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ARTICLE INFO ABSTRACT

Keywords: Recently, pulmonary DC deserved the attention of researchers and clinicians as it was implicated in many diseases
CD8 afflicting human lungs. However, there are no available data about the morphological or functional features of
Ultrastructure pulmonary dendritic cells in fetal or early neonatal life. The present study aimed to demonstrate the morpho-
'éeDlgzytes logical development of DCs using light-, electron-microscopy, and immunohistochemistry. DCs showed strong
Lymphocytes immunoreactivity for both CD8 and CD56. Moreover, DCs strongly expressed CD34, VEGF, NSE, and connexin-43

within the developing pulmonary tissue. By SEM, DCs were polyhedral in shape with short cell processes in fetal
life. By the advancement of the age, DCs became more numerous and exhibited rounded to oval cell bodies with
many fine dendrites. TEM revealed that at early fetal life, DCs were characterized by their heterochromatic
indented nuclei, few cell processes and few organelles. With the advancement of age, DCs showed dendrite-like
processes and displayed signs of high endocytic activities with releasing of secretory materials. At late fetal life,
DCs showed an obvious increase in the nuclear/cytoplasmic ratio and they exhibited a unique connection with
type II pneumocytes and pulmonary endothelium by gap junction. In the early neonate, the DCs cells were seen in
association with T-lymphocytes, neutrophils, telocytes (TCs), and air-blood barrier. They possessed many fine
dendrites, the characteristic Birbeck granules and many vesicles. DCs may contribute to apoptosis, endocytosis,
and angiogenesis. The difference in the maturation status may reflect different roles for DCs in the lung. The
immature DCs may have an antigen-uptake role through endocytosis, while mature DCs may involve in antigen
presentation to T-cells.

Antigen-presentation

1. Introduction in lung cancer in humans (Hansen and Andersen, 2017). These findings

have pushed many researchers to investigate and study the pulmonary

Dendritic cells (DCs) are specialized highly professional antigen-
presenting cells (APC) that are located at sites of the body where
maximal microbial encounter occurs, such as the skin, the lung and the
gut (Merad et al., 2013). DCs play a central role in the initiation of
adaptive immune responses against foreign agents, infective agents,
commensals or tissue damage.

In the last few years, pulmonary dendritic cells have been implicated
in a number of pathologies afflicting human lungs such as bronchial
asthma (Lambrecht and Hammad, 2003) and chronic obstructive pul-
monary disease (COPD) (D'Hulst et al., 2002). Moreover, pulmonary
dendritic cells have been shown to be the key cells in the protection
against pulmonary tuberculosis infection in mice (Demangel et al., 1999;
Lagranderie et al., 2003). Furthermore, recent studies showed that the
number of pulmonary DCs is markedly increased in sarcoidosis (Bucz-
kowski et al., 2002), in diffuse panbronchiolitis (Todate et al., 2000) and
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DCs carefully in humans and in experimental animals. Hopefully, a better
understanding of the morphological and physiological features of pul-
monary DCs will provide new insights into the pathogenesis of those
diseases, and will guide the clinicians to the design of new therapeutic
strategies in control and prevention of these diseases by utilizing the
unique properties of these cells.

In general, there are two major subsets of DCs, namely, myeloid DCs
(mDCs) and plasmacytoid DCs (pDCs) (Shortman and Liu, 2002; Liu,
2005; Liu, 2001). Recently both subsets were recognized in the lungs of
adult humans and mice (Shortman and Liu, 2002). On a functional level,
mDCs include a heterogeneous population of antigen-presenting cells
that have the capacity for the capture, processing, and presentation of
antigens to T cells. Simply, mDCs act as a bridge linking between adap-
tive and innate immune responses. In the other hand, pDCs play a critical
role in anti-viral immunogenic response and recently, it was proven that
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Fig. 1. Semithin section stained with toluidine blue in fetal and neonate rabbit lung.

A: in 25th gestational day, DCs (arrowheads) were recognized in pulmonary interstitial tissue. B-C: in 27th gestational day, DCs (arrowheads) were recognized in
lamina propria of bronchiole (Br) and in tunica adventitia of developing blood vessels (BV). D-E: in 29th gestational day, DCs (arrowheads) were demonstrated in
lamina propria of bronchiolar mucosa (Br) and in the wall of growing blood vessels (BV) beneath the endothelial cells. F-I: in 7th postnatal day, DCs (arrowheads)
were demonstrated in lamina propria of bronchioles (Br), in adventitia of blood vessels (BV), in interalveolar septa (IS) and around nerve fibers (NF).

pDCs have also a clear very important tolerogenic role (McGovern et al.,
2014).

