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Mesenchymal dependent mode of cartilage growth in post-hatching birds
Soha A Soliman Ph.D1, Fatam Abbas Madkour Ph.D2, Fatma Abdelhakeim MD2

Tissue development and growth is a well-regulated physiological process 
and primarily dependent on signaling molecules and factors which 

control cell proliferation, differentiation, and death (1). Organ development 
achieved through cellular interacting between the three embryonic germ 
layers. Tissue growth is accomplished by stimulation of the terminally 
differentiated to re-enter the cell cycle to produce new progeny. Organ 
growth could be also dependent on activation of the stem cells reservoir to 
transform into differentiated progeny (2).

It is well-known that two fundamental types of cells participate in the 
growth of cartilage; chondrocytes and undifferentiated perichondrial cells. 
Chondrocyte capable to generate new cell progeny which produce cartilage 
matrix. Chondrocytes promote the interstitial type of cartilage growth. The 
perichondrial cells are considered as chondrogenic progenitor cells. They have 
the potential to differentiate into chondrocytes and produce circumferential 
layers of cartilage matrix “appositional growth” (3). A third type of cartilage 
growth has been recently described in different species including aquatic, 
avian and mammalian species. This type is a mesenchymal-dependent mode of 
cartilage growth. Cd117 expressing mesenchymal cells penetrate the growing 
cartilage. These cells are derived from the developing perichondrium or from 
the surrounding mesenchyme where the perichondrium is not established. 
Mesenchymal cells express MMP-9 which commit to degrade extracellular 
matrix components. Mesenchymal cells acquire chondrogenic cell lineage 
and express collagen type II (4-7).

The mesenchymal-dependent mode of cartilage growth is described in 
embryonic stages (5). The current study aims to investigate involvement of 
mesenchymal-like cells in growth of cartilage in postembryonic life. 

We used two species of birds of different ages to identify mesenchymal-like 
cell in the cartilage of the respiratory passage. 

MATERIALS AND METHODS

To achieve the study purpose, we used bird oropharynx that is primarily 
supported by cartilaginous tissue. We focused on the entoglossal cartilage of 
the tongue and laryngeal cartilages.

Birds were obtained from the College farm of the faculty of Agriculture, 
Assiut University. The samples were collected from 15 days and 1-week 
Muscovy duck [Cairina moschata] and two months old Egyptian Goose 
[Alopochen Egyptian]. All birds were euthanized by decapitation. The whole 
oropharynx was carefully dissected and fixed in neutral buffered formalin. 

Fixed samples were dehydrated in ascending grades of alcohols at 70%, 80%, 
90% and 100% for 90 minutes at each concentration. The sampled were 
cleared using methyl benzoate. Dehydrated samples were then impregnated 
and embedded in Paraplast [Sigma Aldrich]. Serial sections of 3-5 µm were 
cut using a Richert Leica RM 2125 Microtome, Germany and mounted on 
glass slides. Sections were kept in an incubator at 40°C for dryness.

In the current study, we used H&E stained as a general histological stain (8) 
and Mallory trichrome as a specific stain for cartilage (9). Stained sections 
were examined using DMLS light microscope [Leica, Germany] outfitted 
with MC120 HD camera [Leica, Germany].

RESULTS

The current study aims to identify mesenchymal-like cells and their 
contribution to cartilage growth in the oropharyngeal cartilage of both 
duck and goose. Mesenchymal-like cells could be observed in the laryngeal 
cartilages of Duck. They appeared spindle or flattened in shape with an 
oval nucleus [arrows] and connected by cytoplasmic processes (Figures 1E 
and 1F). The distribution of these cells exhibited different forms. They may 
arrange in a streak of the high population (Figures 1A and 1B). Individual 
mesenchymal-like cells could be also observed (Figure 1D). Differentiating 
chondrocytes, which had a spherical profile, were surrounded by the little 
amount of basophilic cartilage matrix (Figure 1C). Mesenchymal cells seem 
to be derived from the perichondrium (Figure 1B). 

Multiple areas of mesenchymal-like cells in the cartilage of the middle nasal 
conchae. In certain areas, a defect in cartilage matrix could be observed 
(Figures 2A, 2C and 2E). Mesenchymal-like cells were connected by fine 
cytoplasmic processes in laryngeal cartilage (Figures 2B, 2D and 2F). 

