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Summary 
The heat shock protein 70 (HSP70) is a key component of the stress response induced by various noxious conditions 
such as heat, oxygen stress, trauma and infection. In present study we have assessed the consequences of the 
compression of lower lumbar and sacral nerve roots caused by a multiple cauda equina constrictions (MCEC) on HSP70 
immunoreactivity (HSP70-IR) in the dog. Our data indicate that constriction of central processes evokes HSP70  
up-regulation in the spinal cord (L7, S1-Co3) as well as in the corresponding dorsal root ganglion cells (DRGs) (L7-S1) 
two days following injury. A limited number of bipolar or triangular HSP-IR neurons were found in the lateral collateral 
pathway (LCP) as well as in the pericentral region (lamina X) of the spinal cord. In contrast, a high number of HSP70 
exhibiting motoneurons with fine processes appeared in the ventral horn (laminae VIII-IX) of lumbosacral segments. 
Concomitantly, close to them a few lightly HSP70-positive neuronal somata or cell bodies lacking the HSP70-IR 
occurred. In the DRGs, HSP70 expression was mildly up-regulated in small and medium-sized neurons and in satellite 
cells. On the contrary, DRGs from intact or sham-operated dogs did not reveal HSP70 specific neuronal staining. In 
conclusion, we have demonstrated that the MCEC in dogs mimicking the cauda equina syndrome in clinical settings 
evokes expression of HSP70 synthesis in specific neurons of the lumbo-sacro-coccygeal spinal cord segments and in 
small and medium sized neurons of corresponding DRGs. This suggests that HSP70 may play an active role in 
neuroprotective processes partly by maintaining intracellular protein integrity and preventing the neuronal degeneration 
in this experimental paradigm. 
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Introduction 
 
 The occurrence of heat shock proteins (HSPs) is 
nowadays understood as a universal cellular response to a 

variety of injuries, including stroke, epilepsy, trauma and 
neurodegenerative diseases (Gower et al. 1989, Gass et 
al. 1995, Brosnan et al. 1996). It is well known that the 
stress proteins are capable of inducing tolerance by 
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modulating the pathways of stress-induced apoptosis 
leading to a unique protective effect, first detected 
following thermal stress or cerebral ischemia (Mosser et 
al. 1997, Buzzard et al. 1998). Surprisingly, ischemic 
preconditioning has been shown to increase the amount 
of preserved tissue after traumatic brain injury, but not 
following spinal cord trauma (Ondrejčák et al. 2004). The 
70-kD stress protein is one of the most frequently studied 
proteins because of its relatively low level or absence in 
nonstressed cells and its dramatic elevation following 
stimulation (Sloviter and Lowenstein 1992). For example, 
the exposure of brain tissue to short-lasting, noninjurious, 
conditioning ischemia is effective in inducing HSP70 in 
those neuronal pools that display an increased resistance 
to a subsequent injurious interval of ischemia that is 
referred as induced ischemic tolerance (Čížková et al. 
2004). Indeed, previous studies have indicated that 
thermal stress, global or focal cerebral ischemia induce 
immediate-early gene c-fos (Yang et al. 2000) and also 
HSP70 overexpression in a variety of cell populations, 
such as neurons, glia and endothelial cells (Ikeda et al. 
1994, Burda et al. 2003). Recent advances in molecular 
biology and particularly in gene manipulation have led to 
the development of rats genetically modified to 
overexpress HSP72 (Čížková et al. 1999), that are 
suggested to elucidate the molecular mechanisms leading 
to preconditioning, or eventually identifying potential 
therapeutic targets for preventing the post-ischemic 
brain/spinal cord damage. 
 To verify the involvement of HSP70 in the 
repair of injury of the sensory and motor neurons, an 
experimental constriction injury of the lumbosacral 
central processes of the dorsal root ganglia neurons 
resulting in the cauda equina syndrome (CES) was 
studied in dogs. The fully developed CES is accompanied 
by sensory and motor disorders such as low-back pain, 
saddle anesthesia, and motor weakness of lower 
extremities leading sometimes to paraplegia or bladder 
dysfunction. These clinical symptoms are related to a 
sustained stimulation of the cutaneous, muscular and 
visceral nociceptive afferents (Maršala et al. 1995, 
Orendáčová et al. 2001a,b). Thus, the stress protein 
expression in the neurons of corresponding spinal cord 
segments could be expected. This hypothesis was tested 
in the present study using an immunocytochemical 
analysis of HSP70 expression in the lower lumbosacral 
and coccygeal spinal cord segments and corresponding 
DRGs following CES two days after the surgery.  
 

