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ABSTRACT

BACKGROUND. Few studies approached the process of blood vessels formation in the Schneiderian membrane. We aimed
at investigating by immunohistochemistry the processes that are responsible for forming new blood vessels in the human
Schneiderian membrane.

MATERIAL AND METHODS. We applied CD31 and CD34 markers on bioptic samples gathered from eight adult patients
negative for malignant pathologies. Filopodia-projecting endothelial tip cells (ETCs) were found and indicated processes of
sprouting angiogenesis. Also, CD31-expressing monocyte-derived cells were found being involved in processes of vasculogenesis.
These cells were projecting filopodia, thus being assessed as endothelial progenitor tip cells (EpTCs). Aggregates of CD31+
EpTCs were also analyzed. Further stages of lumen acquisition and large diameter vessels formation, specific for vasculogenesis,
were evaluated.

RESULTS. It resulted that, specifically within the maxillary sinus mucosa, vascular remodelling is equally ensured by adult
vasculogenesis and sprouting angiogenesis.

CONCLUSION. This is, to our knowledge, the first evidence of adult vasculogenesis in the maxillary sinus mucosa, supported
by bona fide bone marrow-derived CD31+ cells. The guidance mechanism of EpTCs protrusions needs further investigations
for finding similarities, or dissimilarities, with the endothelial tip cells prolongations.
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INTRODUCTION

The term “vasculogenesis” was first used to describe
de novo blood vessel formation in the embryo, by
Risau and co-workers in 1988!. During the process of
vasculogenesis discrete events occur, such as lineage
formation of angioblasts/endothelial progenitor cells
(EPCs), migration of these, their aggregation into
cord-like structures, lumen formation, network forma-
tion, vascular fusion (i.e. the generation of large ves-
sels from primary networks) and vessel stabilization®.
During the process of vasculogenesis, individual cell

movement is important, at least during coalescence of
cells into aggregates®. Cells engaged in vascular fusion
show protrusive activity, which is related either to
lamellipodia, or to filopodia® which are also character-
istic for endothelial tip cells involved in active pro-
cesses of sprouting angiogenesis®®.

The Schneiderian membrane consists of the maxil-
lary sinus mucosa facing the maxillary sinus cavity and
lying over a deeper layer of periosteum-like connective
tissue; the sinus mucosa is build up by a pseudostrati-
fied columnar ciliated epithelium and a well vascular-
ised lamina propria’.
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There are few available studies, mostly experimen-
tal, which indicate that angiogenesis is seemingly re-
sponsible for remodelling the microvascular bed of
the Schneiderian membrane during regenerative pro-
cesses®. However, we could not identify in situ studies
of human samples to objectivate the specific guidance
of angiogenic sprouts by tip cells, nor did we find evi-
dence of de novo blood vessels formation by vasculo-
genesis. We therefore aimed at investigating by immu-
nohistochemistry the processes that are responsible
for forming new blood vessels in the human
Schneiderian membrane.

MATERIAL AND METHODS

Tissue samples

Bioptic samples of human adult Schneiderian mem-
brane were obtained during surgery from eight adult
patients who were operated for non-malignant pathol-
ogies. Informed consent for samples used for research
purposes was obtained from all patients prior to sur-
gery. The study was conducted according to the gen-
eral principles from the Declaration of Helsinki, Cairo
revision. Tissue samples were processed for immuno-
histochemistry.

Antibodies

Primary antibodies for CD31 (clone JC70A, Dako,
Glostrup Denmark, 1:50) and CD34 (clone QBEnd 10,
Dako, Glostrup Denmark, 1:50) were used.

Immunohistochemistry

Tissue samples were fixed for 24 hours in buffered
formalin (8%) and were processed with an automatic
histoprocessor (Diapath, Martinengo, BG, Italy) with
paraffin embedding. Sections were cut manually at 3
pm and mounted on SuperFrost® electrostatic slides

for immunohistochemistry (Thermo Scientific,
Menzel-Glaser, Braunschweig, Germany). Histological
evaluations used 3-pm-thick sections stained with he-
matoxylin and eosin.

Sections were deparaffinised, rehydrated and rinsed
in PBS buffer solution at pH 7.4. Retrieval by incuba-
tion in specific buffer was completed as follows: (a) for
CD34: EDTA, pH 9; (b) for CD31: 0.01 M citrate re-
trieval solution, pH 6. The standard ABC technique
used a DAB protocol. Appropriate blocking of endog-
enous peroxidase was completed before immune la-
belling (Peroxidazed 1, Biocare Medical, Concord,
CA, USA). Sections incubated with non-immune
serum served as negative controls. The immune la-
belled sections were counterstained with Hematoxylin.
The microscopic slides were analysed and micrographs
were acquired and scaled using a Zeiss working station

which was described elsewhere!®,

RESULTS

On slides stained with hematoxylin-eosin, the gen-
eral histology of the Schneiderian membrane was ac-
curately identified. The sinus maxillary sinus mucosa
consisted of an epithelium of respiratory type and the
lamina propria, embedding glands and microvessels.

