Ovine pulmonary
adenocarcinoma-
epidemiology, diagnosis
methods and mechanisms of
oncogenesis

SUMMARY OF THE PhD THESIS

PhD student Gina-Corina Toma

Scientific coordinator Prof.univ. dr. Cornel Catoi




INTRODUCTION

Ovine pulmonary adenocarcinoma has a unique feature in the animal series,
being the only type of lung tumor produced by a viral agent (Jaagsiekte sheep
retrovirus) (PALMARINI and FAN, 2003). Jaagsiekte sheep retrovirus exhibits tropism
for type Il pneumocytes and Clara bronchiolar cells (PLATT et al., 2002; Martineau et al.,
2011). This pathology has been reported over time globally with the exception of some
countries such as Australia and New Zealand (PALMARINI and FAN, 2003).

Ovine pulmonary adenocarcinoma has been reported in Europe in most
countries, such as: Bulgaria (ENCHEV et al, 1958), Ireland (LEE et al,, 2017), Italy
(KWANG et al,, 1995), Spain (MINGUIJON et al.,, 2013), Scotland (LEWIS et al,, 2011),
United Kingdom (COUSENS et al, 2015a), Cyprus (TOUMAZOS, 1989), Greece
(SEIMENIS et al.,, 1983), Germany (VOIGT etal., 2007), France (SCHELCHER et al,, 1991).
Regarding Romania and the neighboring countries, there are no recent studies that
confirm the presence of this pathology in the last decades. Moreover, previous reports
in Romania did not identify the presence of JSRV in the examined samples
(ADAMESTEANU et al.,, 1970; BABA et al., 1980), being also reported primary lung
tumors in sheep, not induced by JSRV infection (LEE et al., 2017). Grossly, two forms
have been reported: classical and atypical forms (GARCIA-GOTI et al., 2000), the latter
being less commonly encountered (GRIFFITHS etal., 2010).

Currently, major concerns related to this pathology are related to the
mechanisms of oncogenesis underlying the development retrovirus-induced lung
tumors, which are incompletely elucidated (LIU and MILLER, 2007; YOUSSEF et al,,
2015). Also, fragments of the JSRV genome have been identified in human lung tumors,
assuming a potential role of JSRV in the oncogenesis of human lung tumors, but with
inconsistent results (YOUSEM et al,, 2001; LINNERTH-PETRIK et al., 2014).

Similarities related to the anatomy and physiology of the respiratory tract
between humans and sheep, as well as the characteristics of sheep lung
adenocarcinoma, may propose sheep as a perfect species to serve as an experimental
model (YOUSSEF et al,, 2015). Furthermore, human lung cancer causes an increased
mortality rate, currently being ranked as the leading cause of death as a result of a
neoplastic process (BASUMALLIK and AGARWAL, 2019; GEJMAN et al, 2019). In
Romania, according to the GLOBOCAN database, in 2018 there are 11340 new cases of
lung tumors and 10277 deaths (MANEA et al, 2019). Animal models that more
accurately reflect certain human pathologies are of major importance for treatment-
related and prognostic medical advances (GRAY etal., 2019).



THE STRUCTURE OF THE THESIS

In the literature there is few data regarding ovine pulmonary adenocarcinoma
in Romania.

The thesis entitled "Ovine pulmonary adenocarcinoma - epidemiology,
diagnosis methods and mechanisms of oncogenesis" contains 121 pages and is written
according to the suggested norms, being structured in two parts.

The first part, represented by the review of the literature, is structured in 7
chapters and comprises 21 pages. In this part of the thesis it was synthesized the current
general knowledge related to the main respiratory diseases in sheep, but focused on
ovine pulmonary adenocarcinoma, including clinical, epidemiological, etiology,
anatomical and histological classification, diagnostic methods, mechanisms of
oncogenesis and the possible zoonotic character.

In the second part, extended on 63 pages and structured in 5 chapters, we have
detailed the personal researches carried out between 2017 and 2020. Each chapter is
divided into sub-chapters that present the aim and objectives, materials and methods
used, the obtained results associated to discussions regarding their novelty and
compared to other studies, and the partial conclusions made after each individual study.
The results of the research were illustrated in a number of 28 figures and summarized
in 10 tables. The end of the thesis is represented by the references that have been cited
(284 titles).

