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CD9, a member of the transmembrane 4 superfam-
ily, is involved in cell adhesion, migration, and tu-
mor metastasis. Little is known about its vascular
expression pattern. In this study, we investigated
CD9 expression on endothelial cells in the mucosa
of the head and neck and compared it with vascular
tumors. Using immunohistochemistry, expression
of CD9 was studied in 17 samples of head and neck
mucosa and skin (laryngeal mucosa: n = 2, oral: n =
6, and epidermis: n = 9) and a variety of vascular
tumors (lymphangiomas: n = 9, juvenile nasopha-
ryngeal angiofibromas: n = 4, hemangiomas: n = 7,
angiosarcomas: n = 5, and Kaposi’s sarcomas: n =
7) and compared with the expression of CD34 and
PAL-E (blood vessel markers) and the lymphatic
marker podoplanin. Regular lymphatic endothe-
lium and lymphangiomas were strongly positive for
CD9 and podoplanin but were mostly negative for
PAL-E and CD34. By contrast, blood vessel endothe-
lium and hemangiomas were strongly positive for
PAL-E and CD34 but were mostly negative for CD9
and podoplanin. Weak to moderate CD9 reactivity
was also observed on EC of juvenile nasopharyngeal
angiofibromas, angiosarcomas, and Kaposi’s sarco-
mas. Expression of CD9 by lymphatic EC was con-
firmed by reverse-transcriptase PCR and Western
blot analyses. CD9 may be useful as a marker for
lymphatic EC. It could promote the adherence of
inflammatory and tumor cells to lymphatic EC and
participate in the growth and maintenance of the
lymphatic capillary net.
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CD9, also known as motility-related-protein-1
(MRP-1), is a member of the transmembrane 4 su-
perfamily (1). It is widely expressed in healthy tissue
(2) as well as in various tumors (3, 4), and it is
involved in cell motility by virtue of its interaction
with VLA integrins (5). CD9 influences proliferation
in a variety of cell types (6), and its ectopic overex-
pression can slow down cell growth by elongating
the doubling time of DNA replication (7).

Anti-CD9 antibodies have also been reported to
inhibit endothelial cell migration, enhance their
proliferation, and inhibit endothelial cell apoptosis
(8, 9). In addition, CD9 expression on endothelial
cell has been reported to promote transmigration of
tumor cells through endothelial cell layers (10).
Therefore, endothelial CD9 may play a critical role
in wound healing and angiogenesis, and EC survival
may be pivotal to metastasis of solid tumors.

We recently detected a subset of vessels that were
intensely positive for CD9 in head and neck mucosa
and head and neck squamous cell carcinomas (26).
These vessels were mainly located subepithelially in
normal mucosa and, to a lesser extent, also in peri-
tumoral stroma. Further immunohistochemical
typing in serial sections with podoplanin revealed
strong evidence that these CD9-positive vessels
were of lymphatic origin.

In this study, we investigated the hypothesis that
strong CD9 expression was specific for lymphatic
endothelium. Vessels of head and neck mucosa
were stained for CD9, podoplanin (a specific
marker for lymphatic endothelial cells (11), and
PAL-E and CD34 (both markers for EC of blood
vessels) (12), and their expression pattern was com-
pared with that of vascular tumors. RT-PCR and
Western blot analyses were employed to analyze
CD9 mRNA and protein expression in cultivated
lymphatic and blood endothelial cells.



MATERIALS AND METHODS

Tissue Samples

Formalin-fixed, paraffin-embedded tissue blocks
of 17 specimens of oral mucosa and skin of the
head and neck (oral mucosa, n = 6; larynx, n = 2;
epidermis, n = 9), 12 specimens of internal organs
(kidney: n = 2, lung: n = 2, duodenum: n = 3, and
colon: n = 5), and a variety of vascular tumors (9
lymphangiomas, 7 hemangiomas, 4 juvenile naso-
pharyngeal angiofibromas, 5 angiosarcomas, and 7
Kaposi’s sarcomas as well as 2 peripheral giant cell
granulomas of the jaw) were obtained from the files
of the Institute of Clinical Pathology at the Univer-
sity of Vienna. Frozen sections of lung (n = 1),
stomach (n = 1), and colon (n = 4) were obtained
from surgical preparations that were snap frozen in
OCT embedding media and stored at —80° C.

