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Preface

We chose cancer to be the theme of our thesis, due to our interest in oncology and
comparative medicine. We have always been interested in small animal medicine and so we
felt it was natural to write about our canine companions. Comparative medicine has become
in important aspect of cancer research and so, as veterinary students, we wanted to contribute
to the growing body of knowledge and to better understand oncogenesis. After several
interesting and inspiring conversations with our main supervisor, Professor Lars Moe, we

ended up choosing osteosarcoma as the model for our study.
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Summary

Title: The distribution of pulmonary metastases in dogs with osteosarcoma.

Authors: Mikael Kerboeuf and Marius Brataas Stordalen.

Tutors: Professor Lars Moe, Department of Companion Animal Clinical Sciences.

Professor Erling Olaf Koppang, Department of Basic Sciences and Aquatic

Medicine.

Osteosarcoma is a highly devastating disease that occurs in both humans and dogs. Despite
aggressive treatment, affected patients often succumb to the disease shortly after it has been
diagnosed. Many molecular and genetic factors have been linked to the pathogenesis of
metastatic disease and their use in diagnostics have made it easier to better predict patient
outcome. Many of these factors have also been investigated for their potential as therapeutic
targets. Immunohistochemistry has been shown to be a valuable tool to study protein
expression in tissues. In order to shed light on the pathogenesis of early metastatic disease,
we investigated the expression of Tumour Protein 3 (TP3) binding antigens and Proliferating
Cell Nuclear Antigen (PCNA), by means of immunohistochemistry (IHC), in lung tissue
derived from dogs. We wanted to evaluate whether the lungs were colonized with metastatic
tumour cells, before macroscopic metastases were present. The dogs included in the current
study consisted of one healthy control dog and two dogs with osteosarcoma, one of which
had metastatic disease while the other did not, based on routine autopsy and histopathology.
PCNA expression was investigated in the dog with osteosarcoma, with visible metastases and
in the control dog. TP3 expression was evaluated in all three dogs included in the study. We
found that tumour cells in pulmonary metastatic lesions expressed both TP3 binding antigens

and PCNA. Furthermore, we found that TP3 and anti-PCNA immunolabelling was useful in
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visualising small metastatic lesions and that this method could potentially be more sensitive
in detecting such lesions than routine histologic examination using HE-slides. Single cells in
the lung parenchyma also expressed TP3 binding antigens in all three dogs. The natures of
these cells could not always be determined. However, some of these cells were characterized
as leukocytes, demonstrating for the first time that TP3 antibodies bind to epitopes on these
cells as well. In order to conclude whether the remainder of these single cells do in fact
represent tumours cells or not, further studies using double staining techniques are warranted.
This is important for the analysis of whether tumour cells are present as micrometastases in
the lungs in the early phase of osteosarcoma or not. We believe that further studies are
warranted to shed light on the potential extrapulmonary distribution of tumour cells and their

potential to redistribute to the lungs.



Abbreviations

25X: Twenty-five times magnification

100X: Hundred times magnification

200X: Two hundred times magnification

400X: Four hundred times magnification

630X: Six hundred and thirty times magnification

AEC: Aminoethyl carbazole

AgNOR: Argyrophilic Nucleolar Organizer Region

BSA: Bovine serum albumin

DAB: 3, 3°-diaminobenzidine

DNA: Deoxyribonucleic acid

FFPE: Formalin-fixed paraffin embedded
GO: Arrested cells in the cell cycle

G1: Growth phase 1 of the cell cycle

G2: Growth phase 2 of the cell cycle

HE: Haematoxylin & Eosin

HER-2: Human epidermal growth factor 2
HGF: Hepatocyte growth factor

HIER: Heat induced epitope retrieval
HRP: Horseradish peroxidase

IGF-1R: Insulin-like growth factor-1 receptor
1gG: Immunoglobulin G

IHC: Immunohistochemistry

LOH: Loss of heterozygosity
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M: Mitotic phase of the cell cycle

MAB: Monoclonal antibody

MET: Met proto-oncogene/receptor tyrosine kinase
MHC: Major Histocompatibility Complex
MST: Median survival time

mTOR: Mammalian target of rapamycin

OS: Osteosarcoma

p53: Protein 53

PBS: Phosphate buffered saline

PCNA: Proliferating Cell Nuclear Antigen
PCR: Polymerase chain reaction

PTEN: Phosphate and tensin homolog

RB1: Retinoblastoma 1 gene

RHOC: Ras homolog family member C gene
RUNX2: Runt related transcription factor 2 gene
S: Synthesis phase of the cell cycle

SLE: Systemic Lupus Erythematous

TBS: Tris buffered saline

TP1: Tumour protein 1

TP3: Tumour protein 3

Trk: Tropomyosin-related kinase

TUSC3: Tumour suppressor candidate 3

a: Alfa

6: Delta

&: Epsilon
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239Pu: Plutonium 239 isotope
226Ra: Radium 226 isotope

0Sr: Strontium 90 isotope
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Introduction

Osteosarcoma

Osteosarcoma is the most common bone tumour in dogs, accounting for 80-85% of all
malignant bone tumours. It mainly occurs in large and giant breeds, including Saint Bernard,
Great Dane, Irish Setter, Rottweiler, German Shepherd, Boxer, Greyhound, Doberman
Pinscher and Golden Retriever (1-4). The disease generally affects middle-aged to older dogs,
with a median age of 7 years (range 6-10 years old), although there seems to be a second
peak in frequency in younger individuals as well (range 1-2 years old) (1, 2, 4).

The tumour most commonly arises in the appendicular bone (64-75%), but not uncommonly
does it arise in the axial skeleton (25-28.5%) and more uncommonly in extra-skeletal sites
(up to 7.5% of reported cases) (1, 4-6). The tumours of the appendicular bone usually affect
the metaphyseal region of long bones, appearing in the front legs roughly twice as often than
in the hind legs, with distal radius and proximal humerus being the most common locations,
followed by distal femur, distal tibia and proximal tibia (7-9). Of cases with primary
osteosarcoma in the axial skeleton, it has been reported that 27% were located in the
mandible, 22% in the maxilla, 15% in the spine, 14 % in the cranium, 10% in the ribs, 9% in
the nasal cavity and paranasal sinuses, and 6% in the pelvis (10). Although rare, primary
osteosarcoma in extraskeletal sites have been reported in the adrenal gland, eye, gastric
ligament, ileum, kidney, liver, spleen, testicle, vagina, mammary tissue and subcutaneous

tissue (9, 11, 12).
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Risk factors

The etiology of osteosarcoma in dogs is largely unknown, but there are several risk factors
that have shown to predispose to its development. Dogs weighting more than 40 kg are more
predisposed than smaller dogs and the general risk of developing osteosarcoma increases with
age, increasing bodyweight, increasing standard weight and increasing standard height, with
height seeming to have a stronger correlation than weight for developing the disease (13, 14).
It has been theorized that multiple minor trauma and subsequent injury to sensitive cells in
the late-closing physeal regions of major weight-bearing bones might be the reason why
heavy dogs are predisposed, but an in vitro study found no difference in the incidence of
microdamage between small- and large-breed dogs, when examining the radius post mortem
(15). Most studies indicate that males are more often affected then females (1.1-1.5:1 ratio)
(3, 8, 16). There are also reports that indicate a correlation between castration and a higher
risk of developing osteosarcoma. Male and female dogs than underwent gonadectomy before
the age of 1 year were approximately four times more likely to develop osteosarcoma during
their lifetime than dogs that were intact (17). It has also been shown that metallic implants for
fracture repair, chronic osteomyelitis, fractures without metallic implants and bone allografts
all have been associated with the development of osteosarcoma (18-22). lonizing radiation
has also been shown to induce osteosarcoma in dogs (23-28). Dogs either fed or injected with
239py, 22°Ra or Sr showed a dramatic increase in the prevalence of osteosarcoma, with a
distribution pattern being very different from that of naturally occurring osteosarcoma,
showing an increased frequency in the axial skeleton (24-26). Osteosarcoma has also been
shown to occur at sites of therapeutic radiation in dogs, however it has been shown to be a
rare complication to radiation therapy (reported in 3.4% of treated dogs), often occurring
several years after treatment (range 1.7-5 years) (23). In another report including 57 dogs

receiving radiation therapy for oral acanthomatous epulis, similar numbers (2 dogs, 3.5% of
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treated dogs) developed a second tumour (sarcoma and osteosarcoma) in the radiation field,
5.2 and 8.7 years after treatment (28). There is evidence that shows some genetic and
hereditable factors may predispose for the development of osteosarcoma. One of the most
studied genes involved in the formation and progression of osteosarcoma is the tumour
suppressor gene p53 (29-34). Several studies have identified missense mutations involving
exons 4 to 8 of the p53 gene in 24-47% of spontaneous arising osteosarcomas in dogs (29, 33,
34). Studies involving immortalized canine osteosarcoma cell lines have also demonstrated
that the functionality of the p53 gene was defective (31). In another study, 59 samples from
spontaneously arising canine osteosarcoma were assessed for mutations in the p53 gene.
Mutations in the p53 gene were identified in 41% of the samples (30). Another study
evaluating p53 expression by immunohistochemistry, showed that 67% of osteosarcoma
samples (103 samples) stained positively for the p53 protein and that samples from
appendicular osteosarcomas had a significantly higher p53 index than samples from axial
osteosarcomas (32). Other studies have reported similar differences in the p53 index
depending on tumour location (35). It was also shown that p53 index was higher in
Rottweiler dogs than in other commonly affected breeds, which in turn might support the
theory that mutations in the p53 gene may be associated with some breeds’ predisposition for
osteosarcoma (17, 32). Another tumour suppressor gene that has shown to have loss of
heterozygosity (LOH) in up to 62.9% of human osteosarcoma samples, is the RB1 gene (36).
The RB1 gene has also been showed to have aberrations in spontaneous arising canine
osteosarcoma, showing loss of gene copies in 29% of the analysed samples (37).
Abnormalities in the tumour suppressor gene phosphatase and tensin homolog (PTEN) has
also been shown to be present in 30-42% of spontaneous arising canine osteosarcoma
samples, leading to the suspicion that this gene may also participate in the genetic

pathogenesis of canine osteosarcoma (37-39). Other genes that have been shown to be
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aberrant in canine osteosarcoma and that might be involved in its genetic pathogenesis

include the RHOC gene, the RUNX2 gene and the TUSC3 gene (39).

In addition to genetic factors, several molecular factors have been shown to have some
significance in the etiopathogenesis of canine osteosarcoma. The MET proto-oncogene
encodes a tyrosine kinase receptor, that on ligation with hepatocyte growth factor (HGF)
mediates several intracellular pathways. It has been demonstrated that dysregulation and
overexpression of this protein promotes tumorigenic phenotypes in cell lines (40, 41). It has
also been shown that 71-100% of tumour samples show expression of the MET proto-
oncogene, demonstrated by northern blot, real-time PCR and western blot analysis (42, 43).