RESULTS OF RESEARCH

In the second part of this paper, we studied primary lung tumors in sheep,
collected between November 2017-May 2019 from two slaughterhouses in the
Transylvania region (Romania): I.F. Fluieras (Bungard locality, Sibiu county) and Agro-
Invest Prod (Sieu Magherus locality, Bistrita-Nasaud county). The main objectives of the
study were:

e conducting an epidemiological study regarding the situation of ovine
pulmonary adenocarcinoma and other pulmonary pathologies in Transylvania
(Romania)

e grossly, cytological and histological evaluation of the identified pulmonary
neoplasms, and immunohistochemical characterization

« identification of Jaagsiekte sheep reetrovirus (JSRV) using modern diagnostic
methods, such as immunocytochemistry, immunohistochemistry, transmission electron
microscopy, molecular (PCR) examination and phylogenetic analysis.

e immunohistochemical expression of K-RAS protein and IL6-STAT3
oncogenesis pathway in ovine pulmonary adenocarcinomas

Chapter 9, entitled "Non-neoplastic respiratory diseases of ovine in
Transylvania (Romania): epidemiology and morphological features" aimed to carry out



an epidemiological study within two main slaughterhouses in the Transylvania region
(Bistrita-Nasaud and Sibiu counties), by grossly and histological evaluation of the
pulmonary lesions foound in the ovine species. 2693 cases (lungs) were post-mortem
analyzed for this study. The samples were represented by pulmonary affected tissues
collected in 10% formalin (pH 7), for 24-72 hours. The tissues were subsequently
processed for histopathological examination, being embedded in paraffin and stained
using the usual Hematoxylin-Eosin technique. Of this total number (n = 2693), the
predominant non-tumoral lesions were parasitic pneumonia, diagnosed in 80.80% of
the cases. These in turn were mostly represented by verminous pneumonias, with a
prevalence of 55.29%. The gross lesions characteristic for interstitial pneumonia,
associated with Protostrongylus rufescens infestation were predominately located in the
diaphragmatic lobes as brownish-green plaques or as miliary nodules. The infestation
associated with Muellerius capillaris was characterized by the presence of numerous
miliary nodules, of 2-4 mm, located predominantly in the diaphragmatic lobes.
Echinococcus granulosus infestation was associated with numerous granulomas ranging
in size from 1 to 8 cm, randomly distributed in the lung parenchyma in 10.59% of cases.
Bacterial pneumonias with features characteristic of caseous lymphadenitis of sheep
and goats and chronic manheimiosis had a reduced prevalence, being identified in
2.67% of cases. Non-tumor viral infections associated with lentivirus (progressive
pneumonia or Maedi-Visna) were grossly and histological confirmed with a prevalence
of 0.14%. Of the total number of evaluated cases, only 15.21% had no gross lesions.