CD34 was expressed in vascular endothelial cells.
Endothelial tubes projecting filopodia (Figure 1), but
not exclusively, were found. Moreover, small protru-
sions suggestive for a lamellipodial morphology were
observed. This finding reasonably indicated that,
within the maxillary sinus membrane, processes of
sprouting angiogenesis occur and are guided by en-
dothelial tip cells.

Numerous stromal cells expressing CD31 were also
found (Figure 2 A-C). In a first instance, these were
assumed, on histological ground, being histiocytes de-
riving from blood monocytes. Noteworthy, this consist-
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Figure 1 (D34 labelled adult Schneiderian membrane. Sprouting angiogenesis is identified by presence of filopodia-projecting (insets, magnified details)

endothelial tip cells.
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ent population of CD31+ cells included mitotic and
binucleated cells. Filopodia-projecting CD31+ cells,
which were assumed being endothelial progenitor
(tip) cells (EPtCs), were found; as in the case of en-
dothelial tip cells, we could not firmly exclude these
cells, so we also sent lamellipodial projections. Thus,
CD31+ EPtCs showed tendency to aggregate and to
form vascular lumina. Large vessels built up by CD31+/
CD34+ EPtCs were also found (Figure 2 B-D).

DISCUSSIONS

Several peculiar aspects determined us to consider
that subsets of the CD31+ cells, the EPtCs, are effec-
tively involved in processes of adult vasculogenesis in
the Schneiderian membrane. These were the filopo-
dia they were projecting in a similar manner to those
of the ETCs, the tendency to aggregate of those cells
and the large vessels they were forming, which were

considered as resulted after vascular fusion of primary
networks.

It was demonstrated that mesenchymal stem (stro-
mal) cells (MSCs), as well as myeloid cells, enhance
the de novo formation of blood vessels by endothelial
colony-forming cells in various models of in vitro and
in vivo vasculogenesis''. It is known that circulating
monocytes are committed precursors for phagocytes,
such as macrophages and dendritic cells; however,
monocyte-derived multipotent cells were found able
to differentiate in non-phagocytic cells, such as en-
dothelium, bone, cartilage, fat, muscle and neuron'%

It resulted from our study that, specifically within
the Schneiderian membrane (maxillary sinus mucosa),
vascular remodelling is equally ensured by vasculogen-
esis and sprouting angiogenesis. This is, in our knowl-
edge, the first evidence of adult vasculogenesis in the
maxillary sinus mucosa, supported by bona fide bone
marrow-derived CD31+ cells, these being previously
indicated as highly angiogenic and vasculogenic'?.
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Figure 2 Adult Schneiderian membrane, labelled with CD31 (A-C) and CD34 (D) primary antibodies. There are identified stages of in situ vasculogenesis. In (A)
CD31+ cells project filopodes (arrows) and show tendency to group. In (B) there are grouped CD31+ filopodia-projecting cells (arrow) as well as large vessels
(arrowheads) which identify processes of vascular fusion. In (C) a newly formed vessel (arrowhead) neighbours a resident one (double-headed arrow). Large vessels,
similar to those resulted from vascular fusion, are also CD34+ (D).
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Bone marrow-derived hematopoietic stem cells
(HSGs) as well as their myeloid progeny could ensure
vasculogenesis'®. The more primitive HSCs express
CD133 or CD34, while endothelial progenitor cells de-
rived from monocytes express CD31'*. This indicates
that adult vasculogenesis in the Schneiderian mem-
brane is likely being supported by monocytes-derived
endothelial cell progenitors.

Bone marrow-derived cells can home to sites of is-
chemia and ensure de novo formation of blood ves-
sels'®. In this regard, the vascular regenerative poten-
tial of the Schneiderian membrane is double, extrinsic
and intrinsic, supported, respectively, by vasculogene-
sis and angiogenesis.The term “endothelial progeni-
tor tip cells” (EpTCs) could be used to distinguish
between the endothelial tip cells involved in sprouting
angiogenesis'®'® and filopodia-projecting monocyte-
derived cells which aggregate to form new vessels.
However, the guidance mechanism of EpTCs protru-
sions needs further investigations for finding similari-
ties, or dissimilarities, with the endothelial tip cells
prolongations.

CONCLUSIONS

In situ processes of de novo blood vessels formation
maintain the vascular status of the Schneiderian mem-
brane.
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