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Lymphatic vessel endothelial hyaluronan receptor-1 (LYVEL) is a cell surface receptor on lymphatic endo-
thelial cells which is the earliest known marker of lymphatic endothelial commitment. Platelet endothelial cell
adhesion molecule also known as cluster of differentiation 31 (CD31) is a well-known marker for blood vessel
formation. In this study, we examined the localization patterns of LYVEL and CD31 in the developing tongue
at E14, E16, E17 and PNO, PN5, PN10, PN15 and PN20 to understand the detailed developmental processes of
lymphangiogenesis along with vasculogenesis by immunostaining examinations. Our observations revealed that
there were specific patterns of proteins localizations through developmental stages. At E14, LYVE1 was local-
ized mainly in the ventral region along the median fibrous septum and laterally in between the genioglossus and
hyoglossus muscle forming regions. The localization of CD31 was more ubiquitous in the developing tongue at
E14. The localization patterns of LYVE1 and CD31 showed more specified in the dorsal and ventral region at
E16. In addition, branching formation of the lymphatic and blood vessels were more evident. At E17, more dis-
tinct localization patterns of LYVEL and CD31 were observed in the intrinsic tongue muscles forming region.
At later stages, the LYVE-1 and CD31 were mostly localized in the interface between the muscle fibers. Our
results suggest that there would be relationships between lymphangiogenesis and vasculogenesis in developing
mouse tongue. These normal developmental processes in lymphangiogenesis and vasculogenesis would be an

excellent foundation for further studies in pathological conditions and tongue development malformations.
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INTRODUCTION
The tongue has important role in speaking,

swallowing, mastication and degustation, because
it is a highly flexible organ”. Most of the reports on
tongue development have been studied using mice
model systems, effective for molecular and genetic
tools, since they provide various useful experimental
approaches with its musculature, derived from oc-
cipital somites*®. In mice tongue starts to develop at
E11 from lateral lingual swellings” which merge to-
gether forming tongue primordia at E11.5*. Tongue
increases in size following proliferation and differ-
entiation in the epithelium and mesenchyme®. Some
cells in the mesenchyme become myoblast by E13"
and give rise to myotubes at around E15%. Similarly,
the differentiation of tongue epithelium begins at
E13 and forms circumvallate, fungiform and foliate
papilla®. The mobility is high in the anterior two-
third of tongue and has crucial role in speaking, and
mastication’. However, the posterior third has less
mobility which is known as the pharyngeal area
and plays a prominent role in upper airway main-
tenance”. In human, the tongue has eight skeletal
muscles (four extrinsic and four intrinsic) in different
locations due to this the tongue can show movements
in all directions®. For these dynamic movements of
tongue, there is necessary complex system of nerve
innervations. Except palatoglossus, an extrinsic mus-
cle (a vagus innervated muscle), all seven muscles
are innervated by hypoglossal nerve which is primary
motor nerve important for superficial sensation and
movement of tongue'. According to these systemic
architectures in tongue functions, the tongue showed
very dense loops of the vessels beneath the epitheli-

um in leap pattern, which enables systemic circula-

tion'. Although the lymphatic vessel of the tongue
is considered to play prominent role in drainage, and
it is also can be assumed that crucial relation is found
in tongue development between lymphatic and blood
vessels, but there are still no studies about lymphatic
vessel developmental pattern.

The lymphatic system is an open-ended, one-
way transit system having wide network of capil-
laries, collecting vessels and ducts which invade
most of the organs™. Initial lymphatic vessels have
non-fenestrated single layer of endothelial cells hav-
ing attenuated cytoplasm and poorly developed basal
lamina'®. Moreover, lymphatic vessels are devoid of
pericytes and major intercellular junctional elements
are fewer in numbers than in blood vessels*. The
lymphatic endothelial cells are anchored to surround-
ing connective tissue by fine anchoring filaments™
which are made of fibrillin'®. Merging of initial
lymphatic vessels results formation of larger vessels
called precollectors'™ and serves as the initial drain-
age routes of lymph. Precollectors are similar with
the initial lymphatic vessel structurally™”. In addition,
the precollectors have well developed muscular coat
and thin and well- formed valves to prevent retro-
grade flow of the lymph'”. The transdifferentiation of
venous endothelial cells towards the lymphatic endo-
thelial cells, separation of lymphatic and blood ves-
sels, sprouting and maturation of lymphatic vessels
are essential for lymphatic vascular development®.
The progenitors of lymphatic endothelial cells

