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ABST RACT
The objective of this immunohistochemical study was to examine the expression of caspase-3,-5,-7, and -9 
in sheep pox lesions in 15 naturally infected crossbred merino lambs. Sheep pox was diagnosed based on 
typical gross and histopathological lesions in the skin and visceral organs that were evaluated pathologically 
and immunohistochemically. Macroscopically, lesions were observed in the skin and visceral organs. 
Characteristic sheep pox inclusion bodies and cellules claveleuses (sheep pox cells) were present in all cases. 
After histopathological examinations, tissue sections were immunostained for caspase-3,-5,-7, and -9. While 
strong positive reactions were observed in normal tissue, only weak expression was noted in poxvirus lesions, 
demonstrating marked caspase inhibition in naturally infected lambs. This finding suggests a role for caspases 
in sheep poxvirus infection and its pathogenesis.
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INTRODUCTION
Sheep pox is a highly contagious viral infection characterized 
by fever and ocular and nasal discharge (1, 2). Pox lesions 
appear on the skin and respiratory and gastrointestinal mucosa 
(3, 4). Mortality can be high, especially in lambs. Epidermal 
lesions are characterized by localized acanthosis, hyperplasia, 
and inflammatory cell infiltrations. The edematous dermis and 
subcutis contain many “cellules claveleuses” or sheep pox cells 
that are diagnostic for the disease (3-5). These virus-infected 
cells and their cytoplasm contain one or more eosinophilic 
inclusion bodies with marginated chromatin(4, 6-8).

Caspases are a family of calcium-dependent cysteine 
proteases that play an essential role in apoptosis; one of the 
main forms of programmed cell death (9-11). These enzymes 
exist within the cell as inactive pro-forms or zymogens that 
can be cleaved to form active enzymes following apoptosis 

induction. Caspases have been termed “executioner” proteins 
given their cellular roles. Some caspases are also required in 
the immune system for cytokine maturation (2, 9, 12-17). 

Poxviruses express proteins that can inhibit the apoptosis 
of infected cells, allowing virus replication to continue. Some 
poxvirus anti-apoptotic proteins act by sequestering or inac-
tivating apoptosis inducers (10). Poxviruses encode a more 
diverse variety of apoptosis inhibitors than any other virus 
families (2). The purpose of the present study was to immuno-
histochemically demonstrated inhibition of caspase-3,-5,-7, 
and -9 in sheep poxvirus lesions in naturally infected lambs.

MATERIALS AND METHODS
Fifteen 3- to 7-week-old, crossbred merino sheep lambs 
with skin and visceral pox lesions from five different flocks 
were brought to University of Mehmet AkifErsoy, Faculty 
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of Veterinary Medicine, Department of Pathology, Burdur, 
Turkey for diagnosis. At necropsy, tissue samples were taken 
from all organs and fixed in 10% buffered formaldehyde. 
Using standard methods, the tissues were embedded in paraf-
fin, cut into 5-μm thick sections, stained with hematoxylin-
eosin (HE), and examined microscopically. Skin and visceral 
organ samples from five merino lambs that died from other 
diseases at the same ages were used as controls. 

Selected tissue sections were immunohistochemically 
processed to assess the expression of caspase-3,-5,-7, and 
-9 [Caspase-3, Rabbit polyclonal, Cat no: 250573, Abbiotec 
LLC, San Diego, CA, USA; Caspase-5, Rabbit polyclonal, 
Cat no: CG1669, Cell Application Inc. San Diego, CA, 
USA; Caspase-7, Rabbit polyclonal, Cat no: CG1671, Cell 
Application Inc. San Diego, CA, USA; Caspase-9, Mouse 
polyclonal, Cat no: ab52298, Abcam, Cambrige, UK] using 
routine avidin-biotin-peroxidase complex techniques (18). 
Selected sections were stained for immunohistochemistry 
processed according the manufacturer’s instructions.The 
paraffin-embedded, 5-μm sections were attached to glass 
slides coated with poly-L-lysine and dried overnight at 37°C 
to optimize adhesion. Sections were de-paraffinized in mul-
tiple xylene baths, and rehydrated in sequentially graduated 