Several other molecular factors have been shown to be aberrantly expressed or overexpressed
in canine osteosarcoma. This includes the expression of the insulin-like growth factor-1
receptor (IGF-1R), overexpression of the human epidermal growth factor-2 (HER-2) protein,
expression of the mammalian target of rapamycin (mTOR) protein, expression of the

tropomyosin-related kinase (Trk) receptor and expression of telomerase (44-48).
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Pathophysiology

Osteosarcoma is a locally aggressive tumour, causing bone lysis, production of bone, or both
(49). There is often significant soft tissue swelling around the lesion and it is not uncommon
for pathological fractures to occur in the affected bone. It is rare for osteosarcoma to cross
joint surfaces. Metastases are very common in canine osteosarcoma, even though only 15%
of affected dogs will have radiographically detectable metastases (in the lungs or in bone) at
presentation. Dogs receiving limb amputation as sole treatment for osteosarcoma will have a
median survival time (MST) of 19 weeks, with metastatic disease usually occurring to the
lungs (3, 8). Metastasis usually occurs through the haematogenous route, however metastases
to regional lymph nodes are sometimes seen and carry a poor prognosis despite treatment
(MST of 59 days) in comparison to those without lymph node involvement (MST of 318
days) (50). Even though metastases usually occur in the lungs, there are several reports of
metastases occurring to other sites, including bone and other soft tissue sites (51). A
difference in metastatic behaviour has been reported, depending on the anatomic location of
the primary osteosarcoma (52, 53). It has been shown that mandibular osteosarcomas may
have a less aggressive metastatic behaviour than tumours arising in appendicular sites, but
other reports have shown conflicting results. There is a rapport of 4 cases of canine
osteosarcoma undergoing spontaneous regression, without any antitumor treatment, a

phenomenon having also been described in human osteosarcomas (54).

Osteosarcoma is a malignant mesenchymal tumour arising in primitive bone cells and they
produce an extracellular matrix consisting of osteoid (49). The presence of osteoid is the
basis for the histologic diagnosis, making it possible to differentiate osteosarcomas from
other mesenchymal tumours of the bone. It is important to obtain biopsies of appropriate size,

due to the variable histological patterns seen in between tumours and within the tumour itself,
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in order not to misdiagnose the tumour. It is recommended to do a histologic analysis of the
entire tumour after excision, to confirm the diagnosis. The use of alkaline phosphates
staining, both on histologic samples and on cytologic specimens, has been shown to be a
highly sensitive (100% sensitivity) and specific (89% specificity) way to help differentiate
osteosarcoma from other mesenchymal tumours (55-57). Canine osteosarcoma can be further
classified histologically, based on the type and amount of extracellular matrix and cellular
characteristics. These include osteoblastic, chondroblastic, fibroblastic, poorly differentiated
and telangiectatic (49). A difference in biologic behaviour based on histologic
subclassification has not been observed, however histologic grading has been shown to be a
better predictor of tumour behaviour (58). The tumour can be histologically graded from | to
[11, based on pleomorphism, mitotic index, the amount of extracellular matrix, tumour cell

density and the level of necrosis.
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Diagnosis

A presumptive diagnosis of osteosarcoma can be made, based on signalment, medical history,
physical examination and radiographic findings (49). The appearance of osteosarcoma can
be quite variable, but there are some features that are commonly seen. These include cortical
lysis, sometimes being severe enough to cause pathologic fractures, soft tissue swelling and
new bone formation, either from the tumour or from reactive bone, organizing in a palisading
pattern radiating from the axis of the cortex (often termed “sunburst”). There are often
deposits of periosteal new bone on the cortex, at the periphery of the lesion, creating a
triangular-appearing deposition (often termed “Codman’s triangle). The radiographic
appearance of osteosarcoma is similar to that of osteomyelitis, in particular those of fungal
etiology and so biopsies may be warranted (59). Other differential diagnosis with similar
radiographic appearance (lytic, proliferative or mixed aggressive bone lesions) include other
primary bone tumours (chondrosarcoma, fibrosarcoma, hemangiosarcoma), metastatic
cancer, multiple myeloma, lymphoma, bacterial osteomyelitis and bone cysts (49).

To further support the diagnosis of osteosarcoma, ultrasound guided fine-needle aspirate
cytology of the lesion can be evaluated. This method has been shown to have a sensitivity of
97% and a specificity of 100%, in regard to differentiating sarcomas from other lesions, and
has shown to accurately diagnose osteosarcoma in 85% of samples (56, 57, 60). Concurrent
alkaline phosphatase staining of cytologic samples appears to be a highly sensitive
(sensitivity of 100%) and fairly specific (specificity of 89%) marker for diagnosing
osteosarcoma (55-57). However, in most cases, a definitive diagnosis is often made by
procurement and analysis of tissue samples for histopathology, either by sending in the entire
lesion after surgical excision, or by procuring a bone biopsy, either with a trephine or a bone
marrow biopsy needle (Jamshidi bone marrow needle) (49). Biopsies gathered with a trephine

has been reported to yield a diagnostic accuracy rate of 93.8%, yet carries a great risk of
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creating pathologic fractures (61). Biopsies gather using a bone marrow biopsy needle has
been shown to yield a diagnostic accuracy of 91.9% when it comes to detecting tumours and
an accuracy of 82.3% when it comes to accurately diagnose specific tumour subtypes (62).

Following diagnosis, patients should be staged and assessed for any concurrent disease. This
is usually done by careful clinical examination, followed by a thorough orthopaedic
examination, in order to uncover enlarged lymph nodes or pain in the skeleton related to sites
of metastasis (49). Staging should include high-detail thoracic radiographs, although
pulmonary metastases are uncommonly detected at the time of diagnosis (<10% of dogs) and
are not detectable until lesions have reached 6-8 mm in diameter. More advanced imaging
(including computer tomography) has shown a higher sensitivity at detecting pulmonary
nodules than thoracic radiographs and may play a role in patient staging and monitoring
during treatment, but further studies are warranted (63, 64). Bone survey radiographs have
been shown to be a valuable tool in detecting metastatic bone lesions, and has been reported
to yield a higher incidence of metastatic lesions (6.4%) than thoracic radiographs (4%) at the

time of presentation (65).
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Treatment and prognosis

There are many treatment options for canine osteosarcoma, including surgery, radiotherapy
and chemotherapy, or usually a combination of these (49, 51). Surgery is the first-line
procedure, which increases survival, brings pain relief, thereby delaying euthanasia (3, 4, 51).
Surgery can be done either by amputation of the effected limb, or by limb-sparing surgery.

Amputation is considered the standard surgical treatment for appendicular osteosarcoma and
most dogs, including large- and giant-breed dogs, will function well and have a good quality
of life after surgery (66, 67). It completely removes the primary tumour, decreases the risk of
postoperative complications, shortens time of anaesthesia and decreases expenses compared
to limb-sparing procedures (68). Limb sparing surgery is a procedure in which the bone
tumour is resected without limb amputation, by reconstructing the excised bone segment, thus
preserving the limb (69-73). Limb function has been shown to be good to excellent in most
dogs undergoing limb sparing procedures and removal of the primary tumour with marginal
resection has not shown to have an adverse effect on survival time (74). Limb sparing surgery
should be considered in patients with pre-existing orthopaedic or neurologic disease, or in
patients with owners who will not permit amputation (49). Patients that undergo limb sparing
procedures should be in general good health, the tumour should be clinically and
radiographically confined to the limb, in which the primary tumour affects less than 50% of
the affected bone. There are several limb sparing procedures described, including allograft
limb sparing, metal endoprosthesis limb sparing, pasteurized tumoral autograft, longitudinal
bone transport osteogenesis and ulna transposition limb sparing, all with their own
advantages and limitations, but often associated with complications (wound infections,
implant failures and tumour reoccurrence) (75-79). However, dogs treated with surgery alone
have a poor prognosis (3). This was shown in a study with 162 dogs treated with amputation

alone, where they found a median survival time of 19.2 weeks.
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Thus, patients with osteosarcoma are usually treated with adjuvant therapy, including
chemotherapy, which have shown to greatly improve survival time. (80-82). The most
commonly used cytostatic drugs are carboplatin, cisplatin and doxorubicin. Dogs treated with
adjuvant carboplatin after surgery have shown to have a median survival time ranging from
258 to 479 days, depending on number of treatments and dosage (81, 83, 84). Dogs receiving
cisplatin as adjuvant treatment after surgery have shown to have a median survival time of
262 to 325 days (70, 85). Treatment with doxorubicin as a single agent adjuvant treatment to
surgery has shown to have a median survival time of 240 to 366 days (80, 86). Adjuvant
treatment using alternating or concurrent combinations of doxorubicin, with either cisplatin
or carboplatin, have been investigated in several studies (81, 83, 84, 87, 88). However, it has
shown to have little effect on disease free interval and median survival time, when compared
to single agent protocols, nevertheless the frequency of negative side effects was significantly
lower for these protocols.

Radiation therapy is considered a palliative method of treatment for canine osteosarcoma,
with the intent of providing pain relief and prolonging the patient’s life, when surgery is not
an option (49, 89, 90). Fractionated tumour irradiation with curative intent seems to be
ineffective, however local control dog of the tumour can be achieved by stereotactic
radiosurgery or intraoperative extracorporeal irradiation when performing limb sparing
procedures (89). However, radiation therapy is not easily accessible and requires general
anaesthesia.  In a study comparing palliative radiation therapy with and without
chemotherapy, there was a significant difference in median survival time. (90) Dogs
receiving radiation therapy as the sole treatment for osteosarcoma had a median survival time
of 178 days, while those undergoing radiation therapy and chemotherapy had a median

survival time of 307 days.
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Comparative aspect

Canine osteosarcoma shares many similarities with human osteosarcoma in terms of genetic
similarities, clinical presentation, biologic behaviour and metastatic progression, and has
been shown to be a valuable comparative model for studies (91-93). Osteosarcoma is more
common in dogs than in humans, making it easier to gather patients and samples, it has a
more rapid progression in dogs than in humans and so results from treatment trials can be
reported earlier than in human trials. Research costs for clinical trials in dogs are significantly
less than those in human trials, making it easier to develop new treatments. In contrast to
studies done on laboratory animals, dogs with spontaneous occurring osteosarcoma will

develop the disease naturally, reducing the need to induce the disease in healthy animals.
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Tumour protein (TP)

Tumour protein (TP) is a group of IgG monoclonal antibodies that bind with a high
specificity to some human neoplasms of mesenchymal origin, including osteosarcoma (94).
The antibodies, consisting of TP1 (IgG-2a) and TP3 (IgG-2b), are produced by immunization
of mice with human osteosarcoma cells (94, 95). It has been shown that both TP1 and TP3
bind specifically to two different epitopes on the same antigen in some subtypes of human
sarcomas (94). The antigen to which TP1 and TP3 bind is a monomeric polypeptide with a
molecular weight of approximately 80kDa and its function is unknown. This antigen has been
present in all human osteosarcoma samples examined and it binds strongly with both TP1 and
TP3 antibodies, as demonstrated with immunohistochemistry (IHC). TP1 and TP3 have also
shown affinity to other sarcomas, including pleomorphic undifferentiated sarcoma, malignant
hemangiopericytomas and synovial sarcomas (Table 1) (94, 95). Other sarcomas, non-
sarcomas and a wide variety of normal tissues have not been shown to react with TP1 and
TP3 in human studies (94). However, TP1 and TP3 show reactivity towards some normal
tissues, as shown with IHC, including clusters of cells in the adrenal medulla and in the
proximal renal tubules (Table 2). Endothelial cells in proliferating capillaries in placental
tissue and in most tumour tissue also stain. Staining is absent in resting osteoblastic cells, but

is present in actively proliferating osteoblast (94).