In the laryngeal mound of Goose, mesenchymal-like cells were distributed as 
a cellular streak arytenoid cartilage (Figures 3A and 3B). Mesenchymal-like 
cells were located at multiple sites in the entoglossal cartilage (Figures 3C-3F).

DISCUSSION

The aim of the current study was to explore the contribution of mesenchymal-
like cells in the growth of cartilage in postembryonic development. We 
investigated the oropharyngeal cartilages of duck and goose to distinguish 
mesenchymal-like cell.

In the current study, we recognized mesenchymal-like cells for the first 
time in the oropharyngeal cartilages of post-hatching duck and goose. They 
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Cartilage growth depends on two types of resident cells; the chondrocytes and 
the perichondrial stem cells. Chondrocytes proliferation commits interstitial 
growth of cartilage while the appositional growth is driven by differentiation 
of the perichondrial stem cells. A third type of cartilage growth depending on 
mesenchymal cells has been recently described in the embryo. The current 
study aims to investigate the occurrence of mesenchymal-dependent cartilage 
growth in postembryonic life. We used samples of the oropharyngeal 
cartilage of both duck and goose in different ages.  Mesenchymal-like cells 
were identified in the oropharyngeal cartilage of both duck and goose. They 

appeared spindle or flattened in shape with an oval nucleus and connected 
by cytoplasmic processes.  Mesenchymal cells were observed in the cartilage of 
the middle nasal conchae, laryngeal cartilages of duck and arytenoid cartilage 
and entoglossal cartilage in the goose. Mesenchymal-like cells were organized 
as cellular streaks or as individual cells. Multiple areas of mesenchymal-like 
cells in the cartilage could be recognized. Mesenchymal-like cells are derived 
from the perichondrium. They undergo differentiation, acquired a spherical 
profile and were surrounded by the little amount of basophilic cartilage 
matrix. In conclusion, Mesenchymal-like cells contributed to the interstitial 
growth of the cartilage in the postembryonic period.
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exhibited a different pattern of the organization either individual cells, 
cellular streaks. Multiple sites of mesenchymal-like cells could be recognized. 

Previous studies speculated involvement of mesenchymal cells in the growth 
of cartilage. This type of growth is identified in the cartilage of different 
skeletal element in quail (5,10) and camel embryos (7). Mesenchymal cells 
were recognized morphologically by histological techniques, TEM, SEM 
and immunologically using C-KIT. C-KIT or CD117 is a type of tyrosine kinase 
receptor specific for the undifferentiated mesenchymal cell. C-KIT regulates cell 
proliferation, differentiation, adhesion, chemotaxis, and apoptosis (11-13). 

In the current study, mesenchymal-like cells transformed to spherical 
cells which surrounded by cartilage matrix. This result may indicate 
mesenchymal-like cells have a chondrogenic potential and support the 

previous researchers in quail and camel embryos. By using histochemical and 
immunohistochemically techniques, the authors found that mesenchymal 
cells during differentiation express type II collagen and produce proteoglycan-
rich matrix. They also speculated that mesenchymal cell participated in 
the production of the new interstitial matrix, and consider this type as an 
interstitial type of cartilage growth (7,10). Two prevalent types of cartilage 
growth are known for long decades. The first type depends on perichondrial 
stem cells which secrete new matrix adding to the outer circumference of the 
cartilage to increase the diameter. Hence, this type is known as appositional 
growth. The second type is a chondrocytes-dependent, in which chondrocytes 
propagate and the daughter cells produce interstitial matrix [an interstitial 
type of cartilage growth] (14,15). In the current study, areas of a defect in 
cartilage matrix appeared where mesenchymal-like cells were localized. This 
may regard to secretion of proteolytic enzymes during penetration of the 

