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(Abstract

Qf the tissue.

Heterotopic ossification is a common sequela of abdominal surgical incisions which has been reported extensively in hu-
mans. It is usually an incidental finding, presenting with no apparent clinical signs. Nonhuman primates (NHPs) are fre-
quently used as models in preclinical research. Despite the relative frequency of abdominal surgery performed in this animal
model, no previous incidences of heterotopic ossification have been reported in this species. This case study examines the
finding of heterotopic ossification lesions in two NHPs (Macaca fascicularis). Both animals had lesions in the midline ab-
dominal scars with structure grossly resembling bone and histology showed cortex and myeloid cells present in the medulla
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Introduction

Heterotopic ossification (HO) is the formation of bone tissue
outside of the skeletal system. It has been noted to develop at sites
of trauma, burns, or surgery. Formation of HO in midline abdomi-
nal surgical incisions is a relatively common sequela which has
been reported in humans [1-3]. It is usually an incidental finding,
presenting with no apparent clinical signs, although it may cause
mild to moderate chronic pain and on rare occasion can become
fractured by acute trauma. Cynomolgus macaques (Nonhuman
primates [NHPs]) are often used in preclinical research as models
for humans, especially in transplant surgery research [4,5]. Despite
the relative frequency of abdominal surgery performed in this ani-
mal model, no previous incidences of heterotopic ossification have
been reported in cynomolgus macaques. This case study exam-
ines the finding of heterotopic ossification lesions in two different
NHPs six months after abdominal surgery.

Animals

Studies involving animal subjects were performed under a
protocol approved and monitored by the Massachusetts General
Hospital (MGH) Institutional Animal Care and Use Committee.
Animals were housed at the Center for Comparative Medicine and

Laboratory Animal Services at MGH. Two naive male NHPs, aged
7.9 and 7.3 years, were obtained from Charles River Laboratories
(Houston, TX) and were specific pathogen free. Animals tested
negative for Mycobacterium, Salmonella, Shigella, Yersinia, Sim-
ian Type D Retrovirus, Simian T-Lymphotropic Virus, Simian Im-
munodeficiency Virus, and Herpes B Virus. Pair-housed monkeys
were supplied with water ad libitum, environmental enrichment,
and fed a balanced primate diet three times daily. MGH holds Ani-
mal Welfare Assurance A3596-01, effective 22 December 2014,
with the Office of Laboratory Animal Welfare, National Institutes
of Health, and is accredited by the Association for Assessment and
Accreditation of Laboratory Animal Care.

Procedures

Both animals were recipients of pancreatic islets encapsulat-
ed within a calcium-alginate matrix, and received no immunosup-
pressive drugs [6]. Encapsulated islets were suspended in normal
saline to a volume of approximately 20 mL, and gently infused
over the surface of the omentum during midline laparotomy. Ab-
dominal closure was in three standard layers with absorbable su-
ture. The animals received prophylactic antibiotic and multimodal
analgesia perioperatively. Surgical biopsies of the encapsulated
islets were taken via midline laparotomy at 4 weeks and necropsy
was performed at 6 months. The first animal received autologous
islets transplant, which were isolated and encapsulated after partial
pancreatectomy. This entailed surgical removal of 60-70% of the
distal pancreas and the spleen. The second animal received xeno-
geneic encapsulated porcine islets transplant. Animals were moni-
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tored postoperatively with periodic sedated physical examination,
urinalysis and blood work, including complete blood count and
serum biochemical profile.

Results
Autotransplanted Animal (AA)

The autotransplanted animal had moderate inappetance for
three days following partial pancreatectomy and transplant, but
otherwise recovered well. Post-operative blood work showed
mildly elevated GGT and alkaline phosphatase consistent with
cholestasis, which resolved after two weeks. The animal devel-
oped an incisional infection after the 4-week biopsy which was
treated effectively with a 7-day course of oral cefpodoxime. Dur-
ing the 4-week biopsy fat necrosis was noted, localized to the left
cranial abdominal quadrant in the area of the pancreas. At the 6
months time point post transplant, the animal had gained over 3.5
kg and had become obese, weighing 13.0 kg. On necropsy, there
were extensive abdominal adhesions between the abdominal wall
and the greater omentum. A significant area of mineralization was
present in the scar of a previous laparotomy, extending caudally
10 cm from just caudal to the xiphoid with an average width of
3 cm and depth of 1 cm. On cross-section, the mineralized area
grossly resembled the structure of a long bone, with a thin cortex
around the periphery, and trabeculae and red soft tissue in the cen-
ter. Histology confirmed the presence of lamellar and cancellous
bone with all three lineages of myeloid cells present in the medulla
of the HO lesion as well as cartilaginous component along with the
bone (Figure 1).

Figure 1: Gross structure and histology of the dissected area of mineral-
ization of animal AA. (A) The tissue of the lesion is firm in texture with
structure grossly resembling an irregular long bone. (B)Cross-section
shows a thin cortex around the periphery, with trabeculae and red soft
tissue in the center. (C&D) Histology confirms the presence of lamellar

and cancellous bone with all three lineages of myeloid cells present in the
medulla of the tissue (HE stain). (E) Shows chondrocytes from dissected
cartilaginous tissue of the lesion (HE stain).