Chapter 10, entitled "Ovine pulmonary adenocarcinoma in Transylvania
(Romania): epidemiology and morphological features" aimed to perform an
epidemiological regarding the neoplastic pulmonary pathology in sheep. The study was
performed in two slaughterhouses in the Transylvania region by grossly evaluation of
2693 cases (lungs) and histological characterization of the identified tumors. Thirty-
four pulmonary neoplasms were identified, obtaining a prevalence of 1.18%,
predominantly affecting a single pulmonary lobe (58.82%). Grossly, 30 cases (88.23%)
were classified as the classical form of ovine pulmonary adenocarcinoma, and 4 cases
(11.77%) were classified in the atypical form of the disease. The classical form is
characterized by the presence of large grey neoplastic masses, with a homogeneous
appearance on cross section, while the atypical form is characterized by small nodular
structures predominantly located subpleural and well delimited of the adjacent
pulmonary parenchyma. The predominant histological subtype, both within the
classical and atypical forms, was acinar pulmonary adenocarcinoma. Within the atypical
form, a distinctive morphological appearance was observed in two cases, represented
by well delimited solitary masses, subpleurally located, of about 2-5 cm, white-pinkish
color, with irregular surface, and a multilobular, gelatinous appearance on cross-
section. Histologically, this neoplasms coresponded to mesenchymal growths (MGs),
being poorly cellularized, with elongated or stellate cells arranged in short streams and
bundles, embedded in an abundant AB-PAS positive extracellular matrix. Moreover, in
the classical form MGs were also identified, associated with epithelial proliferation in 6
cases. Thus, MGs were identified in 8/34 cases (23.53%).
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Chapter 11, entitled "Immunohistochemical evaluation and characterization of
primary pulmonary tumors in ovine ", aimed to describe the neoplastic cells within
ovine pulmonary adenocarcinoma using markers for epithelial (MCK, TTF-1) and
mesenchymal origin (vimentin, desmin, SMA and S100), and at the same time evaluation
of Ki67 proliferation index and expression of major histocompatibility complex II (MHC
II) in pulmonary tumors of sheep. The neoplastic epithelial component of ovine
pulmonary adenocarcinoma was positive in all evaluated cases for MCK expression and
negative for vimentin. Nuclear expression of TTF-1 in epithelial neoplastic cells was
observed in all examined cases, suggesting the primary pulmonary origin of the
evaluated lung tumors. MGs were positive for vimentin, characterized by intense
cytoplasm marking. Expression of MCK, TTF-1 and S100 in MGs was absent. Desmin was
intense and diffuse expressed in the MGs, while SMA showed moderate and selective
cytoplasmic expression, thus suggesting the myofibroblastic origin of the cells. The
classical form of ovine pulmonary adenocarcinoma showed a mean Ki67 proliferation
index of 10.87%, while the mean Ki67 proliferation index in the atypical form was
4.54% (3.93%-5.15%). The MGs, unassociated with neoplastic epithelial proliferation
had amean Ki67 index of 2.48% (1.63% -3.27%), and in those associated with epithelial
neoplasia, the mesenchymal component recorded an average of Ki67-labeled nuclei of
1.61% (1.44% -1.78%). MHC II expression was absent in the atypical form, and in the
classical form it was observed at 12.5% of the evaluated cases.

Chapter 12, entitled "Detection of Jaagsiekte sheep retrovirus (JSRV)" aimed to
identify the etiologic agent of ovine pulmonary adenocarcinoma by PCR, IHC, ICC and
morphological characterization by transmission electron microscopy. By ICC, JSRV-MA
was identified in neoplastic epithelial cells in all evaluated samples.
Immunohistochemistry, in both the classical and the atypical form showed a diffuse
positive reaction for JSRV-MA, observed in neoplastic cells in 32 cases (94.11%).
Neoplastic mesenchymal cells were also labeled for JSRV-MA. PCR examination revealed
sequences of 128 pairs of nucleotides of the exogenous form of the Jaagsiekte virus
(ExJSRV) obtained in 33/34 (96.85%) of the examined samples. Phylogenetic analysis
of the LTR (U3) sequences showed nucleotide homology of 94.87% with the isolate
strain from the United Kingdom (GenBank AF105220.1). Ultrastructurally, ovine
pulmonary adenocarcinoma is a heterogeneous tumor, composed of neoplastic
epithelial cells originating from Clara cells and type Il pneumocytes. ]SRV was identified
by electron microscopy in 3/5 evaluated samples characterized by round / oval
structures, of 80-120 nm, arranged individually or in groups of 4-6 viral particles. The
viral particles have a moderately electron-dense central area represented by the
nucleoid, surrounded by a double membrane with numerous spicules disposed on the
outer membrane.

Chapter 13, entitled "Evaluation of two oncogenic pathways with potential
involvement in ovine pulmonary adenocarcinoma: KRAS expression and IL-6-STAT3
pathway" aimed to determine the potential role of new oncogenesis mechanisms by
immunohistochemical examination and Western blot technique. The samples used were
classified in one of the 3 groups: 1) OPA (pulmonary adenocarcinomas - classical form)
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- 20 samples; 2) BAH (broncho-alveolar epithelial hyperplasia, from the periphery of the
neoplastic process) - 9 samples; 3) M (negative controls-unaffected lung tissue) - 10
samples. KRAS immunoexpression showed no differences between the 3 studied
groups. STAT3 was expressed in neoplastic epithelial and mesenchymal cells and also
in the broncho-alveolar hyperplasia but with a statistically significant increase in the
OPA group compared with BAH (U = 0, p = 0.001, the non-parametric Mann-Whitney U
test). For IL6, the intensity of the reaction was statistically significantly higher in the
OPA group, compared to the BAH group (U = 16.5, p = 0.019, the non-parametric Mann-
Whitney U test), and also the number of labelled cells in the OPA group was statistically
significant higher (U = 18.5, p = 0.023, Mann-Whitney U non-parametric test). By the
simultaneous evaluation of IL-6 expression, respectively STAT3 in the two groups, no
statistical correlation could be established, either regarding the BAH group (r = 0.224, p
= 0.602), or the OPA group (r =1, p = 0.391) (The correlation coefficient Kendall's tau).
The Western Blot method revealed a statistically significantly higher (p <0.05) amount
of IL-6 in the OPA group compared to the M group. The quantitative analysis for STAT3
in the OPA group, showed a significantly higher quantity (p <0.05) in neoplastic lesions,
compared to the M group. The BAH group showed a statistical correlation (p <0.01) only
regarding the lower quantity of IL-6, compared to the control group.