(LECs) originate from venous endothelial cells*??,

intersomitic veins®” and superficial venous plexus®.
The LEC progenitor expresses Prox1 transcription
factor and a Lymphatic vessel hyaluronan receptor-1

(LYVE-1) in the embryonic cardinal vein at around
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E9.5”%. The lymphangiogenesis in mouse encom-
pass lymphatic endothelial cell fate commitment
marked by LYVE-1 expression®”, lymphatic sprout-
ing marked by expression of VEGFR-3, VEFG-C
and VEGF-D*?, separation of lymphatic and blood
vasculature mediated by tyrosine kinase SYK and
adaptor protein SIp76>” and maturation of lymphatic
vessel marked by persistent expression of LYVE-1*.
Moreover, LYVE-1 (lymphatic vessel hyaluronan re-
ceptor-1), is one of the most widely used markers of
lymphatic endothelial cells both in normal and tumor
tissues™.

In this study, we carefully examined the de-
velopmental processes and localization patterns of
lymphatic vessels in mice tongue development along
with blood vessel formation to understand the devel-

opmental mechanisms of lymphangiogenesis.

MATERIALS AND METHODS

Animal

Adult Institute of Cancer Research (ICR) mice
were housed in a temperature-controlled room (22°C)
under artificial illumination (lights on from 05:00 to
17:00), at 55% relative humidity, with free access to
food and water. Mouse embryos were obtained from
time-mated pregnant mice. The day on which a vagi-
nal plug was confirmed was designated as embryonic
day 0 (EO). We used tongues from embryonic mice at
E14, E16 and E17 and postnatal mice at day 0, 5, 10
and 20.

Immunochemistry

Primary antibodies were used against LYVEL,
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1:100 (Rabbit anti-Mouse) (Cat. no. ab14917, Abcam,
UK) and CD31, 1:100 (Rat anti-Mouse) (Cat. no.
550274, BD Pharmingen, USA). The secondary an-
tibodies were used alexa-flour 488 tagged polyclonal
goat-anti-rabbit, 1:1000 (Cat. no. RSA1241, Bioacts,
Korea). The nuclear staining was performed with Vec-
tashield mounting media with DAPI (Cat. no. H-1200,
Vector Laboratories, Inc. Burlingame, CA, USA).
The immunostaining was visualized by detecting
fluorescence under the fluorescent microscope (Leica
DM2500, Leica Microsystems, Germany).

Methanol dehydrated embryonic tongues were
rehydrated using methanol and phosphate buffered
saline and tongues were embedded in 2% low melt-
ing agarose gel (Cat. no. V2111, Promega, Madison,
WI, USA). We prepared 250 um frontal slice sections
using a vibratome (Leica VT1000s, Leica Microsys-
tems, Germany) and processed for immunostaining.
Briefly, slice sections were permeabilized with 0.1%
TritonX-100 in PBS for 1 hour at 4 °C and blocked
for 1 hour. Primary antibodies were added (1:400;
LYVE1 and 1:200; CD31) and incubated at 4 °C for
20 hours. Lymphatic and blood vessels were detected
with alexa-flour 488 tagged polyclonal goat-anti-rab-
bit, 1:1000 (Cat. no. RSA1241, Bioacts, Korea) and
alexa-flour 647 tagged goat-anti-rat (1:1000) (Cat.
no. ah150159, Abcam, UK) respectively. Slides were
examined under a confocal microscope (Leica TCS,
SP8, Leica, Germany). By scanning 20 thin sections
(7-8 pum distance) of each sample, three-dimensional

images of each tissue sample were assembled.

RESULSTS AND DISCUSSION
In this study, we examined the localization pat-



Localization patterns of LYVE1 and CD31 in mice tongue development

Sanijiv Neupane, Jaemin Cho, Sung Won Lee, Hyuk Moon Son, Yong Hyun Bae, Sunghyun Kim, Wern—Joo Sohn, Youngkyun Lee, Jae—Kwang Jung, Jae—Young Kim

terns of LYVE-1 and CD31 during mice tongue de-
velopment to understand the lymphangiogenesis and
its relationship with vasculogenesis. We performed
whole mount immunohistochemistry in the frontal
sections of tongue at embryonic day 14, 16 and 17
(Fig.1). At earlier stage of E14, the LYVE-1 was spo-
radically localized in proximity with the lingual ar-
tery forming region and along the region between the
genioglossus muscle and inferior longitudinal muscle
forming region (Fig. 1a). Moreover, LYVE-1 was lo-
calized along the median fibrous septum forming re-
gion along the CD31 localization (Fig. 1a). The onset
of LYVE-1 localization in tongue tissue follows the
localization of CD31 which is coinciding with the
previous reports®*”. This result suggests that LY VE-
1 positive LECs might be migrated from the blood
vessels from other parts and populated in the tongue
region which later forms the lymphatic vessels.