Immunohistochemistry

Samples were immunostained for CD9 using
monoclonal antibody 72F6 (Novocastra Laborato-
ries, Newcastle upon Tyne, UK). Antigen retrieval
was performed by boiling sections in a microwave
oven in 1 mm EDTA (pH 8.0) buffer for 20 minutes.
Primary antibody was applied at 1:500 dilution
overnight, followed by a biotinylated «-mouse an-
tibody (1:100; Vector Laboratories, Burlingame, CA)
and alkaline phosphatase conjugated streptavidin
complex (1:250; DAKO, Glostrup, Denmark). The
enzyme reaction was developed with an alkaline
phosphatase substrate kit (1:250; Vector Laborato-
ries). Negative controls were carried out on consec-
utive tissue sections using isotype-matched control
reagents (IgG,, Coulter, Hialeah, FL, 1:250, and
IgG,, PharMingen, San Diego, CA, 1:250).

Serial sections of some tissues were treated with
a rabbit serum against podoplanin (kindly provided
by Prof. Dr. Sylvana Breiteneder-Geleff and Prof.
Dr. Dontscho Kerjaschki; 0.0025 pg/mL) (11), a rab-
bit control serum (diluted 1:200) or a monoclonal
antibody against CD34 (clone Qbend/10, 2 ug/mlL,
1:500; Serotec, Oxford, England), processed by an
indirect immunohistochemical method using a
standard avidin-biotin (CD34) and streptavidin-
biotin (podoplanin) staining technique and devel-
oped with diaminobenzidine tetrahydrochloride
dehydrate (Abbott, Wiesbaden, Germany).

For PAL-E staining, 4-um-thick frozen sections
were fixed in ice-cold acetone and in 4% PFA and
incubated with TBS-10% human serum-5% BSA to
block nonspecific binding. Monoclonal antibody
a-PAL-E (1:20; Harlan-Sera Lab, Loughborough,
England) was incubated for 1 hour at room temper-
ature. Slides were subsequently exposed to Texas
red (Alexa-fluor 594) f(ab), fragments of goat
a-mouse IgG (1:1000; Molecular Probes, Eugene,

OR) for 1 hour at room temperature, and after ex-
tensive washing, they were incubated with «-FITC-
labeled CD9 monoclonal antibody (1:50; Ancell,
Bayport, MN) for 1 hour at room temperature.
Staining was visualized with a confocal Laser Scan-
ning Microscope (CLSM 410, Zeiss; original magni-
fication, 400X).

Reactivity for CD9, podoplanin, and CD34 was
determined as low (reactivity in 0-10% or 10-40%
of all vessels), moderate (40-60% or 60—80%), or
high (80-100%).

Cell Culture

Cell culture was performed as described previ-
ously (12). Briefly, microvascular endothelial cells
adjusted to 107 cells/mL in endothelial cells growth
medium MV (Clonetics, Verviers, Belgium) were ex-
posed simultaneously to rabbit-anti-podoplanin
serum (final concentration: 1:100), anti-CD34-PE
(Becton Dickinson, Franklin Lakes, NJ), and anti-
CD45-RPE-Cy5 (Serotec, Oxford, UK) for 45 min-
utes on ice. Goat anti-mouse f(ab'), FITC (10 ug/
mL, Jackson ImmunoResearch Laboratories, West
Grove, PA) was added, and cells were subjected to
flow cytometric analyses.

CD34" CD45  endothelial cells were sorted into
podoplanin~ or podoplanin® populations on a
FACScan (Becton Dickinson). On fibronectin (10
png/mL)-coated 96-well flat-bottom plates (Becton
Dickinson), 0.5 X 10° cells/mL were cultured in
endothelial cell growth medium MV (Clonetics,
Verviers, Belgium).

