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Abstract

Cellular response to stress leads to production of heat shock proteins (Hsps) that are protective against various
perturbations including stress, infection and inflammation. The liver is a victim to many body disturbances
including intoxications and systemic diseases. Stemming on the ability of Hsps to protect an array of
perturbations in various body systems, it is justifiable to explore their protective potency to the rat model of
carbon tetrachloride (CTC)-induced hepatic toxicity. The current study therefore aimed at testing whether prior
induction of Hsp90 could protect the liver against CTC. Rats were exposed to zinc sulphate (ZS) to induce
Hsp90 then CTC for 8, 24, 48 or 72 hr. At the end of treatment, rats were sacrificed, autopsied, liver samples
taken and fixed in formalin and routinely processed. Sectioned tissues were stained with hematoxylin and eosin
or anti-Hsp90 monoclonal antibodies to assess morphological changes and Hsp90 expression respectively. CTC
induced damage to the liver that was reduced by ZS. The ZS-mediated reduction of CTC-induced hepatic
damage matched with ZS-induced over-expression of Hsp90. It is concluded that over-expression of Hsp90 is
beneficial against CTC-induced hepatotoxicity.
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1. Introduction

The heat shock response is a highly conserved reaction exhibited by most mammalian cells to protect cells from
stresses. The response is induced by various stress-related events whereby most cells and organisms react by
rapid synthesis of a group of evolutionary conserved proteins ranging in size from 8 to 150 kDa termed the heat
shock proteins (Hsps) [1,2]. They are named and classified according to their molecular weights with major Hsp
families being HSP150, HSP110, HSP90, HSP70, HSP60, HSP40, HSP20, and HSP8.5 [3]. Other non-thermal
stress including heavy metals like sodium arsenite and zinc ions have also been shown to induce the heat shock
response [1]. The produced Hsps aim at protecting cells by rescuing proteins as well as protecting against stress,
infection, inflammation and toxicity including hepatotoxicity [4]. They act as chaperones through protein-

protein interaction to protect the already synthesized proteins against further injury [5, 6].

The liver is a predominant organ playing a pivotal role in regulating various physiological processes in the body
like metabolism, secretion, storage as well as detoxification of substances. Because of that, it is frequently
exposed to toxins, which in most cases affect cells that are equipped with detoxifying enzymes. A well-studied
model of hepatotoxicity is the rat model of carbon tetrachloride (CTC). CTC induces liver damage mediated
through lipid peroxidation by free radicals [7] which leads to cell necrosis followed by regeneration [8]. The
CTC-induced peroxidation is due to oxidative stress and the subsequent formation of reactive oxygen
intermediates. These intermediate lipoperoxides and free peroxide radicals are highly reactive and cause liver
injury or necrosis [9]. Histologically, CTC-induced hepatic toxicity is manifested by fatty change, hepatocytic
swelling, hepatocytic nuclear fragmentation, edema, necrosis and appearance of inflammatory areas with
lymphocytic infiltration particularly around the hepatic central vein, and loss of hepatocytes [10, 11). Persistent

insult triggers fibrosis which is vivid in chronic stage of the intoxication.

Several studies have indicated the protective role of Hsps against CTC intoxication in experimental animals. A
study conducted by Lee and colleagues [4] demonstrated that rats treated with CTC show increased production
of cytosolic Hsp70 and Hsp90. Although the produced Hsps enable the cells to survive during stress and
promote the resumption of normal cellular activities in the recovery period [12, 13], cells still do not benefit
wholly from the CTC-induced Hsps. As a result, liver damage following CTC exposure is a common course.
One of the reasons for the failure of complete protection by Hsps is that the CTC-induced Hsps come too late to
rescue the damaged cells since they are concurrently produced during the stress episode. Most likely, cells
would benefit more from Hsps if these Hsps are produced earlier and far in advance of the stress as indicated
earlier [14]. Thus, by considering the ability of heat shock response to confer protection against peroxidation in
the liver [15, 16] and the fact that Hsps could best benefit cells when induced prior to stressors [14], it is of
interest to explore whether zinc sulphate (ZS), which is a potent inducer of the heat shock response is beneficial

against CTC hepatotoxicity.

