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Developmental characteristics of cutaneous telocytes in late embryos
of the silky fowl
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Telocytes (TCs) have been identified in various animals. However, information on TCs in the embryos is still
very limited. In this work, the developing skin of the silky fowl was sampled for TCs identification by histol-
ogy, immunohistochemistry and transmission electron microscopy. In addition, morphological parameters of
cutaneous TCs and their location relationships were measured using a morphometry software — ImageJ (Fili).
At the 12", 16" and 20" day of incubation, in the embryonic skin, telocyte-like cells (TC-L) were observed in
the dermis. TCs were PDGFRa* at the 12%, 16" and 20" day of incubation, but showed CD34+ only at 20" day
of incubation in the embryonic dermis. Ultrastructurally, TCs were observed in the dermis at all late embryonic
developmental stages. TCs established the homocellular contacts/plasmalemmal adhesion with each other. TCs
established heterocellular contacts with melanocytes at 20" day of incubation in the dermis. In addition, the
intracellular microvesicles were present in the cytoplasm of TCs. The extracellular microvesicles/exosomes
were in close proximity to the TCs. The results confirmed that the locations, immunophenotypes, structural
characteristics and relationships of TCs, and revealed the developmental characteristics of cutaneous TCs in
late silky fowl embryos.
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Introduction

Telocytes (TCs) are a type of interstitial cells characterized by
the presence of a specific type of prolongations, termed telopodes
(Tps), which are long, slender, uneven and appear as moniliform
aspect.! Through their intercellular contacts/junctions and extracel-
lular vesicles/exosomes, TCs are proposed to be involved in many
physiological functions, such as mechanical support, intercellu-
lar communication, maintenance and modulation of tissue home-
ostasis, neurotransmission, immunomodulation and immuno-
surveillance, and control, regulation and source of other cell
types.®’ In particular, TCs are an emerging component of the stem
cell niche and serve as a nurse to regulate stem cells.® Currently,
some studies have demonstrated that Lgr5 villus tip TCs act as reg-
ulators of the epithelial spatial expression programs along the vil-
lus axis.’ Furthermore, TCs are necessary for maintenance of villus
tip endothelial cell polarization and fenestration.!* Therefore, TCs
are considered to play a role in angiogenesis and tissue regenera-
tion/repair, and they could exert their influence in cellular therapy
and organ regeneration.!:$%11:12

In pathology, TCs play complex roles in various diseases,
including tumour,'3'"* endometriosis,'® ectopic pregnancy,'’” and
fibrosis diseases.!® In addition, TCs are involved in skin
pathology." For example, the sensitivity of infantile haeman-
giomas to propranolol may be due to cross-talk between lesional
vascular cells and TCs.?° Furthermore, a previous study indicated
that loss of Pten in TCs is sufficient to trigger the development of
spontaneous colonic polyposis.?! Dysfunction of TCs reprograms
the gut’s microenvironment and drives the intestinal epithelium
towards colonic pathologies.?? These findings further support that
signalling silenced TCs have an altered stromal cell ratio and
secretory profile, leading to the establishment of a toxic niche that
affects epithelial homeostasis. This increasing evidence suggests
that TCs are involved in the pathological processes of many dis-
eases.

TCs have been identified in various organs of humans, mam-
mals, birds and poikilotherms. However, these studies are mainly
carried out in adults. Data on TCs in embryos are still very limited.
Although TCs have a characteristic ultrastructure in different
organs of humans and animals, they present immunophenotypic
heterogeneity in different anatomical locations.'*?3 Thus, the cellu-
lar identity, origin, and nature of TCs remain to be elucidated. The
variability of TCs between adult and embryo needs to be further
illustrated. Disclosing the spatiotemporal structure characteristics
and immunophenotypes is one way to reveal the nature and origin
of TCs.

