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Ovine pulmonary adenocarcinoma (OPA) is an infectious and neoplastic disease
etiologically linked to the Jaagsickte sheep retrovirus (JSRV), characterised by tumour
lesions of the lung. Because of the economic losses it induces, OPA is of great
importance for flock health. In this study, oxidative stress markers and adenosine
deaminase (ADA) activity were quantified in lung tissue from sheep, both healthy
and those naturally afflicted with OPA. Compared to healthy sheep, malondialdehyde
(MDA), nitric oxide (NO), ceruloplasmin (CP) and ADA concentrations/activities were
significantly increased (P<0.05 and P<0.001) in fresh lung tissues from JSRV—infected
sheep, while reduced glutathione (GSH) levels were significantly decreased (P<0.05).
In conclusion, pronounced oxidative stress and increased ADA enzyme activity were
detected in the JSRV—infected sheep. These findings suggest that ADA activity could
serve as a biomarker for disease diagnosis.

Keywords: Pulmonary Adenocarcinoma, Oxidative Stress, Adenosine Deaminase,
Sheep.

INTRODUCTION

Ovine pulmonary adenocarcinoma (OPA) is a transmissible neoplastic condition
characterized by tumor lesions in the lungs, induced by the Jaagsiekte sheep retrovirus
(JSRV) [1,2]. The disease has been identified worldwide in several sheep and goat
breeds and has a profound impact on flocks, causing significant economic losses.
The causative agent belongs to the Retroviridae family, the Orthoretrovirinae subfamily,
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and the Betaretrovirus genus. OPA originates from oncogenically transformed type 11
pneumocytes and Clara cells, which are situated in the distal airways [3,4]. Although
JSRV can infect various cell types, pathological changes are primarily confined to
the lungs due to its transcriptional activity in differentiated airway epithelial cells [3].
Transmission primarily occurs via aerosol. However, oral transmission has also been
observed in lambs. The first clinical sign of the disease is progtressive respiratory
insufficiency [5,6]. Weight loss occurs despite having normal appetite and feed intake
during the same period, and is considered a significant clinical sign [5,7,8].

Viral infections and neoplastic processes disrupt the physiological balance of the host
and lead to oxidative stress. Oxidative stress is a condition in which the compensatory
antioxidant system cannot control the excessive production of Reactive Oxygen
Species (ROS) or Reactive Nitrogen Species (RNS). The excessive production of these
reactive species causes DNA damage in cells [9,10]. Oxidative stress—induced DNA
damage in cells plays a critical role in transforming normal cells into uncontrollably
dividing cancer cells, and it is considered an essential mechanism in the pathogenesis
of many types of cancer [11].

At physiological concentrations, ROS act as signaling molecules, but when they exceed
homeostatic limits, they damage macromolecules such as DNA, lipids, and proteins.
Malondialdehyde (MDA), a product of lipid peroxidation, is a toxic compound that
reacts with DNA and proteins, causing oxidative damage in cells. This property
makes MDA a common biomarker of cell membrane lipid peroxidation [10]. Nitric
oxide (NO) is a free radical synthesized by the nitric oxide synthase (NOS) enzymes
and participates in various physiological and pathological processes [12,13]. NO has
dual effects in cancer pathogenesis, promoting tumor growth or eliminating tumor
cells. One of the primary antioxidants protecting the lungs against these oxidants is
Glutathione (GSH). When the balance between oxidants and antioxidants is disrupted,
the destructive effects of oxidants may result in metabolic disorders and cellular
demise [10].

Ceruloplasmin (CP), a liver—synthesized acute-phase protein, is stimulated by
inflammatory mediators. In pathological conditions, CP plays an important role as an
antioxidant against oxygen radicals released by immune cells in areas of inflammation.
CP also has prognostic significance in patients with lung adenocarcinoma and
malignant tumors [14-17]. Adenosine deaminase (ADA) is an essential enzyme in purine
metabolism that regulates intracellular and extracellular adenosine concentrations [18].
ADA is found in all body tissues and fluids; in addition to its immunosuppressive
effect, it acts as a signal for tissue damage and inflammatory changes.