2. Materials and methods

2.1. Laboratory animals

A total of 56 (Table 1) 21 week old male Wistar rats (Sokoine University of Agriculture, Morogoro, Tanzania)
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weighing 138.7-221.6 g were used. They were kept in cages in a restricted access room with controlled room
temperature and 12 h light/dark cycle. After 2 weeks of acclimatization, the rats were labeled and randomly
allocated in 6 groups of 4-16 animals and kept up to 12 animals per cage in multiples of 4. Standard laboratory
diet and safe drinking water were made available ad-libitum. The study was approved by the Faculty of
Veterinary Medicine Undergraduate Studies Committee of the Sokoine University of Agriculture, Morogoro,

Tanzania.

2.2. Animal groups and treatments

Treatments to the animal groups were done as indicated in Table 1. All injections were done intraperitoneally at
1 ml. Control groups received injection water (group 1) or olive oil (vehicle for CTC) (group 2). Rats in group 3
were given 50% CTC in olive oil (Well’s, Madrid, Spain). Those in group 4 received 10 mg/kg of ZS (Techno
Pharmachem, India). The effect of ZS on CTC intoxication was assessed by subsequently exposing rats to CTC
following 8 hr (group 5) or 24 hr (group 6) of recovery from ZS. Animals were then humanely sacrificed at 8,
24, 48, or 72 hr of the experiment by over dosage of chloroform.

Table 1: Experimental groups and treatments

Group Treatment Animals used
8h 24h 48h 72h Total
1 Control: Injection water - - - 4 4
2 Control: Olive oil - - - 4 4
3 CTC - 4 4 4 12
4 ZS 4 4 4 4 16
5 ZS followed by CTC after8h - 4 4 4 12
6 ZS followed by CTC after 24 h 4 4 8
Total animals 4 12 16 24 56

CTC, carbon tetrachloride; ZS, zinc sulphate

2.3. Histological evaluation of CTC hepatotoxicity

The humanely sacrificed rats were opened by midline laparotomy. The liver was accessed and observed for any
abnormalities. Subsequently, pieces of the liver were taken, fixed in 10% neutral buffered formalin and
processed routinely. Sectioning was done to obtain 4 pum thick tissue sections to be used for histology and
immunohistochemistry. For histological evaluation of liver damage, the obtained tissue sections were stained
with haematoxylin and eosin (HE) and the CTC-induced toxic changes were assessed blindly and quantitated by
two independent pathologists. The quantification was performed by measuring the area of necrosis surrounding
the central vein (centrilobular necrosis) or portal triad (portal necrosis) and that extending throughout the lobule
using a standalone system of DP21 microscope digital camera (Olympus, Japan). Obtained data were expressed

as percentage lobular necrosis.
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2.4. Immunohistochemistry

2.4.1. Subbing of microscopic slides

To prevent detachment of tissue sections during immunohistochemistry procedures, microscopic slides were
subbed in chrome-gelatin (10 g of gelatin and 1 g CrK(S0,),.12H,0 in 1 | of warm non-boiling distilled water).
After stirring until dissolved, a thymol crystal was added and the solution was allowed to cool before further
dissolving 0.188 g CrK(S0,),.12H,0 in the solution. The slides were then soaked in soap solution for 1 hr,
rinsed in distilled water that was changed several times, dipped in the subbing solution and drained in a paper

towel to allow drying. When thoroughly dry, the slides were stored in slide boxes until use.

2.4.2. Deparaffinization and sections to water

The obtained 4 um thick tissue sections were applied to the subbed slides. They were then deparaffinized in
xylene (3 times, 5 min each) then hydrated in descending ethanol of absolute and 95% (2 changes each solution,
10 min each change) followed by distilled water (1 min with agitation). Any excess liquid on slides was

aspirated.

