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ABSTRACT

Two types of cartilages growth are commonly described; the appositional growth and interstitial growth. The manner of pro-
duction of new cartilage matrix is different in both types. Appositional type relies on addition of peripheral matrix upon ac-
tivation of the perichondrial stem cells and interstitial growth depends on secretion of new cartilage matrix by chondrocytes
progeny. The current study described a different type of cartilage growth in different skeletal elements of camel embryos.
Camel embryos were collected, fixed, dehydrated, and embedded in paraffin. Paraffin sections of the whole embryos were
stained with H&E, Crossman trichrome and Mallory trichrome. Immunohistochemical staining for CD117 and type Il collagen
were used in embryonic cartilage. Other samples were processed to be examined by scanning electron microscopy. An Early
Embryonic skeleton represented by cartilaginous elements. Undifferentiated cells continuing with the perichondrium pen-
etrated the growing cartilage of ribs, pelvic bone, scapula, and sternum. The cells were CD117 positive and morphologically
resembled the undifferentiated mesenchymal cells; they appeared spindle or flattened in shape with an oval nucleus and
were connected by cytoplasmic processes. The orientation of the invaded cells could be as low or high cellular densities or as
individual cells. The invaded mesenchymal cells transformed to chondrocytes and produce new cartilage matrix. They were

immune-stained for Type Il collagen The cellular penetration aimed to supply the developing cartilage by undifferentiated

cells destined to become chondrocytes and involved in the interstitial growth of the fetal cartilage.
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CASE SERIES

Cartilages growth occurs by secretion of new cartilage matrix.
Appositional growth depends on activation of the perichon-
drial cells to secrete additional cartilage matrix encompassing
the growing cartilage. Chondrocytes propagation and subse-
qguent interstitial secretion of new cartilage matrix by chon-
drocyte progenies result in interstitial growth. Appositional
growth commits growth of the cartilage width while the in-

crease in cartilage length relies on interstitial growth [1].

An Unusual mode of cartilage growth has been described in
the cartilage of quail embryos and the air breathing organ of
catfish in which the undifferentiated mesenchymal cells par-
ticipate in the interstitial type of cartilage growth. The

mesenchymal cells derived from the perichondrium invade
the interior of the growing cartilage and transformed chon-
drocytes to secrete new cartilage matrix. In femur and tibia
of quail embryos, the mesenchymal invasion is limited to the
central hypertrophic zone to provide the cartilage templates
by a large population of chondrogenic potential cells [2]. In
air-breathing organ of catfish, mesenchymal invasion occurs
in multiple sites and involved in growth, renewal, and replace-
ment of the existing cartilage [3].

The current study aimed to investigate a mesenchymal-de-
pendent mode of cartilage growth in the skeleton of camel

embryos. Description of a pattern of mesenchymal cells in
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the cartilage templates. We used immunohistochemical stain-
ings to identify the localization of undifferentiated cells during
growth of camel skeleton and type of collagen secreted by the

differentiating cells.
MATERIAL AND METHODS
Preparation of Paraffin Embedding Samples

The study was carried out on 18 camel embryos. The em-
bryos were obtained form Al-Basatein slaughter house in
Cairo. Stages of embryos were evaluated by measuring CRL
(Crown-rump length) (Figure 1). The study was conducted us-
ing apparently healthy camel embryos measured 5, 6, 6.5, 8,
10, 11, 12 CRL. All embryos were immediately fixed in 10%
buffered formalin and Bouin’s solutions. Fixed samples were
dehydrated in ascending grades of alcohols at 70%, 80% for
(3 hours) at each concentration, 90 % (2hours) and 100% (1
hour). Dehydrated samples were then impregnated and em-
bedded in paraffin wax. Paraffin serial sections of 3-5um were
taken using a Richert Leica RM 2125 Microtome, Germany and
mounted on glass slides. Sections were kept in an incubator
at 40°C and stained with H&E [4] and Crossman’s trichrome
(1937) and Mallory trichrome [5]. Chemical used in the prepa-
ration of paraffin sections and staining are summarized in
(Table 1 Part I). Stained sections were examined using DMLS
light microscope (Leica, Germany) outfitted with MC120 HD

camera (Leica, Germany).

Figure 1: lllustration of camel embryo showed CRL measuring.

