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Abstract

Ovine pulmonary adenocarcinoma (OPA) is a disease of sheep that is caused by a
Betaretrovirus named exogenous Jaagsiekte sheep retrovirus (exJSRV). This virus causes
oncogenic transformation in lungs, and symptoms develop related to the growing
tumors. Disease develops slowly with a long incubation time ranging 2-4 years. Currently
there is no serological test to evaluate the presence in the flock and also disease can
mostly be diagnosed post mortem. The aim of this study is to determine characterization
and the molecular presence exJSRV types in circulation. In this study lung tissues of
25 suspected cases were investigated. Initial diagnosis is made by histopathological
(HP) and immunohistochemical (IHC) methods. Hematoxylin & Eosin (H&E) staining
was used for examining histopathological changes. Anti JSRV capsid antibody was
used with Streptavidin-Biotin peroxidase method. Slides were examined under light
microscope and photographs were taken. All 25 cases were diagnosed as OPA with
these methods. Lung tissues embedded in paraffin were used as material for nucleic acid
extraction. Envelope gene of JSRV nucleic acid was chosen for investigating with reverse
transcription polymerase chain reaction (RT-PCR). Since paraffinized tissue blocks
were used, sensitivity was not high and only 10/25 tissues were deemed positive. Positive
amplicons were sent to sequencing. A phylogenetic tree was constructed after analyzing
the sequences. Also predicted amino acid sequences were analyzed. In conclusion we
found both type 1 and type 2 exJSRV have been circulating in the region and changes in
amino acids were detected which could lead to possible differentiation in pathogenesis.
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these proteins env is responsible for inducing oncogenic
transformation [*7.. exJSRV is suggested to have two types.
Type 1 is based on South African, Kenyan origin and type
2 is United Kingdom or American origin .. However,
these two types are not reported to have any differences in
pathogenicity. Enzootic nasal tumor virus (ENTV) is also
another Betaretrovirus that is closely related to JSRV and
cause a disease with similar course 7. Other Lentiviruses
(such as Visna-Maedi disease) may also cause coinfection
in some cases which may mask diagnosis or worsen the
outcome of the disease ®.

INTRODUCTION

Ovine pulmonary adenocarcinoma (OPA) or Jaagsiekte
sheep retrovirus (JSRV) is a neoplastic disease characterized
by tumor lesions in the lung. This condition is caused
by the exogenous form of JSRV (exJSRV) 2. JSRV is
the only known virus for naturally causing lung cancer
in animals . Sheep is the natural host of the virus
and there are studies that report the disease in goats.
Causative agent is classified in Retroviridae under genus
Betaretrovirus and species Betaretrovirus ovijaa which has
single stranded, positive sense RNA genome consisting of

approximately 7400 bases. JSRV also has an endogenous
form (enJSRV) which is integrated in DNA of many sheep
but not associated with the disease . JRSV genome
codes four viral proteins namely env, gag, pol, pro. Among

World Organisation of Animal Health (WOAH) has
reported ¥ OPA is widespread around the world where
there is sheep livestock, causing economic loss. Affected
animals have symptoms related to lung lesions; dyspnea,
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cough, nasal discharge is most common in the early stages
of the disease ©. As the disease progresses, symptoms
become more apparent, animals have difficulty moving
and excess (mucous) fluid is discharged from nares when
hind legs are elevated. This is called wheelbarrow test
and it is the main clinical symptom leading to diagnosis.
Clinical symptoms are worsened by secondary infections
and death is commonly caused the secondary infectious
agents. Bacterial or verminous bronchopneumonia
is common with OPA cases and can be seen solely or in
combination in necropsy .