2.4.3. Antigen unmasking (heat induced epitope retrieval)

To unmask antigens, the sections were covered with 10 mM sodium citrate buffer (pH 6.0) and heated at 95°C
for 5 min. Heating was repeated after topping off the sections with fresh buffer before cooling (room
temperature, 20 min) in the same buffer. The sections were then washed in distilled water (3 changes, 2 min

each) and any excess liquid was aspirated from the slides.

2.4.4. Quenching endogenous peroxidase activity

Endogenous peroxidases were inactivated by incubating the sections in 3% hydrogen peroxide in distilled water
for 10 min followed by washing (3 changes, 5 min each) in phosphate-buffered saline (PBS) (0.01M Na,HPQO,,
0.01M NaH,P0Oy,, 0.9% (w/v) NaCl; pH 7.3).

2.4.5. Immunoperoxidase staining using Horseradish peroxidase-Streptavidin system

Immunostaining was done by Horseradish peroxidase-Streptavidin system using SPlink HRP detection bulk kit
(GBI Labs, Mukilteo, WA, USA, Cat No D01-60) according to manufacturer’s recommendations. Tissue
sections were incubated for 10 min in ready for use pre-blocking solution and then blotted to remove any excess
pre-blocking solution. Subsequently, the sections were incubated in a humid chamber with monoclonal Hsp90
(Novus biological, Littleton, CO, USA) (diluted in 2% normal blocking goat serum in PBS) for 60 min at room
temperature. The sections were then rinsed in PBS (3 changes, 2 min each), incubated (10 min) in broad
spectrum biotinylated secondary antibody and rinsed in PBS (3 changes, 2 min each). They were then incubated
in HRP-Streptavidin (10 min, room temperature), washed in PBS (3 changes, 5 min each) and incubated in
DAB+ enzyme (premixed 3,3-diaminobenzidine plus) (GBI Labs, Mukilteo, WA, USA, Cat No C09-12) for 5

min or until desired colour was attained. The sections were then counterstained in hematoxylin (20 sec) and
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immediately rinsed thoroughly in tap water (about 2 min) and blued in PBS (60 sec) before rinsing in distilled
water. Subsequently, the sections were dehydrated in ascending ethanol (95% then absolute, 2 changes each
solution, 10 sec each change) and dipped in xylene (3 changes, 10 sec each). The sections were then mounted
with DPX, examined under light microscope (Olympus BX 41, Japan) and photographs taken by DP21 camera
(Olympus).

2.5. Statistical analysis

Statistical significant between the mean values of control and those for CTC-, ZS-, ZS and CTC-treated rats was
assessed by one way ANOVA with comparison of means. The differences were considered significant at p <

0.05 level using the Student’s t-Test. All numerical values are presented as mean+SEM.

3. Results
3.1. Induction of hepatotoxicity by CTC

Administration of CTC to rats for 8 hr resulted into nuclear condensation or pyknosis (nuclei are decreased in
size, roundish, homogeneous, conspicuous stained, and lack nucleoli and chromatin granules) with less dense
cytoplasm (cytoplasmolysis), mild vacuolarization and necrosis, particularly around the central vein
(centrilobular necrosis) (Figure 1). After 24 hr, CTC induced massive haemorrhage, centrilobular necrosis and
vesicular fatty change (both micro and macro) in the midzonal and periportal areas of hepatic lobules (Figure 2).
The haemorrhage and necrosis were more extensive after 48 hr to involve the midzonal area while sparing small
area around the portal triad. In some areas this necrosis extended to join adjacent central veins (centro-central
bridging) (Figure 3). Bridging necrosis involving central veins (centro-central), portal areas (porto-portal) and
central veins and portal area (centro-portal) was obvious after 72 hr exposure to CTC. At this time, the necrosis
involved the whole liver lobule except for small portions that were surrounded by the bridging necrosis (Figure
4). Hepatocytes in these latter areas were nevertheless undergoing necrosis. Histological sections of control rats

showed mild congestion and a normal organ architecture (Figure 5).

