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Leptin expression by heterotopic ossification-isolated
tissue in rats with Achilles’ tenotomy
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Objectives: To set up heterotopic ossification (HO)
models according to McClure and determine whether
leptin messenger ribonucleic acid (mRNA) and protein
are expressed in HO-isolated tissue.

Methods: This study was performed in the Department
of Spine and Orthopedics, Southern Medical University,

Guangzhou, China from November 2007 to June 2008.
Thirty-six male rats were randomly divided into sham,
partial achilles’ tenotomy (PAT), and achilles’ tenotomy
(AT) groups, with 12 rats in each group. X-ray and
histological examination were carried out to ensure the
formation of HO at 5 and 10 weeks after operation.
Specimens from achilles tendons and surrounding tissue
were taken and processed. Meanwhile, the expression of
leptin mRNA (5 and 10 weeks) and protein (10 weeks) in
achilles tendonsand the surrounding tissue were examined
respectively using reverse transcription-polymerase chain
reaction assay and immunohistochemical methods.

Results: There were no leptin mRNA and protein
expression in the sham and a weak expression in the
PAT of Achilles tendons and surrounding tissue, whereas
there was strong expression in the AT group.

Conclusion: Leptin is involved in the formation of
HO, its mechanisms is related to induction of bone
formation and maturation through a series of cellular
events, including: proliferation/differentiation of many
kinds of cells, collagen synthesis, mineralization, and
vascularization of the extracellular matrix.
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Heterotopic ossification (HO) is a condition
characterized by the formation of bone in soft
tissues other than skeletal system, which is usually seen
in the cases of musculoskeletal trauma, spinal cord or
central nervous system damage, joint dislocations and
surgical procedures such as hip, knee, shoulder, or elbow
arthroplasty, and internal fixation after fractures.””
Heterotopic ossification may cause pain, decrease
motion; in severe cases, complete joint ankylosis could
happen whereby surgical intervention follows.® The
process of HO may include appropriate differentiation
of pluripotent mesenchymal cells that generally exist
in soft tissues into bone-forming cells under the
influence of various growth factors, including bone
morphogenetic proteins (BMPs), transforming growth
factor-beta (TGF-), basic fibroblast growth factor
(bFGF), insulin-like growth factor (IGF) and so on.”*
However, the exact etiology of HO remains unclear,
recently, leptin and its receptor have been revealed a
bone-conditioning factor, spread widely in a variety of
body tissues, suggesting that leptin may be involved
in many aspects of metabolic regulation.'" The role of
leptin is worth more attention. Current research has
focused on leptin in the pathogenesis of osteoporosis
and osteoarthritis, and whether leptin is involved in the
formation of HO is yet to confirmed. In the present
study, we set up HO models according to McClure, and
determined the expression of leptin mRNA (5 and 10
weeks) and protein (10 weeks) in HO-isolated tissue
respectively using reverse transcription-polymerase chain
reaction (RT-PCR) assay and immunohistochemical
methods to explore the potential role of leptin in the
formation of HO.

Methods. Goat serum was provided by Sigma-
aldrich Corporation (St Louis, USA), rabbit anti-rat
leptin antibody and biotinylated goat anti-rabbit were
purchased from Santa Cruz Biotechnology (Santa
Cruz, USA), streptavidin peroxidase conjunction
(SP) and diaminobenzidine (DAB) were provided by
Dakocytomation (Carpenteria, USA), Healthy Sprague-
Dawley (SD) rats (adult male, 25030 g) were supplied
by the Department of Laboratory Animal Center of
Southern Medical University, Guangzhou, China.
Groups and experimental protocols. The experiment
was performed in the Southern Medical University,
Guangzhou, China from November 2007 to June
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2008. All animal experimental protocols were approved
by the Animal Care and Use Committee of Southern
Medical University and conformed to the National
Institutes of Health Guidelines. Thirty-six Sprague-
Dawley rats (male, 250+30 g), purchased and bred
in the Department of Laboratory Animal Center of
Southern Medical University, Guangzhou, China were
initially left to adjust to the laboratory environment for
7 days, then randomly divided into 3 groups: sham,
partial achilles’ tenotomy (PAT) and Achilles’ tenotomy
(AT) (n=12 rats each). All surgical procedures were
performed under general anesthesia induced by an
intraperitoneal injection of sodium pentobarbital (30
mg/kg) and with aseptic techniques. Once anesthetized,
for rats in the sham group, incision and saturation were
merely performed on the left leg; PAT were performed
on the left achilles tendon. The AT group underwent
left midpoint AT to build up HO models through a
posterior approach according to the description of
McClure.! Incisions were routinely sutured with an
interrupted 4-0 silk suture.