Methods 
 
 Adult mongrel dogs (n=4) of both sexes 
(weighing 8-10 kg) were lightly anesthetized with sodium 
pentobarbital (15 mg/kg, i.v.), endotracheally intubated 
and artificially ventilated on a respirator with halothane 
(1-2 %) in a mixture of oxygen and nitrous oxide (1:1). 
Lumbar laminectomy was performed and the dural sac of 
the exposed cauda equina comprising dorsal and ventral 
roots of L7, S1-S3, Co1-Co5 segments was tied by four 
loose ligatures with about 2 mm spacing. Thus, the 
central processes of the L7-Co5 DRG neurons were 
permanently constricted. Sham-operated dogs (n=4) 
underwent the cauda equina exposure, without ligation. 
Two days after the surgery both groups of dogs were 
deeply anesthetized with sodium pentobarbital (70 mg/kg 
i.v.) and transcardially perfused with heparinized saline 
followed by perfusion with 4 % paraformaldehyde in 
phosphate buffered saline (pH 7.4). The spinal cords and 
the corresponding DRGs (L7, S1-S3) were removed and 
transverse cryostat sections (30 µm) throughout the entire 
lumbar (L), sacral (S) and coccygeal (Co) spinal cord 
segments and DRGs were cut. Free floating sections were 
immediately processed for immunocytochemical staining 
with monoclonal antiserum for HSP70 (the inducible 
form HSP70/HSP72; StressGeen Biotech Corp.) using 
elite ABC Vector kit. Briefly, non-specific protein 
binding was blockedby incubation in the 7 % normal 
horse serum for 2 h followed by incubation with a 
primary mouse antibody against HSP70 (dilution 
1:1000), in PBS containing 0.2 % TX-100 during the 
night at 4 °C. The procedure was continued by rinsing in 
the PBS, incubation with secondary biotinylated anti-
mouse IgG (dilution 1:200 in PBS) for 2 h at room 
temperature, washing in PBS and reacting with ABC 
reagents. The color reaction was developed in a filtered 
solution of 0.05 % 3.3-diaminobenzidine 
tetrahydrochloride (DAB) in PBS containing 0.02 % 
hydrogen peroxide. The staining reaction was stopped in 
distilled water, the sections were then washed, mounted 
on the gelatine-coated slides, dried, dehydrated and 
coverslipped with Permount. On some sections, the 
primary antibody was omitted from the staining 
procedure to determine the specificity of the immuno-
cytochemical reaction.  
 
Results 
  
 In the present study, using the immunocyto-
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Fig. 1. (A-B) HSP70-IR in the transverse section taken from DRGs (S1) of sham-operated (A) or following MCES two days after the 
surgery(B). Modest HSP70 expression appeared in the small and medium-sized neurons, and satellite glial cells following nerve root 
constriction. Bars A, B = 100 µm. 
 