Recent studies have shown that DC precursors and monocytes sepa-
rate in the bone marrow. DC precursor gives rise to pre-DCs, which leave
the bone marrow to reach the different organs and tissues, pre-DCs
differentiate into several different subsets of DCs including
CD8'DEC205" and CD8733D1™ in the spleen and CD103" and CD8*
DCs in non-lymphoid tissues (Liu and Nussenzweig, 2010). Moreover,
CD8™ DCs have been considered as independent DC subpopulations both
ontogenetically and functionally so that the wide variety of DC subsets
can be classified on the basis of their CD8 expression (Banchereau et al.,
2000).

DCs show a distinct set of cell-surface markers (Shortman and Liu,
2002 and Dudziak et al., 2007), which is used extensively in their
identification and characterization. However, there is no single
cell-surface antigen that identifies all DCs (Shortman and Liu, 2002). This
is partially due to the fact that DCs are a heterogeneous group of cells that
contain several distinct subpopulations (Liu, 2005 and Liu, 2001). The
heterogeneity among DCs is of interest as it indicates specialized func-
tional properties of each DCs subset. However, this heterogeneity also
represents a strong challenge during recognizing of the DCs in different
tissues and determining how these cells differ developmentally from
other mononuclear cells, such as monocytes and macrophages. For these
reasons, it was found that the ultra-structural approach is the best
method to identify and count the total DCs population in pulmonary
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tissue and other organs (Shamoto et al., 1999; Teunissen, 1992).
Although the characteristics of pulmonary DCs have been extensively
studied in many experimental animal models, only limited insufficient
data are available concerning the rabbit pulmonary DCs (Koshy et al.,
2003). Moreover, there are no available data at all about the morpho-
logical or functional features of pulmonary dendritic cells in fetal life. So
that the aim of this study is to describe the morphological development of
the dendritic cells in the rabbit lung and identify their populations using
immunohistochemistry, morphometry, and electron microscopy.

2. Materials and methods
2.1. Collection of samples

The study was approved by the Ethics Committee of Assiut University,
Egypt. Twenty-four New Zealand White rabbit fetuses collected on
gestational days; 23, 25, 27 and 29 days (six fetuses per age) were used in
the present study. In addition, six newborn New Zealand White rabbits
were sacrificed on the 7th day of the postnatal period. The animals were
obtained from the laboratory animals' house at Faculty of Medicine,
Assiut University. Before the sacrifice of pregnant rabbit doe, the animals
were anesthetized by 35 mg/kg ketamine and 5 mg/kg xylazine (Thur-
mon et al., 1996), and then the uterus was extracted. The fetuses were
immediately taken out from the uterus and washed with normal saline.
The obtained fetuses were prevented from breathing by tying their necks



D.M. Mokhtar, M.M. Hussein

©
e
o
c
e
(2]
O
o.

after their extraction. All sacrificed animals and collected fetuses were
dissected under a Stereo microscope, and both lungs were carefully
excised immediately for fixation.

2.2. Immunohistochemistry

The immunohistochemistry was performed on formalin-fixed,
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Fig. 2. Immunohistochemical expression pattern of
CD8 in lungs at different developmental ages.

A: CD8" DCs (inserted figure) were recognized around
nerve fibers (NF). B: CD8" DCs (arrowheads) were
observed within bronchiolar mucosa (Br). C-D: CD8" DCs
(inserted figure and arrowheads) were demonstrated in
bronchiolar mucosa (Br) and in pulmonary interstitial tis-
sue in close association with developing blood vessel (BV).
E-F: CD8" DCs (inserted figure and arrowheads) were
recognized in pulmonary interstitial tissue and in the wall
of developing blood vessels (BV). G-H: CD8™ DCs (inserted
figure) were demonstrated in bronchial mucosa around
cartilage plates (C) and in tunica adventitia of blood vessel
(BV). I-J: CD8" DCs (inserted figure) were recognized in
pulmonary interstitial tissue and in the tunica adventitia of
developing blood vessels (BV).