Preclinical diagnosis of OPA is limited because neither routine serology nor virus
isolation and cell culture methods are widely available. Diagnosis relies primarily on
clinical signs and postmortem pathological lesions, although it is also possible to use
molecular methods such as the reverse transcription polymerase chain reaction (RT-
PCR) [2,5,19]. Given these diagnostic limitations and the limited understanding of

67



Acta Veterinaria-Beograd 2026, 76 (1), 66-87

OPA pathogenesis, investigating various biochemical markers is of great value. In
this study, the concentrations of oxidative stress indicators such as MDA, NO, GSH,
and CP, along with ADA activity, were measured in lung tissues from sheep naturally
infected with JSRV to determine the involvement of these biochemical parameters in
the pathogenesis of the disease and to explore their potential use as biomarkers for
diagnosing OPA.

MATERIAL AND METHOD

The study was conducted with the permission numbered KAU-HADYEK/2025-102
obtained from the Kafkas University Animal Experiments Local Ethics Committee
(KAU-HADYEK).

For this study, samples of lung tissue exhibiting a frosted—glass appearance, a
macroscopic characteristic of the disease, were collected during postmortem
examinations of sheep aged 1-5 years that had been slaughtered at a commercial
abattoir. For pathological examination, tissues were preserved in 10% formaldehyde
solution, while samples for virological and biochemical examination were kept at —
20°C until analysis. Lung tissue samples were obtained from healthy sheep to form a
control group for comparison with OPA—infected tissues.

The causative agent was identified by reverse transcriptase polymerase chain reaction
(RT-PCR) from RNA extracted from frozen tissue samples.

Biochemical analyses were also performed on homogenates prepared from OPA and
healthy tissues. Histopathological examinations were performed on samples in which
the disease was detected. ADA activity, NO, glutathione (GSH), MDA, albumin (Alb),
and CP levels in tissue homogenates were measured in the biochemistry laboratory.

Biochemical parameters

The concentrations of MDA, NO, reduced GSH, and ceruloplasmin were quantified
as described by the methods outlined by Yoshioka et al. [20], Miranda et al. [21],
Beutler et al. [22], and Colombo and Richterich [23], respectively. Adenosine deaminase
(ADA) activity (Elabscience, China), albumin, and total protein (Biolabo, France) were
measured calorimetrically using commercial assay kits (Epoch, Biotek, USA).

Histopathological examinations

Lung tissue samples obtained from sheep suspected of being infected with JSRV
underwent fixation in 10% formaldehyde solution. Following standard tissue
processing protocols, serial sections 5 micrometres thick were cut from the prepared
paraffin blocks. These sections were subsequently stained with Haematoxylin & FEosin
(H&E) to reveal histopathological changes. The prepared slides were comprehensively
examined using a light microscope by two distinct independent pathologists. Significant
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pathological findings were photographed at various magnifications and recorded
separately for each case [24].

For the analysis of the inflammation score, areas with high reaction density were
primarily selected. For each case, five different fields in the tumoral tissue were
evaluated under a 20X objective lens. The numbers of inflammatory cells in the tumor
microenvironment were recorded separately for each case, and the mean of these five
fields was accepted as the average positive cell count for that J[SRV-infected case. The
grading was designed as follows: (—) no inflammatory reaction; (+) mild inflammatory
reaction, 1-10% inflammatory cell presence; (++) moderate inflammatory reaction,
11-59% inflammatory cell presence; and (+++) severe inflammatory reaction, more
than 60% inflammatory cell presence [25]. -

Tissue homogenization

Approximately 1 g of lung tissue was dissected and minced with scalpel blades. The
minced tissue was placed in a polystyrene tube, and 900 microliters of phosphate
buffer were added. The mixture was subjected to vigorous vortex mixing for 1 minute
and centrifuged at 3,000 x g for 15 minutes. The supernatant was collected and used
for nucleic acid extraction.

Nucleic acid exiraction

The RNA was extracted using the guanidinium thiocyanate—phenol—chloroform
method outlined by Chomczynski and Sacchi [26]. The extracts were stored at — 20°C
until further analysis.