Here, we aimed to record the developmental location pattern
and immunophenotypic characteristics of TCs during cutaneous
morphogenesis in the late embryos of the silky fowl. In particular,
the study illustrates the specific spatio-temporal relationships
between TCs and surrounding cell types, such as melanocytes.
These results demonstrate that developmental spatio-temporal
variation properties of cutaneous TCs of avian late embryos.
Furthermore, it contributes to a better understanding of the origin
and nature of TCs, and these data may be useful for understanding
the physiological roles of TCs in the skin of avian embryos.

Materials and Methods
Chicken embryos

Hatching eggs were purchased from a silky fowl farm. Twenty-
four chicken eggs were incubated in an incubator at 60-70%
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humidity at 37.5-38.5°C. The eggshells were sterilized with 75%
ethanol and were knocked broken at the air cell area at the 12,
16%, 20" day of incubation, respectively. The chicken embryos
were removed from the eggs, and then were placed on a Petri dish
containing PBS. The embryos were washed with PBS to remove
the yolk, and then they were sacrificed by cervical dislocation
euthanasia. All animal and embryo procedures were approved by
the Animal Ethical Committee of Foshan University (Foshan,
China; No. Fosu2022038).

Collection and treatment of chicken embryo skin
tissue materials

After sacrifice, the dorsal skin of embryos was collected. The
skin samples were separated and taken, and then they were divided
into many small pieces. Some of the skin pieces were fixed in 10%
formalin/PBS for 48 h for paraftin section and haematoxylin and
eosin (H&E) staining. Some of the skin pieces were fixed in 4%
paraformaldehyde/PBS overnight for immunohistochemical
method. Other smaller pieces of skin (approximately 1 mm x 2
mm) were fixed in 2.5% glutaraldehyde/PBS overnight for trans-
mission electron microscopy method.

Histology for telocyte-like cells (TC-L) identifica-
tion

The skin samples were removed from 10% formalin/PBS, and
then they were washed with 0.01 M PBS at pH 7.4. The skin sam-
ples were dehydrated in a series of graded concentrations of
ethanol. The skin samples were then placed in xylene and embed-
ded in paraffin. The blocks of skin samples were sectioned for his-
tology on a RM2245 microtome (Leica, Wetzlar, Germany). The
section thickness was 5 um. The flattened sections were floated on
a slide in a water bath. After dewaxing with xylene, the sections
were rehydrated in a gradient of 100% to 70% ethanol, washed
with double-distilled H,O, and stained with H&E. The sections
were dehydrated, mounted and observed using an NLCDS500 light
microscopy (Nanjing, China).

CD34 and PDGFRo immunohistochemistry (IHC)
for identification of TCs

THC protocol was performed according to our previous stud-
ies.?* Briefly, the sample sections were deparaffinated in xylene,
and were rehydrated in a gradient of 100% to 70% ethanol. The
sample sections were washed in PBS. For antigen retrieval, the seri-
al skin sections were put in the sodium citrate buffer (0.1 M,
pH=6.0) for 30 min at 95°C. The sample sections were incubated in
3% H,0,/PBS for 15 min to inactivate endogenous peroxidase at
room temperature. All following steps were performed in a moist
chamber in a dark environment. The sections were incubated in 5%
goat serum/PBS for 20 min at room temperature, and then goat
serum was discarded. Immediately, the serial skin sections were
incubated overnight with the anti-CD34 (1:50) (MCAS5936GA,
Bio-Rad Laboratories, Hercules, CA, USA) and PDGFRa (1:200)
(LS-C352658, Lsbio, Seattle, WA, USA) antibodies, respectively,
at 4°C in a refrigerator. Control skin sections were prepared by the
same process except that no primary antibodies were added. The
next day, after being washed with PBS, the sections were incubated
with biotinylated anti-rabbit IgG (ZSGB-Bio, Beijing, China) at
37°C for 30 min and with streptavidin-horseradish peroxidase
working fluid (ZSGB-Bio) at 37°C for 30 min. The color was dis-
played by 3-amino-9-ethylcarbazole (AEC) (A2010, Solarbio,
Beijing, China). The staining was stopped with PBS when positive
cells were clearly visible. The sections were then counterstained
with haematoxylin and mounted with glycerol jelly mounting medi-
um (Servicebio, China). Finally, the sections were photographed
using an NLCDS500 light microscopy (Nanjing, China).
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Transmission electron microscopy for ultrastruc-
ture of TCs

