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Introduction
This thesis for examination for the Doctor of Science degree consists of a collection
of papers published in international peer-reviewed scientific journals. The work described
was predominantly performed over the last 15 years at Massey University. While
performing the research described in this thesis, I have also been involved in other noncancer research projects. Some of the papers that describe this research are listed at the
end of the reference list, but are not contained within the thesis.
My interest in cancer in non-human species first began while I was working as a
diagnostic pathologist at the University of Georgia. While in this position I became intrigued
by the patterns of cancers that developed in different species and breeds of animals. My
interest in cancer further developed into my main research focus when I returned to Massey
University in 2004. During the subsequent 15 years, the majority of my research has been
into the development and biological behavior of cancer in animals. This research remains
important as it was pioneering in suggesting that infectious agents could be important
causes of cancer in non-human species. Today, numerous studies are published every year
further investigating the role of infectious agents in neoplastic diseases of animals. In
addition, considering the rapid progression of veterinary oncology in the last 15 years,
determining better ways to predict neoplasm behavior is currently an intense field of
research in veterinary medicine.
The thesis is divided into three interlinked sections: The development and biological
behavior of neoplasms in non-human species, Papillomaviruses as a cause of disease in cats,
and Papillomaviruses as a cause of disease in other animal species. The research in each of
the sections is predominantly described chronologically to illustrate the progression of the
science. The reference list and corresponding published papers are arranged following the
same order as in the summary.
It is submitted that the publications contained within this thesis represent a
significant advance in science and in the understanding of the causes and behavior of cancer
in the non-human species. The advances made are maybe best illustrated by my research on
papillomaviruses (PVs) as a cause of cancer in cats. When this research started, PVs were

only associated with feline viral plaques which are a rare skin lesion of cats. Felis catus
papillomavirus (FcaPV) type 1 had been detected in a feline viral plaque and that was the
only PV type that was known to infect cats. During the 15 years in which I have been
researching PVs in cats, my research has revealed that PVs infect almost all cats. I was the
first to detect FcaPV-2 and was able to show that this virus frequently causes cutaneous
Bowenoid in situ carcinomas (BISCs) as well as most likely causing a proportion of cutaneous
basal cell carcinomas and up to a quarter of all cutaneous squamous cell carcinomas (SCCs).
To further investigate the role of the PVs in these lesions, an immunohistochemical test to
determine which skin cancers are caused by PV infection was developed and validated. By
using this immunohistochemical technique it was shown that the PV-induced cutaneous
SCCs had a more favorable clinical behavior than non-PV induced SCCs. The expression of
FcaPV-2 genes within the SCCs was detected and a vaccine that stimulates a strong
immunogenic response against this PV type was developed. As part of my research, four
novel PV types that infect cats were detected and FcaPV types 3, 4, and 5 were fully
sequenced and classified along with Bos taurus papillomavirus (BPV) type 14, the apparent
cause of feline sarcoids. In the past 15 years I have become the world expert on PV diseases
in companion animals and my work has been widely cited. Additionally, I have been invited
to write 5 reviews and 7 book chapters and I have presented my findings as an invited
keynote speaker at conferences in North America, Europe, and Australia.

Section 1. The development and biological behavior of neoplasms in nonhuman species
While working as a diagnostic pathologist at the University of Georgia, I noticed that
uterine neoplasms were very common in Vietnamese pot-bellied pigs. People kept this
smaller breed of pig as pets and many of the older female pigs developing uterine
neoplasms. As these tumors showed many similarities to uterine tumors in humans, it
appeared possible that they could develop by similar mechanisms.1,2 Also around this time,
subcutaneous fibrosarcomas were being frequently diagnosed in ferrets. These cases
appeared to be linked to the use of rabies vaccines, an association that had only previously
been suggested in cats.3 While at the University of Georgia, multiple pathologists
collaborated to show that inter-pathologist variability was a significant problem when using
subjective criteria to predict the likely behavior of cancer.4,5
After returning to Massey in 2014, I was intrigued by the high rate of small intestinal
adenocarcinomas reported in sheep in New Zealand. This high rate was especially
interesting considering the high rate of bowel cancer suffered by New Zealanders. The
potential for a link between the sheep and human cancers had been recognized over 50
years ago, although well-designed epidemiological studies had not definitively linked any
environmental factor to these cancers. My first studies defined these neoplasms using
histology and immunohistochemistry, allowing their genetic pathways and behavior to be
compared to human bowel cancers.6,7 Subsequent studies did not reveal either an
association between any infectious agents or the presence in sheep of a genetic defect that
often predisposes people to bowel cancer and the cause of the high rate of cancer in sheep
in New Zealand was not determined.8,9 More recently, along with researchers at the
University of Otago, the role of toxin-producing strains of Bacteroides fragilis in the
development of intestinal cancer of sheep has been investigated,10 although this research is
currently at an early stage and no definitive conclusions are possible.
In addition to the studies on sheep, I have also completed studies investigating
whether the lack of rabies vaccination in New Zealand influences the development of
injection site sarcomas in cats11,12 and studies to try to identify genetic defects that
predispose to mast cell tumors in dogs13 and lymphoma in cats.14 Additionally, a family of

dogs that were predisposed to developing gastric cancer were investigated and found to
have an inherited disease that was similar to Ménétrier's disease in people.15
My research interest in the use of markers within a neoplasm to predict cancer
behavior started in 2013. Cats with nasal planum squamous cell carcinomas (SCCs) that had
high levels of p16 protein were shown to have longer survival times than cats with nasal
planum SCC with low p16 protein.16 Subsequent studies revealed that histological and
immunohistochemical features can be used to predict the survival time of cats with oral
SCCs 17,18 and dogs with mammary gland adenocarcinomas.19 In 2018 I was invited by
Professor Donald Meuten, one of the world’s leading experts in veterinary cancer pathology,
to contribute to an editorial discussing the use of histology to predict neoplasm behavior.20
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