Radiographic and histological analysis. High-
resolution radiographs (projective conditions: 42KV,
100MA, exposure time 0.12s) of both hindlimbs were
taken at 5 and 10 weeks after surgery to investigate the
formation of HO. Meanwhile, 6 rats from each group
were randomly selected and sacrificed; the achilles
tendons were dissected and inspected. Subsequently half
of the samples were immediately fixed in 10% formalin
and decalcified in 10% ethylenediaminetetraacetic acid
(EDTA) (pH 7.0) for one week. After dehydration and
embedding in paraffin, the sagittal central sections of the
Achilles tendons were cut at 3 um thickness. The slides
were then stained with both hematoxylin-eosin (HE)
and Masson and examined under a light microscope.

Messenger ribonucleic acid (mRNA) extraction
and reverse transcriptase polymerase chain reaction
(RT-PCR). Rats were sacrificed at 5 and 10 weeks after
operation, the Achilles tendons and surrounding soft
tissue were obtained. The other half of the tissue (0.5-1
g) were homogenized in 5-10 ml 0.9% saline solution.
The homogenate was then centrifuged at 3,000 rpm
for 10 minutes at 4°C. The supernatants were collected
for assaying. The total cellular RNA was isolated from
the tissue of each rat using Trizol reagent following the
protocol recommended by the manufacturer. Leptin
expression was analyzed by RT-PCR.%® Glyceraldehyde
3-phosphate dehydrogenase was used as an internal
control. Primers used for leptin (316 bp) were 5-CCA
GGA TGA CAC CAA AAC CCT C-3’ (upstream)
and 5-ATC CAG GCT CTC TGG CTT CTIG C-3
(downstream). Primers used for GAPDH (580bp)
were 5-AAT CCC ATC ACC ATC TTC CA -3
(upstream) and 5’-CCT GCT TCA CCA CCT TCT
TG-3’ (downstream). The PCR ran 35 cycles as 95°C—
56°C—72°C, 30 seconds for each step. After the RT-
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PCR reaction, the PCR products of leptin and GAPDH
were analyzed by 1.5% agarose gel electrophoresis.
Leptin immunodetection. Slides were deparaffinized
in xylene and hydrated through graded alcohols to
distilled water (dH,O). Endogenous peroxidase was
blocked using 3% H,O,, and slides were incubated with
10% normal goat serum for 10 minutes. The reagent was
blown off the slides and not rinsed. Slides were incubated
for 2 hours with the rabbit anti-rat leptin antibody at a
1:25 dilution. Negative controls were processed in the

absence of the primary antibody. Secondary antibody
was biotinylated goat anti-rabbit diluted 1:100 for one
hour followed by SP for 10 minutes and DAB for 5
minutes. Slides were removed from the stainer, rinsed
in water, counterstained with light green, dehydrated,
cleared, and mounted with resinous mounting media.

Results. Radiographic examination. At 5 and 10
weeks after operation, x-ray films showed no ectopic
bone formation in the sham and PAT groups, in the

operation in the AT group

Figure 1 - Plain x-ray showing a) no ectopic bone formation (arrow) in sham group at 10 weeks after operation, b) no ectopic
bone formation (arrow) in sham group at 10 weeks after operation, c) 2 high-density images (arrow) appeared at 5 weeks
after operation in the Achilles’ tenotomy (AT) group, and d) high-density filate image (arrow) appeared at 10 weeks after
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Figure 2 - Histological examination showing a) normal achilles tendon tissue of the sham group at 10 weeks after operation (HE
x40), b) degenerative achilles tendon tissue of partial achilles” tenotomy (PAT) group at 10 weeks after operation (HE x40),
) cartilage-like structure (arrow) in the degenerative Achilles tissue appeared at 5 weeks after operation in the Achilles
tenotomy (AT) group (HE x40), d) matured bony structure (b), trabecula (t), and cavitas medullaris (cm) appeared at 10
weeks after operation in the AT group (HE x40), e) bone lacuna and trabecula-like structure (arrow) were found at 5 weeks
after operation in the AT group (Masson x 40), and f) bone and lamellar bone (arrow) appeared at 10 weeks after operation
in the AT group (Masson x40). HE - hematoxylin and eosin
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AT group, 2 high-density images occurred on the plain
x-ray at 5 weeks after tenotomy, and high-density filate
image presented at 10 weeks (Figure 1).

Histological examination. Specimens of the AT
group showed cartilage and bone formation at 5 weeks
after tenotomy, showed matured bony structure, bone
trabecula, and bone medullary cavity at 10 weeks after

tenotomy; by contrast, in the sham and PAT groups

5W

chondrification did not occur at 5 and 10 weeks
(Figure 2).