Transmission electron microscopy (TEM) was performed
according to our previous studies.* After removal from fixation
solution, small pieces of skin tissue (approximately 1 mm x 2 mm)
were washed in PBS. The skin samples were postfixed in 1% OsO,
for 2 h. The skin samples were dehydrated in a gradient of 70% to
100% ethanol, and then were immersed in propylene oxide -
araldite mixture for 4 h and finally embedded in araldite. The skin
sample blocks were sectioned at 100 nm with a UC7 ultramicro-
tome (Leica), and the sections were then mounted on cooper-coat-
ed grids and were stained with 1% uranyl acetate and Reynold's
lead citrate for 20 min. The stained sections were observed with a
Tecnai G2 Spirit TEM (FEIL, Hillsboro, OR, USA), and the ultra-
structural pictures were photographed using a high-resolution dig-
ital camera attached to TEM.

Morphometric analysis

Lengths and thicknesses of Tps, diameters of multivesicular
bodies and exosomes were measured using ImageJ (F1JI) software
(NIH, Bethesda, MD, USA). The method was carried out accord-
ing to a previous study.?* First, a micrograph was opened for dis-
tance measurement by the software. The scale was set using the
original scale of each micrograph using the “Set Scale” tool from
the “Analyze” menu. The scale distance was converted from pixel
unit to length unit (um). The straight distances, diameters of
podomers and podoms, and lengths of Tps were scaled by
“Straight Line” and “Segmented Line”, and then measured in the
“Measure” tool of the “Analyze” menu. The data were output and
analyzed using Office Excel software (Microsoft, Redmond, WA,
USA).
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Results

TC-L in the skin by H&E staining at different
developmental periods of late silky fowl embryos

At the 12% day of incubation, in the embryonic skin, the TC-L
appeared as elongated spindle shaped with thin processes, and they
were located in the dermis (Figure 1A). Some of TC-L were
observed close to the epidermis. Others were located near the
blood vessels in the deep dermis. The mean length of the processes
of TC-L was 8.89 um (n=4) in the embryonic skin at the 12" day
of incubation. At the 16" day of incubation, in the embryonic skin,
thin processes of TC-L were also observed in the dermis of embry-
onic skin (Figure 1B). The mean length of processes of TC-L was
16.45 um (n=6). In addition, the mean length of processes of TC-
L was 19.50 um (n=4) in embryonic skin at the 20" day of incuba-
tion (Figure 1C). Melanocytes were observed close to TCs in the
dermis at both 16™and 20™ day of incubation in the embryonic skin
(Figure 1 B,C).

TCs in the skin by IHC at different developmental
periods of late silky fowl embryos

In the embryonic skin at the 12* day of incubation, TCs did not
show a strong CD34 immunopositivity (Figure 2A). However, TCs
were located in the dermis and were PDGFRa-immunopositive
(Figure 2B). TCs exhibited spindle-shaped with long and thin Tps,
which appeared as a moniliform aspect with variable thickness
(Figure 2B, inset). In the embryonic skin at the 16" day of incuba-
tion, TCs did not showed strong CD34 immunopositivity (Figure
2D), but showed PDGFRa immunopositivity (Figure 2E) in the
dermis. The PDGFRa* TCs had thin and long Tps (Figure 2E,
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Figure 1. Light microscopy microphotographs showing telocyte-like cells (TC-L) by H&E staining in the skin of late embryo of the silky
fowl. A) TC-L with two thin and long processes (telopode, Tp) (black arrows, lengths = 4.26-13.10 pm) are observed in dermis (De) of
the incubation 12-day embryo; Ep, epidermis; BV, blood vessel. B) A TC-L with a long Tp (black arrows, length =26.17 um) is observed
in the dermis of the incubation 16-day embryo; the TC-L is close to a melanocyte (MC). C) A TC-L with a long Tp (black arrows, length
=42.45 um) is observed in the dermis (De) of the incubation 20-day embryo; a melanocyte (MC) is also observed in surrounding area of