\4



10.

11.

12.

13.

14.

15.

SELECTED REFERENCES

ADAMESTEANU C, I. BABA, S. VESA, 0. ROTARU, V. MICAN, 1970. Pulmonary
adenomatosis of sheep (in Roumania), Lucrdri Stiintifice Institutul Agronomic Dr. Petru
Groza Cluj, Seria Medicind Veterinard 26, 87-92.

BABA A.l, O. ROTARU, M. GABOREANU, I. SISSOKO, 1980. Post-mortem findings in
pulmonary adenomatosis of sheep in Romania, Lucrdrile sectiei de patologie la taurine si
ovine, 357-362.

BASUMALLIK N., M. AGARWAL, 2019. Cancer, Lung Small Cell (Oat Cell), StatPearls,
StatPearls Publishing.

COUSENS C., L. GIBSON, ]. FINLAYSON, I. PRITCHARD, M.P. DAGLEISH, 2015a. Short
communication: prevalence of ovine pulmonary adenocarcinoma (Jaagsiekte) in a UK
slaughterhouse sheep study, Veterinary Record 176, 413.

ENCHEV S, 1963. On the malignant (metastasizing) forms of what is known as
pulmonary adenomatosis (Jaagsiekte) in sheep, Proceedings of the Bulgarian Academy
of Science, 16, 441-444.

GARCIA-GOTI M., L. GONZALEZ, C. COUSENS, N. CORTABARRIA, A.B. EXTRAMIANA, E.
MINGUIJON, A. ORTIN, M. DE LAS HERAS, ].M. SHARP, 2000. Sheep pulmonary
adenomatosis: Characterization of two Pathological forms assosiated with jaagsiekte
retrovirus, Journal of Comparative Pathology, 122, 55-65.

GEJMAN R, S. GONZALEZ, M. MUNOZ-MEDEL, B. NERVI, C. SANCHEZ, C. IBANEZ, ]. PENA,
J. MADRID, J. BRIONES, P. PEREZ, M. GARRIDO, H. GALINDO, 2019. Prevalence of EGFR
Mutations and Clinico-Pathological Characteristics of Chilean Lung Cancer
Patients. Asian Pacific journal of cancer prevention: APJCP, 20(1), 1.

GRAY M. E,, ]. MEEHAN, P. SULLIVAN, J.R. MARLAND, S.N. GREENHALGH, R. GREGSON,
R.E. CLUTTON, C. WARD, C. COUSENS, D.J. GRIFFITHS, A. MURRAY, D. ARGYLE, 2019.
Ovine Pulmonary Adenocarcinoma: A Unique Model to Improve Lung Cancer
Research, Frontiers in oncology, 9.

GRIFFITHS D.J.,, H.M. MARTINEAU, C. COUSENS, 2010. Pathology and pathogenesis of
ovine pulmonary adenocarcinoma, Journal of Comparative Pathology, 142, 260-283.
KWANG ], J. KEEN, S. ROSATI, F. TOLARI, 1995. Development and application of an
antibody ELISA for the marker protein of ovine pulmonary carcinoma, Veterinary
immunology and immunopathology 47(3-4), 323-331.

LEE A.M., A. WOLFE, J.P. CASSIDY, L.L.M. MESSAM, ].P. MORIARTY, R. O’'NEILL, C. FAHY,
E. CONNAGHAN, C. COUSENS, M.P. DAGLEISH, M.C. MCELROY, 2017. First confirmation
by PCR of Jaagsiekte sheep retrovirus in Ireland and prevalence of ovine pulmonary
adenocarcinoma in adult sheep at slaughter, Irish veterinary journal 70, 33.