In a study conducted on canine tissues, similarities and dissimilarities to human neoplasms
and normal tissues were assessed (96). As in humans, all investigated tissues from canine
osteosarcomas show positive staining (94, 96). Osteoblastic subtypes of osteosarcomas have
been shown to stain more intensely than chondroblastic and fibroblastic subtypes (96). In
addition, TP3 stained a higher number of cells and did so more intensely than TP1. This

phenomenon was not observed in human samples (94, 96). This may indicate that there is a
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difference in the amino acid sequence of the TP binding antigen between humans and dogs,
resulting in a variation in the affinity towards TP1 and TP3 (96). Whether TP binds the same
antigen in humans and dogs has not been investigated. Osteoid surrounding the tumour cells
did not stain. Chondrosarcomas have also shown reactivity towards both TP1 and TP3 (Table
1). Unlike in human tumours, TP1 and TP3 have shown to stain certain types of canine
carcinomas, including lung carcinoma, squamous cell carcinoma, thyroid carcinoma and
prostatic carcinoma (94, 96). In addition, tumours in which there is proliferation of
myoepithelial cells show reactivity with the antibodies (96). As in humans, little staining was
observed in a wide variety of normal canine tissues. Staining was, however, observed in
myoepithelial cells in the mammary glands, at the brush border of ciliated respiratory
epithelium and endothelium in some normal organs (Table 2) (94, 96). The staining of

endothelial cells was, as observed in humans, present in proliferating capillaries in tumours.

Table 1: The table shows the distribution of immunohistochemical staining of human and
canine tumours with TP monoclonal antibodies (94, 96).

Tumour type Human Canine
Sarcomas Osteosarcoma Osteosarcoma
Chondrosarcoma Chondrosarcoma

Pleomorphic undifferentiated
sarcoma
Malignant hemangiopericytoma

Synovial sarcoma

Carcinoma No staining Lung Carcinoma
Squamous Cell Carcinoma
Thyroid Carcinoma

Prostatic Carcinoma
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In humans, TP only reacts with some types of sarcomatous neoplasms, while in dogs, they
have been shown to bind neoplasms of both epithelial and mesenchymal origin. Most human
and canine normal tissues show little reactivity with the antibodies, but there are some
similarities and dissimilarities, as mentioned above. The fact that TP reacts strongly with
osteosarcoma in both humans and dogs, indicates that there is a antigenic similarity in
between these two species (96). These antibodies may play a role in both diagnosis and

treatment of osteosarcoma in the future.

Table 2: The table shows the distribution of Immunohistochemical staining of normal human
and canine tissues with TP monoclonal antibodies (94, 96).

Tissue Human Canine

Adrenal medulla Clusters of cells Negative

Proximal renal tubules | Clusters of cells Negative

Trachea Negative Apical surface of ciliated epithelium
Bronchus Negative Apical surface of ciliated epithelium
Lung Negative Apical surface of ciliated epithelium
Cerebrum Negative Endothelial cells

Cerebellum Negative Endothelial cells

Mammary gland Myoepithelial cells Myoepithelial cells

Bladder Negative Endothelial cells

Pancreas Negative Endothelial cells

Placenta Endothelial cells Negative
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Proliferating Cell Nuclear Antigen (PCNA)

Proliferating Cell Nuclear Antigen (PCNA) is an evolutionary well-preserved nuclear
polypeptide present in all dividing cells, ranging from high-class plant cells to human cells
(97). PCNA was first discovered as an antigen in humans in association with the autoimmune
disease Systemic Lupus Erythematous (SLE) (98). Later, an acidic polypeptide that showed
an uneven distribution through the cell cycle was discovered using gel electrophoresis and
was given the name cyclin (99). The protein cyclin was soon associated with both cell
proliferation and neoplastic transformation (99, 100). In 1984, it was found that cyclin and
PCNA are in fact the same protein (101). PCNA/cyclin is now usually referred to PCNA,
while the name cyclin is given to another class of proteins involved in cell cycle control
(102). Later, it has been shown that PCNA has a major role in the cell cycle as a cofactor for
DNA polymerase 6 (103, 104). It has also been shown that PCNA is organized as a ring that
can encircle the DNA and work as a sliding clamp for polymerase 6 and ¢, as well as a
docking station for other proteins involved in DNA replication, DNA repair and cell cycle
control (105, 106). PCNA also plays a role in chromatin assembly and remodelling, sister

chromatin cohesion, transcription and other functions (97, 102).

The cell cycle is divided into four phases, the G1, S (DNA synthesis), G2 and M (mitosis)
phase (Figure 1) (107). GO cells are non-proliferating and are arrested between the M and S
phases. The period between two mitoses is called the interphase and involves the G1, S and
G2 phase (107, 108). During the G1 phase the cells contains one diploid copy of the genome
and are sensitive to mitogenic signals (107). During the S phase, the genome replicates to
become two sister chromatids, which are two identical copies of the original two stranded
DNA. After the S phase, the cell enters the G2 phase, which is a shorter phase than G1. After

G2, the cell enters the M phase and completes the mitosis.
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Figure 1: The figure shows a schematic presentation of the cell cycle (107). The cell cycle is
divided into four phases, the G1, S, G2 and M phase. The GO represents arrested cells.

DNA replication is dependent on DNA polymerase o and d, and since PCNA is a cofactor for
polymerase 0, it is a necessary factor in order for cell replication to occur (109, 110). There is
an increase in the amount of PCNA in dividing cells during the traversing from cell cycle
phase G1to S (111, 112). It has been shown that human anti-PCNA monoclonal antibodies
react with the nucleus in proliferating cells in the S phase in humans, as well as in animals,
plants and yeast (97). More recently, PCNA has become a cell cycle marker, both
diagnostically and prognostically in human medicine (113). The amounts of PCNA has been
shown to be increased in malignant cells and can be used as a prognostic marker in some
human gastric and renal cancers (114, 115). PCNA has also been evaluated as a prognostic
marker in canine mast cell tumours and has been correlated with histologic grading, mitotic

index and AgNOR counts (116).
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Indirect method of immunohistochemistry

Immunohistochemistry (IHC) is a suitable method for studying protein expression in tissues,
as well as aiding in the classification of tumours in both human and veterinary medicine
(117). The method relies on specific interactions between an antibody and its antigen (118-
120). The antibodies used can be either polyclonal or monoclonal. IHC can be performed on

either frozen tissues or formalin-fixed paraffin embedded (FFPE) tissues (117, 120).

Polyclonal antibodies used on canine tissues are produced by immunizing another species
with the antigen of interest (e.g. a rabbit) (118-120). If this species recognizes the antigen as
foreign, its lymphocytes will produce antibodies against it (118). Because different
lymphocyte clones will recognize different epitopes on the same antigen, they will produce
different antibodies, hence the name polyclonal (118, 119). These antibodies can be collected

from the animal’s plasma (118).

The production of monoclonal antibodies is a more complex procedure. First, the antigen of
interest is injected into a mouse, the activated lymphocytes are then extracted a few days later
and they are then introduced to a culture with lymphocytic tumour cells (118, 119). These
two cell types are then fused and become hybridoma cells (119). The different hybridoma
clones can then be isolated and cultured separately to produce one specific type of antibodies,

hence the name monoclonal (118).

The name of an antibody against protein X is given according to the species it was produced

on, e.g. mouse anti-X monoclonal antibodies. The advantages of using monoclonal instead of

polyclonal antibodies are that they bind to the antigen more specifically and in a stronger
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fashion (118, 119). This will reduce the amount of non-specific binding to antigens with

similar epitopes to the antigen of interest (118).

When performing IHC, a tissue section of interest is incubated along with antibodies (117,
118, 120). These antibodies are called primary antibodies (118). When performing an indirect
method of immunohistochemistry, sections are incubated with a secondary antibody that will
bind to the primary antibodies bound to the antigen of interest (118-120). Secondary
antibodies are produced by immunizing a different species with immunoglobulins from the
same species the primary antibodies were produced in (119). This will result in the
production of antibodies against the immunoglobulin class to which the primary antibody
belongs (118). Secondary antibodies are often made in rabbits to be used with primary
antibodies made in mice (119). These antibodies are also labelled with a tag, often a
peroxidase enzyme, which can oxidase an added substrate (117-119). Since peroxidase is an
enzyme that is present in certain types of normal cells, one must prepare the tissue so that
these enzymes do not participate in substrate oxidation during the IHC procedure (118, 119).
Two common substrates are 3, 3’-diaminoazobenzidine (DAB) and aminoethyl carbazole
(AEC), which results in a brown and red staining in the presence of peroxidase, respectively.
The sections are incubated with the substrate to permit precipitation of the dye, before the
sections are counterstained with Meyers Haematoxylin (119). This permits the microscopic
evaluation of individual cells expressing the antigen of interest, as well as the cells that do not

(120).