ethyl alcohol baths. To reduce non-specific background stain-
ing due to endogenous peroxidase, slides were incubated in 
hydrogen peroxide in methanol for 10 minutes. The sections 
were washed twice in phosphate buffer solution (PBS) and 
boiled in a 1:100 citrate buffer solution for 10 minutes, and 
cooled for 20 minutes. The slides were washed four times in 
PBS before 5-minute incubation in blocking serum (horse se-
rum) (Novocastra-Newcastle Upon Tyne-United Kingdom, 
Novostain Universal Detection Kit-NCL-RTU-D) and 
30-minute incubation with primary antibody (both at room 
temperature). They were rinsed four times in PBS, and then 
incubated with a biotinylated polyvalent antibody (Thermo-
Scientific Cat No: TP-060-BN, Fremont-California, USA) 
for 10 minutes at room temperature. After three washes in 
PBS, streptavidin peroxidase was applied for 10 minutes at 
room temperature, and the slides were rinsed four more times 
in PBS. Tissues were further incubated for 20 minutes at 
room temperature in a solution of DAB (3,3’-diaminoben-
zidine) chromogen (Novocastra Liquid DAB Substrate Kit 
For Peroxidase, NCL-L-DAB, Newcastle Upon Tyne-UK). 
After a final wash in PBS, tissues were counterstained with 
Mayer’s hematoxylin, washed in water, and cover slips were 
applied with mounting media.

RESULTS 
Clinically, the disease first manifested as seromucous nasal 
discharge, lacrimation, and fever. Hyperemia of the bare skin 
was the initial epidermal lesion, followed by erythema and 
vesicular, pustular, and papular lesions that eventually crusted 
and scarred. 

Necropsy revealed that the skin lesions involved the full 
depth of the epidermis, dermis, and even adjacent muscle 

Figure 1: Pox virus lesions in lung (arrows). 

Figure 2: Typical pox lesions in gastrointestinal system (arrows). 
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in some cases. In addition to the dermal lesions, the lungs, 
rumen, abomasum, heart, and kidneys were severely affected 
(Fig.1 and 2). Numerous hard and whitish foci were present 
on all lungs, rumens, and on 10 lambs’ kidneys. The gastro-
intestinal tract, including the mouth and tongue to the anus, 
was affected in eight cases. Large white lesions were present 
on the epi- and endocardial areas of five lamb hearts. 

The histopathological findings were characteristic for 
sheep pox infection (19, 20). The most prominent were in-
tracytoplasmic inclusion bodies and cellules claveleuses with 
vacuolated nuclei and margination of the nucleoli and chro-
matin in all affected tissues. In the skin, hyperplasia and ac-
anthosis with rete ridges were common in epidermal lesions, 
often with cell degeneration and necrosis. Intracytoplasmic 
inclusion bodies were present in numerous degenerated cells 
(Fig. 3). Coagulation necrosis and thrombosis developed in 
some blood vessels supplying the papules. Edema and mainly 
mononuclear cells and scant neutrophil infiltrations were 
common. Degenerative and necrotic changes were also seen 
in adnexal tissues of the epidermis like hair follicles and 
sebaceous glands. 

In addition to the skin, the most affected organs were 
the lung and rumen. Pox lesions were detected in two cases 
in the heart and kidneys. The initial lesions in the lungs 
were alveolar edema and hyperemia of the alveolar septa. 
Proliferative alveolitis, bronchiolitis, and bronchitis with 
lymphocytic infiltrations were common findings. Necrotic 
cells and cellules claveleuses were seen in the septal tissue and 
epithelial cells of affected lungs (Fig. 4). Microscopic lesions 

were even noted in tissues that appeared grossly normal. In 
the others, organ microscopic findings were similar to those 
of the skin and pulmonary lesions. 