TC-L; Ep, epidermis.
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inset). In the embryonic skin at the 20" day of incubation, TCs
were both CD34-(Figure 2G) and PDGFRa-immunopositive
(Figure 2H) in the dermis. The TCs appeared as spindle-shaped
with long and thin Tps (Figure 2 G.,H, insets). TCs were also
observed in the vicinity of melanocytes (Figure 2 G,H, insets). All
negative controls without primary antibodies were not
immunopositive (Figure 2 C,E]I).

Ultrastructural characteristics of TCs in the skin
at different developmental periods of late silky
fowl embryos

In the embryonic skin at the 12" day of incubation, TCs were
observed in the dermis (Figures 3 and 4). Some of TCs and their Tps
were observed near the base of the epidermis (Figures 4 A,B). TCs
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had oval bodies and were mainly occupied by the nuclei (Figures 3
A,B and 4A). The cytoplasm of TCs was sparse and contained small
amounts of organelles, such as rough endoplasmic reticulum and
mitochondria (Figure 3B). The electron-dense nucleoli were
observed close to the side of the nuclei (Figure 3B). TCs had thin
and long Tps (Figures 3 and 4). The mean length was 12.65 pm
(n=4). The thickness of the Tps was approximately 0.11 um. The
organelles, rough endoplasmic reticulum and mitochondria, were
also observed in the podom of Tps (Figure 4B). TCs/Tps established
frequently homocellular close contacts (Figures 3B and 4B). In addi-
tion, an extracellular multivesicular body with 1.08 um (n=1) in
diameter was observed to adhere closely to the Tps (Figure 3B).
Many free shedding vesicles/exosomes with 0.13+0.04 um (n=6) in
diameters were observed in close proximity to the Tps (Figure 3B).
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Figure 2. Light microscopy microphotographs showing telocytes (TCs) by immunohistochemistry in the skin of late embryo of the silky
fowl. A-I) are serial sections from the identical skin sample of an incubation 12, 16 and 20-day embryo, respectively. A) TCs showing
faintly immunopositive by CD34 immunohistochemistry. B) TCs showing positive by PDGFRa immunohistochemistry; the inset from the
black dashed line boxed area exhibits a PDGFRa" TCs with a slender and toruliform telopode (black arrow). C) Negative control without
primary antibody. D) TCs showing faintly positive by CD34 immunohistochemistry. E) TCs showing positive by PDGFRo immunohisto-
chemistry. The inset from the black dashed line boxed area exhibits a PDGFRa" TC with slender and toruliform telopodes (black arrows).
F) Negative control without primary antibody. G) TCs showing positive by CD34 immunohistochemistry. The inset from the black dashed
line boxed area exhibits a CD34" TC with slender telopodes (black arrow); a melanocyte (MC) is observed near the TCs. H) TCs showing
positive by PDGFRo immunohistochemistry. The inset from the black dashed line boxed area exhibits a PDGFRa" TC with slender
telopodes (black arrows); a melanocyte (MC) is also observed in close proximity to the TC. I) Negative control without primary antibody.

Ep, epidermis; De, dermis.
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Figure 3. TEM micrographs of the skin of incubation 12-day embryo of the silky fowl. A) Three telocytes (TCs) with thin and long
telopodes (Tps, black arrows) (Tp,=8.35 um; Tp,=5.51 um) are observed in the dermis. B) High-magnification TEM micrograph of the
black dashed line boxed area shown in (A) with details of telopodes and the surrounding niche; the telopodes is thin (diameter = 0.11 pm);
the nucleus of TCs is big and occupy most of the cell body; the nucleus contains a clear and electron-dense nucleolus (Nu); the cytoplasm
is scarce within organelles, mitochondria (Mi) and rough endoplasmic reticulum (rER); the homocellular close contacts (the blue dashed
line boxed areas) were observed between telopodes; the multivesicular body (the yellow dashed line boxed areas) is observed in close
proximity to the Tps; several free exosomes (arrowheads) are also observed near the telopod.