Reverse transcription polymerase chain reaction (RT-PCR)

RT-PCR was conducted using the OneStep RT-PCR kit (Hibrigen, Turkiye) in
conjunction with a primer pair, previously documented by Mansour et al. [27], and
designed to target the envelope gene region (KT279065.1). The primers are shown in
Table 1. Reverse transcription was performed at 55°C for 40 minutes. The PCR cycle
included an initial denaturation at 95°C for 5 minutes, followed by 35 cycles of 95°C
for 1 minute, 58°C for 1 minute for annealing, and 72°C for 1 minute for extension.
It concluded with a final extension at 72°C for 10 minutes. The anticipated size of
the amplicon was 398 base pairs. A previously sequenced JSRV sample was used as a
positive control (PC) and distilled water was used as a negative control (NC) to assess
the RT-PCR test. Amplicons were visualized using a transilluminator after running
them on a 1% agarose gel stained with Safe—Red (Safe ViewTM Cat No: G108-R,
Canada).
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Table 1. Sequence of the primer pairs targeting envelope coding gene

Sequence Expected Product Size
Forward CCGGAAAGAGATCGTACCGT 398 base pairs
Reverse TAAGGAACACAAGCTCGGGG

Statistical analyses

Study data were statistically analyzed using the SPSS (Statistical Package for the Social
Sciences) software package (version 27.0, SPSS Inc., Chicago, IL, USA). The Shapiro-
Wilk test was used to assess whether the groups followed a normal distribution.
Comparisons of biochemical parameters and cell inflammatory cell scores between
groups were performed using the Mann—Whitney U test. A p value < 0.05 was
considered statistically significant.

RESULTS

Macroscopic findings

In the lungs of sheep with classical OPA, highly irregular and firm white—grey colored
temporal foci localized in different lobes were observed. It was noted that these lungs
did not collapse well. It was determined that classical-type OPA lesions were much
more prominent in the cranial, medial, and caudal lobes. In addition, it was noted that
these neoplastic areas, which appeared nodular or diffuse, were much more severe in
the cranial lobes (predominantly in the cranio—ventral regions). The pleura covering
these neoplastic structures exhibited a smooth, glossy, and translucent appearance,
whereas the cut surfaces were greyish-white with a frosted-glass texture and showed
outward protrusion. In some cases, a significant increase in lung weight and volume
was recorded, parallel to the size of the tumor lesions. When sections were excised
from the tumor foci, their surfaces were seen to be quite moist.

In sheep with atypical OPA, the lesions were primarily localized in the diaphragmatic
lobes of the lungs. These tumor lesions, which varied considerably in size, were well
demarcated from the surrounding normal tissue. Compared to classical OPA, the
cut surfaces of atypical OPA were remarkably dry. Tumor foci exhibiting solitary or
multifocal growths had a firm and solid structure (Figure 1 and 2).

No metastatic foci were detected in regional lymph nodes or distant tissues in either
classical or atypical OPA cases.
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Figure 1. Classical OPA, macroscopic appearance a: tumor areas in the cranial lobes
(arrowheads) and b: cross—sectional surfaces of these cancer foci

Figure 2. Atypical form of OPA, macroscopic appearance, a: greyish—white tumor foci in the
diaphragmatic lobes (arrow) and b: cross—sectional views of these tumor areas

Histopathological findings

Information regarding the developmental form, tumor proliferation pattern, secondary
infection, inflammation score, and lymph node and distant tissue metastasis status of
all OPA and control cases is presented in detail in Table 2. It was determined that the
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lung tissues of the control group preserved their normal histological structure and did
not exhibit any inflammatory reaction.

Table 2. OPA developmental forms, tumour cell proliferation patterns, secondary infections,
inflammation scores and metastasis status

Lymph
Case OPA Proliferation . Inflamattion No'de and
Secondary Infection Distant
No. Form Pattern Score .
Tissue
Metastasis
1 Atypical Pap[;llgr;r and 1y erstitial Pneumonia ++ -
cinar
2 Classical Papl]lz.lry and Catarrhal Purulen.t St )
Acinar Bronchopneumonia
3 Atypical Papillary Interstitial Pneumonia + -
. . Catarrhal Purulent
4 Atypical Papillary R A -
5 Atypical Papﬂlgry and Catarrhal PurulenF ++ )
i Acinar Bronchopneumonia
. . Bronchointerstitial
6 Atypical Papillary Pacumonia ++ -
7 Classical Paplllz-try and Fibrinous ‘ St )
Acinar Bronchopneumonia
8 Classical Papillary Catarthal Purulen't 4= -
Bronchopneumonia
9 Classical Papillary - - -
10 Classical Lepidic - - -
1 Control - - - -
12 Control - - - -
13 Control - - - -
14 Control - - - -
15 Control - - - -
16 Control - - - -
17 Control - - - -
18 Control - - - -
19 Control - - - -
20 Control - - - -
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In both the classic (n = 5) and atypical (n = 5) forms of OPA, neoplastic cells were
observed to be of cubic or columnar type (Figure 3).