Immunohistochemical findings were similar in all af-
fected tissues. A marked decrease in caspase-3,-5,-7 and -9 
immunoreactions were observed in pox lesions compared to 
normal tissue. Severity and size of the lesions were related 
to the caspase-3,-5,-7 and -9 reactions where decreased im-
munopositivity was seen to a greater extent in large lesions 
compared to smaller ones. In skin lesions a marked inhibition of 
caspase-3,-5,-7 and -9 was observed. While a strong reaction of 
caspase-3,-5,-7 and -9 was seen in normal tissue and all layers 
of the epidermis (Fig. 5), only a small number of epithelial cells 
were positive in the pox lesions (Fig. 6). Compared to the con-
trols, inhibition of caspase-3,-5,-7 and -9 was also prominent in 
hair follicles and glands (Fig. 7, 8). Similar finding were seen in 
dermal cells with pox lesions. Caspase-3 inhibition was marked 
in papules and necrotic lesions. 

In the lungs, the proliferative lesions were slightly posi-
tive for caspase-3,-5,-7 and -9 compared withnormal tissue. 
Decreased caspase-3,-5,-7 and -9 activity was prominent 
in both the alveoli and bronchi or bronchioles compared to 
control tissues (Fig. 9, 10). Similar findings were observed in 
all visceral organ lesions.

DISCUSSION
Apoptosis is triggered by a variety of stimuli, including cell-
surface receptors, the mitochondrial response to stress and 
factors released from cytotoxic T cells (12, 21). Initiation 

Figure 3: Pox virus lesions in dermis, cellules claveleuses (arrow heads), 
intracytoplasmic inclusion bodies (arrows). Haematoxylin- Eosin, 

Bar=50µm.

Figure 4: Typical “Cellules claveleuses” (arrows) in the hyperplasic 
bronchiole epithelial cells (arrows), Haematoxylin- Eosin, Bar = 100 μm.
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of the apoptotic mechanism occurs in one of two ways in 
mammals, and involves tumor necrosis factor (TNF)/TNF 
receptor (TNFR) and FAS ligand (22-24). The binding of 
TNF to TNF-R1 has been shown to initiate the pathway 
that leads to caspase activation via the intermediate mem-
brane proteins TNF and FAS-associated death domains. The 
interaction between Fas and FasL results in the formation 
of the death-inducing signaling complex that contains the 
FAS-associated death domain-containing protein (FADD) 
(14, 25, 26) and some caspases such as caspase-8 and -10 (20, 
27). Recent studies have identified death effector domains in 
the prodomain of caspase-10, suggesting that these regulatory 

domains can process and activate other caspases (14, 26). 
Caspase-1, -4, -5, -11 and -12 are highly homologous (13, 
28). Caspase-12 localizes in the endoplasmic reticulum (ER) 
and mediates apoptosis under ER stress, which is mainly 
caused by the accumulation of proteins in the ER lumen 
and/or the perturbation of calcium ion homeostasis. These 
conditions can lead to the translocation of caspase-7 from the 
cytosol to the ER surface (29). The functions of mitochondria 
in this type of apoptosis vary. The activated caspase-12 than 
activates other caspases, i.e., caspase-9,-3, -6 and -7 (13). 

In the present study, caspase-3,-5,-7 and -9 were not 
highly expressed in lesions compared to control tissue. 

Figure 5: Strong positive reaction in normal epidermis with 
immunostaining of Caspase-3. Avidin-biotin peroxidase complex 

method, Mayer’s Haematoxylin counter stained. Bar=50µm.

Figure 6: Inhibition of the Caspase-3 reaction in pox virus lesion, 
cellules claveleuses (arrows), Avidin-biotin peroxidase complex 

method, Mayer’s Haematoxylin Counter stained. Bar=50µm. 