Table 1: Chemicals for Preparation of Paraffin Sections and Staining.

NAME OF THE REAGENT NAME OF THE COUNTRY
REAGENT
HAEMATOXYLIN CRYST. MERCK
EOSIN YELLOW (WATER OXFORD LABORA- | India
SOLUBLE) TORY REAGENTS
SODIUM PHOSPHATE DIBA- | OXFORD LABORA- | India
SIC (ANHYDROUS) TORY
REAGENTS
SODIUMPHOSPHATE OXFORD LABORA- | India
MONOBASIC (ANHYDROUS) | TORY REAGENTS
ETHANOL ABSOLUTE FISHER CHEMICALS | UK
PARAPLAST EMBEDDING SIGMA ALDRICH Germany
MEDIA(PARAFFIN WAX)
MERCURIC OXIDE (YELLOW | ADWIC
HGO)

ALUMINUM POTASSIUM OXFORD LABORA- India

SULPHATE TORY REAGENTS

GLACIAL ACETIC ACID ADWIC

FERRIC CHLORIDE SAS CHEMICALS CO

SAFRANIN O SAS CHEMICALS CO

XYLENE SIGMA ALDRICH Germany

METHYL BENZOATE OXFORD LABORA- India
TORY REAGENTS

FAST GREEN UNIVERSAL FINE India
CHEMICALS

Immunohistochemistry

Immunohistochemical staining was done on paraffin section
of camel embryos using SuperfrostTM plus microscope slides.
Antigen localization was performed using a polyclonal rabbit
anti-c-kit antibody against CD 117, a mouse anti-rabbit against
MMP-9, and
against type Il collagen using the Reagent of UltraVision
Detection System HRP/DAB (ready to
use) Thermo Fischer Scientific TP-015-HD) according to the
manufacture’s instructions, combined with the Avidin—Biotin

a monoclonal mouse anti-chicken antibody

(Anti-Polyvalent,

Complex (ABC) technique [6]. Sections (5 um) of paraffin-
embedded tissue were dewaxed, rehydrated and rinsed in
phosphate-buffered saline (PBS) (pH 7.4), and treated with
3% hydrogen Peroxide ti inhibit endogenous peroxidase. For
antigen retrieval, slides were placed in 10 mM sodium citrate
buffer (pH 6.0) and heated to 95-98 in a water bath for 20
minutes followed by cooling for 20 min at room temperature.
Sections were then rinsed in PBS (pH 7.4). Sections were
covered with Ultra V block (refer to Table 1 Part Il, Thermo
Fisher scientific, USA) for 5 minutes at room temperature
to block non-specific background staining. Sections were
incubated with the primary antibodies at room temperature
for 1 hour or overnight according to their respective data
sheet. Antibody sources, dilution, and incubation duration are
shown in (Table 1 Part IV), and as described previously [5].
Slides were washed with PBS (pH 7.4), followed by incubation
for 10 minutes at room temperature with a biotinylated
secondary antibody applied drops-wise on the section. Slides
were rinsed in PBS (pH 7.4), followed by drops-wise addition
of the drops of streptavidin- peroxidase complex (Thermo
Fisher scientific, USA) and incubated for 10 minutes at
room temperature followed by another rinse in PBS pH 7.4.
Visualization of the bounded antibodies was performed using
one 1 drop of diaminobenzidine (DAB) Plus chromogen mixed
with 2 ml of DAB Plus substrate. Mix applied directly on the
tissue and incubated for 5 -10 minutes at room temperature.
Note: all incubations were performed in a humid chamber to
avoid tissue desiccation. Sections were counterstained with
Harris hematoxylin for 30 seconds, dehydrated and mounted

with DPX. Negative controls were performed by omitting the
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primary antibodies. All immunohistochemical stainings were

examined by light microscopy.

Table 3: Solutions used in immunohistochemistry and Scanning electron
microscopy [5].