 
chemical method, we were able to map the segmental and 
laminar distribution of the HSP70-IR as indices of the 
injury in this clinically relevant model of somatovisceral 
pain.  
 In the sham-operated dogs, no specific neuronal 
HSP70-IR could be detected in the DRGs or the spinal 
cord. The cell bodies, adjacent glia and nerve fibers of 
sacral DRGs were free of HSP-IR (Fig. 1A). Similarly, 
the dorsal horn (laminae I-IV) and the lateral collateral 
pathway (LCP) (Fig. 2A), the pericentral region 
(lamina X) (Fig. 2B) as well as the ventral horn (laminae 
VIII-IX) (Fig. 2C) completely lacked HSP70-positive 
neuronal cells. 
 On the contrary, MCEC induced mild HSP70-IR 
in the small or medium-sized cell bodies of sacral DRGs 
(Fig. 1B). HSP70 positivity was also clearly detectable in 
the satellite cells surrounding the DRGs cells. Similarly, 
constriction of nerve roots evoked a significant HSP70 
up-regulation in neuronal population throughout the 
entire sacrococcygeal (S1-Co3) spinal cord at two days 
following injury.  
 The lateral portion of the dorsal horn outlining 
the lateral collateral pathway (LCP) contained a few 
mainly bipolar or triangular HSP70 positive perikarya 
with elongated dendrites oriented rostrocaudally 
(Fig. 3A). These intensely stained neurons were detected 
bilaterally primarily throughout the S1-S3 segments (Figs 
3B and 3C). The superficial laminae I-II as well as deep 
dorsal horn laminae III-V lacked HSP70-positive 
neuronal elements (Fig. 3A). Only a few densely labeled 
neurons were scattered laterally from the central canal, in 

lamina X (Fig. 3D). These neurons resemble to large 
intensely stained NADPH diaphorase (NADPHd)-
exhibiting somata, which were described in this region 
(Maršala et al. 1999, Maršala and Jalč 2000).  
 
 

 
Fig. 2. (A-C) HSP70-IR in the transverse sections through spinal 
cord S1 segment in sham-operated dogs two days after the 
surgery. (A) The dorsal horn (laminae I-IV), the lateral collateral 
pathway (LCP), (B) the pericentral region (lamina X), as well as 
the (C) ventral horn completely lacked the HSP70 positive 
neuronal cells. Bars A, C = 100 µm, B = 50 µm. 
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 On the other hand, the most pronounced somatic 
HSP70-IR appeared in the ventral horn, in laminae VIII-
IX (Fig. 4A) throughout L7-Co5 spinal cord segments. 
Concurrently, significant differences in the population of 
the motoneurons expressing HSP70 were noted. Some 
motoneurons were intensely HSP70 stained, clearly 
depicting their cell bodies and dendritic arborizations, 

while others were stained quite lightly, allowing the 
somata to be identified and some did not exhibit any 
HSP70 immunoreactivity (IR) (Figs 4A, 4A´ and 4B). In 
addition, the dorsal as well as the ventral horn, and the 
pericentral region revealed a high number of small 
HSP70 intensely stained elements that may represent 
activated glial cells (Figs 3A, 3D and 4A-B). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. (A-D) HSP70-IR in the transverse spinal cord sections 
through S1-S3 segment in dogs two days after cauda equina 
constriction injury. (A-C) Note, the bipolar or triangular HSP70 
positive perikarya with elongated dendrites oriented 
rostrocaudally in the LCP (arrow) of the S1(B), S3(C) segment. 
(D) The intensely HSP70 labeled neurons located laterally from 
the central canal in lamina X (arrow) could be seen. Bars A, B, C 
= 100 µm, C = 50 µm. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. (A-B) HSP70-positive neurons in the ventral horn of S1 
and S3 segments following MCES. Note the different degree of 
HSP-IR in the motoneurons; intensely HSP70 stained 
motoneurons with their dendritic arborizations (arrows), lightly 
stained neuronal somata (arrowheads)(A,A´,B) or HSP70-
negative moto-neurons (asterisk) (C), the intensely stained small 
elements in the neuropil occurred throughout the ventral horn. 
Bars A, B = 100 µm. 
 
