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CD44 AND LUNG CANCER

(examples in Fig. 2, Lanes 3 and 5). The size of the predominant
amplified product, 900 nt, was identical to that expected for CD44s.
Although we cannot rule out the presence of low levels of splice
variants, they are clearly in the minority. This result was true whether
the PCR products were examined by UV illumination or after South-
ern blotting. Northern blots using polyadenylated RNA from the lung
carcinoma cells and probed with a 32P-labeled CD44 cDNA contain-
ing exons 1-17 revealed the expected three alternatively polyadenyl-
ated mRNAs (4, 1.7, and 1.2 kilobases) only in the NSCLC lines and
in SCLC H249 (not shown). These data indicate that CD44 mRNA is
not transcribed in SCLCs and that the NSCLC CD44 seen by Western
blot analysis is predominantly encoded by the CD44s message.

Expression of CD44 in Normal Bronchial Epithelium, Bron-
chial Metaplasia, and Noncultured Lung Carcinomas. Immuno-
histochemistry of CD44 was carried out with fixed, paraffin-embed-
ded specimens from nine SCLC and 14 NSCLC tumors. Ten of 14
resected NSCLCs were positive by immunochemistry for CD44, in-
cluding 6 of 8 squamous cell carcinomas, 3 of 3 adenocarcinomas, and
1 of 3 large cell carcinomas (Fig. 3; Table 2). The immunoreactivity
of CD44 in tumors was cell surface, mostly focal, and detected in
subpopulations of tumor cells. None of the nine SCLCs tested were
positive, while one carcinoid tumor, a neoplasm with more differen-
tiated neuroendocrine features than SCLC, had distinct CD44 immu-
noreactivity. Three squamous cell carcinomas had 10-50% of tumor
cells positive for CD44 immunoreactivity. All three adenocarcinomas
had <10% tumor cells positive while one of three large cell carcino-
mas had 10-50% cells positive.

In nonneoplastic lung, moderate to strong staining for CD44 was
seen in scattered lymphocytes and macrophages throughout the tissue.
However, the most intense immunoreactivity was detected in hyper-

Fig. 3. Photomicrographs of CD44 pression in ic and neop
of bronchial epithelium

lactic h

Table 2 Expression of CD44 in normal bronchial epithelium, bronchial metaplasia,
and noncultured lung carcinomas

Immunohistochemistry of CD44 was carried out on fixed, paraffin-embedded resected
tumor sections (5 um) from 9 SCLC and 14 NSCLC cancer patients. Inmunohistochemi-
cal staining used the avidin-biotinylated peroxidase complex technique following incu-
bations with rabbit polyclonal CD44 antibodies. Negative controls for immunoreactivity
consisted of the serial lung sections treated with either nonimmune rabbit serum or
phosphate-buffered saline.

Tumors positive

Tumor type Subtype n No. %
Non-small cell Adenocarcinoma 3 3 100
(n = 14) Squamous cell 8 6 75
Large Cell 3 1 33
Small cell Classic and variant 9 0 0
(n=9)

plastic type II pneumocytes (secretory alveolar cells) occurring in
rows and in groups lining tumors, fibrotic septae, and pulmonary scars
(Fig. 4). Serial sections and double immunostaining revealed that most
of the CD44-positive reactive type II pneumocytes were also positive
for SP-A, a specific marker for type II pneumocytes. Only occasion-
ally were solitary type II cells in the alveoli positive for CD44. In the
epithelium of larger bronchi, basal cells, and cells participating in the
injury-response by squamous metaplasia were positive for CD44.
Selected cells in bronchial glands also demonstrated CD44 immuno-
reactivity. Staining was most intense on the plasma membrane in all
of these cell types.

v-Ha-ras Induces CD44 Expression in a Variant SCLC Line.
Since v-Ha-ras transduction has been shown to cause a phenotypic
switch from SCLC to NSCLC (18-20), we chose this means to

lung. Paraffin sections were stained for CD44 by an immunoperoxidase technique. In A, sections
ly stained basal cells, covered by negative ciliated cells. Lu, bronchial lumen. X 270. In B, ions of cell plasi

in bronchus

showed CD44 immunoreactivity on the cell membrane in all the epithelial cells. X 410. In C, the cells of a SCLC remained negative for CD44. Note the positive stromal lymphocytes
in the middle and upper right hand corner of the specimen. X 270. In D, moderately differentiated pulmonary adenocarcinoma (papillary subtype) revealed intense staining for CD44.