Figure 3. Sheep, OPA, lung tissue, H&E, at different magnifications a—b: Classical form, c—d:
Atypical form

These neoplastic cells formed tumor structures within the alveoli and bronchioles
in papillary, acinar, mixed (where papillary and acinar structures occur together)
and lepidic patterns. The presence of large and small tumor masses composed of
neoplastic cells in both bronchioles and alveoli was noteworthy. While papillary, acinar,
ot lepidic proliferations were observed singly in some tumor foci, papillary and acinar
proliferations were found to occur together in the vast majority of cases (Figures
4 and 5). In addition, the neoplastic cells were well differentiated, with minimal
pleomorphism. Mitotic figures were very few.

73



Acta Veterinaria-Beograd 2026, 76 (1), 66-87

Figure 4. Sheep, OPA, lung tissue, H&E, at different magnifications a—b: Papillary
proliferations (arrowheads), c—d: Acinar tumor structure in the alveolar lumen

Figure 5. Sheep, OPA, lung tissue, H&E, at different magnifications a—b: Lepidic
proliferations (arrowheads), c—d: Mixed pattern, acinar (thin line) and finger—like
projections extending into the lumen (stars)
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Inflammatory cell proliferation, predominantly alveolar macrophages, was observed
around the cancerous areas. Alveolar macrophages were much more prevalent
in the tumor microenvironment in atypical OPA than in the classical form.
Interstitial pneumonia, fibrinopurulent bronchopneumonia, and catarrhal purulent
bronchopneumonia were also exhibited in association with primary lesions (Figures
6 and 7). In some cases, the inflammatory reaction was so severe that identifying the
cancerous areas became particularly challenging.

Figure 6. Sheep, OPA, lung tissue, H&E, at different magnifications a—b: Very severe alveolar
macrophage infiltration in the tumor microenvironment (yellow arrowheads), c—d: Lymphoid
hyperplasia around the tumoral areas (red arrowhead)
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Figure 7. Sheep, OPA, lung tissue, H&E, at different magnifications a—b: Fibrinopurulent
bronchopneumonia, oat cells (blue arrows) surrounding tumor cells exhibiting papillary

growth, c—d: Catarrhal purulent bronchopneumonia, very severe neutrophil granulocyte
infiltration in the alveolar lumens

As a result of the statistical analysis, the severity of the inflammatory reaction was
significantly increased (P < 0.001) in JSRV-infected animals compared to the control
group (Table 3). However, there was no significant difference between the atypical and
classical forms of OPA. The most severe inflammatory findings were predominantly
observed in cases of catarrhal and fibrous bronchopneumonia. In addition, a parallel
relationship was observed between the presence of alveolar macrophages in the
tumor microenvironment, the severity of the inflammatory cell reaction, and tumor
aggressiveness. In cases with intense secondary infections, the tumor burden was
correspondingly increased, and these cases exhibited a more invasive character, with a
tendency to spread throughout the entire lung parenchyma.

Table 3. Inflammation scores of control and infected groups.

Control (n=10) Infected (n=10) P value

Inflammation Scores 0.00 £ 0.00 1.80 £ 1.13 P<0.001
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Molecular results

All 10 lung samples tested positive by RT-PCR performed on fresh lung tissues,
yielding amplicons of the expected size (398 bp), consistent with the positive control;
therefore, the viral etiology of the cases was confirmed (Figure 8).

-
—
-
-
-

Figure 8. RT-PCR image of the positive samples. M: Marker ladder. PC: Positive Control,
NC: Negative Control. The correct product size is 398 base pairs, as shown by the arrow. Wells
1-10 have the corresponding lung tissue samples

Biochemical findings

Homogenate measurements from fresh tissue showed that MDA, NO, ADA, and CP
levels were markedly higher (P <0.05) in infected animals compared to the control
group, as shown in Table 4. GSH values were statistically significantly lower (P<0.001).
No statistical significance was determined for TP and Alb values.
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Table 4. Comparison of the concentrations of MDA, NO, GSH, ADA, TP, and ALB in
selected sera of OPA—infected sheep and healthy control sheep.