RT-PCR

Total RNA from FACS-isolated microvascular en-
dothelial cells was isolated as described previously
(13). Single-stranded cDNA was obtained by reverse
transcription of 1 ug of total RNA according to
manufacturer’s instructions (First strand cDNA Kit,
5 Prime-3 Prime Inc., Boulder, CO). Reaction mix-
tures were incubated at 42° C for 1 hour, and excess
enzyme was inactivated at 75° C for 10 min. The
CD9 sequence (EMBL/Genbank accession number
X60111.1) was used as template sense and antisense
primers: 5'-TGCATCTGTATCCAGCGCCA-3'and 5'-
CTCAGGGATGTAAGCTGACT-3' (14). Amplification
products were separated on a 1.5% agarose gel and
visualized under ultraviolet light in the presence of
ethidium bromide.

Western Blot Analyses

To confirm the specificity of CD9 antibody, West-
ern blot analyses were performed using proteins
extracted from isolated lymphatic endothelial cells
and blood endothelial cells, which were sorted on a
FACScan. SDS-polyacrylamide gel electrophoresis
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FIGURE 1. Expression of CD9 on lymphatic and blood vascular endothelial cells. Flat-lined vessels (small arrows) are strongly positive for
podoplanin (A, small arrows) and CD9 (B) but negative for CD34 (C). By contrast, blood vessels are distinctly positive for CD34 (C, large
arrowheads), only weakly positive for CD9 and podoplanin (B, A). CD9-positive nerves are marked with asterisks (magnification, 200X).

FIGURE 2. CD9 IR on lymphatic endothelial cells in head and neck mucosa. Frozen sections of laryngeal mucosa immunostained with a-CD9-
FITC (green) and «-PAL-E (red). Red and green spots indicate endothelial cell lining on blood capillaries and two lymphatic capillaries, respectively

(magnification, 400X).

was performed with a 3.5 to 15% gradient gel using
a standardized system (Bio-Rad Laboratories, Rich-
mond, CA). The electrophoresed proteins were
transferred overnight to a nitrocellulose membrane
(Schleicher & Schuell, Dassel, Germany) and sub-
jected to Western blot analyses with the monoclo-
nal antibody CD9 (diluted 1:10). Immunoreactivity
for CD9 protein was visualized with an ECL kit
(Amersham, Arlington Heights, IL), and chemolu-
minescence analyses of the CD9 band were done by
Lumi Imager (Boehringer Mannheim, Germany).
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RESULTS

CD9, Podoplanin, PAL-E, and CD34 Expression in
the Mucosa and Skin of the Head and Neck
Eighty to 100% of mucosal and 40-60% of der-
mal lymphatic vessels, recognized by flat-lined
endothelium, the lack of intravascular erythrocytes,
as well as a smooth muscle cell layer, expressed
CD9 distinctly (Fig. 1B). These CD9-positive vessels
were mainly located subepithelially. In serial sec-
tions, endothelial cells of these vessels were also



FIGURE 3. Expression pattern of CD9 mRNA is shown by RT-PCR in
cultured lymphatic and blood endothelial cells. In both cell lines (Lanes
2 and 3), a distinct band of approximately 800 bp is detected. In the
first lane, H,0 was used as negative control (m = marker, 1 =
lymphatic, and 2 = blood endothelial cells).

positive for podoplanin (Fig. 1A). In addition, a
smaller subset (10-20%) of blood vessels both of
the mucosa and the skin had a weakly CD9-
positive endothelial cell layer (data not shown).
Whereas lymphatics distinctly positive for CD9
were mostly CD34 negative (Fig. 1C), blood vessel
endothelia were positive for CD34 in serial sec-
tions. This expression pattern was also found in
kidney, lung, and gastrointestinal tissue, as well
as in small vessels around two peripheral giant
cell granulomas, indicating that it was typical for
vessels of all organs and also was preserved in
inflammatory reactions. Nerves and squamous
epithelia (2) served as an internal positive control
for CD9-staining.

For further confirmation of the relative specificity
of CD9 for lymphatic endothelia, we stained cryo-
sections of mucosal tissue with both FITC-labeled
CD9 and PAL-E monoclonal antibodies. As ex-
pected from the above staining results, we found
that endothelial cells expressed exclusively either
CD?9 or PAL-E (Fig. 2).