3.2. Effect of ZS on CTC hepatotoxicity

The effect of CTC after prior induction of ZS for 8 hr is shown in Figure 6 to 8. Figure 6 indicates that 8 hr
exposure to CTC led to mild degenerative changes exhibited by dense cytoplasm and retention of vesicular
nuclei containing nucleoli that were lost in their counterparts devoid of ZS (Figure 1). The 8 hr exposure to ZS
also reduced the magnitude of necrosis in rats subsequently exposed to CTC for 24 hr but showed both micro-
and macro- vesicular fatty changes (Figure 7). There was mild haemorrhage and no obvious necrosis in these
animals as opposes to their counterparts not receiving ZS (Figure 2). When the exposure to CTC was extended
to 48 hr, there was a reduction in the severity and extent of haemorrhage and necrosis. In this case, the lesion
was less haemorrhagic and could hardly cause bridging of adjacent central veins (Figure 8) contrary to the lesion
in rats without ZS pre-treatment (Figure 3). At 72 hr CTC exposure, pre-treatment with ZS for 8 hr led to mild

or no bridging at all (Figure 9) as opposes to extensive bridging necrosis in rats devoid of ZS (Figure 4).
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Figure 1: Nuclear condensation and mild necrosis. CTC 8 hr, HE, 100x

Figure 2: Haemorrhage, vacuolarization and necrosis. CTC 24 hr, HE, 200x

Figure 3: Severe haemorrhage and bridging necrosis. CTC 48 hr, HE, 100x

Figure 4: Severe bridging necrosis. CTC 72 hr, HE, 100x
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Figure 5: Congestion. Control. HE, 200x

Figure 6: Mild centrilobular necrosis. ZS 8 hr CTC 8 hr, HE, 100x

Figure 7: Haemorrhage and vacuolation. ZS 8 h CTC 24 h, HE, 200x

Figure 8: Micro and macrovesicles. ZS 8 hr CTC 48 hr, HE, 400x
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Figure 10: Congestion, condensed nuclei. ZS 24 h CTC 8 h, HE, 200x

Figure 12: Haemorrhage and necrosis. ZS 24 hr CTC 48 hr, HE, 100x

Figure 1-12: Rats were treated with carbon tetrachloride (CTC) after or without prior treatment (8 or 24 hr)
with zinc sulphate (ZS) and sacrificed after 8, 24, 48 or 72 hr. Each photomicrograph is a representative of 4
rats. HE, Haematoxylin and Eosin
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The protective effect of the 24 hr exposure of rats to ZS over CTC for 8, 24, or 48 hr is indicated in Figures 10,
11, and 12. Figure 10 shows that 8 hr exposure to CTC led to severe congestion and nuclear condensation but
with retained nucleoli and dense cytoplasm as opposes to rats devoid of ZS (Figure 1). As depicted in Figure 11,
mild haemorrhage and congestion together with ballooning of hepatocytes, predominate the lesion of 24 hr
exposure to CTC subsequent to ZS. Indeed, this lesion depicts a marked reduction in severity of CTC
hepatotoxicity when compared to similar lesion observed in rats devoid of ZS (Figure 2). The exposure to CTC
for 48 hr subsequent to 24 hr of ZS reduced the severe massive haemorrhage and necrosis of rats (Figure 3) to a
moderate haemorrhage and mild necrosis (Figure 12). The necrosis was centrilobular and midzonal whereas
haemorrhage was diffused throughout the lobule. The 24 hr exposure to ZS was also capable of reducing the

severity of 72 hr exposure of rats to CTC exhibited by small extent of bridging necrosis (data not shown).