Parameters Control(n=10) Infected(n=10) P value
MDA (pmol/L) 0.42 +0.09 1.62 + 0.24 P<0.001
NO (umol/L) 0.57 £ 0.14 2.46 £ 0.43 P<0.001
GSH (mg/dL) 413 £0.53 2.91 £0.56 P<0.001
ADA (U/L) 0.82 = 0.36 1.36 £ 0.34 P<0.05
CP (mg/dL) 0.44 £0.13 0.67 +0.29 P<0.05
Tp (g/dL) 6.26 £ 0.76 6.37 £ 0.45 NS
Alb (g/dL) 2.51 £0.41 2.46 £0.38 NS

NS: Not significant

DISCUSSION

Pulmonary adenomatosis infections in sheep resemble human bronchioalveolar
adenocarcinoma [7]. No treatment is available for this disease. The disease is usually
detected during post—mortem examinations after slaughter. Despite numerous studies
on the existence, prevalence, and pathogenesis of this disease, its clinical diagnosis
remains incompletely elucidated [24,28]. This study investigated histopathological and
biochemical changes in tumor lung tissues.

Previous OPA studies have histopathologically documented the anaplasia and
proliferation of alveolar and bronchiolar epithelial cells within pulmonary tissues.
Reports also indicate the presence of neutrophil infiltration and alveolar macrophages
within the alveolar lumens. Furthermore, mononuclear cell infiltrates have been
observed in both interalveolar and peribronchiolar regions [24,28]. In this study,
consistent with the extant literature, diffuse tumor foci and an inflaimmatory
response within the lung tissues were detected. In addition, tumor formations were
classified into atypical and classical types, similar to the literature [29]. The statistical
analyses revealed that the inflammation score was significantly more severe in JSRV-
infected animals compared to the control group. In addition, cells within the tumor
microenvironment, particularly the presence of alveolar macrophages, were considered
to play a substantial role in tumor development. Not only the alveolar macrophages
surrounding the tumoral areas, but also the chronicity of the inflammatory reaction
and the severity of secondary infections appeat to contribute to cancer aggressiveness.
In more progressive cases, characterized by diffuse involvement of the entire lung
parenchyma rather than isolated tumor foci, the inflammation score was markedly
higher, supporting this finding.

Due to its structure, lung tissue is particularly sensitive to ROS [10,24]. In pathological
conditions affecting cells or tissues, oxidative stress occurs when the balance favors
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ROS over antioxidants. This stress contributes to every stage of carcinogenesis. It
has also been recognized as a major factor in the development of lung cancers [30].
Reactive oxygen species (ROS) inflict significant tissue damage [31,32]. Research
indicates that ROS are critically involved in the development of tumors [33].

MDA concentrations were observed to be notably elevated in the J[SRV-infected group
compared to the control group in this study. MDA exhibits high cytotoxicity and the
ability to inhibit protective enzymes. Research has shown that oxidative stress and
membrane lipid peroxidation play significant roles in the development of various
cancers, including lung cancer. Due to this property, MDA is considered a tumor
promoter and carcinogenic agent [30,34,35]. It has been reported that free radicals,
which play a role in carcinogenesis, may originate from activated phagocytic cells in
chronic inflammatory diseases [36]. The present study microscopically demonstrated
an increase in phagocytic cells in cancerous areas of the lungs. Furthermore, the
identification of catarrhal purulent, fibrinous, and interstitial pneumonia formations in
OPA—infected sheep tissues also revealed the presence of inflammation. Inflammation
also disrupts the physiological balance in favor of oxidants, creating oxidative stress
that can damage cells or tissues [37-40]. In humans, MDA levels have been observed to
increase proportionally with advancing cancer stages [31,41]. However, elevated MDA
levels have been consistently documented in vatrious lung cancers and across different
cancer stages, relative to healthy control groups [33,35,42]. Zalewska—Ziob et al. [10]
reported no significant difference in their study. Nevertheless, Karakurt et al.[24]
reported an increase in MDA in OPA-infected sheep in their research. In our study,
we compared OPA—infected lung tissue with healthy lung parenchyma and found that
MDA, an indicator of lipid peroxidation, was increased in JSRV—infected lung tissue.
We believe that the increase in MDA is due to the formation of carcinoma tissue
and, consequently, to lipid peroxidation associated with inflammation. Additionally,
the literature reports increased MDA levels in OPA tissues based on histopathological
findings; however, no study was found that evaluated MDA biochemically using tissue
homogenates.