A common error when performing IHC is non-specific background staining. As mentioned

earlier, some normal cells contain endogenous peroxidase, in particular red blood cells,

neurons and granulocytes (119). When exposed to substrates such as DAB or ACE, these
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cells will react with the substrate and produce staining indistinguishable from specific
immunostaining. Most of the endogenous peroxidase is destroyed during formalin fixation,
but further inhibition is often required to abolish the peroxidase activity (119). This can be
done by incubating the sections in hydrogen peroxide (H203), diluted in either methanol,
azide or distilled water, or by incubating the sections in phenylhydrazine (119). Another
source of non-specific background staining can be hydrophobic interactions of proteins. The
use of normal serum or protein solutions is a common method for blocking these interactions

and reducing non-specific background staining (119).
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Seed and soil hypothesis

In 1889, the human doctor Stephen Paget realized that the distribution of metastases was no
matter of chance and that specific sites were more prone to develop secondary growths (121).
He observed that certain organs were more prone to metastasis than others. Furthermore, he
observed that specific tumours seemed to have specific sites to which they metastasized and
that the distribution was very different from bacterial embolisms seen in pyaemias. Based on
the theories of Langenbeck, along with his own observations, he devised the notion of “the
seed and soil”. By comparing tumour cells with plant seeds and the organs to which they
metastasize with the soil where plants thrive, he proclaimed that certain tumour cells could
only grow in certain organs, even though they could spread to every reach of the organism,
like seeds that can only grow if they fall on the species’ preferred soil. This way of thinking
would demand that the tumour cell could fulfil certain requirements, giving it the ability to
colonize the target organ, like a seed which has all the necessary components to grow. A lot
of research has been performed since Paget formed his ideas. This hypothesis hold even more
ground now than it did in his time, given that we know that most primary malignant tumours,
both of epithelial and mesenchymal origin, shed cells that can be detected in the blood

stream, long before distant metastases appear.
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Aim of the study

The aim of our study is to characterize the distribution of pulmonary metastases in early
metastatic disease in dogs with osteosarcoma, and by doing so, shed light on the mechanisms
involved in the development of metastatic disease. Despite removal of the primary tumour,
most canine patients will develop pulmonary metastases within a short time, even though
macroscopic metastases are not evident at time of diagnosis, based on routine autopsy and
histopathology. This leads to the following questions: Are tumour cells present in the lungs
before the development of visible metastases? If not, where are they harboured and what
makes them redistribute to the lungs, and when does this occur? To address these questions,
we wish to study the distribution of tumour cells by characterizing the expression of TP3 and
PCNA in lung tissue from dogs with and without visible metastatic disease, based on routine
autopsy and histopathology. By doing so, we wish to evaluate the potential for these markers

to be used in the detection of early metastatic disease.
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Materials and methods

Study design

The current study was designed as a pilot study and thus few individuals were included. For

our results to be validated, further studies with a larger material would be needed.

Animals and collection of tissue specimens

Three (n=3) dogs, aged six to nine years old, were used in the present study. Dogs included
as cases in the study (n=2) were middle age to geriatric dogs with osteosarcoma (OS) in the
skeleton. One dog (M+) had macroscopic metastases in the lungs, while the other did not
(M-), as verified by autopsy and routine histopathological examination. The dog that was
included as a control dog (n=1) had been euthanized and autopsied for other reasons than OS,
without any concurrent pulmonary disease, as verified by histopathological examination.
Dogs with neoplastic disease other than OS, with or without metastatic diseases and/or

concurrent pulmonary pathology were excluded from the study.

Relevant data for the dogs included in the present study are shown in Table 3. The dogs were
euthanized, after sedation, with intravenous pentobarbital and autopsied within two hours
post mortem at the Faculty of Veterinary Medicine, Norwegian University of Life Sciences.
The control dog was an eight-year-old Dalmatian dog, euthanized due to urolithiasis
(cysteine) and urinary tract obstruction, with no other macroscopic or microscopic pathology,
confirmed by histopathologic examination. One of the cases (M+) was a nine-year-old
Rottweiler dog, euthanized due to appendicular OS with macroscopic metastatic lesions in
the lungs, confirmed by autopsy and histopathologic examination. The other case (M-) was a

six-year-old Leonberger dog with appendicular OS without macroscopic lesions in the lung,
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confirmed by autopsy and histopathologic examination. No other neoplastic disease was

observed in any of the 3 dogs.

Table 3: The table shows relevant data for the dogs used in the present study

Research Breed Age Weight Euthanized Time from euthanized to
number autopsy
Case F-2013-00028 Rottweiler 9 Male 50kg  15.05.2013 Within 1.5 hours
(M+) years
Case F-2016-00853 Leonberger 6 Male 56.5kg 03.10.2016 Within 2 hours
(M-) years
Control F-2016-00854 Dalmatian 8 Male 24kg 03.10.2016 Within 2 hours
dog years

Autopsies were carried out following a routine protocol (Appendix 1) to make sure the dogs
had no other concurrent macroscopic neoplastic disease or other pulmonary pathology.
Routine tissue samples were collected from every organ system, fixed in 10% neutral
buffered formalin, before being embedded in paraffin. Additionally, tissue samples (1x1 cm)
were taken from all seven lung lobes, as well as pulmonary and tracheobronchial lymph
nodes per a standardised protocol (Appendix 2). Pulmonary samples for formalin-fixed
paraffin embedded (FFPE) sections were immediately fixed in a 10% buffered formalin
solution, before being embedded in paraffin and stored at room temperature until further
preparation. Samples for cryosectioning were immediately snap frozen in isopropanol chilled
with liquid nitrogen. Samples were then transferred and stored at -80°C until further

preparation.

Antibodies used for labelling

The primary antibodies used in this study are shown in Table 4. The secondary antibodies
used for immunohistochemistry (IHC) was Daco EnVision ™ + System-HRP (DAB), Ref

K4007 (Daco).
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Table 4: The table shows the different primary antibodies used in this study. IHC,
immunohistochemistry: mAb, monoclonal antibody.

Antibody m/p Isotype Cellular Source Used Cross References

expression in for reactivity
dogs

TP-3 mAb 1gG-2b  Sarcomatous and Oslo Humans (94-96)
carsinomatous University
cells Hospital,
Rikshospitalet
Anti- mAb 1gG-2a Proliferating Dako Norway IHC All species (113-116)
PCNA cells

Histology techniques

Haematoxylin & Eosin (HE)

We placed the formalin-fixed paraffin embedded (FFPE) samples at -20°C for 1 hour, before
they were sliced with a microtome at 2um thickness. Sections were made from all 14 tissue
samples of every lung lobe from all three dogs. The sections were placed on standard
microscopy slides. They were then put in a heating chamber at 37°C overnight and then
stored at 4°C until further preparations. Next, the sections were placed in a heat chamber at
58°C for 30 minutes, then deparaffinized, stained with Haematoxylin & Eosin, dehydrated

and mounted using a standardized protocol (Appendix 3).

Immunohistochemistry (IHC)

Formalin-fixed paraffin embedded (FFPE) sections

We placed the FFPE samples at -20°C for 1 hour, before they were sliced with a microtome at
2um thickness. Sections were made from one of the fourteen lung samples, chosen at
random, from the M+ case and the control dog. The sections were placed on poly-lysine

coated slides (Superfrost™ Plus, Thermo Fisher Scientific) and stored at 4°C until further
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preparation. The sections were placed in a heat chamber at 58°C for 30 minutes, then
deparaffinized, using a standardized protocol (Appendix 4). All washes performed during the
IHC procedure were done by immersion of the slides in three changes of phosphate-buffered
saline (PBS), for 5 minutes each at room temperature, with the slides placed in a glass
container on a rotation table (Heidolph Rotamax 120). All incubations were done at room

temperature, in a moisture chamber on a rotation table.

Proliferating Cell Nuclear Antigens (PCNA)

We placed the sections in a Citrate buffer (pH = 6,0) and we autoclaved them for 15 minutes
at 121°C for antigen damasking (heat-induced epitope retrieval - HIER). The sections were
then rinsed with distilled water, before being washed. The samples were stored in buffered
PBS at 4°C overnight. The sections were then inhibited using a 3% H20- solution in methanol
for 10 minutes in a fume hood. The sections were then rinsed carefully in distilled water,
before being washed. The sections were placed in a moisture chamber for the remainder of
the process and the sections were encircled with a water repelling Dako Pen (Dako). The
sections were blocked for non-specific binding with 2% normal goat serum in 5% bovine
serum albumin (BSA)/tris bufferd saline (TBS) and incubated for 20 minutes. The blocking
agent was then gently tapped off, before the primary antibody (Mouse anti-human PCNA)
with a concentration of 1:5000 with 1% BSA/TBS was applied on the slides and incubated
for 1 hour. This antibody concentration was chosen based on earlier staining of canine tissues
at the University’s histology laboratory. The sections were then carefully rinsed with PBS,
before being washed. 2-3 drops of a room tempered secondary antibody (Daco EnVision ™ +
System-HRP (DAB), Ref K4007) were applied on the slides and incubated for 30 minutes.
The sections were then carefully rinsed with PBS, before being washed. Finally,
immunolabelled cells and tissues were made visible using an aminoethyl carbazole (AEC)

Substrate Chromogen (Daco EnVision ™ + System-HRP (AEC), Ref K4009), incubated for
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9 minutes. Excess AEC-solution was carefully washed off with distilled water (3 x 3min) to
stop further staining. Tissues were then counterstained with Meyer’s Haematoxylin dye for
20 seconds before they were washed in distilled water for 5 minutes. The slides were then
mounted with cover slips (Menzel-Gléser 24 x 32 mm #1) using a water-soluble mounting

medium (Aquatex®) and left to dry in room temperature overnight.

Cryosections

We sliced the frozen samples into 7um thick cryosections with a cryostat at a temperature set
to —25°C. Sections were made from one of the fourteen lung samples, chosen at random,
from the M+ case, M- case and the control dog. The cryosections were mounted on poly-
lysin-coated slides (Superfrost™ Plus, Thermo Fisher Scientific) and dried in room
temperature for one hour before being stored at —80°C until further preparation. All washing
procedures during the IHC procedure were done by immersion of the slides in three changes
of phosphate-buffered saline (PBS), for 5 minutes each at room temperature, with the slides
placed in a glass container on a rotation table (Heidolph Rotamax 120). All incubations were

done at room temperature, in a moisture chamber placed on a rotating table.

Tumour Protein 3 (TP-3)

We dried the sections at room temperature for one hour before being fixed in 0.25%
glutaraldehyde in cold (4°C) PBS for 5 minutes. The sections were carefully rinsed in PBS,
before they were washed. The sections were then placed in a 0.25 % phenylhydrazine/PBS
solution for 40 minutes in a heating chamber, to inhibit endogenous peroxidase. This solution
was made by adding phenylhydrazine to preheated (37°C) PBS while stirring vigorously with
a magnet stirrer. After being washed, the sections were transferred to a moisture chamber and
the sections were encircled with a water repelling Dako Pen (Dako). The sections were then

blocked for non-specific binding with normal goat serum 1:50 in 5% BSA/TBS and
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incubated for 30 minutes. The blocking agent was then gently tapped off, before the primary
antibody (TP-3) was applied to the slides and incubated for 1 hour. The TP3 solutions used in
this step were made by diluting the original solution, using 0.1% BSA/TBS, to the following
concentrations: 10pg/ml, 20pg/ml and 100pg/ml. These concentrations were based on results
from earlier reports from staining of canine osteosarcoma samples, where 100pg/ml was
successfully used for staining (96). We chose to add additional concentrations (10pg/ml and
20ug/ml) to see if any of these could give similar staining, while producing less background
staining. The sections were then carefully rinsed with PBS, before being washed. 2-3 drops
of a room tempered secondary antibody (Daco EnVision™ + System-HRP (DAB), Ref
K4007) were applied on the slides and incubated for 30 minutes. The sections were then
carefully rinsed with PBS, before being washed. Finally, immunolabelled cells and tissues
were made visible using an AEC Substrate Chromogen (Daco EnVision™ + System-HRP
(AEC), Ref K4009), incubated for 9 minutes. Excess AEC-solution was carefully washed off
with PBS (3 x 3min) to stop further staining. Tissues were then counterstained with Meyer’s
Haematoxylin dye for 20 seconds before being washed in distilled water for 5 minutes. The
slides were then mounted with cover slips (Menzel-Gléaser 24 x 32 mm #1) using a water-

soluble mounting medium (Aquatex®) and left to dry in room temperature overnight.

