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Abstract 
Ovine pulmonary adenocarcinoma, a naturally occurring lung cancer of sheep was diagnosed 

in seventeen cases at slaughter houses. Lung tumor tissues and associated lymph nodes were 

collected for histopathological and immunohistochemical studies. Histologically, the lung 

sections from OPA cases revealed areas of non encapsulated proliferation of alveolar 

epithelial cells in papillary or acinar pattern. Polyploid ingrowths were also noticed into the 

bronchioles. On immunostaining of lung sections, JSRV-MA protein was detected in the 

neoplastic cells confirming the JSRV infection. There was a strong nuclear labelling for  

c-Myc in most of the neoplastic cells indicating dysregulation of this particular oncogene in 

OPA. 
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INTRODUCTION 
Ovine Pulmonary adenocarcinoma, a 

contagious   lung cancer of sheep previously 

known as Jaagsiekte, sheep pulmonary 

adenomatosis or ovine pulmonary carcinoma 

[1–3] is prevalent worldwide and is caused by 

jaagsiekte sheep retrovirus (JSRV), a beta 

retrovirus. OPA has a similar morphological 

features to those of human bronchioloalveolar 

carcinoma (BAC) and the etiology of BAC is 

yet to be established. OPA accounts for almost 

70% of all sheep tumors [4].  Myc is a potent 

oncogene that can promote tumorigenesis in a 

wide range of tissues and the elevated 

expression of its gene product, the 

transcription factor c-Myc correlates with 

tumor aggression and poor clinical outcome. 

Myc expression is deregulated and often 

markedly elevated in human neoplasms [5]. 

The present study was carried out to know the 

expression of c-Myc in lung sections of OPA 

in sheep by immunohistochemistry. 

 

MATERIALS AND METHODS  
The materials for the present study were 

collected from local slaughter houses. 

Suspected lung tissues were collected into 

10% neutral buffered formalin for 

histopathological and immunohistochemical 

studies. Paraffin sections of lung tissues were 

stained by H&E and immunohistochemical 

staining was performed on suspected OPA 

lung sections with antibodies to JSRV matrix 

(MA) protein (courtesy: Prof. Massimo 

Palmarini)  and c-Myc (AM318-5M, Bio 

Genex)  using Super-sensitive polymer-HRP 

detection kit (Bio Genex) as per the 

instructions of manufacturer with slight 

modifications. Expression of  the markers used 

in the present study was recorded by a semi 

quantitative grading  based upon the 

percentage of neoplastic cells that was labelled 

in three representative fields examined with 

the x40 objective of the microscope : high 

(+++) = > 60%, moderate (++) = 11–59%, low 

(+) = 1–10%, absent (–) = 0%. 

 

RESULTS AND DISCUSSION 
Grossly, the OPA lungs revealed diffuse areas 

of consolidation or presence of tumor nodules 

involving different lobes (Figure 1). On cut 

section, the surface was granular, greyish 

white and moist with exudation of fluid. 

Histologically, the lung sections revealed areas 

of non encapsulated proliferation of alveolar 

epithelial cells in papillary or acinar pattern 
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(Figure 2). Polyploid ingrowths were also 

noticed into the bronchioles and the gross and 

histopathological lesions in OPA lungs were 

similar to that of previous reports [6–9]. On 

immunostaining of lung sections, JSRV-

MA protein was detected in the cytoplasm of 

neoplastic cells confirming the JSRV infection 

(Figure 3) as noticed previously in 10 OPA 

lung samples [10]. There was a strong nuclear 

immunolabelling for c-Myc in the neoplastic 

cells of papillary projections of alveolar and 

bronchiolar epithelium in OPA lung sections 

(Figures 4 and 5). Out of 17 lung samples, the 

percentage of tumor cells that showed nuclear 

staining for c-Myc was high in 8 (47.1%) 

samples, moderate in 6 (35.3%) samples and 

low in 3 (17.6%) samples. 

 

 
Fig. 1: OPA-Lung:Showing Diffuse Areas of 

Consolidation. 

 

Pawaiya and Ram Kumar [11] also noticed 

strong nuclear immunolabelling for c-Myc in 

lung sections of OPA. Myc is a potent 

oncogene that can promote tumorigenesis in a 

wide range of tissues and the elevated 

expression of its gene product, the 

transcription factor c-Myc correlates with 

tumor aggression and poor clinical outcome. 

Myc expression is deregulated and often 

markedly elevated in human neoplasms
 
[5]. 