Disease has a long incubation period, ranging from
months to years. The time disease is most prevalent is
between ages 2 to 4, although it can rarely be seen younger
animals . Transmission of the virus occurs mostly with
aerosols and lamb can also be infected with the virus by
milk/colostrum. Transplacental crossing of the virus
does not have a significant role in transmission. Virus is
present in lung fluid, tumors, regional lymphoid tissues
and sometimes in peripheral blood 1!,

Although virus genome has been extensively studied
molecularly and many strains are sequenced, no
permissive cell culture has been found to propagate the
virus. Only some tumor cells from young lambs can
be used to maintain the virus for a short period . No
circulating antibodies develop after OPA infection .
Viral proteins can be found only in tumor cells but not
anywhere else % There are some related problems
caused by aforementioned information; firstly, no vaccine
is available, secondly no routine early diagnostic test
detection is present and thirdly no seroprevalence test
can be applied to monitor the disease in a flock. Isolation
or compulsory slaughter of the infected animals can be
considered the only method of prevention 5.

The aim of this study is to investigate the presence of
exJRSV from paraffin embedded tissue blocks and
determine the molecular characterization of circulating
isolates. Data such as exJSRV types that is in circulation
cannot be identified without molecular analyses, for this
reason sequencing and phylogenetical analyses were
mandatory.

MATERIAL AND METHODS
Ethical Approval

The study was approved by Kafkas University Animal
Experiments Local Ethics Committee (Decision Number:
KAU-HADYEK/2021-180.)

Material

Material of the study consists of 25 sheep lung tissues
embedded in paraffin which belong to Pathology
Department’s tissue archive. Lung tissues were collected

between years 2010-2018. These tissues belong to animals
suspected of the disease.

Histopathological (HP) Examinations

Lung tissues were fixed in 10% formalin and routine
procedures were followed for paraffin embedding.
Sections were taken into slides and Hematoxylin & Eosin
(H&E) staining was used for examining histopathological
changes. Detailed examinations and photographing were
done under light microscope.

Immunohistochemical (IHC) Examinations

Streptavidin-Biotin peroxidase method was used for
immunostaining according to manufacturer instructions
(Thermo Scientific Histostain-Plus IHC Kit, HRP, broad
spectrum, REF: TP-125-HL). Anti JSRV capsid (CA)
antibody (Supplied by Professor Massimo Palmarini,
used with dilution 1/1500 and incubated overnight at
4°C) was applied after antigen retrieval and blocking of
non-specific proteins. Reactions were generated using
aminoethyl carbazole (AEC) as chromogen (Thermo
Scientific, TA-125-HA). Contrast staining was done with
hematoxylin. Slides were mounted with AEC specific
mounting media. Phosphate Buffer Saline (PBS) was used
instead of primary antibody for control slides.

Slides were examined under light microscope (Olympus
Bx53) and photographs were taken with CellAP software
(Olympus Soft Imaging Solutions GmbH, 3,4). Detailed
analyzes were done with Image J software (1.51j8).

Nucleic Acid Extraction

Five to ten sections of 10 microns were taken from
paraffin embedded tissue blocks and put to 1.5 mL tubes
for each case. The extraction was carried out according to
Pikor et al."'. The method described yields in total DNA
and RNA if no RNase is added. For this reason, no RNase
was added to yield RNA as much as possible. This step
is the only modification of the aforementioned method.

Reverse Transcription Polymerase Chain Reaction
(RT-PCR)

Since exJSRV is RNA form it was necessary to perform
reverse transcription before submitting samples to
polymerase chain reaction (PCR). This was achieved
using onestep RT-PCR kit by Hibrigen (Tiirkiye). The
primer pair (targeted for envelope KT279065.1 gene),
was used as reported by Mansour et al.”.. The conditions
were modified, for reverse transcription 40 min at 55°C,
95°C5 min, was used for initial denaturation, 35 cycles of
95°C denaturation 1 min, 58°C 1 min of annealing and
72°C 1 min for extension followed by final extension at
72°C for 10 min. Expected amplicon size was 398 base
pairs.
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Phylogenetic Analysis

