
J O U R N A L  O F

Veterinary
Science

pISSN 1229-845X, eISSN 1976-555X
J. Vet. Sci. (2011), 12(1),  65-73
DOI: 10.4142/jvs.2011.12.1.65
Received: 22 Mar. 2010, Accepted: 14 Sep. 2010

Original Article

*Corresponding author
Tel: +90-362-312-19-19; Fax: +90-362-457-69-22
E-mail: myg64@omu.edu.tr

The expressions of HSP70 and α B-crystallin in myocarditis associated 
with foot-and-mouth disease virus in lambs

Mustafa Yavuz Gulbahar
1,*, Yonca Betil Kabak

1
, Mehmet Onder Karayigit

1
, Murat Yarim

1
, Tolga Guvenc

1
, 

Unal Parlak2

1Department of Pathology, Faculty of Veterinary Medicine, Ondokuz Mayis University, Samsun, Turkey
2Foot-and-Mouth Disease Institute, Ministry of Agriculture and Rural Affairs, Ankara, Turkey

  This study describes the expression of heat shock 

protein70 (HSP70) and alpha-basic-crystallin (α -BC) and 

their association with apoptosis and some related adaptor 

proteins in the pathogenesis of foot-and-mouth disease 

virus (FMDV)-induced myocarditis in lambs. HSP70 was 

generally overexpressed in the myocardial tissues and 

inflammatory cells of FMDV-induced myocarditis with 

differential accumulation and localization in same hearts 

when compared to non-foot-and-mouth disease control 

hearts. α -BC immunolabeling showed coarse aggregations 

in the Z line of the cardiomyocytes in FMDV-infected 

hearts in contrast to control hearts. Overall, the results of 

this study show that the anti-apoptotic proteins, HSP70 

and α -BC, were overexpressed with increased apoptosis in 

FMDV-infected heart tissues. Both proteins failed to protect 

the cardiomyocytes from apoptosis as defense mechanisms 

to the FMDV during the infection, suggesting that the 

virus is able to increase apoptosis via both downregulation 

and/or upregulation of these anti-apoptotic proteins. 
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Introduction 

Foot-and-mouth disease (FMD) is a highly contagious, 
severe, and clinically acute vesicular disease that affects 
members of the order Arteriodactyla. This order includes 
cloven-hoofed animals, including domesticated ruminants 
and pigs, as well as more than 70 wildlife species. FMD is 
a worldwide concern because it is enzootic in vast areas of 
Africa, Asia, Europe, and South America (except the 
Guyanas and Chile). The foot-and-mouth disease virus 

(FMDV) is classified within the Aphthovirus genus of the 
Picornaviridae family. The seven principal antigenic 
serotypes are the classical A, O, and C types, SAT-1, SAT- 
2, SAT-3, and Asia-1 [5]. 

FMD is characterized by vesicle-formation in the mouth 
and on the feet, teats, and mammary glands of older 
animals [5,23]. The mortality in young animals, particularly 
lambs and piglets, could be due to acute myocarditis, 
which is considered to be a fatal form of FMD that occurs 
without vesiculation in young animals [2,49]. Residual 
lesions in older cattle qualify as myocarditis with a 
significant inflammatory response [39]. The virus can 
usually be isolated from the myocardia in areas containing 
necrotic myocytes infiltrated with mononuclear cells or 
can be visualized in infected hearts by molecular 
techniques [18,24,40].

Heat shock proteins (HSPs) are a family of proteins that 
intensify their expressions in cells stressed with heat, 
toxins, free radicals etc. [7]. Their chaperone functions are 
well-recognized roles, such as folding and the transport of 
a variety of proteins under normal physiological conditions 
and following stress stimuli [7,45]. HSPs are involved in 
both the pro- and anti-apoptotic pathways [26,31,41]. 
Abnormal distribution such as translocation to the cell 
membrane or extracellular localization of HSPs with 
increased expressions of Bcl-2 and active caspase 3 is 
correlated with increased apoptosis [41]. In addition to 
these functions, the immunoregulatory functions of some 
HSPs have been described in the activation of the innate 
and adaptive immune system [4,38,46-48].