Elevated expression of c-Myc occurs through 

multiple mechanisms in tumor cells, including 

gene amplification, chromosomal 

translocation, single nucleotide polymorphism 

in regulatory regions, mutation of upstream 

signalling pathways, and mutations that 

enhance the stability of the protein [12–15].  

c-Myc accumulates in the promoter regions of 

active genes across the cancer cell genome and 

causes transcriptional amplification, producing 

increased levels of transcripts within the cell's 

gene expression program. This transcriptional 

amplification could provide the sweeping 

changes in cellular physiology necessary for 

aggressive cellular growth and proliferation 

[16].  

 

 
Fig. 2: OPA-Lung: Note Papillary Projections 

of Alveolar Epithelium H&E x100. 

 

 
Fig. 3: OPA-Lung: Immunostaining for JSRV-

MA-Note Intracytoplasmic Brownish Granular 

Staining in the Neoplastic Epithelial Cells of 

Alveoli.  X400. 

 

Retroviruses have contributed to our 

understanding of the role of c-Myc in tumors 

like leukemias and lymphomas [17]. 

Retroviruses can activate c-Myc oncogene 

expression in at least three ways; by use of 

virally encoded proteins to activate c-Myc 

transcription, by transduction and modification 
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of the c-Myc gene to make a virally encoded 

form of the gene and by cis-activation of  

c-Myc expression after proviral insertion      

[18–22]. 

 

 
Fig. 4: OPA-Lung: Immunostaining for  

c-Myc-Note Strong Nuclear Staining in the 

Neoplastic Epithelial Cells of Alveolar 

Projection. X400. 

 

 
Fig. 5:  OPA-Lung: Immunostaining for  

c-Myc-Note Strong Nuclear Staining in the 

Neoplastic Epithelial Cells of Alveolar 

Projection  X400. 

 

The mechanism of oncogenesis in retroviruses 

induced tumors is quite interesting. 

Transforming retroviruses carry oncogenes 

derived from cellular genes that are involved 

in mitogenic signalling and growth control. 

Non-transforming retro viruses activate 

cellular proto oncogenes by integrating a 

provirus near normal cellular proto oncogenes 

and activating their expression, by a 

mechanism termed ‘proviral insertional 

mutagenesis' [23]. Lung cancers induced by 

JSRV infection in sheep and by JSRV Env 

expression in mice have similar histologic 

features and are primarily characterized by 

adenomatous proliferation of peripheral lung 

epithelial cells [24]. It was further stated that it 

is unnecessary to invoke a role for insertional 

mutagenesis, gene activation, viral replication, 

or expression of other viral gene products in 

sheep lung tumorigenesis, although these 

processes may play a role in other clinically 

less important sequelae of JSRV infection 

such as metastasis observed with variable 

frequency in sheep [24]. Unlike most acute 

transforming retroviruses, JSRV does not 

carry a host cell-derived oncogene, but rather 

its Env protein has transformation potential 

[25].  The role of oncogenes like myc in JSRV 

induced ovine pulmonary adenocarcinoma 

needs further studies to unravel the molecular 

mechanisms of oncogenesis in OPA. 

 

ACKNOWLEDGEMENTS 
The authors are grateful to SERB, Department 

of Science and Technology, Govt. of India for 

funding the project and to Sri Venkateswara 

Veterinary University, Tirupati, Andhra 

Pradesh for providing the facilities.   

 

REFERENCES 
1. Fan H. Jaagsiekte sheep retrovirus and 

lung cancer. 2003 Springer-Verlag, Berlin. 

2. Tustin R C. Ovine Jaagsiekte. J.South 

Afric. Vet.Med. Assoc. 1969; 40:  3–23p. 

3. York D F, Querat G. A history of Ovine 

pulmonary adenocarcinoma (jaagsiekte) 

and experiments leading to the deduction 

of the JSRV nucleotide sequence. Curr. 

Top. Microbiol. Immunol.2003; 275:  1–

23p. 

4. De Las Heras M, Gonzalez L, Sharp J M. 

Pathology of ovine pulmonary 

adenomatosis. Curr. Top. Microbiol. 

Immunol. 2003; 275: 25–54p.  

5. Pelengaris S, Khan M, Evan G I. 

Suppression of Myc-induced apoptosis in 

cells exposes multiple oncogenic 

properties of Myc and triggers 

carcinogenic progression. Cell.2002; 109: 

321–334p. 

6. Platt J A, Kraipowich N, Villafane F et al.  

Alveolar type II cells expressing 

Jaagsiekte sheep retrovirus capsid protein 

and surfactant proteins are the 

predominant neoplastic cell types in ovine 

pulmonary adenocarcinoma. Vet.Pathol. 

2002; 39:341–352p. 

7. Garcia- Goti M, Gonzalez L, Cousens C et 

al. Sheep pulmonary adenomatosis 

characterization of two pathological forms 



Immunohistochemical  Detection of C-My in Ovine Pulmonary Adenocarcinoma Lungs              Manasa  et al. 