SEM Preparation PBS-buffer (pH 7,2-7,6): NaCl 425¢g

Camel embryos were longitudinally and transversely cut into tl:::ﬂi:t:?munohisto-

small pieces which were then fixed in Karnovasky fixative (10 Na,HPO, 2H.0 6.35¢

ml paraformaldehyde 25%, 10 ml glutaraldehyde 50%, 50 ml NaH,PO, H,0 195¢

of 0.1 M sodium phosphate buffer (pH 7.2), and 30 ml D.W) as dest. water and 5l

shown in Table 2 [7]. Specimens were washed in 0.1 M sodium | citrate buffer (pH 6,0): Solution A:

-phosphate buffer (pH 7.2), post-fixed in 1% osmic acid in 0.1 Citrate C,H,07H,0 |21.01¢g

M sodium -phosphate buffer and followed by another in 0.1 Aqua dest. and 11

M sodium -phosphate buffer (PH 7.2). Samples were then Solution B:

dehydrated in alcohol as described previously and immersed Sodium citrate 29.41g

in iso-amyl acetate. The dehydrated samples underwent Na,CH.0, 2H,0

critical point drying using a polaron apparatus. As a final dest. water and 1l

step, samples were coated with gold using a JEOL-1100 E-ion Using solution:

sputtering device and observed with a JEOL scanning electron Solution A: o ml

microscope (JSM — 5400 LV) at KV 10. Details regarding Solution B: 41 ml

chemicals used in the preparation of scanning electron dest. water and 500 m|

samples are shown in Table 3. PBS-buffer (pH 7,2-7,6): Solution A:

Table 2: Reagent of UltraVision Detection System (Anti-Polyvalent, HRP/ Used for scanning Na,HPO, 2H,0 17028

DAB (ready to use) Thermo Fischer Scientific TP-015-HD. Aqua dest. and 600 ml

Solution B:

P-015-HD Component NaH,PO, H,0 6g
TA-015-HP Hydrogen Peroxide Block dest. water and 250 ml
TP-015-UB Ultra V Block Using solution:
TP-015-BN Biotinylated goat Anti-Polyvalent Solution A: 580 ml
TS-015-HR Streptavidin-Peroxidase Solution B: 219 ml
TP-015-HSX DAB Plus Substrate dest. water ad 500 ml
TA-001-HCX DAB Plus Chromogen

Table 4: Identity, sources, and working dilution of antibodies used in this study.

Target Primary antibody Biotinylated second-
ary antibody
Supplier Origin Dilution Incubation Antigen retrieval
CD117 | Genremed Biotechnologie, | Rabbit polyclonal | 1:50 1 hat room Boiling in citrate Goat anti-polyvalent
(Anti Inc, South San Francisco, temperature buffer (pH 6.0),
—c-Kit) | USA 20 min
Col- Thermo Fischer Scientific, | Mouse anti- 0.180555556 | Overnight boiling in citrate | Goat anti-polyvalent
lagen Il | Lab vision Corporation, chicken (mouse buffer (pH 6.0),
Ab 3-3 | Fremont, USA monoclonal 20 min
(Clone
6 b3)
RESULTS perpendicular (Figure 3B, C), oblique (Figure 3 D, E), parallel

The primitive skeleton of the camel was examined at different
stages of embryonic development (Figure 2). The growing
cartilage templates were penetrated by flattened cells
continued with the perichondrium (Figure 3A, B, 4A, B and 8B).
The invaded cells were identical to mesenchymal cells. They
appeared as small flattened, spindle or satellite in shape with
cell processes (Figure 3C, G, E, 8D, 5C, D). Mesenchymal cells

penetration could be observed in different directions either

(Figure 3F, G) to the long axis of the developing cartilage. The
mesenchymal cells may extend along the whole width of the
growing cartilage (Figure 4A, B), confined to a limited area
(Figure 4C, D), streak of mesenchymal cells (Figure 5 A, D) or
multiple sites of mesenchymal cells localization (Figure 5A, B,
6B, C, E, G, H). The density of the mesenchymal cells varied
as low, high cellular masses (Figure 5B, E) or as individual cells

(Figure 5C, D). Areas of undifferentiated cells stained negative
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for Mallory trichrome (Figure 4F). Other areas the cells secreted
cartilage matrix stained positive for Mallory trichrome (Figure
4E). The mesenchymal cells changed in morphology, became
rounded, and surrounded by little cartilage matrix (Figure
6l-L). Mesenchymal cells were observed in camel embryos
measured 5, 6, 6.5, 8, 10, 11, 12 cm CRL in different skeletal
elements including vertebral cartilage, sternum, scapula,
pelvic and ribs (Figure 6A-L).