In cardiovascular biology and diseases, HSPs exhibit 
different protective functions, including the repair of ion 
channels, restoration of redox balance, interaction with the 
nitric oxide pathway, inhibition of proinflammatory 
cytokines, and inhibition of the apoptotic pathway [17,26]. 
HSP family members can occur at multiple points along 
the apoptotic pathway and be formed during the multiple 
steps involved in the death process and mechanisms of 
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Table 1. Antibodies used in the present study

Antibody Clone Host Dilution Sources

HSP70 BRM-22 Mouse 1：50 Stressgen Bioreagents, Canada
Desmin D33 Rabbit 1：50 Lab Vision, USA
α-BC 1B6.1-3G4 Mouse 1：256 Bioreagents, Canada
Bcl-2 100/D5 Mouse 1：50 Diagnostic Biosystem, USA
Active caspase 3 CPP32 Rabbit 1：100 Diagnostic Biosystem, USA
Active caspase 8 FLICE Rabbit 1：50 Diagnostic Biosystem, USA
Active caspase 9 LAP6 Ab-4 Rabbit 1：10 Thermo Scientific, USA

HSP70: heat shock protein 70, α-BC: alpha-basic crystallin.

caspase activation [6,17]. HSP60 has been demonstrated to 
form a complex with pro-caspase 3 to accelerate its 
maturation by proteases during apoptosis [51]. Moreover, 
HSP27, HSP70 and HSP90 are known to display anti- 
apoptotic functions by inhibiting the occurrence of 
cytochrome c/apoptotic protease activating factor 1 
complex at various points [6,11,29,36]. Alpha-basic- 
crystallin (α-BC) is highly abundant in cardiac muscle 
cells and interacts with the three major cytoskeletal 
components, microtubules, intermediate filaments, and 
microfilaments, in response to stress [8,30]. 

Limited studies have been conducted to investigate the 
pathogenetic mechanisms of myocarditis associated with 
FMDV in lambs [24,40]. However, the role of HSP70 and 
α-BC in the pathogenesis of myocarditis in FMD has not 
yet been studied. Therefore, this study was conducted to 
investigate the expressions of HSP70 and α-BC and their 
association with apoptosis in FMDV-infected lamb 
myocardium. 

Materials and Methods

Lambs, tissue processing, and virus identification 
Tissues were obtained upon necropsy from native, 

approximately one- to two-week-old Karayaka lambs (n = 
9) that had died during an FMD outbreak in the Samsun 
Province of Northern Turkey. Myocardial tissue specimens 
were collected from the interventricular, atrial, and 
ventricular portions of their hearts and then fixed in 
buffered formalin. The tissues were then embedded in 
paraffin, sectioned at 5 μm, and stained with hematoxylin 
and eosin. Additional sections were cut at 5 μm and 
mounted on organosilane (3-aminopropyl) triethoxysilane- 
coated glass slides for the immunohistochemical study. 
The remaining unfixed myocardial specimens from the 
infected lambs were used for virus isolation and gene 
sequence analysis. The studies associated with virus 
isolation and identification, including partial 1D gene 
sequence analysis and in situ reverse transcription for 
FMDV type O mRNA and detailed pathological examination 

of heart sections, were conducted in accordance with our 
earlier study [24].

The myocardial tissues were obtained from apparently 
healthy, approximately one- to two-week-old Karayaka 
lambs (n = 4) from a local sheep flock. The animals were 
euthanized under deep anesthesia according to the 
specifications of the Ondokuz Mayis University Animal 
Ethics Committee and used as controls.