The localizations of LYVEL and CD31 show
more specified patterns in the dorsal and ventral re-
gions at E16 tongue (Fig. 1b). In addition, LYVEL
and CD31 positive reactions reveal that there is
branching formation of lymphatic and blood vessels.
At E16, as the CD31 localization was observed in the

mesh like structure throughout the tongue muscles,
LYVE-1 Localization was more patterned in the ver-
tical and transverse muscle forming region showing
the duct-like structure (Fig. 1b). Similarly, the sty-
loglossus and superior longitudinal muscle forming
region also showed the localization of LYVE-1 in
the mesh like structure suggesting that the network
of capillaries formed from lateral side of tongue and
progresses to the centre (Fig. 1b), which is more ev-
ident at E17 (Fig. 1b). LYVE-1 was expressed along
with CD31 which is the evidence that the lymph sacs
are originated along blood capillary.

At E17, the patterned localization of LYVE-1
and CD3L1 in the the network of lymphatic and vas-
cular cappillaries respectively throughout the tongue
were observed (Fig. 1c). More distinct localization
patterns of LYVE-1 and CD31 are observed in the in-
trinsic tongue muscle forming regions showing lon-
gitudinal, vertical and transverse patterns (Fig. 1c).
The strong positive localization pattern of LYVE-1
is even increased when compared with that of E16.
LYVE-1 and CD31 are localized at the constant dis-

tance from the tongue surface (Fig. 1c).

Figure 1. Whole-mount immunohistochemistry showing localization patterns of CD31 and LYVE-1 by double immunofluo-
rescent staining. Confocal images showing localization patterns of LYVE-1 (Green) and CD31 (Azalea purple) at E14 (a), at

E16 (b) and at E17 (c). Scale bars: 500 um (a, c), 250 pm (b).

4



et ZslRats| x| & 373 M1=

At later stage of PNO, Lymph sacs are concen-
trated at the dorsal surface of tongue, and are also
scattered throughout the base of tongue (Fig. 2a).
Similarly, the dorsal surface of tongue is distinctly
appeared to be LYVE-1 positive, and there is a lining
of LYVE-1 on the surface of tongue at PN5 (Fig.
2b). LYVE-1 and CD31 are localized in longitudinal,
vertical, and transverse patterns at PN10 (Fig. 2c-d)
which show LYVE-1 was localized in the interface
between intrinsic muscle fibers along with CD31
localization and is especially concentrated along the
lining of dorsal surface of tongue and its intrinsic

muscle (Fig. 2c-d).

Figure 2. Immunolocalizations of LYVE-1 and CD31 in
developing tongue. Localization of LYVE-1 at PNO (a)
PNS5 (b) and PN10 (c). Double fluorescent immunostaining
of developing tongue at PN10 showing specific localization
patterns of LYVE-1 and CD31. Scale bars: 500 um (a, b),
50 um (c, d).

The localization of LYVE-1 was similar with
that of PN10 (Fig. 3a) whereas at PN20 it was sig-
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nificantly increased, especially at the central part of
tongue. These results of localization patterns at PNO,
5, 10, 15 and 20 suggest that the network of lym-
phatic and blood vascular capillaries was observed in
the interface of muscle fibres suggesting that lymph-
angiogenesis and vasculogenesis progress simultane-
ously in the tongue along with the differentiation of

muscle fibres.

Figure 3. Immunolocalization of LYVE-1 at PN15 (a) and
PN20 (b). Scale bars: 50 um (a, b).

Our study would provide the basic knowledge
of lymphangiogenesis during mouse tongue forma-
tion which would be helpful for understanding the
further characterization of the underlying molecular
mechanisms for lymphangiogenesis and may provide
therapeutic approaches to suppress diseases such
as cancer by selective inhibition, lymphademas and
inflammation-related diseases and stimulation of

lymphangiogenesis in lymphatic insufficiency.
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