Figure 4. TEM micrographs of the skin of incubation 12-day embryo in the silky fowl. A) A telocyte (TC) with two thin and long telopodes
(Tps) (black arrows, lengths are 11.95 pm and 24.77 pm, respectively.) B) High-magnification TEM micrograph of the black dashed line
boxed area shown in (A) with details of Tps; the organelles, mitochondria (Mi) and rough endoplasmic reticulum (rER) were observed in
the Tps; the homocellular close contacts (the blue dashed line boxed areas) were observed between Tps; Ep, epidermis. C) The lamellar
bodies (blue arrow) and cilium (red arrow) were observed.
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In the embryonic skin at the 16" day of incubation, TCs were
observed in the dermis (Figures 5 and 6). TCs also had spindle
bodies with very thin and long Tps. The mean length of the Tps
was 11.18 pm (n=5). The thickness of thin podomers and thick
podoms of Tps was 0.02-0.03 um and 3.43 pm, respectively
(Figure 5 A,B). The thick podom of Tps contained dense mito-
chondria and rough endoplasmic reticulum (Figures 5A and 6A).
Some of the Tps were branched (Figure 6A). The extracellular
multivesicular bodies with 1.27+0.24 pm (n=4) in diameters were
observed closely attached to the Tps (Figures 5A,C and 6A). The
intracellular multivesicular bodies with 0.67+0.26 pm (n=2) in
diameters were also observed in the cytoplasm of TCs (Figure 5C).
The exosomes with 0.17£0.07 pm (n=6) in diameters were
observed in close proximity to the Tps. In addition, the discrete
caveolae were observed in the Tps (Figure 6A). TCs/Tps frequent-
ly established homocellular close contacts (Figures 5A and 6A).
Plasmalemmal adhesion was also observed between Tps (Figure
6A). Melanocytes with oval and electron-dense melanosomes were
observed close to the Tps (Figure 6B).

In the embryonic skin at the 20" day of incubation, TCs were
observed in the dermis (Figures 7 and 8). TCs had oval cell bodies,
and thin and long Tps. The mean length of the Tps was 17.49 um
(n=8). The thickness of the Tps in the thin podomer segments was
0.02 um. In the thick podom segments, the thickness of Tps was
0.58 um. The homocellular close contacts were observed between

Tps, and Tps and cell bodies (Figure 7A). An extracellular multi-
vesicular body with 0.92 pm (n=1) in diameter was observed in
close proximity to the Tps (Figure 7B). The exosomes with
0.10+0.02 um (n=4) in diameters were also observed in close prox-
imity to the Tps. In addition, Tps were frequently found in close
proximity to the melanocytes (Figures 7A and 8). Importantly, Tps
and melanocytes formed heterocellular close contacts (Figure 8
B,C). In addition, an extracellular multivesicular body with 0.64
um (n=1) in diameter was observed between Tps and melanocytes
(Figure 8B). The extracellular multivesicular body was close to
both the Tps and the melanocytes.

Location relationships between TCs/Tps and
melanocytes of skin at different developmental
periods of late silky fowl embryos

After H&E staining and IHC, the melanocytes were not
observed in the embryonic skin at the 12" day of incubation.
Melanocytes/melanin were observed at the 16™ day of incubation,
but were still sparse. It was not until the 20 day of incubation that
the melanocytes/melanin were denser (Figures 1 and 2). With the
embryo developing, there was a pattern of distribution of
melanocytes from absent to present and from sparse to dense in the
skin (Figures 1 and 2). In addition, melanocytes were observed in
close proximity to the Tps (Figures 2 G,H).