paraffin-embedded, and 3-pm-thick step-serial sections were made
from the lung samples collected at the five ages. The sections were
treated with 10 ml Mol Tris buffer and 1 ml Mol ethylene-diamine-tetra-
acetic acid, pH 9.0 for 20 min at 90 °C. Inhibition of endogenous perox-
idase was done by soaking the sections with 3% H202, then they were
preincubated overnight at 4 °C in 1% bovine serum albumin in PBS. The
sections were stained at room temperature for 30min, using the
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following antibodies: rabbit polyclonal anti-vascular endothelial growth
factor (VEGF) (1:300; Abcam, Cambridge, UK), rabbit polyclonal anti-
NSE (neuron-specific enolase) (1:50, Dako, Glostrup, Denmark), mouse
monoclonal anti-CD34 (1:100, clone QBEND10, Biogenex, San Ramon,
CA, USA), mouse polyclonal anti-CD8 (1:200; Abcam, Cambridge, UK),
mouse polyclonal anti-CD56 (1:200; Abcam, Cambridge, UK), and rabbit
polyclonal anti-connexin 43 (1:400 Dako, Glostrup, Denmark) according
to the avidin-biotin peroxidase complex method, as previously reported
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Fig. 3. Immunohistochemical expression pattern of
CD 56 and CD 34 in lungs at different developmental
ages. A: CD56™ DCs (arrowheads) were observed in pul-
monary interstitial tissue in close association with devel-
oping blood vessels (BV). B: CD56" DCs (inserted figure)
were observed in pulmonary interstitial tissue in close
association with developing blood vessels (BV) and nerve
fiber (NF). C-E: CD56" DCs (white arrowheads) were
demonstrated within the pulmonary interstitial tissue
contacted to each other and to TCs (black arrowheads) by
their cytoplasmic processes forming a network. F: CD 34
DCs (arrowhead) were recognized in pulmonary intersti-
tial tissue. G: CD34™" DCs (inserted figure) were within the
wall of developing airway and protruded to the lumen. H:
CD 34" DCs (inserted figure) were seen within the wall of
developing blood vessel protruding to the vascular lumen.
I-J: CD34" DCs (arrowheads) were observed in pulmonary
interstitium surrounding blood vessels (BV) and devel-
oping bronchioles (Br).

(Hsu et al., 1981). Sections were counterstained with hematoxylin and
photographed under a Leica microscope (Germany).

2.3. Semithin and transmission electron microscopy

Small fragments of lung tissue in all ages were fixed in 2.5% para-
formaldehyde and 2.5% glutaraldehyde in 0.1M sodium cacodylate
buffer, pH 7.3 and left overnight at 4°C (Karnovsky, 1965). Then
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post-fixed in 1% osmic acid in 0.1M Na-cacodylate buffer for 2 hours at
room temperature. The samples were then dehydrated in ethanol and
embedded in Araldite-Epon mixture. Semithin sections (1 pm in thick-
ness) were cut and stained with Toluidine blue and examined under a
light microscope. Ultrathin sections were stained with uranyl acetate and
lead citrate (Reynolds, 1963) and photographed under a JEOL 100 II
transmission electron microscope.

2.4. Scanning electron microscopy (SEM)

Small specimens from the lung at the all studied ages were washed in
0.1M sodium phosphate buffer and fixed in 2.5% paraformaldehyde and
5% glutaraldehyde in 0.1M sodium phosphate buffer, pH 7.3, at 4 °C for
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Fig. 4. Immunohistochemical expression pattern
of VEGF and NSE in lung at different develop-
mental ages.

A-B: DCs (arrowheads) expressed a strong VEGF
immunoreactivity in pulmonary interstitial tissue C:
DCs (inserted figure) expressed a strong VEGF
immunoreactivity within inter-saccular septa. Note
that its cytoplasmic processes are protruding to the
airway lumen. D-E: DCs (arrowheads and inserted
figure) expressed a strong VEGF immunoreactivity in
close vicinity to the developing blood vessels (BV). F:
DCs (inserted figure) expressed a strong NSE immu-
noreactivity in pulmonary interstitium. G-H: DCs
(inserted figure and arrowheads) expressed a strong
NSE within the wall of developing airways. I-J: DCs
(arrowhead and inserted figure) expressed a strong
NSE in pulmonary interstitium (IS) and within the
wall developing alveoli (AL).

24 h. Then, they were post-fixed in 1% osmic acid in 0.1M sodium
phosphate buffer for 2 h, dehydrated by acetone and then were subjected
to critical-point drying with a Polaron apparatus. Finally, they were
coated with gold using the JEOL- 1100 E ion-sputtering device and
examined with a JEOL scanning electron microscope (JSM 5400 LV) at
10kV.

2.5. Morphometrical and statistical analysis

2.5.1. Detection of age-related change in the number of DCs/unit area
Five immuno-stained sections were randomly selected from three

immunohisochemical markers at each developmental age and five

microscopic fields were randomly selected and analyzed using image-J
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Fig. 5. Immunohistochemical expression pattern of connexin 43 in lung at different developmental ages. A-H: DCs (arrowheads) expressed a strong immu-
noreactivity to connexin 43 in the wall of developing blood vessels (BV), in pulmonary interstitium (IS), within the wall of developing bronchioles (Br), and within the
wall of developing air saccules (AS) or developing alveoli (AL).
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software. The number of CD81 DCs, CD56" DCs and CD341 DCs (per
20 um? using a 100 X objective) were recorded. All the data were pre-
sented as the mean + SE and statistically analyzed using one-way analysis
of variance (ANOVA) followed by Duncan's multiple range test to
compare the number of DCs/unit area in the five age groups. These data
were expressed by Graph Pad Prism (version 6.05; International
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Fig. 6. Digital colored scanning electron microscopy
of the developing of the pulmonary DCs (pink):

A, B: On the 23rd gestational day, the DCs were demon-
strated around the developing air spaces in association
with Tps of TCs (blue). C, D: On the 25th gestational day,
the DCs enlarged and covered by short microvilli. E, F: On
the 27th gestational day, the DCs consisted of rounded to
oval cell bodies with many short cell processes. G, H: On
the 29th gestational day, many DCs could be observed in
groups and established close contact with each other. I, J:
In the postnatal period, close contact between the DCs and
TCs and their Tps (blue) were demonstrated.