Immunohistochemistry 
The paraffin-embedded tissues were sectioned into 4 to 5 

μm thick sections, placed on superfrost slides, and 
deparaffinized in xylene for 15 min and then in 100% ethanol 
for 15 min. A commercial streptavidin-biotin peroxidase 
complex (SABC; Zymed Laboratories, USA) was used in 
the preparation. All sections were pre- incubated in 10% goat 
non-immune serum (Zymed Laboratories, USA) at room 
temperature for 10 min to block the nonspecific binding of the 
second-step antibody (Zymed Laboratories, USA). Next, 
tissue sections were reacted with primary antibodies 
including HSP70 (1：50; Stressgen Bioreagent, Canada), 
α-BC (1：256; Stressgen Bioreagents, Canada), desmin 
(1：50; Lab Vision, USA), Bcl-2 (1：50; Diagnostic 
Biosystem, USA), active caspase 3 (1：100; Diagnostic 
Biosystem, USA), active caspase 8 (1：50; Diagnostic 
Biosystem, USA) and active caspase 9 (1：10; Thermo 
Scientific, USA) for 3 h, after which they were rinsed with 
PBS, pH 7.4, at room temperature (Table 1). The sections 
were subsequently reacted with biotin-conjugated second- 
step antibody (Zymed Laboratories, USA) for 10 min at 
room temperature, after which they were rinsed in PBS. To 
inactivate the endogenous peroxidase, the sections were 
incubated in 0.3% H2O2/methanol for 60 min. The sections 
were then rinsed again with PBS, after which they were 
reacted with SABC for 10 min at room temperature. 
Following another wash with PBS, the sections were incubated 
with 3-amino-9-ethylcarbazole (Zymed Laboratories, USA) 
for 15 min and then counterstained with Mayer’s hematoxylin. 
Four negative controls were prepared, first by omitting the 
primary antibodies, and then by replacing them with PBS, 
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Fig. 1. (A) Diffuse moderate immunolabeling for heat shock protein70 (HSP70) in cardiomyocytes of a control heart. (B) Dense 
immunolabeling of some foot-and-mouth disease virus (FMDV)-infected cardiomyocytes. Note the cytoplasmic and perinuclear 
(arrows). (C) Granularly sarcolemmal (arrowheads) and extracellular (arrows) localization of HSP70 immunolabeling. (D) α-BC 
immunolabeling in cross striations of cardiomyocytes in a control heart. (E) Abnormal accumulation of α-BC with coarse granules 
(arrows) in severely affected cardiomyocytes in a FMDV-infected heart. (F) Perinuclear localization of α-BC in the cross section of a
FMDV-infected heart (arrows). (G) Desmin immunoreactivity in cross striations of cardiomyocytes from a control heart. (H) Abnormal
distribution of desmin immunolabeling with a granular pattern in a FMDV-infected heart. Arrow indicates dense immunoreaction of 
Purkinje fibers. Immunohistochemical staining with streptavidin-biotin peroxidase complex (SABC) and 3-amino-9-ethylcarbazole 
(AEC), and counterstaining with Mayer’s hematoxylin. A-D: ×320, E and F: ×160, G and H: ×380.

normal rabbit serum, and unrelated mouse monoclonal 
antibodies.

The cellular and subcellular distributions of HSPs and 
apoptosis-associated proteins in heart tissues were 
determined and the intensity of the immunoreaction was 
classified as negative (−), weak (±), moderate (+), or 
dense (++). 

TUNEL method
To detect DNA fragmentation, the formalin-fixed, 

paraffin-embedded sections of myocardia were stained 
using the terminal deoxynucleotidyl transferase-mediated 
deoxyuridine triphosphate nick-end labeling (TUNEL) 
method (POD kit; Roche Diagnostics, Germany) according 