To confirm the potential of lymphatic endothelial
cells to express CD9, RT-PCR was performed using
mRNA of blood and lymphatic endothelial cells that
were sorted on a FACScan. RT-PCR revealed a

1 2 3

25 kD-
20 kD-

FIGURE 4. CD9 protein expression by western blot analyses in
cultured lymphatic and blood endothelial cells. At approximately 25 kD,
a single band is only observed in lymphatic endothelial cells (Lane I).
No protein expression was observed in blood endothelial cells (Lane 2)
and the negative control (Lane 3).

Table 1. CD9 Expression on Lymphatic and Blood
Endothelial Cells of Vascular Tumors

Number Lymphangiomas
CD34 CD9 Podoplanin

1 0 40-60 nd

2 0-10 60-80 nd

3 0-10 60-80 nd

4 0 60-80 80-100

5 0-10 80-100 nd

6 0-10 80-100 80-100

7 0-10 80-100 nd

8 0 80-100 80-100

9 0 80-100 80-100
Hemangiomas

1 nd 0-10 nd

2 nd 0 nd

3 nd 0-10 nd

4 nd 0-10 nd

5 80-100 0-10 nd

6 80-100 0-10 0-10

7 nd 0-10 nd
Angiofibromas

1 nd 0 nd

2 80-100 40-60 40-60

3 nd 0-10 nd

4 nd 0 nd
Angiosarcomas

1 0 0 0

2 nd 60-80 nd

3 nd 60-80 nd

4 80-100 0 nd

5 80-100 0 nd

Kaposi’s sarcomas

1 40-60 60-80 60-80

2 20-40 60-80 60-80

3 0-10 60-80 60-80

4 80-100 20-40 20-40

5 40-60 80-100 80-100

6 80-100 80-100 80-100

7 80-100 60-80 80-100

nd = not done.

strong single band of approximately 800 bp in both
cell types (Fig. 3).

The expression pattern of CD9 protein in these
blood and lymphatic endothelial cells was further
analyzed by Western blotting. A strong single CD9
band of approximately 25 kDa was found in isolated
lymphatic endothelial cells. Blood endothelial cells
and the negative control did not show any protein
bands (Fig. 4).

Coexpression of CD9 and Podoplanin in Benign
Vascular Tumors (Table 1)
Immunohistochemical analyses demonstrated
distinct CD9 expression in most EC of nine lym-
phangiomas (Table 1, Fig. 5B). The lymphatic
differentiation of four of these tumors was dem-
onstrated by staining for podoplanin, which la-
beled 80-100% of their endothelial cells (Fig. 5A).
Weak labeling for CD34 was observed on minor
parts of these tumors (0-10%) (Fig. 5C, arrows).
By contrast, only a minor part (0-10%) of cap-
illaries in hemangiomas expressed CD9 by immu-
nohistochemistry (Fig. 5E, arrows). These vessels
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FIGURE 5. Expression of podoplanin, CD9, and CD34 in vascular tumors. Small flat-lined vessels of this lymphangioma were strongly positive for
podoplanin (A, arrows) and for CD9 (B, arrows) but negative for CD34 (C). Small capillaries that were negative for CD9 stained intensely for CD34
(C, arrowheads, magnification 100x). Small vessels of a capillary hemangioma showed nearly no podoplanin (D, arrows) and CD9 reactivity (E,
arrows) but were CD34 positive (F, arrowheads, magnification 200x). Tumor cells of Kaposi’s sarcomas demonstrate a high immunoreactivity for all

three antibodies (G-I, magnification 200X).

were distinctly CD34 positive (80-100%; Fig. 5F),
but podoplanin negative (Fig. 5D). Furthermore,
most (80-100%) CD34-positive tumor vessels in
three of four juvenile nasopharyngeal angiofibro-
mas were negative for CD9 (Table 1). In one
angiofibroma, 40-60% of endothelial cells of
the tumor vessels expressed both CD9 and
podoplanin.