Scientific Community). Differences were considered significant at
p < 0.05 and highly significant at p < 0.01.

2.6. Detection of the relative percentage of CD8" DCs co-expressed CD56

Two-step serial sections were selected at 25th gestational day. These
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sections were immunostained by CD8 and CD56, respectively. Five fixed
microscopic fields were randomly selected from CD8 immuno-stained
sections and CD8" DCs were quantified in each field and were recor-
ded. Exactly, the same fields were examined in CD56 immunostained
section and only CD8" DCs that co-expressed CD56 were quantified in
each field and were recorded too. Then the relative percentage of CD8™
DCs co-expressed CD56 was calculated. The same method was performed
in the 7th postnatal day. The same quantification method was also
repeated twice again on the same ages using other step-serial sections.
Data from both age groups were analyzed using Student's T-Test. These
data were expressed by Graph Pad Prism (version 6.05; International
Scientific Community).

2.7. Detection of the relative percentage of CD8" DCs co-expressed NSE,
VEGF and Connexin 43

The same above mentioned quantification method was carried out on
the same ages using immune-stained step-serial sections.
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Fig. 7. Digital colored transmission electron micro-
scopy of the pulmonary DCs (pink) on the 23 (A-C) and
25th (D-F) gestational days:

A: The myeloid DCs were characterized by their hetero-
chromatic indented nuclei, abundant cytoplasm and
irregular shaped cell bodies with few thick pseudopodia
(arrowheads). B: Plasmacytoid DCs characterized by the
enlarged nucleus and reduced cytoplasm as well as they
displayed bulbous-like processes and vesicles (arrow-
heads) that some of them were released to the interstitium.
C: Myeloid DC was intermingled between the developing
epithelial cells (EP) of the bronchioles. D: Myeloid DCs
showed signs of endocytosis in the form of distributed
tubules (T), caveolae (arrowhead), rER, multivesicular
bodies (inserted box) and release of secretory materials to
the connective tissues. Note the DCs were recorded in the
connective tissues in relation to telopodes of telocytes
(blue). E: Myeloid DCs were observed in vicinity to
lymphocyte (orange). F: plasmacytoid DCs were observed
around the blood vessels (BV) of the airways. Note the
presence of fine dendrites (arrowheads), vesicles (arrow),
lysosome (L) and released secretory products (S).

3. Results
3.1. Light microscopy

At 23rd gestational day, the fetal rabbit lung is in the pseudoglandular
stage. At this stage, all the conductive airways are easily distinguished.
Each prospective terminal bronchiole branches to give 2—4 straight ducts
and each duct ends by a terminal bud. These terminal buds are lined by
low columnar cells (Elhafez et al., 2012). At this age, DCs were difficult to
be observed in semithin sections.

At 25th gestational day, the fetal lung is in the canalicular stage that
marked by a progressive vascularization of the pulmonary interstitial
tissue. The first air-blood barrier is formed through close contact of the
developing type I pneumocyte with some capillaries (Schittny and Burri,
2007). DCs were recognized sporadically in the interstitial tissue of
developing rabbit lung. They appeared as stellate cells with a deeply
stained nucleus and deeply stained cytoplasm. They were provided by
1-2 small fine cytoplasmic processes (Fig. 1A).



D.M. Mokhtar, M.M. Hussein

At 27th gestational day, the fetal lung is in the saccular stage that
characterized by the branching of the terminal bronchioles into several
ducts that end by air saccules. The thick inter-saccular septa with a
characteristic double capillary layer are observed (Schittny and Burri,
2007). DCs were observed in the lamina propria of the bronchioles in a
close association to the bronchiolar epithelium (Fig. 1B). They were also
recognized within the inter-saccular septa around the air saccules and in
the tunica adventitia of growing blood vessels (Fig. 1 C).