Microscopic analysis

Microscopic analysis of HE slides

The HE stained sections were examined by light microscopy. All slides were examined by a
University pathologist to make sure the dogs had no other concurrent microscopic disease. In
addition to routine sections from all organ systems, one central and peripheral sample from

each of the 7 lung lobes were examined.
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Microscopic analysis of immunolabelled slides

We examined the IHC stained sections using a Leica DM 2500 microscope, equipped with a
Leica DFC295 camera, coupled with a Leica Application Suite 4.8 image acquiring software.
Images were taken from all sections at different magnifications (25X, 100X, 200X, 400X and

630X).
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Results

Haematoxylin & Eosin (HE) sections

HE sections from the M+ case, M- case and control dog were available for assessment
HE coloured sections from the M+ case, M- case and control dog were available for

evaluation.

The metastatic lesions had a random distribution throughout the pulmonary
parenchyma in the M+ case

The distribution of metastatic lesions showed no preference for any part of the pulmonary
parenchyma. Of the 14 lung samples taken from the M+ case, metastases were present in 10.
The metastases were of different sizes. Metastases were also present in blood vessels (Figure
2; B and C), however, the majority of metastases were present in the pulmonary parenchyma

(Figure 2; A).

The primary tumour in the M+ case was characteristic of fibrosarcomatous
osteosarcoma

Sections from the primary tumour showed an infiltrate of pleomorphic cells and contained
smaller areas of connective tissue and necrosis. The cells had small nuclei rich in chromatin,
whereas some cells had a fibroblast- to fibrocyte-like appearance. There were some areas

with minor calcification surrounded with osteoid-like material.
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Other findings in the M+ case

Sections taken from the left, middle and right tracheobronchial lymph nodes and the
pulmonary lymph node showed cell rich areas in all parts of the node consisting of primarily
small lymphocytes. These changes are indicative of lymphoid hyperplasia. There was no
evidence of metastases in any of the lymph nodes examined. Sections taken from the left and
right kidney showed minor infiltrates of lymphocytic cells in the interstitium of the renal
cortex. These findings are indicative of a moderate focal interstitial nephritis and are

considered incidental findings.

There were no major findings in the lungs in the M- case

There were no findings in 11 of the 14 lung samples taken from the M- case. In one lung
sample, there was a small area with calcification, which is considered an incidental finding.
In another lung sample, there was a mononuclear cell infiltration around a smaller vessel. In
the last lung sample, a vessel was found to have a thickened muscular layer, with subsequent

decreased lumen.

Other findings in the M- case
Sections taken from the left, middle and right tracheobronchial lymph nodes showed cell rich
areas in the medullary part of the nodes. There was no evidence of metastases in any of the

lymph nodes examined.

There were no major findings in the lungs in the control dog
There were no findings in 11 of the 13 lung samples evaluated from the control dog (Figure
3; A, B and C). One of the 14 lung samples disappeared during labelling and processing. In

one of the lung sample, there was a small cell rich area in the parenchyma, which is
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considered an incidental finding. In the other lung sample, a vessel was found to have a
thickened muscular layer, with subsequent decreased lumen. Anthracosis was evident in

several lung samples.

Other findings in the control dog

Sections taken from the bladder wall showed signs of bleeding and hyperaemia. Hypertrophy
of the muscular layers was present. There was a moderate mononuclear cell reaction in
between the muscular layers in certain areas. Sections taken from the duodenum showed a
moderate mononuclear cellular infiltrate in the mucosa. Sections taken from the ileal lymph
nodes showed a dilated marginal sinus, filled with macrophages and blood, and a cell rich
medulla. These findings are indicative of an acute moderate reactive hyperplasia. Sections
taken from the prostate showed broad strands of connective tissue around the glandular
tissues with no cellular reaction. These findings are indicative of a chronic prostatitis.
Sections taken from the liver showed moderate fibrosis around several central veins. Sections
from the heart showed marked fibrosis and thickening of the valves and a few cardiac vessels

with mucoelastic thickening.
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Immunohistochemistry (IHC) sections

FFPE sections immunolabelled with anti-PCNA antibodies

Anti-PCNA immunolabelled sections were available for the M+ case and control dog
Sections that were available for interpretation were those from the M+ case and control dog.

No sections from the M- case were immunolabelled with anti-PCNA.

There was a similar distribution of stained cells in the M+ case and the control dog after
immunolabelling with anti-PCNA, however the density was different.

In both the M+ case and in the control dog, there was a similar distribution of staining single
cells throughout the pulmonary parenchyma, however the density of stained cells was higher
in the control dog than in the M+ case. The distribution seemed homogenous throughout the
pulmonary parenchyma. Furthermore, there were multiple metastatic lesions in the M+ case
that showed a high density of stained cells. Similar lesions were not present in the control
dog. The metastatic lesions appeared evenly distributed in the lung sample studied, thus the

distribution was random.

Metastatic lesions in the M+ case stained with anti-PCNA antibodies

Metastatic lesion showed significant staining when labelled with anti-PCNA antibodies
(Figure 4; A, C, E and G). Staining was specific for nuclei and variation in staining intensity
was seen between tumour cells. A subset of cells in between staining tumour cells showed no
staining. Anti-PCNA was useful in visualizing small metastatic lesions. Samples that were
prepared without a primary antibody showed no staining (Figure 4; B, D, F and H)

demonstrating that staining was a result of anti-PCNA immunoreactivity.
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Single cells in the parenchyma in the M+ case stained with anti-PCNA antibodies

Single cells in the pulmonary parenchyma outside metastatic lesions stained when labelled
with anti-PCNA antibodies (Figure 5; A, C and E). Staining was specific for nuclei and was
less variable in intensity than the staining observed in metastatic lesions. Some of the stained
cells were characterized as macrophages, while in others the origin could not be established,
however nuclear size and chromatin density was similar to that of alveolar epithelial cells.
Samples that were prepared without a primary antibody showed no staining (Figure 5; B, D

and F) demonstrating that staining was a result of anti-PCNA immunoreactivity

Single cells in the parenchyma in the control dog stained with anti-PCNA antibodies

Similarly, single cells in the pulmonary parenchyma in the control dog stained when labelled
with anti-PCNA antibodies (Figure 6; A, C and E), as they did in the pulmonary parenchyma
outside metastatic lesions in the M+ case. Staining was specific for nuclei and was more
homogenous than the staining described in metastatic lesions. Some of the stained cells were
characterized as macrophages, while in others the origin could not be established, however
nuclear size and chromatin density was similar to that of alveolar epithelial cells.
Interestingly, the density of stained cells was subjectively higher than that of the density
observed in the pulmonary parenchyma outside metastatic lesions in the M+ case. Samples
that were prepared without a primary antibody showed no staining (Figure 6; B, D and F),

demonstrating that staining was a result of anti-PCNA immunoreactivity.

Columnar ciliated epithelium in the control dog stained with anti-PCNA antibodies

Columnar epithelium in the bronchi in the control dog stained when labelled with anti-PCNA

antibodies (Figure 7; A, C, E and G). Staining was specific for nuclei and there was a
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variation in staining intensity between cells. A subset of epithelial cells did not stain. Samples
that were prepared without a primary antibody showed no staining (Figure 7; B, D, F and H),

demonstrating that staining was a result of anti-PCNA immunoreactivity.

All results from the immunolabelling with anti-PCNA antibodies are summarized in

Table 5.

Table 5: The table shows the results from the immunolabelling of lung tissue from the M+

case and control dog with anti-PCNA antibodies.

Structures Control dog

With anti- Without anti- With anti- Without anti-
PCNA PCNA PCNA PCNA
Metastatic lesions + - None present None present
Single cells in the + - i -
parenchyma
Columnar ciliated | None present | None present + -
epithelium
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Cryosections immunolabelled with TP3 antibodies

Sections immunolabelled with TP3 were available for the M+ and M- case, as well as for
the control dog

Sections that were available for interpretation were those from the M+ case, M- case and
control dog. Sections immunolabelled with TP3 at a concentration of 20ug/ml gave the best

staining results and were used for interpretation.

There was variation in the distribution of TP3 positive cells when comparing the M+
case, M- case and the control dog

Stained single cells were found throughout the pulmonary parenchyma, with a similar and
evenly scattered distribution in all three dogs. Furthermore, there were multiple metastatic
lesions in the M+ case that showed a high density of stained cells. Similar lesions were not

present in the remaining dogs. The distribution of metastatic lesions seemed random.

Metastatic lesions in the M+ case stained with TP3 antibodies

Metastatic lesions showed strong staining when immunolabeled with TP3 antibodies (Figure
8; A, C, E and G). The stain was mainly cytoplasmic, with a granular pattern, however
staining was also observed in nuclei. The stain showed a homogenous intensity throughout
the metastatic lesions, however the periphery of the lesions sometimes showed a more intense
staining. Smaller metastatic lesions often showed more intense staining than larger ones
(Figure 9; A and B). Samples that were prepared without a primary antibody showed no
staining of metastatic lesions (Figure 8; B, D, F and H), demonstrating that staining was a

result of TP3 immunoreactivity.
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Single cells in the parenchyma in the M+ case stained with TP3 antibodies

Single cells in the pulmonary parenchyma outside metastatic lesions stained when
immunolabelled with TP3 antibodies (Figure 10; A, B and C). Staining was sometimes
observed in the nuclei, but mostly it was present in the cytoplasm. The stain in these cells did
not have the same granular appearance as observed in cells in metastatic lesions, instead it
was more homogenous and globular in appearance. The stained cells outside metastatic
lesions could not always be differentiated, however some of the stained cells were
characterized as different subtypes of leukocytes (neutrophils, alveolar macrophages and
lymphocytes), while the remainder of the cells had a nuclear size and chromatin density

similar to alveolar epithelial cells.

Single cells in the parenchyma in the M+ case stained without TP3 antibodies

Single cells in the pulmonary parenchyma outside metastatic lesions stained even thought
they were not immunolabeled with TP3 antibodies (Figure 11; A, B and C). The stain had a
cytoplasmic distribution and had a homogenous and globular appearance. The stained cells
could not always be differentiated, however most of them were characterized as different
subtypes of leukocytes (neutrophils, alveolar macrophages and lymphocytes), while the
remainder of the cells had a nuclear size and chromatin density similar to alveolar epithelial
cells. The density of stained cells where, however, lower than in samples immunolabelled

with TP3 antibodies.