In scanning electron samples, various differential stages
of chondrogenic cells were recognized. Undifferentiated
mesenchymal cells appeared as small flattened cells with cell
processes which may connect with other cells (Figure 8B, C,
E, F). Differentiating chondrogenic cells were small rounded
in shape (Figure 8A-H). Mature chondrocytes were large
rounded situated inside the lacunae (Figure 7F-H).

Various stages of chondrogenic cells showed a different
affinity for CD117 immunostaining. Mesenchymal cells
and differentiating chondrocytes inside the cartilage were
strong CD117 positive as well as the perichondrial cells
while chondrocytes were weakly positive (Figure 7A-D).
The mesenchymal cells which penetrate the cartilage of the
scapula were positively immunostained for type Il collagen
(Figure 7E, F).

Figure 3: Mesenchymal cells invaded the cartilage.

Paraffin sections in camel embryos measured 10 cm stained

with H&E. A-G: flattened mesenchymal cells (black arrows)
penetrated the growing cartilage template of the sternum.
Mesenchymal cells run in different directions as showmen in
B, D, F. Note: heart (H) and sternum (S).

Figure 4: Origin mesenchymal cells and destination of mesenchymal
cells.

Paraffin sections in camel embryos measured 5 cm in (E, F),
6 cm in “C, D”, 8 cm in (A, B), 10 cm in (G) showed sternum
in (A-G) stained with H&E (A-D) and Mallory trichrome (E, F).
A, B: mesenchymal cells continued with the perichondrium
(P), arrowheads refer to the mesenchyme extended in the
whole width of the growing cartilage. C, D: mesenchymal cell
invasion was confined in a limited area. E, mesenchymal cells
started to secrete cartilage matrix (red asterisk). F: areas
of mesenchymal cells lack cartilage matrix (black asterisk)
compared with areas of rich cartilage matrix (red asterisk).
Note: mesenchymal cells (arrows), hypertrophic chondrocytes
(double arrowheads).

Figure 5: Pattern of mesenchymal invasion.

Paraffin sections in camel embryos measured 10cm in (A, B,
E), 5 cm in (C, D), showed sternum in (A, B, E) and vertebral
cartilage (C, D) stained with H&E. A, B: multiple sites of cellular
invasion (arrowheads). The invading mesenchyme could be of
high” arrow in (B) or low cellular density (arrow) in (E). C, D:
The invading mesenchymal cells appeared as individual cells,
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mesenchymal cells were small with cell processes (arrows).

Figure 6: Mesenchymal cells in cartilage templates of vertebra, Pelvic,
scapula, sternum, ribs.

Paraffin sections showed cartilage templates of vertebral
cartilage of 11 cm CRL camel embryo (A, D), Pelvic of 6.5 cm CRL
camel embryo (B, E), scapula of 8 cm CRL camel embryo (C, F),
sternum of 11 cm CRL camel embryo (I-L) and, ribs of 6.5 cm CRL
(G, H) camel embryo stained by H&E (A, D, I-L) and crossman’s
trichrome (B, C, E-H). A, D: mesenchymal cell, invaded the
vertebral cartilage “black arrows” connected together with cell
processes “arrowheads”. (D) represent a higher magnification of
(A). B, E: multiple sites of mesenchymal cells (arrows) in pelvic
bone (E) represent a high magnification of (B). C, F: Multiple
sites of mesenchymal cells (arrows) in cartilage template of the
scapula. (F) represent a high magnification of (C). G, H:: Multiple
sites of mesenchymal cells (arrows) in cartilage template of the
rib. (H) represent a high magnification of (G). I-L: Differentiating
chondrocytes acquired rounded profile and interspersed in
little cartilage matrix “black arrows”. (J-L) represent a high

maghnification of (1).

Figure 7: Staining affinity of the invading cells for polyclonal rabbit anti-

c-kit (CD 117) and monoclonal mouse anti-chicken type Il collagen.
Paraffin sections of sternum “B, D” and ribs “A, C” of camel

embryos stained for CD117. The invading mesenchymal

“double

arrows” were strong immunoreactive for CD117 in (A, B,

“arrows” and the differentiating chondrocytes
D). Chondrocytes gave weak positive reaction for CD117
“arrowhead in D” Note; CD117-positive perichondrial cells
“P” in (A, C). Paraffin section of the scapula of the camel was

immunostained for Type Il collagen.