CD9, Podoplanin, and CD34 Expression in
Malignant Vascular Tumors (Table 1)

In only two of five angiosarcomas, 60—-80% of
tumor cells expressed CD9 weakly, whereas in three
of five specimens, no CD9 expression could be de-
tected (Table 1). By contrast, the majority of tumor
cells showed distinctly and focally strong CD9 ex-
pression in Kaposi’s sarcomas (Fig. 5H). Most CD9-
positive tumor cells in Kaposi’s sarcomas were also
podoplanin positive (Fig. 5G). In addition, Kaposi’s
sarcoma tumor cells expressed CD34 (Fig. 5I), as
described previously (15).

Similar to healthy mucosa and skin, most lym-
phatic vessels adjacent to benign and malignant
tumors expressed CD9 and podoplanin, whereas
blood vessels were mainly negative for CD9 but
positive for CD34. These findings are generally
summarized in Table 1.

DISCUSSION

This study describes for the first time the detailed
expression pattern of CD9 on endothelial cells and
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vascular tumors. We show that CD9 expression as
detected by monoclonal antibody clone 72F6 is
mainly expressed on lymphatic endothelial cells,
whereas blood vessel endothelial cells are either
negative or only weakly positive for CD9 by immu-
nohistochemistry. In addition, these data are sub-
stantiated by RT-PCR and Western blot analyses of
FACS-sorted endothelial cells. Also human umbili-
cal vein endothelial cells expressed mRNA CD9;
however, mRNA was not quantified by additional
experiments.

The expression of CD9 by endothelial cells has
been demonstrated previously by FACS analyses
(8), but there are only few studies on the distribu-
tion of this antigen in situ. Aortic and coronary
endothelia of normal vessels have been reported to
be negative for CD9 by immunohistochemistry (6).
In addition, glomerular endothelial cells were also
found to lack CD9 expression (16). By contrast, a
comprehensive analysis demonstrated strong CD9
expression on vascular endothelium of arteries and
veins and to a lesser degree on capillaries in a
variety of organs (2). The reason for these differ-
ences is not clear—they may be due to the glyco-
sylation state of CD9 (17) or to its binding to other
proteins, such as integrins or other tetraspanins
(18), resulting in epitope masking depending on the
antibody used.

Our demonstration that little CD9 is expressed on
blood vessel endothelia is therefore in accordance
with a variety of earlier reports. In addition, the
expression pattern of CD9 on epithelial cells and



nerves in our study was identical to those described
by other investigators (2), confirming the validity of
our observations.

However, the expression of CD9 on lymphatic
endothelial cells was not addressed in these other
studies. By Western blotting and staining serial sec-
tions for CD9 and specific markers for blood and
lymphatic endothelial cells, that is, CD34 (11, 12),
PAL-E (19), and podoplanin (11), we showed that
CD9 is a marker that is possibly useful in identifying
lymphatic endothelial cells similar to more specific
markers such as VEGFR3/flt-4 (a receptor of
VEGEF-C (20), LYVE-1 (a hyaluron receptor) (21), D6
(a B-chemokine receptor) (22), and podoplanin
(whose function is still unknown) (11). The expres-
sion pattern of distinct CD9 reactivity of lymphatic,
but not blood vessel endothelial cells, was also pre-
served on endothelial cells of benign vascular tu-
mors. The expression of CD9 on Kaposi sarcoma
spindle cells is in accordance with their podoplanin
expression and may thus be regarded as a further
indication of their lymphatic origin (23).

A potential role for tetraspanins in adhesion has
been shown in a variety of studies (24). Strong
expression of CD9 may enhance the adherence of
neutrophils to lymphatics (25) or promote transmi-
gration of tumor cells through the lymphatic endo-
thelial cells layer (10) and could therefore play a
role in the immune response, inflammation, and
tumor metastasis.

Furthermore, CD9 has been shown to be involved
in endothelial cells migration and growth (8) and
may thus participate in the growth and mainte-
nance of the lymphatic capillary net.

In summary, we have described that intense CD9
expression can be useful as a new marker for lym-
phatic endothelial cells. This strong expression may
be mandatory for growth, maintenance and patho-
physiology of lymphatic vessels. The relevance of
this finding needs further investigation and may
lead to discoveries of new aspects in the biology
and pathological processes of lymphatic vessels.
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