 

Discussion 
 
 In the present study, we have examined the 
influence of MCEC, characterized as a somatovisceral 

pain model in dogs (Maršala et al. 1995) on HSP70 
protein synthesis. This experimental procedure allows the 
constriction of the dorsal as well as ventral roots of  
L7-Co5 segments. The constrictions of long dorsal root 
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afferents forming the cauda equina compromise, 
functionally divergent spectra of low-threshold 
myelinated (Aβ and Aγ) mechanoreceptive afferents, 
high-threshold Aδ mechanoreceptive afferents, Aδ heat 
nociceptive afferents and C polymodal nociceptive 
afferents that are particularly distributed in the range of 
laminae I-V (Ralston and Ralston 1979, 1982). Thus, a 
sustained constriction of the central multimodal afferents 
along with the constriction of somatomotor and 
visceromotor axons of the ventral roots provides a 
reliable model for studying stress, pain or inflammatory 
responses in the dorsal and ventral horn of the 
corresponding spinal cord segments. The present study 
considerably broadens our previous observations and 
clearly shows that a sustained constriction of the cauda 
equina that significantly enhances the expression of c-Fos  
(Orendáčová et al. 2000, 2001a,b, Lukáčová et al. 2004) 
causes an up-regulation of the inducible HSP70-IR in 
neurons throughout the affected spinal cord two days 
after the surgery. Constriction injury or axotomy of 
peripheral nerves is typically followed by axonal 
regeneration, whereas after central rhizotomy axonal 
regeneration is limited (Oblinger and Lasek 1984). The 
absence of the cell body response after lesion to the 
central nerve roots has been suggested to be related to the 
reduced regenerative capacity of the central axons 
(Lieberman 1971). Thus, this phenomenon might be a 
reasonable explanation for interpretation of present 
findings revealing only modest HSP70-IR in 
subpopulation of small and medium-sized DRGs neurons 
two days after MCES.  
 Surprisingly, the dorsal horn was free of the 
HSP70-IR neurons and only a few bipolar HSP70-
positive neurons outlining the lateral collateral pathway 
(LCP) in the white matter were observed. Recent data 
suggest that the intensity, frequency, as well as the 
duration of applied stimulus is the key determinant in 
neuronal HSP70 induction (Čížková et al. 2004). 
Therefore, stimulus, even if sufficient to induce transient 
neuronal depolarization, is not always effective in 
inducing neuronal HSP70 expression in secondary dorsal 
horn neurons. Our previous experiments using the model 
of MCEC in the dog showed that Lissauer’s tract and the 
LCP include a large proportion of degenerated sacral 
dorsal root afferents (Maršala et al. 1995), represented 
mainly by C polymodal nociceptive afferents (Nadelhaft 
et al. 1980). Thus, it is apparent that HSP70-positive 
bipolar or triangular neurons of the LCP, are located 
close to the trajectory of those afferent axons known to be 