Some normal structures in the M+ case stained with TP3 antibodies
Some normal structures showed significant staining when immunolabelled with TP3
antibodies (Figure 12; A and B). These structures included the walls of vascular structures

(endothelial cells) and cells within pulmonary vessels (leukocytes). The vascular walls
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showed a mild staining, with a homogenous appearance. Samples that were prepared without
TP3 antibodies showed no staining of these structures, demonstrating that staining was a

result of TP3 immunoreactivity.

Single cells in the parenchyma in the control dog stained with TP3 antibodies

As with the M+ case, single cells in the pulmonary parenchyma stained when labelled with
TP3 antibodies in the control dog (Figure 13; A, C, E and F). Staining was sometimes
observed in nuclei, but mostly it was present in the cytoplasm. The stain in these cells did not
have the same granular appearance as observed in cells in metastatic lesions, instead it was
more homogenous and globular in appearance. The stained cells could not always be
differentiated, however some of the stained cells were characterized as different subtypes of
leukocytes (neutrophils, alveolar macrophages and lymphocytes), while the remainder of the
cells had a nuclear size and chromatin density similar to alveolar epithelial cells. Samples that
were prepared without a primary antibody showed no staining (Figure 13; B, D, F and H),

demonstrating that staining was a result of TP3 immunoreactivity.

Some normal structures in the control dog stained with TP3 antibodies

Some normal structures showed significant staining when immunolabelled with TP3
antibodies (Figure 14, A, B and C). These structures included brush borders of ciliated
columnar epithelium in bronchioles, as well as the walls of vascular structures (endothelial
cells). The brush borders showed an intense staining, with a granular to confluent appearance,
while the stain observed in the vascular walls was milder and had a more homogenous
appearance. Samples that were prepared without TP3 antibodies showed mild staining of the
brush border (Figure 14; D). A small agglomeration of stained cells was observed in one of

the samples, but the nature of these cells could not be determined for sure (Figure 15; A, B
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and C). They did, however, show similarities to the staining brush border of columnar

epithelial cells observed in bronchioles (Figure 15; D).

Single cells in the parenchyma in the M- case stained with TP3 antibodies

As observed in the M+ case and the control dog, single cells in the pulmonary parenchyma
stained when immunolabelled with TP3 antibodies in the M- case (Figure 16; A, C, E and F).
Staining was sometimes observed in the nuclei, but mostly it was present in the cytoplasm.
The stain in these cells did not have the same granular appearance as observed in the
metastatic lesions in the M+ case; instead it was more homogenous and globular in
appearance. The stained cells outside metastatic lesions could not always be differentiated,
however some of the stained cells were characterized as different subtypes of leukocytes
(neutrophils, alveolar macrophages and lymphocytes), while the remainder of the cells had a
nuclear size and chromatin density similar to alveolar epithelial cells. No overt metastatic
lesions were visualized after immunolabeling with TP3 antibodies, nor were there observed
any cells with similar staining intensity and pattern as seen in metastatic lesions in the M+
case. Samples that were prepared without TP3 antibodies showed no staining of these single
cells, demonstrating that staining was a result of TP3 immunoreactivity (Figure 16; B, D, F

and H).

All results from the immunolabelling with TP3 antibodies are summarized in Table 6.
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Table 6: The table shows the results from the immunolabelling of lung tissue from the M+
case, M- case and the control dog, with TP3 antibodies.

Structures

Control dog

Without With Without With Without
TP3 TP3 TP3 TP3 TP3 TP3
Metastatic lesions + - None None None None
present present present present
Single cells in the + + + - + =
alveolar structures
Brush border of None None + + None None
columnar ciliated | present present present present
epithelium
Endothelium + = + = + =
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Figure 2: The figure shows the formalin-fixed paraffin embedded sections of lung tissue
from the M+ case, stained with haematoxylin & eosin, at different magnifications. Picture A
shows a metastasis with central necrosis. Picture B and C show metastatic cells present in

vessels at different magnifications.
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Figure 3: The figure shows the formalin-fixed paraffin embedded sections of lung tissue
from the control dog, stained with haematoxylin & eosin, at different magnifications. Picture
A shows a normal bronchiolar wall and alveolar structures. Picture B shows a normal bronchi

wall. Picture C shows normal alveolar structures.
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Figure 4: The figure shows the formalin-fixed paraffin embedded lung sections from the M+
case at different magnifications. Picture A, C, E and G show a metastatic lesion with positive
staining following immunolabelling with anti-PCNA. Picture B, D, F and H show a
metastatic lesion with no staining following preparation without anti-PCNA.
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PCNA+ PCNA-

Figure 5: The figure shows the formalin-fixed paraffin embedded lung sections from the M+
case at different magnifications. Picture A, C and E show alveolar structures with positive
staining of single cells following immunolabelling with anti-PCNA. Picture B, D and F show
alveolar structures with no staining following preparation without anti-PCNA.

-52-



Bone cancer in dogs

Figure 6: The figure shows the formalin-fixed paraffin embedded lung sections from the
control dog at different magnifications. Picture A, C and E show alveolar structures with
positive staining of single cells following immunolabelling with anti-PCNA. Picture B, D and
F show alveolar structures with no staining following preparation without anti-PCNA.
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Figure 7: The figure shows the formalin-fixed paraffin embedded lung sections from the
control dog at different magnifications. Picture A, C, E and G show columnar ciliated
epithelium with positive staining following immunolabelling with anti-PCNA. Picture B, D,
F and H show columnar ciliated epithelium with no staining following preparation without

anti-PCNA.
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TP3+ TP3-

Figure 8: The figure shows the cryosections from the M+ case at different magnifications.
Picture A, C, E and G show a metastatic lesion with positive staining following
immunolabelling with TP3 antibodies. Picture B, D, F and H show a metastatic lesion with no
staining following preparation without TP3 antibodies.
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Figure 9: The figure shows the cryosections from the M+ case at different magnifications.
Picture A show a small metastatic lesion with positive staining following immunolabelling
with TP3 antibodies. Picture B show a small agglomeration of metastatic cells with positive
staining following immunolabelling with TP3 antibodies.
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Figure 10: The figure shows the cryosections from the M+ case at different magnifications.

Picture A, B and C show alveolar structures with positive staining of single cells following

immunolabelling with TP3 antibodies.
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P

Figure 11: The figure shows the cryosections from the M+ case at different magnifications.
Picture A, B and C show alveolar structures with positive staining of single cells following
preparation without TP3 antibodies.
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Figure 12: The figure shows the cryosections from the M+ case at different magnifications.
Picture A shows endothelial cells in a pulmonary vessel with positive staining following
immunolabelling with TP3 antibodies. Picture B shows cells in a pulmonary vessel with
positive staining following immunolabelling with TP3 antibodies.
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TP3+ TP3-

Figure 13: The figure shows the cryosections from the control dog at different
magnifications. Picture A, C, E and G show alveolar structures with positive staining of
single cells following immunolabelling with TP3 antibodies. Picture B, D, F and H show
alveolar structures with no staining following preparation without TP3 antibodies.
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Figure 14: The figure shows the cryosections from the control dog at different
magnifications. Picture A and B show a brush border of columnar ciliated epithelium with
intense positive staining following immunolabelling with TP3 antibodies. Picture C shows
endothelial cells in a pulmonary vessel with positive staining following immunolabelling
with TP3 antibodies. Picture D shows the brush border of columnar ciliated epithelium with
mild positive staining following preparation without TP3 antibodies.
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Figure 15: The figure shows the cryosections from the control dog at different
magnifications. Picture A, B and C show two clusters of cells with intense positive staining
following immunolabelling with TP3 antibodies. Picture D shows the brush border of
columnar ciliated epithelium with intense positive staining following immunolabelling with
TP3 antibodies, for comparison.
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Figure 16: The figure shows the cryosections from the M- case at different magnifications.
Picture A, C, E and G show alveolar structures with positive staining of single cells following
immunolabelling with TP3 antibodies. Picture B, D, F and H show alveolar structures with no
positive staining of single cells following preparation without TP3 antibodies.
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Discussion

General

The pathogenesis of metastatic cancer is a complex process, one that has been intensely
studied for several decades and that is not yet fully understood. The aim of our study was to
assess the distribution of metastatic tumour cells in canine lung tissue and to acquire a better
understanding of metastatic osteosarcoma, by comparing the early stages of the disease with
more advanced stages. Furthermore, we wanted to assess the viability of this method to be
used in the detection of early metastasis. This study was designed as a pilot study to address
whether the tested immunohistochemical method could potentially increase sensitivity in
detecting lung metastases, and if so, be used in testing a hypothesis on how osteosarcoma
cells spread with high frequency to the lungs. Our material did not include many individuals
and in order for our results to be generalizable and valid, further studies with a greater

number of individuals are warranted.

PCNA

One dog with overt metastatic osteosarcoma and one control dog were used in our study to
assess PCNA expression in lung tissue. No sections from the M- case were available for
immunohistochemical investigation of PCNA expression. Immunohistochemical staining of
FFPE lung tissue with anti-PCNA antibodies was an effective method to assess PCNA
expression. Firstly, we found that tumour cells in metastatic lesions showed a high expression
of PCNA. We also found that PCNA expression varied between tumour cells, as shown by a
variation in staining intensity. This indicates that different tumour cells are in different stages

of the cell cycle. Several studies have shown that a high PCNA expression in some canine
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and human malignancies is linked to a more aggressive tumour phenotype, a greater potential
for metastasis and a worse prognosis (113-116, 122). Anti-PCNA immunolabelling was
shown in our study to be useful to visualize small metastatic lesions and that this method
could potentially be more sensitive in detecting such lesions than routine histologic
examination using HE-slides. We also found that some single cells outside metastatic lesions
showed expression of PCNA, as shown by strong staining. The nature of these cells could not
be established for sure, but based on cellular and nuclear morphology, they were not thought
to represent tumour cells, however this cannot be said for sure. Furthermore, similar staining
of single cells was observed in our control dog. Interestingly, the density of stained cells was
subjectively higher than that of the M+ case, which further substantiates the claim that these
cells were not tumour cells. We have no good explanation why the density of stained cells
was higher in the control dog than in the M+ case. Whether the density was higher than
normal in the control dog or lower than normal in the M+ case is unclear and further studies
are warranted to establish normal levels of PCNA expression in canine lung tissue. Ciliated
columnar epithelium in bronchioles in our control dog also showed expression of PCNA, as
shown by positive staining. The expression of PCNA varied from cell to cell, which was
demonstrated by a variation in staining intensity. This is probably due to the high cellular
turnover seen in columnar epithelium, with different cells being in different stages of the cell
cycle. Whether the level of PCNA expression observed in the bronchioles was within normal
range could not be confirmed, due to the low number of samples included in our study and
the lack of published studies evaluating the expression of PCNA in healthy canine lung
tissue. In a study evaluating the expression of PCNA in lung tissue of healthy mice, it was
shown that ciliated columnar epithelium of the bronchioles stained when immunolabelled
with anti-PCNA antibodies (123). In the same study, it was shown that single cells in the

alveolar septa in healthy lung tissue stained when immunolabelled with anti-PCNA
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antibodies and that these cells were most often characterized as type Il-pneumocytes. These
findings are similar to those found in our study and may give support to the suspicion that

these single cells do not represent tumour cells.