By TEM, the melanocytes were not observed in the embryonic

Figure 5. TEM micrographs of the skin of incubation 16-day embryo in the silky fowl. A) Telocytes (TCs) with long telopodes (Tps) are
observed in the dermis of 16-day embryo in the silky fowl; a TC possesses two long Tps (The lengths of Tp, and Tp, are 17.11 um and
7.79 um); the Tps appear as moniliform aspect with various thickness; Tps consist of thick podom (diameter = 3.43 pum) and thin podomer
(diameter = 0.02 pum); the thick podom contains the organelles, mitochondria (Mi) and rough endoplasmic reticulum (rER); the homocel-
lular close contact (the blue dashed line boxed area) is observed between Tps; the extracellular multivesicular bodies (the yellow dashed
line boxed areas) were observed in close proximity to Tps. B) Telocytes (TCs) are observed in the dermis; the TCs possess very thin and
long the telopodes (Tps); the diameters of Tps are 0.02 and 0.03 pm, respectively; the lengths of Tps are 5.66 pm and 10.42 pm, respec-
tively. C) The extracellular and intracellular multivesicular bodies (the yellow dashed line boxed areas) were frequently observed in close
proximity to Tps and in the cytoplasm of TCs, respectively.
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skin at the 12" day of incubation (Figures 3 and 4). Rarely, the
melanocytes containing electron-dense melanosomes were
observed in the embryonic skin at the 16" day of incubation
(Figure 6B). Furthermore, the melanocytes were located close to
the Tps. In the embryonic skin at the 20" day of incubation, the
melanocytes were found to contain many oval and electron-dense
melanosomes (Figures 7 and 8). In particular, the melanocytes
established close contacts with the neighbouring TCs/Tps (Figure
8). In addition, extracellular multivesicular bodies were observed
between melanocytes and TCs/Tps, which remained close to each
other (Figure 8 B,C).

Discussion

TCs have been found in virous organs of human and animals
in previous studies. Data on TCs in birds is very limited. Currently,
several studies on TCs in the adult birds, including chickens, ducks
and geese, have been performed.?*?® These results demonstrated
that avian TCs have unique structural features compared to the
canonical TCs in other animals. In general, avian TCs have 2-3
very long and thin cellular prolongations - Tps, which appear as
moniliform aspect with varying thickness. In other words, Tps con-
tain the thick segments - podoms and the thin segments -
podomers. The podoms and podomers are alternately distributed.
In addition, avian TCs and their Tps established homocellular con-

tacts, and also establish heterocellular contacts with neighbouring
different cell types/non-cell structures.

In general, in normal skin, TCs were located in the dermis and
had specific spatial relationships with different dermal structures
such as blood vessels, hair follicles, arrector pili muscles, cuta-
neous glands.?>3* In the dermis of adult silky fowl, the structural
characteristics of TCs were consistent with the canonical TCs.?*
TCs and their Tps were frequently observed in close proximity to
neighbouring cell types or non-cell structures, such as adipocytes,
collagen fibres, and capillaries. Homocellular contacts by plas-
malemmal adhesion between TCs/Tps were observed. Moreover,
the heterocellular close contacts by point contacts were observed
between TCs/Tps and surrounding cells, including stem cells and
melanocytes. The multivesicular bodies, including exosomes,
released from TCs/Tps were observed in close proximity to
TCs/Tps. The study provided histological evidence for TCs the
involvement of TCs in intercellular communication in avian skin.

In the present study, TCs were described in the developing skin
of the silky fowl. The morphological features of the embryonic
TCs in the study were somewhat comparable to the TCs in other
animals. Overall, they shared very similar ultrastructural features.
Moreover, TCs and their Tps established structural relationships
with surrounding cell types. Homocellular contacts between TCs
and heterocellular contacts between TCs and neighbouring
melanocytes were observed in the dermis. Through Tps and their
homocellular and heterocellular contacts, TCs were organized in a