Xenotransplanted Animal (XA)

The xenotransplanted animal had a history of chronic alopecia
treated with behavioral intervention. Routine diagnostics through-
out the study revealed chronic mild azotemia, chronic proteinuria
and hematuria. No abnormalities were found on abdominal ultra-
sound, and urine culture yielded no bacterial growth. On necropsy,
there were minor adhesions between the omentum and the abdom-
inal wall. The urinary bladder contained a 2 cm diameter calcium
carbonate urolith with no nidus, and the bladder wall was thick-
ened. The scar of a previous laparotomy contained an approximate
0.5 cm by 0.5 cm by 1 cm area of mineralization. Histologically,
the lesion contained a small area of woven bone embedded in the
abdominal muscle, with some evidence of maturation and a single
pocket of hematopoietic cells (Figure 2).

o | 4. )

Figure 2: Gross structure and histology of the dissected area of miner-
alization of animal XA. (A&B) The tissue of the lesion is firm in texture
with structure grossly resembling an irregular bone and cartilage. (C&D)
Histology confirms the presence of spongy bone and hematopoietic cells
in the dissected tissue of the lesion (HE stain).

Discussion

Two adult male NHPs in this case report were found to have
mineralization of their midline abdominal scars six months after
surgery. Histology confirmed both to be due to heterotopic ossifi-
cation of the incisions. Animal AA’s lesion was quite substantial
in size, and exhibited the gross structure of a long bone diaphy-
sis, including a central marrow cavity containing cells of all three
myeloid lineages.
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Heterotopic ossification is the formation of bone in soft tis-
sue. It is thought to be an advanced form of dystrophic calcifica-
tion, and is not associated with hypercalcemia as with metastat-
ic calcification. Key factors in formation include: 1) an inciting
event, usually trauma; 2) osteogenic signals from the site of injury;
3) supply of mesenchymal cells; and 4) environment conducive to
continued production of bone [3]. There are two main theories put
forth for the pathogenesis. One is that the incision site is “seeded”
by bone fragments or cells (such as from the xiphoid process or
the pelvic symphysis), which then proliferate and form bone in
the healing incision. The presence of HO lesions in locations not
apparently seeded by bone fragments (such as in burns, traumatic
brain injury, non-midline surgical incisions, and mesentery) gives
evidence that this mechanism is not necessary for the formation of
HO. The second theory is that local humoral or hormonal factors
stimulate pluripotent mesenchymal stem cells already present in
the site to differentiate into osteoblasts or chondroblasts and sub-
sequently induce bone formation at the site [3]. There is extensive
research that supports the validity of the second theory [7]. No
doubt, the repeated laparotomy in the reported two cases caused
significant trauma as a contributing factor to initiate the HO.

There is a compelling case for the role of inflammation in the
formation of HO lesions. The normal inflammatory response fol-
lowing bone injury leads to the release of a cascade of cytokines,
which promote angiogenesis and induce osteoprogenitor cells to
release BMPs and promote osteogenic differentiation. Progenitor
cells differentiate into osteoblasts, which release IL-1, IL-6, and
IL-11 to promote osteoclastogenesis. It is well known that mac-
rophages and monocytes can differentiate into osteoclasts. Indeed,
macrophages in mice forming HO were found to express high
levels of osteogenic growth factors, including BMP4. In addition,
removing macrophages from a mouse model significantly reduced
HO formation [8].

A genetic disease in humans called fibrodysplasia ossificans
progressiva (FOP) causes progressive widespread ectopic bone
formation in soft tissues. It shares many similarities with other
forms of HO, and is thought to share many of the same underlying
mechanisms. The disease is caused by a recurrent activating genet-
ic mutation in the BMP type 1 receptor gene ACVRI. Progression
of the disease is preceded by inflammatory “flare-ups”, which are
generally precipitated by soft tissue injury, immunizations or viral
infection [7,9,10]. Anecdotally, immune-suppression in one person
with FOP appeared to inhibit flares for years, which recurred after
immune-suppression was weaned [8]. Our cases also seem to sup-
port the implication of inflammation in the pathogenesis of HO, as
the animal AA with adhesions throughout the abdomen also had a
significantly larger HO lesion. The presence of hematopoietic cells
in the HO lesion of this animal is consistent with the larger and

more developed HO lesions containing hematopoietic cells that
have been reported in humans [2,11].

In humans, HO lesions have a higher prevalence in adult
males, and in upper midline abdominal incisions [3]. Our two
cases fit this description, and it would be interesting to see if these
demographics continue to be consistent in NHPs. Although neither
animal showed obvious clinical signs associated with their HO le-
sions, we speculate that the animal AA with the larger lesion may
have been experiencing some discomfort which led to decreased
activity levels and significant weight gain. A retrospective study
of CT scans in humans after abdominal surgery found heterotopic
ossification occurred far more frequently than had previously been
thought [1]. In that study, approximately 25% of the patients de-
veloped HO. Surprisingly only 5% of those patients with HO had
surgery to remove it due to pain. Follow up CT scans showed re-
gression of the lesions in the majority of the remaining patients.

In light of these findings and our own limited experience, we
suspect HO may also occur more frequently in NHPs than previ-
ously thought. Finding a second smaller lesion so soon after we
discovered the first seems to support this, although the timing of
these two cases could be purely coincidental. Either way, it is pos-
sible we have overlooked previous minor HO lesions. If this type
of lesion has a similar clinical course in NHPs, it is not hard to see
how it could be overlooked, especially if it is not causing clinical
signs and is potentially regressing over time. So far, much research
has been done to understand the causes of HO formation. How-
ever, studies on the dynamic impacts to the immune system during
the time of either HO formation or regression are warranted, espe-
cially in the context of transplantation.
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