TP3

The expression of TP3 binding antigens was evaluated in lung tissue from the M+ and M-
case, as well as from the control dog. Immunohistochemical staining of cryosections
immunolabeled with TP3 antibodies was an effective method for assessing the expression of
TP3 binding antigens in lung tissue. A trial immunohistochemical staining was performed on
FFPE lung tissue. However, results were variable and resulted in significant background
staining. In a study involving immunohistochemical staining of FFPE lung tissue from
humans using TP3 antibodies, similar findings were made. It was concluded that formalin
(formaldehyde) fixation for 5 minutes or longer, and temperatures above 56°C for 5 minutes
abolished antibody-epitope binding (94). Given that sections are exposed to formalin and
high temperatures during the preparation of FFPE tissues, it was concluded that this was a
poor method to evaluate the expression of TP3 binding antigens. Firstly, we found that
tumour cells in metastatic lesions showed a high expression of TP3 binding antigens. Staining
intensity was less variable between tumour cells, in comparison to PCNA staining. However,
it was observed that cells in the periphery of metastatic lesions stained more intensely than
those in the centre and that smaller metastatic lesions often stained more intensely. This
variation in staining intensity corresponds to a variation in the expression of TP3 binding
antigens, where tumour cells in the periphery of larger metastatic lesions and smaller
metastatic lesions have a higher expression of TP3 binding antigens. Furthermore,
immunolabelling with TP3 antibodies was useful to visualize small metastatic lesions, and

this method could potentially be more sensitive in detecting such lesions than routine
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histologic examination using HE-slides. We also found that some single cells in the alveolar
septa, alveolar lumen and vascular lumen expressed TP3 binding antigens, as demonstrated
by staining following immunolabelling with TP3 antibodies. These cells could not always be
characterized, however some of them were classified as neutrophils, lymphocytes and
alveolar macrophages, based on cellular and nuclear morphology. None of these cells were
considered to be tumour cells. These single cells were present in all slides immunolabelled
with TP3 antibodies, in the M+ and M- case, as well as in the control dog. Staining of
neutrophils, lymphocytes and macrophages was not evident in slides prepared without TP3
antibodies, demonstrating that staining is a consequence of antibody binding. This can be
explained either by the fact that the TP3 antibodies bind to more than one epitope, making it
an unspecific antibody, or by the fact that the antigens to which TP3 binds are expressed on
these cells as well. This observation has not been made in earlier reports when TP3 antibodies
were first evaluated (94, 96). They found that certain normal tissues stained when
immunolabelled with TP3 antibodies (Table 2), similarly to what we found, however they did
not report staining in leukocytes. In the slides from the M+ case, some staining was observed
following preparation without TP3 antibodies. This staining was not a result of antibody-
antigen binding and we believe that this staining was a result of endogenous peroxidase
reactivity. The small agglomeration of intensely stained cells found in one of the slides from
the control dog was believed to be a preparation artefact due to dislodgment of ciliated
columnar epithelial cells from one of the bronchioles. No similar findings were found in any
of the other slides, nor were there any reason to believe that the control dog had any
metastatic disease based on the autopsy and routine histology examination. The density of
staining single cells in the parenchyma showed little variation between the dogs included in
the study. There is little reason to believe that these single cells represent tumour cells,

however this cannot be ruled out based on our findings alone. In order to further assess the
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nature of these cells, studies using double staining techniques are warranted. This could be
accomplished by using other tumour markers, such as the mesenchymal cell marker vimentin
or specific alkaline phosphatase staining (55, 124). Staining against specific immune cells,
such as CD3 against T-lymphocytes, CD79a or CD20 against B-lymphocytes and major
histocompatibility complex (MHC) class Il against antigen presenting cells could be used to
classify the different mononuclear cells (125-127). This would make it possible to subtract

potential staining leukocytes and evaluate the remaining cells.

Distribution of metastatic tumour cells

As previously mentioned, tumour cells in metastatic lesions showed a high expression of
both PCNA and TP3 binding antigens. The distribution of metastases did not follow a
particular pattern and they seemed to be randomly distributed throughout the lung tissue. As
previously discussed, the nature of the staining single cells that were present in all three dogs
could not be determined with certainty. Based on our observations, these cells most likely do
not represent tumour cells, due to their morphology and their presence in the control dog.
Hence, our observations do not support the idea that the lungs are colonized with tumour cells
before macroscopic metastases occur. Whether this finding does in fact reflect the
pathogenesis for all cases of osteosarcoma cannot be concluded. This may be due to multiple
factors. Firstly, it may be due to limitations of the current method as a tool in detecting early
metastatic single cells, due to unspecific staining of non-tumour cells. Secondly, the presence
of metastatic single cells may vary depending on what point in the timeline of the disease
process the lung samples were harvested. Lastly, it may be that the idea of single cell
metastasis to the lungs is in fact not true. This then leads us to the following paradigm: Where
do the tumour cells seek shelter if they are not present in the lungs before visible metastases

occur, given the fact that most dogs will develop pulmonary metastases, despite surgical
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removal of the primary tumour? In an unpublished study where bone marrow samples from
dogs with osteosarcoma were evaluated for tumour cells with TP3 antibodies, it was found
that some dogs without visible pulmonary metastases had metastatic osteosarcoma cells
present in the bone marrow. Our osteosarcoma case without visible metastases was evaluated
in the previously mentioned study and it was shown that tumour cells were present in the
bone marrow. This could suggest that tumour cells redistribute from the bone marrow to the
lungs, which could explain why metastases develop even after the removal of the primary

tumour.
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Conclusion

We have shown in our study that anti-PCNA and TP3 antibodies bind to tumour cells and that
this method could potentially be more sensitive in detecting such lesions than routine
histologic examination using HE-slides. Based on our findings, we cannot conclude whether
single cell metastases are present in the early stages of osteosarcoma without metastatic
disease. We also found that TP3 antibodies bind to antigens on certain leukocytes, which has
not been reported earlier.

This study was designed as a pilot study and we believe further investigations are warranted
to validate our results in regard to the distribution of metastatic osteosarcoma cells and to
investigate the potential for TP3 to be used as a marker for early metastatic disease, as well as

a tool to investigate the presence of tumour cells in other tissues.
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NMBU

Osteosarkom er en alvorlig lidelse som forekommer hos bade mennesker og hunder. Pa tross
av aggressiv behandling vil de fleste hunder dg kort tid etter at sykdommen er diagnostisert
og fortsatt overlever bare halvparten av humane kasus. Flere molekylere og genetiske
faktorer er satt i sammenheng med patogenesen ved metastatisk sykdom, og bruk av disse
innen diagnostikk har gjort det enklere & kunne forutsi utfallet for pasienten. Mange av disse
faktorene har ogsa blitt vurdert som hjelpemiddel for valg av terapi. Det er vist at
immunohistokjemi er et effektivt, men komplisert verktgy for & studere protein-uttrykk i ulike
vev. For & bedre kunne forsta patogenesen i den tidlige fasen av metastatisk sykdom har vi
undersgkt forekomsten av Tumour Protein 3 (TP3)-bindende antigener og Proliferating Cell
Nuclear Antigen (PCNA) ved bruk av immunohistokjemi pa lungevev fra hunder som ikke
hadde postmortelle forandringer. Hundene som ble inkludert i denne studien omfattet en frisk
kontrollhund (Dalmatiner, hannhund, 8 ar) og to hunder med osteosarkom. En av hundene
med osteosarkom (Rottweiler, hannhund, 9 ar) hadde metastatisk sykdom, mens den andre
(Leonberger, hannhund, 6 ar) var fri for synlige metastaser. Hundene i studien ble klassifisert
basert pa obduksjonsfunn og histopatologisk undersgkelse. Uttrykket av PCNA ble evaluert
hos den friske kontrollen, og hos hunden med osteosarkom og synlige metastaser. Uttrykket

av TP3-bindene antigener ble evaluert hos alle tre hundene i studien. | var studie fant vi at
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tumorcellene i lungemetastaser uttrykte bade TP3-bindene antigener og PCNA. Vi fant ogsa
at bruk av TP3 og anti-PCNA i forbindelse med immunohistokjemi var et nyttig verktgy for a
pavise sma lungemetastaser, og at denne metoden potensielt kan veere en mer sensitiv for &
detektere slike lesjoner enn rutinemessige histologiske metoder ved bruk av hematoxylin &
eosin. Enkeltceller i lungevevet viste ogsa uttrykk av TP3-binende antigener hos alle hundene
i studien. Hvilken cellelinje disse tilhgrte kunne ikke bestemmes sikkert, men enkelte ble
karakterisert som leukocytter. Dette funnet viste at TP3-antistoffer binder antigener pa
leukocytter, noe som ikke er vist tidligere. For & kunne si med sikkerhet om noen av de
gvrige enkeltcellene representer tumorceller, trenger vi videre undersgkelser med
dobbeltfarging. Vi mener videre at det er ngdvendig med flere studier med fokus pa

ekstrapulmongr distribusjon av tumor-celler, og deres potensiale for a redistribuere til

lungene, og undersgke et starre antall lungevevspraver fra de undersgkte hundene.
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Appendix

Appendix 1: Routine Autopsy Protocol

The following autopsy protocol is based on a metoptic method and consists of an evisceration

followed by further investigation of the internal organs.

The skin is examined for wounds, rashes, swellings, asymmetry and nodules. The fur is
skinned of the body by making an incision in the ventral midline from the incisura mentalis
and all the way to the vulva in female animals, and curved around the prepuce and scrotum in
male animals. The incision is extended down to the paws on all four libs. The skin is released

from the subcutis.

An incision is made through the medial thigh musculature down to the hip joint on both hind
legs and the joints are opened. The ligamentum teres and joint fluid are inspected. The
musculature located medially to the scapula is incised to partially release the front legs from

the trunk.