At 29th gestational day, the fetal lung is in the alveolar stage. At this
age, the air conducting system becomes morphologically and function-
ally mature. The air saccules are subdivided by developing septa into
primitive alveoli (Elhafez et al., 2012). DCs were demonstrated in lamina
propria of bronchiolar mucosa in close contact to the bronchiolar
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Fig. 8. Digital colored transmission electron micro-
scopy of the pulmonary DCs (pink) on the 27th gesta-
tional days:

A, B: DCs showed lysosomes (L) and numerous and long
cell processes (arrowheads) that established close contact
with Tps of the TCs (blue). C: DCs characterized by an
indented nucleus, and electron-lucent cytoplasm filled
with dense granules, tubules, and rER (inserted box). Note
the close contact between DC and lymphocyte (orange). D:
the plasmacytoid DCs connected by gap junction (arrow-
head) with the endothelium (E). E: Myeloid DC contained
mitochondria, rER, scattered ribosomes and dense gran-
ules (inserted box). Note the bridge of dendrites between
the Tps (blue) and DCs (arrowhead). F: a well-developed
myeloid DC was connected directly by their processes
with the epithelium (EP) of the bronchioles and contained
multivesicular bodies (inserted box, MB), tubules (T) and
small secretory vesicles (arrowhead) that some of them
were released to the connective tissues.

epithelium (Fig. 1 D). They were also recognized in the wall of devel-
oping blood vessels beneath the endothelial cells (Fig. 1 E).

At 7th postnatal day, the fetal rabbit lung is in the alveolar stage. The
pulmonary alveoli appear thin-walled and greatly dilated giving its
mature cup-shaped appearance (Mokhtar et al., 2019). DCs were
demonstrated extensively in the lamina propria of bronchiolar mucosa
(Fig. 1F), in the wall of blood vessels (Fig. 1G), within the interstitial
tissue of inter-alveolar septa (Fig. 1H), and surrounding the nerve fibers
(Fig. 1 D).

3.2. Immunohistochemistry

Immunohistochemical characterization of rabbit pulmonary tissue
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during different developmental stages revealed a clear wide variation in
density, distribution, and activity of DCs. DCs showed strong immuno-
reactivity for both CD8 (Fig. 2) and CD56 (Fig. 3A-E) at all develop-
mental ages. The frequency of immunoreactive cells and their staining
density increased gradually with the advancement of age. CD8* DCs and
CD567 DCs were demonstrated in bronchiolar mucosa, within the
adventitia of developing blood vessels and within pulmonary interstitium
(Figs. 2 and 3A-E). Their fine dendrites extended to make a connection
with each other and with telocytes forming characteristic networks.
Moreover, some DCs strongly expressed CD34 within the lining epithe-
lium of developing airways protruding to the lumen, within the wall of
developing blood vessels, and in the pulmonary interstitial tissue
(Fig. 3F-J). Their dendrites showed a fine connection to other DCs and
TCs. However, it was clear that the frequency of CD34™ DCs was much
lesser than that of CD8" DCs and CD56™ DCs at all developmental ages.
VEGF was expressed in DCs in the interstitial tissue of inter-saccular or
inter-alveolar septa during all developmental stages and they showed a
close vicinity to the developing blood vessels and the developing alveoli
(Fig. 4A-E). In addition, DCs expressed NSE in the pulmonary interstitial
tissue of inter-saccular or inter-alveolar septa and within the developing
alveoli protruding to the alveolar lumen (Fig. 4F-J). DCs in rabbit lungs
expressed also a strong reactivity to connexin 43 at the level of both the
cell bodies and their dendrites at all developmental ages (Fig. 5).

3.3. Scanning electron microscopy

On the 23rd gestational day, the dendritic reticular cells (DCs) were
demonstrated around the developing air spaces in association with
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Fig. 9. Digital colored transmission electron micro-
scopy of the pulmonary DCs (pink) on the 29th gesta-
tional days:

A, B: Myeloid DCs connected with type II pneumocytes
(PII) by tight junction (single arrowhead), dendrites and
secretory vesicles (double arrowheads) that extended to-
wards the pneumocytes. C: A typical plasmacytoid DC with
many cell processes showed endocytic activities with
many pearls like caveolae, and coated vesicles and pits
(arrowheads). D: the DCs established close contact with
Tps and TCs cell bodies (blue).

telopodes (Tps) of telocytes (TCs). They were polyhedral in shape with
short cell processes (Fig. 6A and B). On the 25th gestational day, the
dendritic cells enlarged and covered by short microvilli (Fig. 6C and D).
On the 27th gestational day, the dendritic cells exhibited a mature
appearance in the form of rounded to oval cell bodies with many short
cell processes (Fig. 6E and F). On the 29th gestational day, many DCs
could be observed in groups and established close contact with each
other (Fig. 6G and H). In the postnatal period, the DCs were numerous.
Close contact between the DCs and TCs and their Tps were demonstrated
(Fig. 61 and J).

3.4. Transmission electron microscopy

Rogers et al. (2008) identified the myeloid DCs by the presence of
pseudopodia, nuclear indentation with the peripheral arrangement of
heterochromatin and abundance of cytoplasm. On the other hand, plas-
macytoid DCs characterized by many projections, reduced cytoplasm and
heterochromatic nucleus (Schuller et al., 2013).