to the manufacturer’s instructions. The paraffin-embedded 
sections were de-waxed, rehydrated, and irradiated at 
350W in 0.1 μM citrate buffer, pH 6.0, in a microwave 
oven for 5 min. After washing twice in PBS, the sections 
were covered with 50 μL of the TUNEL reaction mixture 
containing terminal deoxynucleotidyl transferase and 
fluorescein-dUTP (2´-deoxyuridine 5´-triphosphate), after 
which they were incubated under a coverslip in a 
humidified chamber for 1 h at 37oC. The sections were then 
checked using Fluorescence microscopy. The reaction was 
ended by washing the slides in PBS, after which the slides 
were incubated with anti-fluorescein-horseradish peroxidase 
conjugate diluted 1：3 in 100 mM Tris-HCl, 150 mM 
NaCl (pH 7.5), and 1% blocking reagent for 40 min at room 
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Fig. 2. (A) Few positive signals for apoptosis by the TUNEL method in the control. (B) Abundant signal in the FMDV-infected heart. 
(C) Caspase 3 immunolabeling in some interstitial cells of a control heart. (D) Cytoplasmic and nuclear (arrow) immunolabeling for 
caspase 3 of cardiomyocytes and interstitial cells in a FMDV-infected heart. Note the linear condensed immunolabeling possibly in the 
inner cell membrane surface (arrowhead) of the cardiomyocytes. (E) Weak cytoplasmic immunolabeling of some cardiomyocytes for
caspase 8 in a FMDV-infected heart. (F) Moderate to dense immunoreaction for caspase 9 in a FMDV-infected heart. Note the presence
of immunolabeling in the vessel wall (arrow). (G) Bcl-2 immunolabeling in the cellular membrane of cardiomyocytes and interstitial
cells in a control heart. (H) Increased Bcl-2 immunoreaction showed various subcellular localizations in infected hearts. Note 
immunolabeling variations for Bcl-2. (I) High magnification of H. The nuclear and weak diffuse cytoplasmic expression in 
cardiomyocytes. (J) High magnification of H. Dense granular immunolabeling of cellular membrane in cardiomyocytes and interstitial
cells, as well as vessels (arrow) in a FMDV-infected heart. Immunohistochemical staining with SABC and AEC, and counterstaining
with Mayer’s hematoxylin. A and B: ×320, C and G: ×60, D and E: ×120, F and H: ×40, I and J: ×160.

temperature. After washing three times for 15 min each in 
PBS, the sections were stained through incubation with the 
chromogenic substrate 3,3-diaminobenzidine for 5 to 15 
min at room temperature. Sections from uninfected lambs 
served as controls for this procedure. 

Results

Immunohistochemistry
The immunohistochemical findings are summarized in 

Table 2. HSP70 immunolabeling was observed in the sub- 

endocardial cardiomyocytes of the infected hearts. 
Immunolabeling was diffuse and intracellular in the 
myocardial components, showing denser immunoreaction 
than the controls. Occasionally, the HSP70 was observed in 
a coarse granular pattern along the plasma membrane of the 
cardiomyocytes. However, the cytoplasm of the 
cardiomyocytes that was strongly labeled for HSP70 along 
their plasma membranes showed weak immunolabeling. A 
weak HSP70 signal was observed, especially in areas where 
inflammatory cells and severely affected cardiomyocytes 
were present. Perinuclear immunolabeling in some 
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Table 2. Cellular and subcellular distributions of HSPs and apoptosis adaptor proteins in hearts from lambs infected with foot-and- 
mouth disease virus (FMDV) type O

Cellular localizations Subcellular localization

CM IS IC VE VS EP PF FC EX CY NU ME

HSP70 C + − − − − − − − − + − −
I ++ ++ ++ ++ ++ ++ ++ + ++ + + ++

α-BC C ++ − − − − − ++ − − ++ + −
I ++ − − − − − ++ − − + + −

TUNEL C ± ± − − − − − − − ± ± −
I ++ + + + + + + − − + ++ −

Caspase 3 C − ++ − − − − − − − + + +
I ++ ++ + + + + + ± − + ++ +

Caspase 8 C − − − − − − − − − − − −
I + − + + − − − − − ++ ± −

Caspase 9 C − − − − − − − − − − − −
I + + + − + + − − − − − −

Bcl-2 C ± ± − − − − − − − − − ±
I ++ ++ ++ + + + + + − + + ++

Degree of immunostaining: (−) negative, (±) weak, (+) moderate, (++) dense, CM: cardiomyocytes, IS: interstitial spindle cells, IC: 
inflammatory cells, VE: vascular endothelium, VS: vascular smooth muscle cells, EP: endocardium/epicardium, PF: purkinje fibers, FC: fat
cells, EX: extracellular localization, CY: cytoplasmic localization, NU: nuclear localization, ME: cell membrane localization, C: control 
hearts, I: FMDV-infected hearts.

cardiomyocytes and many interstitial spindle cells showed 
dense immunoreaction for HSP70. Extracellular localization 
of HSP70 was also observed extensively in the interstitial 
areas (Figs. 1A-C). 