Figure 6. TEM micrographs of the skin of incubation 16-day embryo in the silky fowl. A) Telocytes (TCs) with thin and long telopodes
(Tps) are observed in the dermis; TC, possesses a branching Tp,; the podom of Tp, contains the rough endoplasmic reticulum (rER); Tps
contains some small and rounded caveolae (black arrowheads); the multivesicular bodies (the yellow dashed line boxed areas) were fre-
quently observed in close proximity to Tps; Tp, establishs homocellular close contact (the blue dashed line boxed area) with TC,; Tp;and
Tp, establish homocellular structural relationship by plasmalemmal adhesion (the green dashed line boxed area). B) A melanocyte (MC)
within oval and electron-dense melanosome (Ms) is observed near some Tps.
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3D network and played a role in the mechanical support. The sig-
nal communication occured between the TCs by the direct homo-
cellular contacts.’! Additionally, the extracellular vesicles and free
shedding exosomes were also observed in close proximity to
TCs/Tps. These shed vesicles have been suggested to contain sig-
nalling molecules.’? Thus, TCs had a paracrine function through
the extracellular vesicles and free shedding exosomes. The
paracrine function of TCs has been implicated in angiogenesis
and/or vascular homeostasis, and dermal tissue remodelling/repair
processes.” These data may also be useful for understanding the
role of TCs in pathologies such as scleroderma, multiple sclerosis,
psoriasis, efc.’® Therefore, TCs exerted their cellular effect in inter-
cellular signalling and communication either through instituting
cellular contact (physically) or through paracrine mode (chemical-
ly).3132 Recently, TCs studies involving avian embryos are avail-
able. In the Japanese quail embryo, TCs were observed in the
mucosa, submucosa and muscle layers of the caecal proximal part
at 13" embryonic day by THC and TEM.** In the oesophagus of
quail embryos, at the 5" to 8", 15% days of incubation, TCs were
identified in the walls of the esophagus by histochemistry, IHC and
TEM.*» TCs were recognized in the laminae propria, submucosa
and muscular layer of oesophagus. TCs exhibited high affinity for
PAS and were immunopositive for CD34 and VEGF by IHC. TCs
were VEGF", suggesting that TCs may promote endothelial cell
proliferation and angiogenesis.3¢

In adult silky fowl, our current study demonstrated that TCs

are located in the dermis and were immunopositive for CD34, c-
Kit, and PDGFRa.>* TCs still do not have a specific marker.
Endothelial progenitors show CD34" and PDGFRo:. Fibroblasts
show CD34- and PDGFRo". TCs show CD34" and PDGFRa".%’
Therefore, many previously published papers consider CD34 and
PDGFRa to be a relatively reliable marker of TCs. In the present
study, TCs showed CD34 immunoreactivity in the embryonic skin
at the 20" day of incubation. CD34 is a member of a family of
transmembrane sialomucin proteins, and it is a common marker for
haematopoietic stem cells, haematopoietic progenitor cells, as well
as non-haematopoietic cells such as epithelial and endothelial pro-
genitors, multipotent mesenchymal stromal cells. Both endothelial
progenitors and TCs express CD34 and they share similar mor-
phology. But endothelial cells are components of blood vessels and
lymphatic vessels. Therefore, it is possible to distinguish between
endothelial cells and TCs by the presence or absence of haemo-
cytes in elongated CD34" cells. CD34 is critical for adhesion
molecules, proliferation and blocking differentiation of stem and
progenitor cells.® TCs of embryonic skin exhibited CD34
immunoreactivity. It is suggested that TCs play an essential role in
angiogenesis and morphogenesis.*®

In addition, in the present study, TCs exhibited PDGFRa
immunoreactivity. PDGF and its receptors PDGFR have served as
prototypes for growth factor and receptor tyrosine kinase function.
Studies of PDGF and PDGFR in animal development have
revealed roles for PDGFRa signalling in gastrulation and in the