 

 

RRJoVST (2015) 14-17 © STM Journals 2015. All Rights Reserved                                                           Page 17 

associated with jaagsiekte retrovirus. 

J.Comp. Pathol. 2000; 122:55–65p. 

8. Beytut E, Sozmen M., Erginsoy S.  

Immunohistochemical detection of 

pulmonary surfactant proteins and retro 

viral antigens in the lungs of sheep with 

pulmonary adenomatosis. J. Comp.Pathol. 

2009; 140: 43–53p. 

9. Oda S S, Youssef S A. 

Immunohistochemical and 

histopathological findings of ovine 

pulmonary adenocarcinoma (Jaagsiekte) in 

Egyptian sheep.Trop. Anim. Health Prod. 

2011; 43: 1611–1615p. 

10. De Las Heras M, Murcia P, Ortin A, et al. 

Jaagsiekte sheep retrovirus is not detected 

in human lung adenocarcinomas 

expressing antigens related to the Gag 

polyprotein of beta retroviruses. Cancer 

Letters. 2007; 258: 22–30p.   

11. Pawaiya R V S, Ramkumar. Ovine 

Pulmonary Adenocarcinoma: evaluation 

of molecular tumor markers. Ind. J. Vet. 

Pathol. 2007; 31: 99–107p. 

12. Eilers M, Eisenman RN.  Myc’s broad 

reach. Genes Dev. 2008; 22: 2755–2766p. 

13. Meyer N, Penn LZ. Reflecting on 25 years 

with MYC. Nat. Rev.  Cancer.  2008; 

976–990p.       

14. Pomerantz M M, Ahmadiyeh N, Jia L, et 

al. The 8q24 cancer risk variant rs 

6983267 shows long-range interaction 

with MYC in colorectal cancer. Nat.Genet. 

2009; 41: 882–884p.  

15. Wright J B, Brown S J, Cole M D. Up 

regulation of c-MYC in cis through a 

largechromatin loop linked to a cancer 

risk-associated single-nucleotide 

polymorphism in colorectal cancer cells. 

Mol. Cell. Biol. 2010; 30: 1411–1420p. 

16. Lin CY, Love J, Peter B R, et al.  

Transcriptional amplification in tumor 

cells with elevated c-Myc. Cell. 2012; 

151: 56–67p.  

17. Dudley JP, Mertz JA, Rajan L, et al. What 

Retroviruses teach us about the 

involvement of c-Myc in leukemias   and   

lymphomas. Leukemia. 2002; 16: 1086–

1098p.  

18. Weiss RA, Schulz TF. Transforming 

properties of the HTLV-1 tax gene. Canc. 

Cells. 1990; 2: 281–283p.  

19. Ressler S, Connor LM, Marriott SJ. 

Cellular transformation by human T-cell 

leukemia virus type 1. FEMS Micro. Lett. 

1996; 140: 99–109p. 

20. Reddy EP, Reynolds RK, Watson DK, et 

al. Nucleotide sequence analysis of the 

proviral genome of avian 

myelocytomatosis virus (MC29). Proc 

Natl Acad Sci USA. 1983; 80: 2500–

2504p. 

21. Hayward WS, Neel BG, Astrin SM. 

Activation of a cellular onc gene by 

promoter insertion in ALV-induced 

lymphoid leukosis. Nature. 1981; 290: 

475–480p. 

22. Payne GS, Courtneidge SA, Crittenden 

LB, et al. Analysis of avian leukosis virus 

DNA and RNA in bursal tumours:  viral 

gene expression is not required for 

maintenance of the tumor state. Cell. 

1981; 23: 311–322p. 

23. Kung H J, Boerkoel C, Carter T H. 

Retroviral mutagenesis of cellular 

oncogenes: a review with insights into the 

mechanisms of insertional activation. 

Curr. Top. Micro. Immunol.1991; 171: 1–

25p.  

24. Wootton S K, Halbert C L, Miller A D. 

Envelope proteins of jaagsiekte sheep 

retrovirus and enzootic nasal tumor virus 

induce similar bronchioalveolar tumors in 

lungs of mice. J. Virol. 2006; 80:9322–

9325p. 

25. Hofacre A, Fan H.  Jaagsiekte sheep 

retrovirus biology and   oncogenesis. Viru. 

2010; 2, 2618–2648p. 

 

 

Cite this Article 
B.B.Manasa, V.Rama Devi, K.Satheesh 

et al. Immunohistochemical Detection 

of c-Myc in Lungs of Sheep with Ovine 

Pulmonary Adenocarcinoma. Research 

& Reviews: Journal of Veterinary 

Science and Technology. 2015; 4(2): 

14–17p. 