Expression of leptin mRNA. Results of leptin mRNA
expression are presented in Figure 3. There were no
leptin mRNA expression detectable in the sham group
and moderate expression in PAT of Achilles tendons
and surrounding soft tissue, whereas there was a strong
expression of leptin mRNA in HO-isolated tissue of AT
rats at 5 and 10 weeks after surgery (Figure 3).

10w

SHAM PAT AT

Figure 3 - The expression of leptin mRNA. There was no leptin (LEP) mRNA expression in the sham group and moderate
band in the partial achilles’ tenotomy (PAT) group of achilles tendons and surrounding soft tissue, whereas there
was a strong band of heterotopic ossification (HO) - isolated tissue in the achilles’ tenotomy (AT) rats at 5 and
10 weeks after surgery. GAPDH - Glyceraldehyde 3- phosphate dehydrogenase
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Figure 4 - Immunohistochemical staining showing a) strong positive staining (arrow) for leptin of the Achilles tendons in the
achilles’ tenotomy group at 10 weeks after operation (x400); b) weak immunostaining (arrow) for leptin is seen
in the partial achilles’ tenotomy group (x400); ¢) no immunoreactivity (arrow) for leptin is detected in the sham
group (x400), and d) no staining (arrow) in achilles tendons tissue processed as a negative control (x400).
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Immunohistochemical  staining.  Results  of
Immunohistochemical staining. for leptin are illustrated
in Figure 4. There were a strong positive staining for
leptin in AT and weak immunostaining in PAT of
Achilles tendons at 10 weeks after operation. In contrast,
no immunoreactivity for leptin in sham were detected
and no staining in Achilles tendons tissue processed as a
negative control (Figure 4).

Discussion. Heterotopic ossification continues to
pose a substantial challenge to the orthopedic surgeon,
particularly in the fields of trauma and arthroplasty.
Similar to the formation of callus, HO initially
manifests as highly metabolically active woven bone
in the soft tissue, then matures into lamellar bone,
containing osteoblasts and osteoclasts, often with true
marrow.'? Creation of an animal model that mimics
human clinical scenarios is necessary for investigators to
understand the biochemical mechanism(s) underlying
these phenomena. In this paper, we have successfully
established an HO model through AT, specimens of the
AT group presented cartilage and bone formation with
trabecular bone, this HO occurred through a process of
endochondral ossification. The results from this study
were identical to a similar experiment by McClure.'
This model was selected because it consistently
leads to the formation of ectopic new bone, which is
morphologically and radiologically similar to traumatic
HO in humans, and it appears to be more realistic
in approximating the clinical setting of HO than
other models. The pathogenesis of HO is complicate
with multiple etiologies. It requires osteoinductive
factors, inducible osteoprogenitors, and a favorable
micro-environment.””>  Numerous previous studies
concerning inductive factors have been performed
to understand the HO etiology, which focused on
BMPs, TGF-f, bFGF and so forth. There are still
some signaling factors involved. Leptin is a polypeptide
hormone comprised of 167 amino acids and secreted
primarily by white adipose tissue. The widespread
expression of leptin and its receptor within various cells
and tissues,'*' suggests that leptin may be involved in
a variety of metabolic regulations."” It is known that
leptin acts not only as a major regulator of appetite and
energy expenditure,'® but also as an endocrine hormone
regulating bone metabolism.”?'  Our genetic and
immunohistochemistry studies found no leptin mRNA
and protein expression in sham and a weak expression
in PAT of Achilles tendons and surrounding tissue,
whereas there was a strong expression of HO-isolated
tissue in AT. In previous studies, leptin has been shown
to induce bone formation and maturation through
a series of cellular events, including mesenchymal
cell proliferation and differentiation,” osteoblasts

proliferation,” fibroblast proliferation and collagen
synthesis,?* increased mineralization of the extracellular
matrix,'"**% cartilage formation, and vascularization.?**
Furthermore, vascularization is an essential procedure for
bone and cartilage formation.?®*® All these procedures
have physiological and pathological effects and play an
important role in bone formation and remodeling.*®
Local higher levels of leptin and other inductive factors
stimulate primordial mesenchymal cells in Achilles
tendons and surrounding tissue to differentiate into
osseous progenitor cells.  Subsequent differentiation
into osteoblasts occurs. With further stimulation, these
osteoblasts produce considerable alkaline phosphatase
and collagen. This osteoid matrix subsequently calcifies,
forming mature appearing bone.

In conclusion, the present results revealed differences
at the tissue level in animals with PAT or AT when
compared to their controls. There was differential
expression of the leptin gene and protein by HO-isolated
tissue, which may be effective evidence that leptin is at
least partly responsible for the ectopic bone formation.
However, due toa deficiency in the immuno-detection of
leptin receptors in the present study, further work would
be performed in these fields to increase understanding
of the pathways and mechanisms, the results of such
studies will aid in the understanding of the functional
roles of leptin for HO.
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