Pathogenic agents, chronic irritation, or tissue damage trigger an inflammatory
response in cells [43]. Free radicals released by macrophages and leukocytes
concentrated at the inflammatory site can damage surrounding tissues and initiate
carcinogenesis by altering target molecules and signaling pathways critical for normal
physiological homeostasis [44]. NO causes oxidative and nitrosative stress, leading
to protein and DNA damage and suppressing the activity of DNA repair enzymes
[45]. As a wide vatiety of reactive oxygen and nitrogen species (ROS/RNS) are
produced during chronic inflammation, no clear biomarker has been identified that
determines the involvement of a specific reactive species in cancer development [44].
The contribution of chronic inflammation to the development of all types of cancer is
widely accepted [43]. High NO levels affect DNA or DNA repair proteins by forming
carcinogenic nitrosamines. This effect is genotoxic, leading to increased mutations.
Therefore, NO plays a part in the development of cancer cells [46]. NO has also been
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found to contribute to lung carcinogenesis in humans [47]. Microscopic examination
of OPA cases in this study consistently showed signs of chronic lung inflammation. In
this study, NO levels were significantly elevated in the OPA—infected group compared
to the healthy control group. The presence of high levels of inflammatory mediators
in infected lungs may promote the release of free radicals; similarly, elevated NO levels
may create a microenvironment that supports tumor formation or heterogeneity,
potentially leading to metastasis, which may explain its increased levels in OPA—
infected sheep.

Ceruloplasmin is an inflammatory reactive protein. It enables the clearance of
oxygen radicals. In addition, CP has been linked to the development and progression
of tumors. Increased concentrations of CP have been documented in pulmonary
carcinomas and other cancer types [14]. Additionally, CP levels increase in conditions
such as iron deficiency, pregnancy, and inflammatory states [48,49]. While CP is mainly
synthesized by the liver, lung adenocarcinoma cells have demonstrated the capacity
for its heterotopic production and secretion [14,50]. No studies on CP in animals
with OPA were found in the literature search. However, its elevation in human lung
adenocarcinomas has been reported in previous studies [14,51]. In our study, we
believe that the significantly higher CP levels in OPA-—affected sheep lung tissues
compared to the control group are due to CP production by lung adenocarcinoma
cells. Furthermore, the increase in CP may be caused by OPA triggering oxidative
stress in lung tissue.

Reactive oxygen species and imbalances in the antioxidant barrier regulate the tumor
formation process. GSH has an important role in protecting cells from oxidative
damage by clearing ROS. An imbalance between ROS and antioxidants in cells
leads to pathological conditions. Increased ROS and insufficient antioxidant defense
against oxidative products have been reported to promote the initiation of lung
adenocarcinoma and various other tumors [52-54]. Despite antioxidant—mediated
ROS balance, excessive ROS accumulation can cause cell cycle arrest, accelerate cell
ageing, and promote apoptosis [55]. Oxidative damage is prevented by GSH redox
homeostasis. It is known that a decrease in GSH levels or prolonged low levels
renders mammalian cells susceptible to DNA damage [57]. Hydroperoxides, through
DNA damage, are likely to act antagonistically against GSH in the eatly stages of
carcinogenesis [11,57,58]. The fact that Humann—Ziehank et al. [59] found significant
decreases in glutathione peroxidases in animals with OPA aligns with the findings of
our study. In our study, we attributed the significant reduction in GSH levels in tissues
compared to healthy tissues to the consumption of GSH required to neutralize the
excessive ROS produced by tumor cells.