α-BC immunolabeling had diffusely cytoplasmic and/or 
linear Z-band localization in the cardiomyocytes and was 
more evident in the FMDV-infected hearts than the 
controls. Unlike HSP70, the α-BC immunoreaction was 
weak in the cardiomyocyte cytoplasm, except for the 
striations. In severely destroyed myocardial areas, the 
cardiomyocytes revealed an abnormal accumulation of 
α-BC with coarse granules in the FMDV-infected hearts, 
as seen in HSP70. The strongest immunolabeling for α-BC 
among the myocardial tissues was observed in the Purkinje 
fibers in both infected and control hearts when compared 
with the HSP70. Surprisingly, α-BC also showed nuclear 
immunolabeling in some sections (Figs. 1D-F). 

Desmin immunolabeling is limited in the Z-band lines of 
myofibers in both the control and infected hearts (Fig. 1G). 
In the severely affected hearts, the desmin distribution in 
the myofibers revealed spotty or coarse granular aggregates 
among the Z bands that resembled the α-BC immunolabeling 
(Fig. 1H). Cardiomyocyte striations in both the affected 
and control hearts showed strong evidence of colocalization 
of α-BC and desmin, possibly in the Z-band lines of the 
myofibers (Figs. 1D and G).

In the myocardia of the FMDV-infected lambs, the 

TUNEL assay indicated that the cardiac myocytes, several 
interstitial cells (including macrophages, lymphocytes, 
and fibroblasts) and a few endothelial cells had nuclei that 
displayed morphologic changes typical of apoptosis. 
However, the TUNEL-positive signal was noted in a few 
cardiomyocytes and interstitial cells in the myocardial 
sections of the control lambs (Figs. 2A and B). 

Numerous cardiomyocytes, interstitial and inflammatory 
cells scattered throughout myocardium, both outside and 
adjacent to the degenerated or necrotic areas tested 
immunopositive for active caspase 3. Immunolabeling for 
caspase 3 was diffusely dispersed in the cytoplasm with 
occasional linear localization close to the cell membrane 
and nucleus of the cardiomyocytes (Figs. 2C and D). 
Active caspase 8 and 9 immunolabeling was detected in the 
cytoplasm of the cardiomyocytes in the affected areas of 
the infected hearts, where immunolabeling of caspase 9 
was more evident than that of caspase 8 (Figs. 2E and F). 
Control hearts displayed a small proportion of caspase 3 in 
the interstitial cells (Fig. 2C), but no expression of caspases 
8 or 9 was evident in any cellular components.

Control hearts showed nuclear and/or diffuse cytoplasmic 
labeling for Bcl-2 in a few cardiomyocytes and interstitial 
cells (Fig. 2G). In the infected hearts, dense Bcl-2 
immunoreactivity was detected as granules in the cell and 
nuclear membranes, and sometimes diffusely in the cytoplasm 
of the cardiomyocytes, interstitial and inflammatory cells, and 
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Purkinje fibers (Figs. 2H-J). 

Discussion

This study is the first report of the association of HSPs 
and apoptosis-related proteins in myocarditis of FMDV- 
infected lambs. The results of the present study clearly 
demonstrate that HSP70 was overexpressed in both 
myocardial tissues and inflammatory cells in myocarditis 
associated with FMD in lambs when compared with 
control hearts. 