Figure 1) Pattern of cellular invasion in the growing cartilage. Paraffin sections of the laryngeal wall of the duck. Stained by H&E. A, B:  the arrows refer to Mesenchymal-
like cells which were organized in streaks of high cellular populations. Note perichondrium (P). the arrowheads refer to mesenchymal-like cells originating from the 
perichondrium which was engaged with the penetrating cellular streak. C: differentiating chondrocytes surrounded by little cartilage matrix. D: Individual Mesenchymal-like 
cells (arrows). E, F: Mesenchymal-like cells were a spindle or flattened in shape with an oval nucleus (arrows) and connected by cytoplasmic processes (arrowheads)
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Figure 2) Mesenchymal-like cells invasion in duck cartilage. Paraffin sections of the laryngeal wall of the duck. Stained by H&E. A, C, E: the arrows refer to areas of 
mesenchymal-like cells in the cartilage of the middle nasal conchae. Note the asterisk refers to a defect in the cartilage matrix.  B, D, F:  mesenchymal-like cells in laryngeal 
cartilage. The cytoplasmic processes between the mesenchymal-like cells (arrowheads) 

mesenchymal cells in the cartilage matrix. Mesenchymal cells express MMP-9 
during the invasion in the cartilage in quail embryos. MMPs or matrixes are a 
family of metal-dependent endopeptidases that degrade extracellular matrix 
components. MMPs are involved in tissue remodeling during physiological 
or pathological conditions (16). MMP-9 is contributed in angiogenesis, the 
migration of immune cells, the activation of cytokines and chemokines, 
and cancer progression (17). MMP- 9 break down collagen types IV, V, 
XIk´, XIVl´, elastin, aggrecan, link protein, decorinr, lamininn, entactin, 
SPARCq, myelin basic proteinm,∞2Mn, ∞1Pli, IL-1βj, proTNF-∞k (18).

Penetration of mesenchymal cells in the cartilage templates of prospective 
long bone has been described as an initial step in endochondral ossification. 
Mesenchymal cells acquire an osteogenic cell lineage to serve in bone 
formation (19). Mesenchymal cells may be also as a constituent of the cellular 
elements of the cartilage canals. These canals are derived from perichondrial 

papillae to provide a nutritional support to the cartilage (20). Two different 
cell lineage is described in the cartilage canals; type II collagen expressing 
cells (21,22) and type I collagen and, periostin expressing cells (23-25). Our 
results were quite similar to those obtained in quail and camel embryos 
(5-7) that mesenchymal-like cells were not limited to a specific area in the 
cartilage. Unlike cartilage canals which are only developed in the epiphysis 
and associated with vascular invasion 

In a previous study, mesenchymal cells are physiologically invading the 
cartilage template of the growing femur and tibia in quail embryos. The 
mesenchymal cells were limited to the central hypertrophic zone in a random 
manner (26). Unlike results of the current study, mesenchymal-like cells 
had a focal distribution which may organize at multiple sites. Mesenchymal 
dependent mode of cartilage growth also occurs in fish. Mesenchymal cells 
invade the cartilage of the air-breathing organ catfish. The invading cells 
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Figure 3) Mesenchymal invasion in goose. Paraffin sections of the laryngeal wall and cartilaginous end of the entoglossum in goose; Stained by H&E “A, B” and Mallory 
trichrome “C-F”. A, B: The arrows refer to areas mesenchymal-like cells which appeared as a cellular streak arytenoid cartilage. Figure (B) represents a higher magnification 
of (A). C-F: mesenchymal-like cells (arrow) were located at multiple sites in the entoglossal cartilage. The arrowhead refers to differentiating chondrocytes separated by the 
little extracellular matrix. Figure (D, E, F) represent a higher magnification of (C)

acquired chondrogenic properties. They secrete type II collagen. The authors 
concluded that the aim of mesenchymal invasion is to grow, renew, and 
replace the cartilaginous tissue (4-6). 

CONCLUSION

Mesenchymal-like cell contributed to interstitial growth of the cartilage in the 
postembryonic period.

CLINICAL CORRELATION

Several scientists study mechanism of development of the mesoderm-
derived organs and tissues. Using of mesenchymal stem cells in regenerative 
medicine remain a promising target. Several attempts have been made 

aiming to enhance differentiation of stem cells into target cell types. This 
study introduces the chondrogenic potential of mesenchymal cells and 
their contribution to cartilage growth. This study should motivate Stem cell 
Technologies Scientist to consider that under special circumstances, articular 
cartilage repair may be as a clinical possibility. Future researchers should be 
carried out to explore factors and signals attract mesenchymal-like cells and 
govern their chondrogenic differentiation. The current study presented avian 
cartilage in the postembryonic period as a model to study this phenomenon. 

The authors declare that the research was conducted in the absence of any 
commercial or financial relationships that could be construed as a potential 
conflict of interest.
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