On the 23rd gestational day, the dendritic reticular cells (DCs) were
recognized in the interstitium among the connective tissue cells (Fig. 7A
and B) or intermingled between the developing epithelial cells of the
bronchioles and bulging to the lumen (Fig. 7C). The myeloid DCs were
characterized by their heterochromatic indented nuclei, abundant cyto-
plasm and irregular shaped cell bodies with few thick cell processes or
pseudopodia (Fig. 7A). Plasmacytoid DCs characterized by the enlarged
nucleus and reduced cytoplasm as well as they displayed a bulbous-like
processes (Fig. 7B). The cytoplasm of both types contained few mito-
chondria, rER, electron-dense secretory granules and membrane-
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bounded vesicles (Fig. 7A-C). Some of these cells shown to release coated
secretory vesicles to the connective tissues (Fig. 7B).

The 25th gestational day acted as a point of change for the DCs. They
showed the beginning of the formation of dendrite-like processes and
their cytoplasm contained profiles of rER, scattered ribosomes and dense
granules (Fig. 7D, F). Moreover, in this age, we found signs of endocytosis
in form of distributed vesicles, tubules, caveolae, lysosomes and multi-
vesicular bodies and release of secretory materials to the connective
tissues (Fig. 7D, F). Myeloid DCs were recorded in the connective tissues
in relation to telopodes of telocytes (TCs) (Fig. 7D), lymphocyte (Fig. 7E),
and around the blood vessels of the respiratory portion of the lung
(Fig. 7F).

On the 27th gestational day, the nuclear membrane showed many
indentations. The cytoplasm was abundant, electron-lucent and filled
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Fig. 10. Digital colored transmission electron micro-
scopy of the pulmonary DCs (pink) in the postnatal
life:

A-C: DCs were observed in the interstitium in association
with lymphocytes (orange), and neutrophils (red) and
around the blood vessels in vicinity to telocytes (blue). D:
plasmacytoid DCs contained many endocytic vesicles. E:
The DCs cells characterized by numerous fine dendrites,
high nuclear to cytoplasmic ratio and their cytoplasm
contained tubules (T) and Birbeck granules (arrowhead).
Note the Tps of TCs were partially encircled the DC (blue).
F: DCs observed in relation to apoptotic cells (arrowhead)
and showed high endocytotic activities and release their
secretory vesicles toward these cells (arrows).

with dense granules, multivesicular bodies, tubules, lysosomes, mito-
chondria, rER and small secretory vesicles that some of them were
released to the connective tissues. Their cell processes increased in
number and length that formed close contact with Tps of the TCs (Fig. 8A,
B, E) and with lymphocytes (Fig. 8C). Moreover, the plasmacytoid DCs
may contribute to the angiogenesis as they connected by gap junction
with the endothelium to form the new blood vessels (Fig. 8D). In addi-
tion, a well-developed myeloid DC was connected directly by their pro-
cesses with the epithelium of the bronchioles (Fig. 8F).

On the 29th gestational day, the DCs showed an obvious increase in
the nuclear/cytoplasmic ratio. The myeloid DCs exhibited a unique
connection with type II pneumocytes and bulging to the lumen of the
alveoli. They connected with it by a tight junction, in addition to den-
drites and secretory vesicles that extended towards the pneumocytes. The
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cytoplasm contained many mitochondria, rER and numerous glycogen
dense granules (Fig. 9A and B). A typical plasmacytoid DC with many cell
processes was bulged to the lumen of the air spaces and showed endo-
cytic activities with many pearls like caveolae, and coated vesicles and
pits (Fig. 9C). Moreover, the DCs established close contact with Tps and
TCs cell bodies (Fig. 9D).

In the postnatal period, both myeloid (Fig. 10 A, C) and plasmacytoid
DCs (Fig. 10B, D, E, F) were observed. The DCs cells reached the mature
appearance and showed an obvious increase in their number and they
characterized by numerous fine dendrites, and high nuclear to cyto-
plasmic ratio (Fig. 10A-D). Some of these cells showed spiny or claw-like
cell processes (Fig. 10B). While the others, their cytoplasm possessed the
characteristic club-shaped electron-dense secretory granules (Birbeck
granules) and many endocytic vesicles (Fig. 10D and E). The nucleus was
indented and possessed peripheral heterochromatin. They were observed
in association with wondering white blood cells (neutrophils) (Fig. 10B)
and telocytes (Fig. 10C). DCs appeared to have a role in apoptosis as they
observed in relation to apoptotic cells and showed high endocytotic ac-
tivities and release their secretory vesicles toward these cells (Fig. 10F).