HSPs, which are involved in several intracellular 
processes, can have both pro- and anti-apoptotic actions 
[41]. Normally, HSPs family members might be present in 
different locations in the cellular compartments [20,28, 
50]. In this study, a decrease in the cytoplasmic expression 
of HSP70 against an increase along the cell membrane was 
observed. The cell membrane and nuclear and/or 
extracellular movement of HSP70 in various myocardial 
tissues clearly showed that abnormal accumulations and 
translocations were associated with increased apoptosis in 
FMDV-infected lambs. These findings were concordant 
with the results of earlier studies [20,31,41,42,50]. The 
loss of cellular expression of HSP70 in some areas of the 
affected hearts may be explained by their increased 
extracellular concentrations, as observed in a previous 
study [13,41]. In addition, it can be assumed that the loss of 
HSP70 expression was associated with a virus-host cell 
interaction. HSPs, when located in the extracellular 
environment or on the plasma membrane, have been found 
to play key roles in stimulating the immune system [34]. 
Extracellular and membrane bound HSPs have cytokine 
functions that induce the production of pro-inflammatory 
cytokines by the monocyte-macrophage system [47,48]. 
Accordingly, the extracellular localization and/or membrane 
movement of HSP70 observed in the present study may be 
indicative of the cytokine function of HSP in myocarditis. 

Similarly, anti-apoptotic Bcl-2 plays an important role in 
several different membrane compartments and has been 
determined in various pathological conditions [1,10]. 
Overexpression of HSPs increases the amount of anti- 
apoptotic proteins such as Bcl-x and Bcl-2 [43]. A similar 
distribution of Bcl-2 and HSP70 on the outer nuclear 
membrane and/or cytoplasmic membranes of various 
myocardial elements in some areas was observed, 
suggesting that HSP70 increases the Bcl-2 expression in 
cells that play a role in FMDV pathogenesis, thus 
indicating shared participation of the HSPs and Bcl-2 in the 
apoptotic pathway [43]. 

Multiple proteins from picornaviruses are known to be 
involved in the alteration of apoptotic homeostasis of 
infected host cells; however, the mechanisms of cell death 
of the picornaviruses are unknown [12]. One of the 
potential mechanisms of the death of infected cells is 

apoptosis [12]; however, a recent in vitro study revealed 
that the FMDV-infected cells do not undergo apoptosis- 
mediated cell death [16]. We previously speculated that 
nitric oxide and inflammatory cells significantly influence 
the occurrence of myocarditis as well as the apoptosis and 
necrosis of cardiomyocytes in FMDV-infected lambs [24]. 

Overexpression of anti-apoptotic proteins HSPs and 
Bcl-2 is known to prevent apoptosis in several pathological 
conditions [15,25,52]. In this study, the loss or a low 
percentage of cardiomyocytes and other cellular elements 
expressing Bcl-2 and HSP70 were observed in some areas 
in which a higher percentage of TUNEL-positive elements 
were noted. This situation could be explained by the fact 
that FMDV-induced increased apoptosis with the 
downregulation of Bcl-2 and HSP70 expression in the 
myocardium. Conversely, the overexpression of both 
Bcl-2 and HSP70 in sections with increased numbers of 
TUNEL-positive cells with caspase 3 overexpression was 
observed. Anti- or proapoptotic function of Bcl-2 
expression is associated with the Bcl-2 levels. Specifically, 
a low level of Bcl-2 expression is antiapoptotic, whereas a 
high level of expression is proapoptotic to Fas-mediated 
apoptosis [44]. Furthermore, the overexpression of Bcl-2 
could cause increased cell death during the interaction of 
Bcl-xL with other factors [25]. Anti-apoptotic proteins, the 
members of the Bcl-2 family, are converted into potent 
lethal proteins when they are cleaved by caspases [15]. 
Grandgirard et al. [22] reported that alpha-viruses can 
cause apoptosis in Bcl-2 overexpressing cells by caspase- 
mediated proteolytic inactivation of Bcl-2. Another study 
demonstrated that HSP70 overexpression protects the 
Jurkat T cells against thermoprotection, but enhances 
apoptotic cell death [32]. Based on these observations, we 
suggest that the overexpression of anti-apoptotic proteins 
such as the HSP70 and Bcl-2 families failed to protect 
cardiomyocytes against apoptosis during FMDV infection. 
Indeed, FMDV may cause apoptosis in myocardial tissues 
via the overexpression of Bcl-2 and HSP70. 