3.3. Scores of necrotic area

The size of necrotic area induced by CTC in the hepatic lobule surrounding and extending from the central vein
or portal triad significantly increased with time. That of centrilobular necrosis increased from about 17% after 8
hr to 90% after 72 hr (Figure 13) whereas that of portal necrosis was from 10% after 8 hr to 90% after 72 hr
(Figure 14). Both Figure 13 and 14 indicate that prior treatment of rats with ZS for 8 or 24 hr did not
significantly reduce the size of hepatic necrosis after 8 hr of CTC treatment. The protective effect of ZS was
clearly manifested after 24 hr of CTC treatment. At this time, approximately one-third (60% to 40%) and two-
thirds (60% to 20%) of the CTC-induced centrilobular necrotic areas were reduced by 8 and 24 hr treatment
with ZS, respectively (Figure 13). After 48 hr of CTC administration, the size of the liver lobule that underwent
necrosis was about 88%. This area was significantly reduced to 30% or 10% by prior administration of ZS for 8
or 24 hr, respectively. A more or less similar reduction in necrosis was vivid after 72 hr of CTC administration
(Figure 13).

According to Figure 14, about two-thirds (30% to 10%) of the 24 hr CTC-induced portal necrotic areas were
reduced by 8 and 24 hr treatment with ZS (Figure 14). After 48 hr of CTC administration, the size of portal
necrosis was about 82%. This area was significantly reduced to 18% or 10% by prior administration of ZS for 8
or 24 hr, respectively. A more or less similar reduction in necrosis was vivid after 72 hr of CTC administration
following 8 hr of ZS but reduced to almost 0% by 24 hr ZS (Figure 14).

In addition, Figures 13 and 14 show that there was a significant difference in the potency of preventing CTC
hepatic necrosis between 8 and 24 hr of ZS treatment. The difference was vivid after 24, 48 and 72 hr of CTC
exposure whereby administration of ZS 24 hr prior to CTC was more potent in reducing hepatic necrosis than 8

hr administration.

3.4. Expression of Hsp90 by ZS

To explore the potential of ZS to induce production of Hsp90, initially constitutive expression of this Hsp was
assessed and observed a mild expression of the protein (Figure 15). Following ZS treatment, the expression of

Hsp90 showed a time-dependent course. The expression was moderate after 8 hr (Figure 16) followed by intense

180



International Journal of Sciences: Basic and Applied Research (IJSBAR) (2018) Volume 38, No 2, pp 172-188

after 24 hr (Figure 17). The expression intensity peaked up at 48 hr (Figure 18) after which it declined to
moderate at 72 hr (Figure 19). When compared to the histological changes, the expression was corresponding

the the protective potency of ZS at various time points.
3.5. Expression of Hsp90 by ZS on CTC

To better understand the significance of the induction of Hsp90, the effect of pre-induction of the chaperones on
CTC-induced liver damage was analyzed. This was done by assessing the expression of Hsp90 in rats receving
both ZS and CTC treatments and subsequently evaluating the degree of hepatic damage. Exposure of rats to ZS
for 8 hr followed by another 8 hr of CTC resulted in mild diffusely distributed expression of Hsp90 in the organ
(Figure 20). After 24 hr of CTC, the expression of Hsp90 increased in intensity and distribution (Figure 21).
After 48 hr, a faint diffuse expression of Hsp90 was observed (Figure 22). At 72 hr exposure to CTC the

observed faintly staining of Hsp90 was becoming unevenly diffused in the organ (Figure 23).

Expression of Hsp90 after 24 hr treatment of rats with ZS followed by CTC for 8, was intense and diffused
throughout the lobule (Figure 24). After 24 hr of CTC treatment, the expression was moderate and diffused
(Figure 25). Following 48 or 72 hr of CTC treatment, the expression of Hsp90 was intense and diffused in the
lobule (Figure 26).