X 410.
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CD44 AND LUNG CANCER

Fig. 4. Photomicrographs of CD44 expression in activated type II pneumocytes. Paraffin sections were stained for CD44 by an immunoperoxidase technique. In the alveolar region,
CD44 immunoreactivity was detected mainly in the reactive type II cells lining fibrotic areas. Note the membrane staining on lateral, intercellular junctions (arrows). X 460. The same
section was subsequently stained for SP-A by an alkaline phosphatase immunohistochemistry technique to distinguish the type II pneumocytes (grayish cytoplasmic stain).

confirm that CD44 expression is associated with the NSCLC type
tumor. Following v-Ha-ras infection, SCLC cells of line H82 lost the
typical aggregated growth pattern of SCLC (Fig. 5, top left) and grew
in monolayers, typical of NSCLC (Fig. 5, top right). Flow cytometry
(Fig. S, bottom left), Western blot analysis (Fig. 5, bottom right), and
Northern blot analysis (not shown) showed that transcription and
translation of CD44 were markedly increased in the ras-treated
SCLCs. These results further confirm that CD44 is associated with a
NSCLC-like phenotype and that CD44 may be subject to regulation
by a signal transduction pathway involving ras or ras-related proteins.
No CD44 expression was observed following infection with helper
virus alone (not shown).

DISCUSSION

In this study of CD44 expression in human lung carcinomas, the
presence of CD44 correlates with the NSCLC phenotype and marks
reactive changes in pulmonary cells. Both cultured NSCLC tumor
lines and resected primary NSCLC tumors were immunoreactive for
CD44. In contrast, none of the nine SCLC tumors examined or the
majority of cultured lines of this tumor type showed CD44 positivity.

In normal lung tissue, CD44 was found on basal cells of the upper
bronchi, pulmonary macrophages, alveolar lymphocytes, and acti-
vated type II alveolar pneumocytes. The functional relevance of CD44
in these tissues most likely relates to the fact that CD44 possesses a
high affinity binding site for hyaluronan, the repeating disaccharide
found in extracellular matrices (1-6). In the upper bronchi of the
hamster lung, hyaluronan is an abundant component of the perivas-
cular matrix surrounding large blood vessels and basement membrane
regions of epithelium (33, 34). Studies in animal tissues suggest that
hyaluronan-rich matrices function as gelatinous channels through
which water soluble molecules can diffuse (37). It is not unreasonable

to speculate that CD44-positive cells may flank these gelatinous re-
gions and that CD44 expression may signify hyaluronate-rich areas.
The fact that CD44 was found to be located in between activated type
II pneumocytes that were arranged in distinct rows, one cell deep,
could indicate a simple cell-cell adhesion role for CD44. On the other
hand, this unusual positioning of CD44 may reflect the presence of an
intercellular hyaluronan matrix through which soluble molecules can
diffuse. Future studies will be required to evaluate these hypotheses.

A number of studies have demonstrated that “variant” CD44
(CDA44v) is associated with tumor progression (7). The hallmark of
CD44v is the inclusion of additional extracellular domains which have
been shown to decrease the ability of CD44 to serve as a hyaluronan
receptor (35, 36). The virtual absence of CD44 on the highly meta-
static SCLCs raises the question as to whether lack of standard CD44
is the functional equivalent of variant CD44. If CD44-hyaluronan
interactions are used to anchor the cells in one area, then it is not
unreasonable to speculate that lack of functional CD44 would relieve
the cells of any restraint to hyaluronate-rich tissues and enable the
process of metastases to begin. Precedence for this inverse relation-
ship between high metastatic potential and low CD44s is found in
cases of neuroblastoma (10). The functional consequences of CD44
expression, hyaluronate binding, and metastatic potential of lung
cancer cells is presently under investigation.

