that
of its poly(a2,8-KDN) moiety are unknown at present. It
remains to be determined whether the poly(«2,8-KDN) in lung
plays a role during organogenesis as was shown for poly(a2,8-
NeuS5Ac) on NCAM in other organs (10) and what it may
contribute to the growth behavior of malignant cells (20).
Further, we do not know whether the poly(a2,8-KDN) moiety
or the entire molecule is absent in adult lung or whether there
are changes in the degree of polymerization of the poly(a2,8-
KDN) during organogenesis and, if so, how it compares to the
poly(a2,8-KDN) detectable in lung carcinomas. In vitro exper-
iments have demonstrated that poly(a2,8-KDN) and other
polysialic acids bind Ca?* preferentially (42) and thereby may
influence unknown function(s) of the 150-kDa glycoprotein in
the lung in vivo.
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