Figure 7. TEM micrographs of the skin of incubation 20-day embryo in the silky fowl. A) Telocytes (TCs) with thin and long telopodes
(Tps) are observed in the dermis; the lengths of Tps of TCs are measured by Imagel software; also, the Tps of TCs exhibit moniliform
aspect with different diameters, thin podomer (D; = 0.02 um) and thick podom (D, = 0.58 um); TCs establish frequently homocellular
close contact (the blue dashed line boxed area); a melanocyte (MC) within rounded and electron-dense melanosome (Ms) is observed near
the Tps. B) Tps contain intracellular multivesicular bodies (the yellow dashed line boxed area); the free shedding exosomes (black arrow

heads) are observed in close proximity to the Tps.
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development of the cranial and cardiac neural crest, gonads, lung,
intestine, skin, CNS, and skeleton.’® In the skin, PDGFRa" mes-
enchymal cells are recruited to hair follicles to become dermal
papillae and dermal sheath.® The dermal sheath is a smooth mus-
cle that drives follicles regression for reuniting niche and stem
cells in order to regenerate tissue structure during homeostasis.* It
is suggested that these PDGFRo" mesenchymal cells in skin are
exactly the new type of mesenchymal cells — TCs. Moreover, our
results had confirmed that TCs are located in the dermis of silky
fowl at developmental embryos. Thus, PDGFRa* TCs play a criti-
cal role in the development of the dermis and hair follicles. TCs
serve as cellular players to participate in renewal or repair process-
es after skin injury.*' TCs may be indispensable for skin wound
repair and hair follicle regeneration. It is tempting to speculate that
TCs may be a novel potential target for therapeutic strategies
aimed at enhancing skin repair, hair follicle regeneration and hair
cycle regression after wounding in clinical application.*> A study
has demonstrated that TCs reduce the delay in wound healing and
the inflammatory responses induced by LPS may be mediated by
inflammatory inhibition, thereby restricting apoptosis and promot-

ing migration of the major component cell types in the skin of
mice.” In perspective, these findings may have important implica-
tions in the field of skin regenerative medicine.** The location and
structural relationships between TCs and melanocytes supported
the note that the TCs appear to be involved in the melanogenesis
as we observed close contacts between the Tps and melanocytes.
Cutaneous TCs have been demonstrated to have an endocytic func-
tion, intake pigment of hemosiderin and melanin,* or transfer pig-
ment to other cells.?* The locations of melanin may be regulated by
TCs. Our findings confirmed that the locations, immunopheno-
types, and structural characteristics of TCs in the skin of embryos
of the silky fowl at the later stages of incubation. Furthermore, the
structural relationships between TCs and surrounding cell
types/structures, including melanocytes, were observed in the skin
of late embryo of the silky fowl. TCs with canonical morphologi-
cal features and immunophenotypes were present in developing
skin. The study revealed differences in either CD34/PDGFRa
immunopositivity or structural characteristics of TCs with skin
development. The putative role of TCs is the regulation of skin
morphogenesis through both direct intercellular contacts and trans-

Figure 8. TEM micrographs of the skin of incubation 20-day embryo in the silky fowl. A) Telocytes (TCs) with thin and long telopodes
(Tps) are observed in the vicinity of blood vessel (BV); TCs are also observed near neighboring melanocytes (MC) that containing many
rounded and electron-dense melanosomes (Ms). B) Tps establish heterocellular close contacts (the red dashed line boxed area) with
melanocyte (MC); the extracellular multivesicular bodies (the yellow dashed line boxed area) are observed between Tps and MC. C) The
heterocellular close contacts (the red dashed line boxed area) are also observed between another TC and MC.
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fer of extracellular vesicles to neighbouring cells.* TCs were sug-
gested to be involved in skin and its accessory organs morphogen-
esis and regeneration/repair processes. These results underline the
importance of expanding our knowledge of the biological proper-
ties of TCs and their role as key regulators of the 3D architecture
of the organs. Furthermore, it would be attractive to consider that
augmenting dermal TCs’ presence/density could become an attrac-
tive therapeutic alternative for treating various skin wounds and
defects in regenerative medicine.'>*’” TCs may have a potential in
clinical application for treating skin wound and defects in regener-
ative medicine.
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