Figure 7: Inhibition of Caspase-9 reaction in pox virus lesions, hair 
follicle, cellules claveleuses (arrows). Avidin-biotin peroxidase complex 

method, Mayer’s Haematoxylin counter stained. Bar=50µm.

Figure 8: A strong positive Caspase-9 immunostaining in normal 
hair follicle cells. Avidin-biotin peroxidase complex method, Mayer’s 

Haematoxylin counter stained. Bar=50µm.
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Immunoreactions of caspase-3, -7 and -9 signals can be 
blocked by TNF/TNFR or FAS ligand pathways, which 
may be active following sheep poxvirus infection (14, 30, 
31). Caspase-5 and -12 are highly homologous, so it was 
thought that caspase-5 may use the same pathway as cas-
pase-12. Mitochondrial injury may therefore be one of the 
pathogenetic mechanisms of caspase inhibition in sheep 
poxvirus infection.

The apoptotic cascade leads to the activation of the ef-
fector caspases, such as caspase-3 and -6. These caspases are 
responsible for cleaving key cellular proteins, e.g., cytoskeletal 
proteins, that lead to the typical morphological changes, 
observed in apoptotic cells (15-17, 32). 

Viral replication is cellular function dependent. Viral pro-
tein synthesis, morphogenesis, and viral release, diverts and 
exhausts cellular function which destabilizes cellular homeo-
stasis and integrity. This can lead to activation of the intrinsic 
apoptosis pathway. Therefore, it is important that apoptosis 
via the caspase cascade be inhibited or delayed to ensure virus 
replication (11). In the present study, caspase-3 inhibition was 
more prominent in old papules. This may explain the severe 
cellular destruction due to sheep poxvirus infection. 

Numerous viruses have pro-apoptotic properties, which 
may contribute to the release of virus particles from the 
cell. The execution of pro-apoptotic functions may also be 
advantageous; for example, if apoptosis of an infected cell 

leads to phagocytosis by another cell, the virus may be able 
to transfer to cells that it cannot directly infect. Some viruses 
may contain both anti- and pro-apoptotic functions (15, 29). 
This study revealed that the sheep poxvirus has anti-apoptotic 
activity.

Poxviruses express anti-apoptotic proteins that can inac-
tivate inducers of apoptosis (2, 10). Here we examined sheep 
poxvirus in a naturally occurring infection and demonstrated 
marked inhibition of caspases in lesions. Our results suggest 
that the proliferative reaction in pox viral lesions is more 
prominent than apoptotic activity due tocaspase-3 inhibi-
tion. This study also showed that the necrosis in the poxvirus 
lesions resulted from normal necrosis and was suggested to 
be caused by the virus and not by apoptosis.

Viral anti-apoptotic functions may be involved in dimin-
ishing effector cell efficacy, but caution is warranted before 
making this assumption. Virus-infected cells are generally 
lysed by T cells if the T-cell receptor is triggered, despite the 
presence of anti-apoptotic mechanisms. Poxviruses secrete 
proteins that bind to cytokines, which then activate death 
receptor-mediated apoptosis. This probably represents the 
earliest possible defense against apoptosis (33, 34). A similar 
mechanism may occur in sheep pox, but further studies are 
necessary to clarify the processes.

In conclusion, the immunohistochemical findings in 
sheep pox lesions suggest that inhibition of caspases -3,-5,-7, 
and -9 in lesioned skin may play a significant role in disease 
pathogenesis. 

Figure 10: Strong positive caspase-3 immureaction in normal 
bronchial epithelial cells (arrows). Avidin-biotin peroxidase complex 

method, Mayer’s Haematoxylin counter stained. Bar=200µm.

Figure 9: Slight immunoreaction of Caspase-3 (arrows) compare to 
control in pox virus lesion, cellules claveleuses (arrowshead), Avidin-
biotin peroxidase complex method, Mayer’s Haematoxylin Counter 

stained. Bar=200µm. 
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