Positive amplicons (10 in total) were sent to a commercial
company (BM Laboratuvar Sistemleri, Ankara) for
Sanger sequencing. Sequence assembly and editing were
performed using Bioedit (Version 7.0.5.3) and Clustal
W 2] before comparing with the GenBank nucleotide
sequence database for sequence similarities using the
Basic Length Alignment Search Tool (BLAST) software
of the National Center for Biotechnology Information
(NCBI) . Phylogenetic analysis was performed using
MEGA?7 software’s neighbour-joining method " and
the evolutionary distances between different sequences
were calculated by the Kimura two-parameter model.
The confidence level of the NJ tree was assessed by
bootstrapping using 1000 replicates. A table of amino acid
comparison was also prepared according to the sequence
data to examine the differences.

RESULTS
Histopathological Results

Several widespread tumor foci of varying dimensions
were observed in lung tissues. These foci consisted mostly
of papillary extensions or acinar structures originating
from bronchiolar or alveolar cells. Tumoral cells were
in the shape of cuboidal or columnar. Mitotic figures
were very few. Stroma layers of tumors were thickened
because of the increased count of mononuclear cells and
extension of the connective tissue. Alveolar macrophages
and mononuclear cells were present around the neoplastic
foci. In some cases, parasitic agents were also identified
in addition to OPA findings and there was neutrophil
leukocyte infiltration in some cases, indicating secondary
bacterial infection (Fig. I-a,b).
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Fig 1. a: Lung, Tumoral foci, b: Papillary (arrow) and acinar (arrowhead)
proliferations that extend to the lumen, alveolar macrophages (asterisk) in
the tumoral vicinity

Immunohistochemical Results

JSRV  positive reactions were mostly observed in
cytoplasms of cuboidal or columnar cells that form
papillary or acinar structures. There was also positivity
in cytoplasms of alveolar macrophages in some areas
surrounding tumoral region (Fig. 2-a,b).

Fig 2. a-b: JSRV positive reactions (arrowheads) in cytoplasm of the
tumoral cells in papillary and acinar tumoral regions

Molecular Results

Ten of the 25 samples of paraffin embedded tissues
were positive with the RT-PCR procedure and had
correct size amplicons visualized at 398 bp. 7 amplicons
were sequenced and deposited to GenBank with
accession numbers OM953765, OM 953766, OM953767,
OM953768, OM953769, OM953770, OM953771. Other 3
amplicons could not be sequenced due to low nucleic acid
concentration.

A phylogenetic tree was constructed with the reference
sequences obtained from GenBank. Endogenous forms of
JSRV and exogenous JSRV reference sequences of type 1
and type 2 were included. ENTV references were added to
indicate the close distance relation and other retroviruses
were included for outgrouping. OM953768 and OM953770
were clustered with type 2 exJSRV references and our
other remaining 5 isolates were clustered with type 1
exJSRV's (Fig. 3).

Histopathological results belonging to all 25 cases indicated
characteristic OPA findings. These results were further
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Fig 3. Phylogenetic tree constructed using env gene reference strains and
our isolates. Black circles are type 2 isolates of this study and black squares
are type 1 isolates of this study
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OM953769, OM953770, OM953771) with selected reference strains

Fig 4. Predicted aminoacid comparison of the type 1 and type 2 isolates of our study (OM953765, OM953766, OM953767, OM953768,

confirmed with immunohistochemical results which
were stained with spesific antibody to JSRV envelope.
According to these two tests, all tissues were diagnosed
as OPA. However, it was not possible to detect ex]JSRV
nucleic acid in all tissues with onestep RT-PCR. RNA of
the virus was found in 10 of the 25 tissues. This is not an
indication the remaning 15 cases did not contain nucleic
acid, only disadvantage of using paraffin embedded tissue
blocks. These 15 tissues were regarded as false negatives
as histochemical and immunohistochemical findings
confirmed presence of OPA.