The mammary glands are inspected. An incision is made over the spermatic cord through the
vaginal tunic, down to the testicle. The gubernaculum is cut over to free the testicle from the
scrotum. The penis and scrotum is cut free from the abdominal wall all the way to the arcus
ischiadicus. The crus penis is cut on both sides. During this procedure, the position of the
testicles is evaluated and the inguinal openings are evaluated and inspected for adherences

and signs of fluid.
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The abdominal cavity is opened by making an incision from the xiphoid process to the pecten
ossis pubis, slightly lateral to the linea alba. The incision is extended from the xiphoid
process along the costal arc to the dorsal lumbar region. The incision is also extended from
the pecten ossis pubis along the pelvis and up to the groin. The omentum is advanced
cranially to expose and permit a good visualisation of the abdominal visceral organs. The
positions of the abdominal organs are evaluated, the peritoneal and serosal surfaces are
evaluated for hyperemia and inflammation, and the peritoneal space is inspected for signs of

fluid.

A double ligature is placed around the rectum and the duodenum at the level of the right
pancreatic lobe, and the intestines located between the two ligatures are cut free. The
intestines from the rectum to the duodenum are freed from the mesentery near its insertion.
During this step, the intestines are inspected for adherences, the position of the intestines is

evaluated and the consistency of the faecal contents is evaluated.

The omentum near the greater curvature is cut and is withdrawn along with the spleen. The
spleen is investigated for adherences. The distal oesophagus is cut close to the ventricle, to
avoid opening the thorax. Both ligamentum triangulare of the liver, the left pancreatic lobe
and the vena porta is cut. The caudal vena cava is cut right behind and in front of the liver.

The ventricle, liver, pancreas and duodenum are withdrawn together.

A bone cutter is placed in the obturator foramen and the pelvic floor is loosened by cutting in

the cranial and caudal direction through the pubic and ischiadic bone. The pelvic floor is

removed to expose the pelvic organs.
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The adrenal glands are removed. The kidneys are carefully cut free along with the ureters
down to the bladder. The kidneys, ureters, bladder and urethra are withdrawn together, along

with the genitals and rectum.

The abdominal aorta, caudal vena cava and the dorsal mesentery are withdrawn together. The

mesentery lymph nodes are examined.

An incision is made from the most rostro-ventral point of the chin to the manubrium sterni.
The trachea, oesophagus and thyroid gland are loosened together. The musculature between
the mandibular bones is cut to loosen the tongue. The tongue is pulled caudo-ventrally while
cutting free the soft palate and dorsal pharynx. The hyoid bones are cut. The trachea,
oesophagus and thyroid glands are freed down to the thoracic inlet, without opening the

thorax. The retropharyngeal lymph nodes and thymus (if present) are examined.

The position of the diaphragm is evaluated before cutting it out by laying the incision along
the ribs, without opening the pericardial sac. The pericardial sac is loosened from the sternum

by hand. The pleural space is examined for fluid.

The thorax is further opened by cutting the ribs at the costochondral junction. The sternum is

removed to expose the thoracic organs.

The pericardial sac is further loosened from the sternum by hand. The trachea and

oesophagus are released from its attachments at the thoracic inlet before the thoracic organs

are removed in one piece. The mediastinum is released from its dorsal attachments during
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this process. The thoracic organs are examined for signs of adherences to the parietal pleura,

and the parietal and visceral pleura are examined for signs of inflammation.

The superficial cervical, axial, medial iliac, iliofemoral, superficial inguinal and popliteal
lymph nodes are carefully examined. These lymph nodes are evaluated for signs of

hyperplasia, metastatic neoplasia or abscesses.

The joints in the libs are opened from the medial side starting at the most distal joints. The
joint surfaces and joint fluid are carefully examined for signs of erosions in the cartilage, joint

mice and osteophyte proliferations. The joint capsule thickness is also evaluated.

Longitudinal incisions are made in the back, neck and psoas-musculature. The cut surfaces

are examined for signs of bleeding, colourable changes or signs of parasites.

The carcass is decapitated at the atlanto-ocipital joint in such a manner that the salivary
glands are removed with the head. The head is longitudinally cleaved through the centre
before the nasal septum is cut out with scissors. The nasal mucosa, concha and sinuses are
examined. The brain is carefully withdrawn after carefully cutting the cranial nerves. The
meninges are examined for signs of bleeding. The brain ventricles are opened by making
medial incisions, and the size and fluid contents are evaluated. The brain tissue consistency is
evaluated and the bran is examined for signs of bleeding, neoplasia or abscesses. If necessary,

the spinal cord can be evaluated after cutting the vertebral arches in a longitudinal manner.
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The mandibular and parotid lymph nodes and the salivary glands are cut and evaluated. Eyes
and ears are examined, and both tympanic bullae are opened if signs of otitis are present. The

oral cavity, including teeth, is examined.

The pericardial sac is opened and evaluated for signs of fluid. The aorta and arteria
pulmonalis are cut as far from the heart base a possible. The shape and size of the heart is
evaluated. Incisions are made in the heart to open both ventricles and atries to permit the
evaluation of myocardial thickness, changes in the valves, signs of congenital abnormalities

or signs of degeneration.

Incisions are made in the tongue. The tonsils are examined for signs of reactivity. The trachea
and oesophagus are separated starting at the most caudal end, before the oesophagus is
opened by making a longitudinal incision at its dorsal side. The oesophageal mucosa is

examined for signs of erosions and bleeding.

The passage through the larynx is evaluated before the larynx and trachea is opened by a
dorsal longitudinal incision. The trachea is examined for signs of oedema. The thyroid glands

and parathyroid glands are examined.

The lungs are evaluated for changes in shape, size, colour and consistency. The lungs are
palpated thoroughly and any areas with altered consistency are incised. These areas are also
flotation tested in tap water. Incisions are extended from the trachea to the distal bronchi.
Deep cuts are made in each lung lobe. The lungs are examined for signs of oedema,
emphysema or atelectasis. The tracheobronchial and mediastinal lymph nodes are incised and

evaluated.
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Incisions are made through the parietal surface of the spleen. The spleen is examined for

signs of infarctions and the size is evaluated. The surrounding lymph nodes are evaluated.

The duodenum is opened anti-mesenteric side and the bile drainage through the duodenal
papilla is evaluated by pressing on the gall bladder. The gall bladder and ductus choledocus is
opened and examined. The ventricle is opened by cutting along the greater curvature. The
jejunum, ileum and colon are opened along the mesenteric attachment. The rectum is
separated from the rest of the pelvic organs and opened. The serosal and mucosal sides are
examined for signs of hyperemia, bleeding, erosions and inflammatory changes. The faecal

content is evaluated.

The liver is examined for changes in size, shape, colour and consistency. The latter is done by
pressing a 0,5 cm slice between the fingers. The liver is examined for metastasis and

abscesses. Incisions are made in the pancreas, and the cut surfaces are inspected.

Incisions are made in the adrenal glands. The kidneys are divided in two by making a
longitudinal incision, which involves the renal pelvis. The kidneys are decapsulated. The
kidneys are evaluated for changes in shape, size, colour and texture, and examined for signs
of infarction, neoplasia and abscesses. Both ureters are palpated and opened. A v-shaped
incision is made over the dorsal aspect of the bladder with the point of the v pointing

caudally. The bladder is inspected for signs of inflammation, neoplasia, concrements and

polyps.
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In male animals, incisions are made in the testis, epididymis and prostate gland. In female
animals, the ovaries are inspected. The vulva is cut dorsally, and the cut is extended trough

the vestibulum, cervix and uterus.

A rib is broken to evaluate mineralization. A long bone is sawn in half to evaluate the bone

marrow.

The mammary glands are palpated for signs of inflammation and neoplasia. Several incisions

are made in the mammary glands and the cut surfaces are examined.

Source: University Pathology Department at the Norwegian University of Life Sciences

campus Adamstuen
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Appendix 2: Protocol for pulmonary tissue sampling

A full body autopsy is performed before the tissue samples are taken. The following samples

are to be taken:

Full body:
¢ Routine incisional tissue samples including from the heart, liver, kidney and lung,
fixed in formalin
e Tissue samples from the primary tumour, if present, fixed in formalin
e Tissue samples from the regional lymph node(s) draining the affected limb, if

primary tumour is present, fixed in formalin

Lungs:

e Tissue samples from the right-, middle- and left tracheobronchial lymph nodes
and pulmonary lymph nodes for both formalin fixation and snap freezing.

e 1x1x1 cm tissue samples from all lung lobes (figure x) with 2 samples taken
from the periphery of the lobe (5 cm apart) and 2 samples from the centre
(including bronchi less than 5 mm in diameter), for both formalin fixation and
snap freezing.

e Tissue samples from lung tissue with palpable findings or gross changes, for both

formalin fixation and snap freezing.
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Figure 16: The figure shows the dorsal aspect of a canine lung. The 6 different lung lobes are
marked in red from A-G. A: Left cranial lung lobe (cranial part); B: Left cranial lung lobe
(caudal part); C: Left caudal lung lobe; D: Right cranial lung lobe; E: Right middle lung lobe;
F: Right caudal lung lobe; G: Accessory lung lobe. The lymph nodes are marked from 13-16.
13: Left tracheobronchial lymph node; 14: Right tracheobronchial lymph node; 15: Middle

tracheobronchial lymph node; 16: Pulmonary lymph node.
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All samples for paraffin embedding are immediately fixed in a 10 % buffered formalin

solution and stored at room temperature until further processing.

All samples for cryosections are immediately snap frozen in isopropanol, chilled with liquid
nitrogen, before being transferred to liquid nitrogen. The sampled are then transferred and

stored at -80 °C until further processing.

Source: Supervisor Lars Moe
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Appendix 3: Hematoxylin & Eosin staining protocol

8.

0.

Heating chamber at 58°C for 30 minutes

2 changes of xylene, 5 minutes each

Re-hydrate in 2 changes of absolute alcohol, 5 minutes each
2 changes of 96% alcohol for 5 minutes each

70% alcohol for 5 minutes

Wash thoroughly in running tap water

Stain in Meyers Hematoxylin solution for 5 minutes

Wash in running tap water for 5 minutes

Stain in Eosin solution for 1 minute

10. Wash in running tap water for 1 minute

11.Dehydrate in 70% alcohol for 10 - 20 seconds

12.2 changes of 96% alcohol for 10 - 20 seconds each

13.2 changes of absolute alcohol, 10 dips each

14.Clear in xylene for 5 minutes

15. Mount with xylene based mounting medium

Source: University Histology Laboratory at the Norwegian University of Life Sciences

campus Adamstuen
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Appendix 4: Deparaffinising protocol

1. Heating chamber at 58°C for 30 minutes

2. 2 changes of xylene, 5 minutes each

3. Re-hydrate in 2 changes of absolute alcohol, 5 minutes each
4. 2 changes of 96% alcohol for 5 minutes each

5. 70% alcohol for 5 minutes

6. Wash thoroughly in running tap water

7. The sections are kept in still water until further preparations

Source: University Histology Laboratory at the Norwegian University of Life Sciences

campus Adamstuen
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