7" 3
w3
s Wik

| Type Il Collagen |

Figure 8: Scanned electron samples of camel skeleton.

Scanned electron sample 12 cm CRL measured of vertebrae
(A-D, F) and 8cm CRL measured of the scapula (E, G-lI) of
camel embryo. Mesenchymal cells (blue colored) appears
flattened in shape with cell process (arrows) penetrating
the cartilage templates. differentiating chondrocytes (pink
colored) acquired rounded shape with a smooth surface and
may have cell processes (arrows). Hypertrophic chondrocytes
(green colored) appeared as large cells with an irregular
surface. Hypertrophic chondrocytes may be connected with
the mesenchymal cell by cell processes (arrows in (E).

DISCUSSION

Using mesenchymal cell in regenerative medicine has attracted
the interest of basic scientists. Several Biotechnological
proceduresare developedfor cartilage renewalin orderto build
up new cartilage matrix and preserve viable cells. The current
investigation described a new mechanism of cartilage growth
in camel embryos which may be valuable in stem cell therapy
for cartilage repair. We examined many skeletal elements in
different embryonic stages by using light and scanning electron
microscopy and used immunohistochemistry for identification
of the distribution undifferentiated cells and type Il collagen
to detect cartilage forming cells.

CD117 or KIT is a surface tyrosine kinase receptor and
identified as stem cell factor controlling a wide range
of biological activities such as cellular differentiation,
proliferation, chemotaxis, cell adhesion and death. CD117 is
expressed in mast cells, some hematopoietic stem cells, germ
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cells, melanocytes, and Cajal cells of the gastrointestinal tract,
and oncogenic cells [8,9,10]. In the current investigation, we
used CD117 immunostaining in sternum of camel embryos
identify the distribution of mesenchymal cells during growth
of cartilage templates.

Mesenchymal cells, differentiating chondrocytes inside the
cartilage matrix as well as perichondrial stem cells were Strong
CD117 positive. We identified the common morphological
characteristics of undifferentiated mesenchymal cells in
and scanned samples.

paraffin-embedded embryonic

Mesenchymal cells appeared small with cell processes
arisen from the perichondrium. The orientation of the
intracartilaginous mesenchymal cells was varied as regions
of high, low cellular density or individual cells. Mesenchymal
cells may be organized as cellular streaks connected with
each others by cell processes. Mesenchymal cells cloud be
distributed in multiple sites in cartilage templates. Areas of
mesenchymal cells contained ill-defied cartilage matrix whiles
areas where differentiating chondrocytes existed stained
positive by Mallory trichrome revealing that mesenchymal
cells destinate the chondrogenic cell line. Thus, mesenchymal
cells involved in the interstitial growth of embryonic cartilage
in camel, while the common types of cartilage growth depend
on either the perichondrial stem cells or chondrocytes.
The perichondrial cells participate in appositional growth
by enclosing the growing cartilage by the new matrix.
Chondrocytes division yield progeny which secrete new matrix
resulted in interstitial growth [11, 12].

Mesenchymal cells are usually known to share in endochondral
ossification during the development of long bones [13,14].
Undifferentiated cells are also documented during cartilage
canals formation. Cartilage canals formed of blood vessels,
perivascular cells [15], monocytes, and macrophages [16].
Osteogenic cells which express type | collagen and the
bone-specific protein, periostin are recognized in cartilage
canals [17,18,19]. Moreover, other cells expressing type Il
collagen are located in cartilage canals [20,21]. In our study,
mesenchymal cells could be observed at any area in cartilage
templates of long and flat bone and were not limited to the
epiphysis. Moreover, mesenchymal cells were not associate
with vascular elements

The contribution of mesenchymal cells in interstitial cartilage
growth is described in previous researches. Mesenchymal cells
of chondrogenic potentiality engaged in interstitial growth in
cartilage templates of the tibia and femur of embryonic quail
[2].. In catfish, interstitial mesenchymal cells differentiation
occurs in the supporting cartilage air breathing organ to
aiming in growth, renewal and replacement of the existing
cartilage [3,22,23].

CONCLUSION
CD117 positive mesenchymal cells involved in the interstitial
growth of the cartilage templates in camel embryos.
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