Predicted amino acid content comparison based on
sequence is shown in Fig. 4. There are certain changes that
is distinctive in our isolates for both type 1 and type 2.
There is valine to isoleucine change in 19" position. While
all references on this position have valine, our isolates have
isoleucine, except one type 2 isolate (OM953768) which
has leucine. This change is the most consistent among our
isolates although there are some other changes as shown
in the Fig. 4.

Di1sSCUSSION

OPA can either be misdiagnosed because of secondary
infections or undiagnosed because of early stage. Animals
are not admitted to veterinary clinics because prognosis
is bad when clinical manifestations are seen. Most studies
obtain samples by going to the abattoir to specifically
look for OPA V. We selected paraffin embedded tissue
blocks as material because prevalence of the disease is not
known in the region. Before performing RT-PCR, tissue

slides were first examined histopathologically. Using only
histopathology can lead to false positivity because of the
similar lesions %!, This can be prevented using confirming
with immunohistochemistry. Considering this fact, all
tissues were initially diagnosed as OPA histopathologically
and confirmed with immunohistochemistry. This was
done because there was no positive control for RT-PCR;
hence histopathological and immunohistological results
were regarded as positives when performing RT-PCR.
While all of the 25 tissues were positive with H&E and THC,
only 10 of them were deemed positive after visualizing
amplicons after RT-PCR. This is possibly the result of RNA
degrading mainly by the processes of making paraffin
blocks, storage time and with the application/incubation
time of the extraction procedure and expected M. As a
result, other 15 tissues can be regarded as false negatives
when these conditions are considered. This does not
present a problem for the study as we did not investigate
prevalence. But this is a general problem in diagnosing
OPA prevalence as the most suitable material for early-
stage detection is peripheral blood and it is known to give
false negative results .

Our location is situated in the Northeastern region of
Tiirkiye and animal husbandry is the main sources of its
income. There are 500.000-600.000 small ruminant bred
as livestock 1>, Mean altitude is 2000 meters, region has
large meadows which is used for extensive breeding of
small ruminants. Climate of the region has short summer
time and harsh winter conditions. Small ruminant
breeding is mostly done pastoral/extensively, but harsh
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winter conditions limit this time '*). Animals are reared in
closed spaces wintertime, for this reason diseases which
spread by aerosols and contact have higher incidences,
including OPA 7. Unfortunately, there is not enough data
to determine the prevalence of the disease. But the disease
has been previously reported from our country and also
our province. Initial reports of the disease focused on
histopathological means !"7'*l. In the following years,
reports on the presence of the disease were published from
the Eastern region of the country . Currently, disease
has been studied in our province **?*! and neighbouring
province .

When predicted amino acid sequence table (Fig. 4) is
examined, there are changes among our regional isolates
and reference strains. We can also see some changes
in reference strains like in 89™ position as some has
threonine and others serine. These changes can be of
importance as env is the gene that is responsible for
oncogenic transformation *”). Further research needs to
be performed in this regard.

We were able to find both type 1 and type 2 exJSRV from
the material we used. This proves both types are in
circulation in our country. ExJSRV type 1 is suggested to
be of South African origin and type 2 is United Kingdom
or American origin !*l. Considering this fact, both types
were possibly come into our country from an animal
movement. Earlier reports of OPA, while some used
molecular techniques %%, do not contain information
about types. Because of this we cannot make any
assumptions about previous existence of type 1 and type 2.
Our findings suggest the need to design further studies for
investigating possible differences in pathogenesis of both
types as evidence of circulating types are revealed.

OPA can be considered endemic where clinical
manifestations are seen, as virus would spread to the flock
before symptoms appear. There is currently no vaccine
or routine diagnostic test for early-stage disease. Due to
lack of early detection diagnostic tests; serosurveys or
eradication programmes cannot be planned/executed.
Development of a reliable diagnostic test which can be
applied ante mortem easily, to crowded sheep flocks
and populations is still needed to establish preventive
measures.

In conclusion two different types of the exJSRV were
discovered with molecular characterization using paraffin
embedded lung tissues. We believe our results will
contribute to the literature and draw further investigations
on OPA.
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