ADA, a pivotal enzyme involved in purine metabolism, catalyzes the hydrolytic
deamination of adenosine into inosine and deoxyadenosine into deoxyinosine, thereby
reducing adenosine, which is an important immunosuppressive signal [60]. Adenosine
confers tumor resistance to the immune system. It accumulates in tumors, promoting
tumor growth and angiogenesis [61]. ADA also plays an essential role in many
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physiological reactions, such as neurological, immunological, and vascular processes.
ADA plays an important role in the proliferation and differentiation of lymphocytes,
as well as in the maturation of the immunological system [62,63]. The maintenance
of T-lymphocyte function is dependent on ADA activity. Therefore, the ADA
enzyme is essential for the immune response. ADA, which at normal levels has anti-
inflammatory effects, is considered a marker of T—cell activation and inflammation.
Its high activity has been reported to cause tissue and organ damage [64-66]. ADA
is an enzyme secreted by macrophages and activated T-lymphocytes [60]. In OPA
cases, marked macrophage and lymphocyte infiltration observed in histopathological
examinations of tumor regions may suggest increased ADA production to break
down adenosine. Previous studies in human and veterinary medicine have shown that
ADA activity changes in both neoplastic and non-neoplastic pathological conditions
[63,67-09]. The marked increase in ADA activity detected in our study is considered to
be associated with the increased demand for purine nucleotides by rapidly proliferating
neoplastic tissue, together with severe hypoxia and necrosis developing during OPA
pathogenesis, or with chronic inflammation and intense T-cell proliferation in the
alveolar spaces. Although these findings indicate that ADA may play a critical role
in the immunopathogenesis of the disease, the fact that the sample group was not
compared with different lung pathologies limits the direct identification of this enzyme
as a specific diagnostic biomarker. Therefore, ADA should currently be regarded as
a potential candidate marker for understanding the mechanisms underlying OPA
development, and its diagnostic sensitivity and specificity should be supported by
future large-scale clinical studies and advanced statistical analyses.

Consequently, OPA cannot be diagnosed in the early stages of the disease because
it does not present clinical symptoms. This study found, by both biochemical and
histopathological examinations, that oxidative stress occurs in the lung tissues of
OPA—infected sheep and that ADA activity increases. Furthermore, this study is the
first to determine MDA levels in lung tissue supernatants from cases diagnosed with
OPA using biochemical methods. Moreover, no study examining ADA activity in
OPA was identified in the literature review; therefore, this study provides a novel
contribution to the literature. As there ate no treatment or prevention procedures for
OPA and infected animals must be rapidly removed from herds, further studies are
needed to support clinical findings and to determine the pathophysiology in detail.
In addition, alveolar macrophage—mediated inflammatory reactions and the presence
of secondary infections within the tumor microenvironment appear to increase the
tumor burden and contribute significantly to the progression of OPA.
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OKSIDATIVNI STRES I AKTIVNOST ADENOZIN DEAMINAZE
KOD OVACA SA ADENOKARCINOMOM PLUCA

Semistan KIZILTEPE, Emin KARAKURT, Gizem ESER,
Niivit COSKUN, Selda GUNES, Caglar OKULMUS, Oguz MERHAN

Pulmonarni adenokarcinom ovaca (OPA) je infektivna i neoplasti¢na bolest etioloski
povezana sa retrovirusom ovaca Jaagsiekte (JSRV), koju karakterisu tumorske lezije
pluca. Zbog ckonomskih gubitaka koje izaziva, OPA je od velikog znacaja za zdrav-
lje stada. U ovoj studiji, markeri oksidativnog stresa i aktivhost adenozin deaminaze
(ADA) kvantifikovani su u pluénom tkivu ovaca, kako zdravih tako i onih prirodno
obolelih od OPA. U poredenju sa zdravim ovcama, koncentracije/aktivnosti malon-
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dialdehida (MDA), azot-oksida (NO), ceruloplazmina (CP) i ADA bile su znacajno
povecane (P<0,051P<0,001) u svezem pluénom tkivu ovaca zarazenih JSRV-om, dok
su nivoi redukovanog glutationa (GSH) bili znac¢ajno nizi (P<0,05). Mozemo da zaklu-
¢imo da kod ovaca zarazenih JSRV-om otkriveni su izrazen oksidativni stres i pove¢ana
aktivhost ADA enzima. Ovi nalazi ukazuju na to da bi ADA aktivnost mogla posluziti
kao biomarker za dijagnozu bolesti.
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