Moreover, DCs were demonstrated in a close association with the air-
blood barrier of the lung (Fig. 11A and B). They characterized by their
extensive endosomal systems and release of some secretory vesicles and
dense granules to the pulmonary blood capillaries (Fig. 11B). In addition,
a unique appearance of the dendritic cell among the ciliated and secre-
tory cells of the bronchioles was recorded as it bulged toward the lumen.
They were distinguished by the presence of numerous vesicles, mito-
chondria, and many scattered dense bodies. The DC was connected with
the bronchiolar epithelium by both tight junction and desmosomes
(Fig. 11C).

3.5. Morphometrical and statistical analysis

The present morphometrical and statistical data showed a significant
increase in the number of CD81 DCs, CD56" DCs and CD34" DCs at 7th
postnatal day compared to 23rd and 25th gestational day (Fig. 12). The
frequency of CD34" DCs was much lesser than that of CD8" DCs and
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Fig. 11. Digital colored transmission electron micro-
scopy of the pulmonary DCs (pink) in the postnatal
life:

A: DC is in a close association with the air-blood barrier of
the lung (arrowhead). They characterized by their exten-
sive endosomal systems that included multivesicular
bodies, lysosomes, many vesicles and caveolae (inserted
box). B: DC is in a close association with the air-blood
barrier of the lung (arrowhead). Note release of some
secretory vesicles and dense granules to the pulmonary
blood capillaries (BC). C: DC is among the ciliated (CC)
and secretory cells (SC) of the bronchiole. The DC was
connected with the bronchiolar epithelium by both tight
junction and desmosomes (inserted box).

CD56™ DCs at all developmental ages (Fig. 12). On the other hand, CD8*
DCs showed a clear positive co-expression of CD56 and the other non-
specific markers (VEGF, NSE and Connexin 43) in both prenatal and
postnatal groups (Fig. 13). No significant variance was recorded in the
relative co-expression % of CD8" DCs to those markers between the two
age groups. (Fig. 13).

4. Discussion

Dendritic cells in the lung are believed to be the most potent APCs
functionally specialized in the uptake, transport, and presentation of Ags
and have the unique capacity to stimulate naive and memory T cells and
thus, control airway inflammation. Moreover, DCs can interact with NK
cells and B cells (Holt et al., 1988; van Rijt et al., 2002; Huh et al., 2003).
Recently, respiratory tract-DCs receive considerable attention as a po-
tential target for many immunotherapy respiratory disease. No available
literature were found on the ultrastructural and immunohistochemical
development of dendritic cells.

Dendritic cells (DCs) comprise a complex system of cells with various
anatomical localization, distinct subsets, and different functions (Stein-
man, R. M. 1991). DCs are distributed in both lymphoid and non-
lymphoid tissues. All types of DCs developed in the bone marrow and
migrated to the tissues, including the lung, in an immature form (Holt
and Stumbles, 2000). The migratory DCs possessed a great ability to
induce T cell-mediated immune responses due to their capacity to cap-
ture antigens and migrate via afferent lymphatics into the draining LN
where they interact with naive T cell leading to antimicrobial, antitu-
moral, and allergic immune responses [Steinman and Hemmi, 2006].

The distribution of DCs in the lung has been examined in mice, rats
and human [Holt et al., 1988; Van Haarst et al., 1994; Lambrecht et al.,
1998]. The current study revealed that the DCs in the bronchioles formed
a tight network with the epithelium, lamina propria, adventitia, whereas
in the lung parenchyma they were found in alveolar spaces, bulging to
the alveolar lumen and in the connective tissues surrounding the blood
vessels and pleura. These locations allow DCs to initiate the immune
responses to inhaled antigens, viruses and bacteria. The present study
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Fig. 12. The statistical analysis of DCs number/unit area at different
developmental ages
. A: Number of CD8" DCs B: Number of CD56™ DCs C: Number of CD34™ DCs.

demonstrated the association of dendritic cells with a network of nerve
endings. This network comprises active neuromediators such as
calcitonin-gene-related peptide (CGRP) and substance P that are essential
for the crosstalk between nervous and immune systems (Lambrecht et al.,
1999).

Lung DCs are the major producers of chemokines involved in the
recruitment of T cells, and neutrophils not only in a steady state but also
upon stimulation with airway-borne antigens (Beaty et al., 2007). The
present study revealed that postnatal DCs showed the capacity to carry
out endocytosis toward an apoptotic cell. The clearance of apoptotic cells
is a major mechanism that allows DCs to present self-antigens for the
maintenance of self-tolerance (Miyake et al., 2007). The endosomal
pathway in the dendritic cells consisted of vesicular and tubular lipid
bodies (Compeer and Boes, 2014). Moreover, the current result revealed
that the developing DCs showed active endocytosis in form of formation
of many coated vesicles, caveolae and release of the secretory materials
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to the pulmonary interstitium and thus may be efficient in antigen uptake
but may have the low ability in T-cell stimulation.