Immunohistochemical localization of α-BC in 
cardiomyocytes is only observed in the central portion of I 
bands (Z bands) where desmin is expressed [8,33]. An in 
vitro study revealed that α-BC plays a role in the formation 
of desmin filament networks in cardiac tissue [37] and 
effectively inhibits the aggregation of desmin filaments 
under various stressful conditions in situ. Further, caspase 
proteolysis of desmin inhibits the integrity of the 
intermediate filaments and actively promotes apoptosis in 
myogenic cells [14]. Armer et al. [3] showed that 
FMDV-infected cells undergo changes in the distribution 
of microtubule and intermediate filament components, 
such as F-actin, γ-tubulin and vimentin, during infection. 
Therefore, in the present study, desmin was selected to 
demonstrate the interaction along with the HSPs and 
cytoskeletal proteins in the cardiomyocytes. Similar 
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distributions of α-BC and desmin in the Z line of the 
cardiomyocytes of infected lambs were observed, which 
immunolabeled both cross striations and the coarse 
granular aggregates among these cross-striations. Similar 
aggregations of the desmin filament and α-BC in the Z line 
of the cardiomyocytes could indicate that both proteins 
might cause the interactions in cardiomyocyte injury, thus 
demonstrating the cytoskeleton degradation of the 
cardiomyocytes by caspase activation during apoptosis of 
cardiomyocytes due to FMDV infection. These findings 
show that the desmin intermediate filaments influence the 
apoptosis of cardiomyocytes in FMD despite the α-BC 
overexpression.

TUNEL technique has been extensively utilized for 
apoptosis in tissue sections, but the interpretation and 
specificity of this assay are controversial [19]. To validate 
the TUNEL assay, the specificity of the method was tested 
by additional immunolabeling for enzymes and cleaved 
proteins considered specific for apoptosis. The results 
showed the widespread and similar localization of 
TUNEL-positive and active caspase 3 signals of various 
cellular elements (mainly cardiomyocytes and several 
interstitial cells, primarily inflammatory cells). These 
findings suggest that classical apoptosis occurs in a 
caspase-dependent manner in the myocardial damage of 
FMDV-infected lambs. 

Active caspase 3 was detected in the cytoplasm and/or 
nucleus and was sometimes linearly close to the inside 
surface of the plasma membrane, suggesting that caspase 3 
had circulated among the various cellular compartments 
during apoptosis. The subcellular localization of caspase 3 
is most often reported in the nuclear and/or apoptotic 
bodies of dying cells; however, some antibodies 
selectively labeled caspase 3 in the cytoplasm of cells 
showing a morphology consistent with apoptosis, as well 
as in the cytoplasm of healthy-appearing cells, although 
occasional nuclear staining was observed [19]. The 
expression in the inner surface of the plasma membrane or 
cytoplasmic caspase 3 may suggest the early stages of 
apoptosis, and subsequent transferring to the nucleus 
[9,21]. The results encountered in some myocardial tissues 
also agreed with a cytological study in which the activation 
of caspase-3 was observed close to the cell membrane 
surface, after which it was transferred to the cytoplasm, 
and finally translocated into the nuclear region [21,27]. 
Further, active caspase 8 and 9 expression with caspase 3 
revealed that the deaths of cardiomyocytes involved both 
the mitochondrion-dependent and receptor-dependent 
cascades of the apoptotic pathway in FMD-related myocardial 
damage [35]. 

In conclusion, the variations in the degrees of expression 
of the HSP70 observed in the different locations (cell 
membrane, nuclear and/or extracellular) in the various 
myocardial tissues, as well as the role of α-BC with desmin 

in cytoskeleton degradation of the cardiomyocytes in 
FMDV-infected lambs showed that HSPs play important 
roles in the pathogenesis of the disease. Proteins like Bcl-2 
and caspase 3 involved in the apoptotic pathway could 
translocate among membrane-bound sites at different 
stages of apoptosis during FMDV infection. Although 
HSPs serve as a protective mechanism to increase cellular 
survival, the present findings indicate that their increased 
expressions could not protect the myocardial tissues from 
apoptosis mediated by both extrinsic and intrinsic cascades 
during the FMDV infection. Certainly, further elucidation 
of the role of HSPs in the pathogenesis of FMDV-induced 
myocarditis may provide useful information regarding the 
mechanism by which the virus evades the host cells as well 
as the virus-host interactions during infection.
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