LEWIS F.I, F. BRULISAUER, C. COUSENS, 1.J. MCKENDRICK, G.J. GUNN, 2011. Diagnostic
accuracy of PCR for Jaagsiekte sheep retrovirus using field data from 125 Scottish sheep
flocks, The Veterinary Journal 187(1), 104-108.

LINNERTH-PETRIK N.M., L.A. SANTRY, ]J. PETRIK, S.K. WOOTTON, 2014. Opposing
functions of Akt isoforms in lung tumor initiation and progression, PLoS One 9, €94595.
LIU S.-L., A.D. MILLER, 2007. Oncogenic transformation by the jaagsiekte sheep
retrovirus envelope protein, Oncogene 26, 789-801.

MANEA A, A. MOCANU, P.S. COTOI, M. SINCU, 0.S. COTOI, C. MOLDOVAN, 2019. The
incidence of the pulmonary cancer in the department of pathology at clinical county
hospital of targu mures, Acta Medica Marisiensis, 65.

VIl



16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

VI

MARTINEAU H.M,, C. COUSENS, S. IMLACH, M.P. DAGLEISH, D.J. GRIFFITHS, 2011.
Jaagsiekte sheep retrovirus infects multiple cell types in the ovine lung, Journal of
virology 85(7), 3341-3355.

MINGUIJON E., L. GONZALEZ, M. DE LAS HERAS, N. GOMEZ, M. GARCIA-GOTI, R.A. JUSTE,
R. A, B. MORENO, 2013. Pathological and aetiological studies in sheep exhibiting
extrathoracic metastasis of ovine pulmonary adenocarcinoma (Jaagsiekte), Journal of
Comparative Pathology 148(2-3), 139-147.

PALMARINI M., H. FAN, 2003. Molecular biology of jaagsiekte sheep retrovirus, Current
Topics in Microbiology and Immunology, Springer-Verlag, Berlin, Heidelberg, pp. 81-115.
PLATT J.A,, N. KRAIPOWICH, F. VILLAFANE, ].C. DEMARTINI, 2002. Alveolar type II cells
expressing jaagsiekte sheep retrovi- rus capsid protein and surfactant proteins are the
pre- dominant neoplastic cell type in ovine pulmonary adenocarcinoma, Veterinary
Pathology 39, 341-352.

SCHELCHER F., M. DELVERDIER, ].F. VALARCHER, P. CABANIE, ]. ESPINASSE, 1991.
L’adénomatose pulmonaire du mouton, Point Vétérinaire 23, 685-691.

SEIMENIS A, C. PAPADOPOULOS, M. MASTROGIANNI, 0. MANGANA, E. STOFOROS, G.
SKYRIANOS, 1. MENASSE, 1983. Slow virus diseases of the sheep and goat in Greece I.
Progressive pneumonia and pulmonary adenomatosis (Jaagsiekte), Journal of the
Hellenic Veterinary Medical Society 34(1), 59-71.

TOUMAZOS P., 1989. First report of sheep pulmonary adenomatosis in Cyprus, British
Veterinary Journal 145(3), 289-290.

VOIGT K., M. BRUGMANN, K. HUBER, P. DEWAR, C. COUSENS, M. HALL ].M. SHARP, M.
GANTER, 2007. PCR examination of bronchoalveolar lavage samples is a useful tool in
pre-clinical diagnosis of ovine pulmonary adenocarcinoma (Jaagsiekte), Research in
veterinary science 83(3), 419-427.

YOUSEM S. A, S.D. FINKELSTEIN, P.A. SWALSKY, A. BAKKER, N.P. OHORI, 2001. Absence
of jaagsiekte sheep retrovirus DNA and RNA in bronchioloalveolar and conventional
human pulmonary adenocarcinoma by PCR and RT-PCR analysis, Human
pathology 32(10), 1039-1042.

YOUSSEF G., W.A. WALLACE, M.P. DAGLEISH, C. COUSENS, D.J. GRIFFITHS, 2015. Ovine
pulmonary adenocarcinoma: a large animal model for human lung cancer, ILAR journal
56(1), 99-115.