subjected to a sustained stimulation in the MCEC model. 
Similarly, the appearance of HSP70-IR neurons in the 
pericentral region (lamina X) could be explained by 
activation of Aδ mechanoreceptive afferents, which 
reveal broader distribution and can influence not only 
nociceptive neurons in the superficial laminae I-II but 
also the wide-dynamic-range neurons occurring in the 
deep dorsal horn layers (Price and Dubner 1997). 
However, the phenotypic differences among NADPH-
exhibiting pools in pericentral region may have some 
relevance with regard to the alteration of NADPHd 
activity of lamina X neurons following multiple sublethal 
ischemic insults (Maršala and Jalč 1999, 2000) as well as 
the variation of nitric oxide synthase (NOS) and HSP70 
expression following MCEC (Maršala et al. 2003). 
Significantly more HSP70-IR neurons were detected in 
the ventral horn and in the laminae VIII-IX. Some of 
them were densely HSP70-IR thus outlining their cell 
bodies and dendritic arborizations, some neurons were 
stained quite lightly, thus displaying their somata, while 
others completely lacked HSP70-IR. This variability 
among motoneurons expressing HSP70 shows that even a 
homogenous population of motoneurons may react in a 
different manner to the constriction of ventral roots. It has 
been suggested that the specific HSP70 response is 
usually associated with the intensity of the cellular stress 
and can serve as a sensitive and reliable indicator of the 
cell injury (Tanno et al. 1993, Welch 1992). Thus, the 
motoneurons might be variously susceptible to the stress 
or they might be exposed to a different intensity of the 
external stressors which probably lead to a heterogeneous 
HSP70 expression (Ikeda et al. 1994, Sloviter and 
Lowenstein 1992). However, considerable region-
dependent differences in the catalytic activity of nitric 
oxide synthase (cNOS) that occurs in the ventral horn 
gray matter areas may also contribute to the different 
motoneuronal susceptibility (Maršala et al. 2003, 
Lukáčová and Pavel 2000). To our knowledge, there have 
been only a few studies dealing with an inducible HSP70 
involvement in the peripheral nerve injuries. Tedeschi 
and Ciavarra (1997) clearly showed that peripheral 
axotomy is associated with the in vivo induction of the 
inducible form of the stress proteins (HSP70) in DRGs, 
but not its constitutive form (HSC70). Similarly, the 
HSP70 mRNA was shown to be rapidly and transiently 
induced in the hamster facial nucleus neurons following 
the nerve injury (New et al. 1989). However, most 
studies have been monitoring the modulation of a low 
molecular HSP27, which is constitutively expressed in 
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sensory and motor neurons, acts as a specific cellular 
inhibitor of apoptosis in fibrosarcoma and monoblastoid 
cells, confers resistance to a heat shock, and enhances the 
cell survival in response to a TNFα-induced cell death 
(Mehlen et al. 1996a,b, Samali et al. 1996, Plumier et al. 
1997). In this context, Costigan et al. (1998) have shown 
that the transection of the sciatic nerve in rats results in 
the upregulation of the HSP27 mRNA and protein in the 
corresponding DRG as well as in the spinal cord but 
without equivalent changes in the expression of the 
HSP56, HSP60, HSP70 or HSP90 (Costigan et al. 1998). 
Except HSP70 expressing neurons we were also able to 
detect small HSP70-IR elements localized in the 
superficial dorsal horn (laminae I-III), pericentral region 
(lamina X) and the ventral horn (laminae VIII, IX). 
Morphometric measurements of these structures (2.4-
2.8 µm) suggest that they probably represent glial 
elements, but this has to be confirmed by further 
immunocytochemical analysis.  
 Therefore, the present data broaden the scope of 
the possible roles played by the inducible HSP70 in 
neurodestructive or neuroregenerative processes that 
develop following a sustained peripheral constriction 
injury. In addition, there is still a number of relevant 
questions to be answered. Further work will be required 
to investigate the potential involvement of glial elements, 
such as microglia, astrocytes and oligodendroglia, in 

relation to the cauda equina constriction injury. Since the 
astrocytes are localized in an intimate contact with 
neurons, it could be suggested that they could be a 
potential sensitive element responding to any perturbation 
of neuronal homeostasis (Murray et al. 1990, Vernadakis 
1996, Ridet et al. 1997, Čížková et al. 1997). Another 
important focus for future studies is the application of 
highly sensitive double-stained immunocytochemical 
methods displaying the viability of those motoneurons 
that express or lack the synthesis of the inducible HSP70 
in correlation with the ensuing reaction of all glial types 
including microglia, astrocytes and oligodendroglia. 
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CES – cauda equina syndrome  
DRGs – dorsal root ganglion cells 

HSP – heat shock protein 

HSP-IR – heat shock protein-immunoreactivity 

HSPs – heat shock proteins 

MCEC– multiple cauda equina constrictions 
NOS – nitric oxide synthase  
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