The current study revealed that on the 23, and 25th gestational days,
the DCs characterized by single profiles of rER and scattered ribosomes,
suggesting a low protein synthesis capability and the consequent limited
ability of these cells to promote strong T-cell presentation. On the other
hand, the presence of these cells in the fetal lung may indicate that these
DCs may have a role in the proliferation and this suggestion may be
support by their strong positive expressions of CD34 in the fetal and early
neonatal life which indicated that DCs may be involved in the mesen-
chymal cells differentiation and in pulmonary angiogenesis. CD34 is a
typical marker for blood progenitor cells (Eidenschink et al., 2012), and
many undifferentiated cells (Sidney et al., 2014).

Post-natal DCs and 29th gestational days showed signs of intensive
protein synthesis in the form of enlarged mitochondria, many cisternae of
rER and numerous vacuoles. Moreover, the mature DCs contained vesi-
cles and multivesicular bodies that act the main sites of endocytosis for
antigens (West et al., 1994). The vesicles had an important role in the
transportation of peptide complexes to the plasma membrane and as a
storage site to many secreting immunoregulatory factors from DCs. Also,
these vesicles play a significant role after antigen processing as they act as
accumulation sites for T-cells receptors legends (Turley et al., 2000).

Moreover, the difference in the morphological characters of all
studied dendritic cells may be related to their developmental stage or the
activation state and so reflected different functional roles (El Shikh et al.,
2006). The plasmacytoid DCs are highly secreting cells to interferon-o
during the viral infection and they prevent replications of cancer cells
and kill them in a contact-dependent fashion (Rogers et al., 2008).

Recently, CD8" DCs are considered as independent DC sub-
populations both functionally and ontogenetically. CD8" DCs represent
the last stage of DC differentiation, playing a major role in the stimulation
of T-cell responses, due to their antigen-presenting potential, cross-
priming capacity, and ability to secrete various cytokines such as inter-
feron y and interleukin-12 (Hoyo et al., 2002). CD8a™" DC is considered a
plasmacytoid-derived (lymphoid derived) population (Banchereau et al.,
2000). The current study showed that CD8" DGCs present pDCs
morphology in the form of many cell projections and reduced cytoplasm
and many of these immunoreactive cells were demonstrated in the
postnatal life. Iyoda et al. (2002) added that splenic CD8" DCs are the
major DC populations involved in the uptake of apoptotic bodies from
peripheral blood.

CD56 is the phenotypic marker of natural killer cells but it can be
expressed by many other immune cells, such as T cells, dendritic cells,
and monocytes (Van Akar et al 2017). Unfortunately, very little is known
regarding the functional role of CD56 on immune cells. CD56 plays a
critical role in the development of NK cells and in the establishment of its
developmental synapses (Mace et al., 2016). It was found that blocking of
CD56 could affect both NK cell motility and maturation (Mace et al.,
2016). Moreover, it was recorded that CD56 T immune cells are also able
to form strong immune synapses with each other through CD56 binding,
for example, CD56" DCs have been shown to induce the preferential
activation and expansion of CD56™ y8 T cells via CD56 (Nieda et al.,
2015). Our morphometrical data showed a significant increase in the
number of CD56" DCs/unit area with the advancement of age. We sug-
gest that CD56 strongly affect the maturation and migratory behavior of
DCs in the developing rabbit lung.

The present study revealed that DCs express connexin-43 for the first
time and this expression increased by the advancement of the age and
this observation was supported by the ultrastructural findings as we
found a well-distinct gap junction between the DC and vascular endo-
thelium that may facilitate the transport of small molecules from DCs. In
addition, a tight junction was demonstrated between the dendritic cells
and pneumocytes. Also, tight junction and desmosomes were recognized
between the DCs and bronchiolar epithelium. These junctions may help
in holding of the dendritic cells in place or in the formation of a network
to maximize their action. DCs were NSE-positive and this may due to that
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enolase were present on the cell surface of the activated immune cells,
where it acts as plasminogen receptor and promoting autoimmunity (Bae
et al., 2012).

The telocytes (TCs) are unique interstitial cells that are discovered
recently and implicated in many functional roles. The current study
revealed that the DCs were in close contact with TCs in all developmental
stages of the lung. In addition, the present study supported our previous
investigation (Hussein and Mokhtar, 2018) that the DCs and TCs appear
to involve in the angiogenesis as we observed a gap junction between the
DC and vascular endothelium. This observation is also confirmed by
positive-immunoreactions for VEGF in the DCs. The expression of VEGF
in the DCs is critical as this growth factor is considered as an angiogenic
factor that stimulates the vascular permeability and the proliferation of
the vascular endothelium (Keck et al., 1989).

In conclusion, the application of transmission electron microscopy in
the current study allows identification of all populations of the DCs. The
difference in the maturation status may reflect different roles for DCs in
the lung. Our findings suggest that immature DCs may have an antigen-
uptake role through endocytosis, while mature DCs may involve in an-
tigen presentation to T-cells.
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