The finding that, among lung cancer cells, CD44 is associated with
specific differentiation phenotypes (NSCLC, activated type II cells,
basal cells, and squamous metaplasia), raises the possibility that this
marker could be used to elucidate the histogenesis and progression of
this disease. Squamous metaplasia of the lung is indicative of the type
of cellular insult associated with cigarette smoking (37). Although
opinions differ as to its origin, the prevailing view is that squamous
metaplasia arises from the replacement of ciliated and mucous cells by
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Fig. 5. Effect of v-Ha-ras infection on CD44 levels in small cell lung carcinomas.
Aggregation status of H82 and H82 ras-infected cells (top). Cells were assessed in all
experiments 4 weeks following v-Ha-ras infection. Flow microfluorimetry of CD44 on
nonpermeabilized cells using monoclonal antibody H4C4 before (H82) and after v-Ha-ras
infection (H82-ras) (bottom left). Western blot analysis of H82 and H82-ras cells with
polyclonal CD44-specific antibodies (prepared as described in Fig. 1, bottom right). No
significant quantitative differences were seen in levels of actin following rehybridization
with anti-actin monoclonal antibody clone C4 (inset).

hyperplastic basal cells (38, 39). Our observation that both basal cells
and sections of squamous metaplasia are CD44 positive is fully con-
sistent with a common origin. That SCLCs are, in general, CD44
negative could mean that they are derived from one of the many
CD44-negative lung cells. The CD44-positive NSCLCs, on the other
hand, could arise either via a CD44-positive progenitor (activated type
11 pneumocytes or basal cells) or by the differentiation of SCLCs.
Evidence for the latter possibility, that some NSCLCs can emerge
from populations of SCLCs, is provided by clinical observations and
by in vitro studies in which v-Ha-ras causes a transition from the
SCLC to NSCLC phenotype (19, 20). Our results, that CD44-negative
SCLCs induced to take on the differentiation status of NSCLC in
culture become CD44 positive, are also consistent with the latter
hypothesis. Although CD44 alone cannot discriminate among the
progenitor cell possibilities, as a member of a multimarker panel it
promises to contribute to our understanding of lung tumor histogen-
esis and progression.

In these studies, v-Ha-ras gene insertion was used simply as a
means to induce a NSCLC phenotype. Although we do not intend this
to be a study of ras gene effects on CD44 expression, our results are
consistent with the ras-induced CD44 expression seen in model sys-
tems (40). The fact that the recipient cultured SCLC line H82 had
c-myc amplification prompted us to examine SCLC line H209 that had
been transduced with c-myc, v-Ha-ras, or both. Preliminary results
(not shown) suggest that both ras and myc are required for CD44
up-regulation. It is noteworthy that NSCLCs lines H460, H157, H125,

AS549, and U1752 have mutations or overexpression of the K-ras gene
(14, 15, 41, 42). Further studies will be required to fully define the
effect of ras and/or c-myc gene expression on CD44 appearance.

SCLC H69 and its clonal derivative H249 differ from other SCLCs
in that they have extensive N-myc overexpression (43). The idea that
N-myc amplification, alone is sufficient to cause transcriptional acti-
vation of CD44 was ruled out by examination of other N-myc over-
expressing SCLC lines, H526 and H187, that were found to be CD44
negative (not shown). Whether H249 and H69 have additional genetic
changes that could contribute to CD44 expression or transition to
NSCLCs remains to be determined.

Lung cancers can take 10-20 years to develop but, once detected,
are often well advanced. Thus, the need for markers to identify early
forms of lung cancer is essential. Nearly all NSCLC examined here
expressed CD44. Among this group, the adenocarcinoma had the most
frequent representation. Historically, a number of markers have been
used to define the adenomatous class of lung cancer. These include
surfactant-associated protein, carcinoembryonic antigen, the ras on-
cogene, and the Clara 10-kDa protein (44). Other subclasses of
NSCLCs also expressed CD44. Although confirmation of CD44 as a
general marker for NSCLC or a specific marker for a subset of
NSCLC awaits results of larger studies, the advantages of CD44 in
terms of cell surface localization, expression in early stages of squa-
mous metaplasia, and association with specific histological differen-
tiation phenotypes make it a promising candidate for diagnostic pan-
els. Since therapeutic strategies differ dramatically depending on
histological differentiation, results of discriminatory markers such as
the one described here are especially valuable.
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