Centrilobular necrosis Portal necrosis
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120 -
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) 24 48 72
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Figure 13: Effect of ZS on CTC-induced
cetrilobular necrosis. Rats were exposed to ZS
for 8 or 24 h followed by CTC for 8, 24, 48 or 72
h. The circular necrotic area extending from
central vein was measured in 4 rats for 4 sections
in each rat. Data indicate mean+SD. Significant
values were established at p<0.05. ZS-, rats
exposed to CTC alone; ZS, Zinc sulphate; CTC,
carbon tetrachloride

Figure 14: Effect of ZS on CTC-induced portal
necrosis. Rats were exposed to ZS for 8 or 24 h
followed by CTC for 8, 24, 48 or 72 h. The circular
necrotic area extending from portal triad was
measured in 4 rats for 4 sections in each rats. Data
indicate mean£SD. Significant values were
established at p<0.05. ZS-, rats exposed to CTC
alone; ZS, Zinc sulphate; CTC, carbon tetrachloride

4, Discussion
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The rat model of CTC hepatotoxicity has extensively been studied. Exposure of rats to CTC results into lipid
peroxidation by free radical derivatives of CTC which lead to fatty changes in the liver, swelling, inflammation
and cell damage that culminates into hepatic necrosis [11]. Depending on the dosage and duration of exposure,
the pathological lesion may be acute or chronic. Both acute and chronic CTC-induced tissue injuries are
mediated through bioactivation of phase 1 cytochrome P45 System to form reactive metabolic trichloromethyl
radicals (CCl3) and peroxytrichloromethyl radicals (OOCCI3). Consequently these free radicals can covalently
bind to macromolecules such as proteins, lipids and nucleic acids. The final outcome is an increase in
lipoperoxide and free peroxide radical concentration that are highly reactive and cause injury or necrosis [9].
The acute histological lesion of CTC is featured by haemorrhage, degeneration of hepatocytes, fatty change, and
necrosis, whereas chronic lesion is characterized mainly by hepatic fibrosis. The acute lesion may be limited to
hepatocytes around central veins or spread to midzone or entire lobule [17, 18]. Consistently, this current study
has reproduced the acute model of CTC hepatotoxicity (Figure 1-4). These lesions were exhibited in all rats

receiving CTC and varied in respect to the duration of exposure to the toxin.

Figure 15: Hsp90, constitutive mild expression. Control. IHC, 200x

Figure 16: Hsp90 moderate expression. ZS 8 hr, IHC, 1000x
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Figure 17: Hsp90 intense expression. ZS 24 hr, IHC, 600x

Figure 20: Hsp90 faint diffuse expression. ZS 8 hr CTC 8 hr, IHC, 400x
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Figure 21: Hsp90 moderate expression. ZS 8 h CTC 24 hr, IHC, 600x
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Figure 25: Hsp90 moderate expression. ZS 24 hr CTC 24 hr, IHC 600x

LF )

Figure 26: Hsp90 intense expression. ZS 24 hr CTC 48 hr, IHC 100x

Figure 15-26: Rats were treated with carbon tetrachloride (CTC) after or without prior treatment (8 or 24 hr)
with zinc sulphate (ZS) and sacrificed after 8, 24, 48 or 72 hr. Each photomicrograph is a representative of 4

rats. HE, Haematoxylin and Eosin; IHC, Immunohistochemistry

Data presented in this study also shows that ZS pre-treatment to rats reduced the severity of liver damage. The
reduction was found to be significant (p<0.05) when the necrotic areas were scored (Figure 13 and 14). This
reduction correlated with over-expression of Hsp90. Induction of heat shock response culminates in over-
expression of Hsps, which have remained remarkably conserved, ranging in size from 8kDa to 150 kDa
molecular weight. They are involved in coping with chemical and physical stress in all living cells [7, 19]. Thus,
their expression is usually associated with protection against various disorders. It is therefore possible that the
expression of Hsp90 observed in this study could be linked with the protective ability of ZS against CTC. The
potential of ZS to induce production of Hsps has been reported [20]. ZS has been observed to induce expression
of Hsps and to confer protection against various organs including the liver, in both in vivo and in vitro systems
against different conditions [21, 22]. The current study adds to the existing knowledge that ZS, possibly via

over-expression of Hsp90 can confer protection against CTC-induced hepatotoxicity.

The significance of Hsps in hepatic protection against CTC has been demonstrated by some scholars. They
reported that production of Hsp5 by dioscin protected mice against CTC-induced acute liver damage [23]. In
another study, a commercial herbal product Wei Kang Su induced production of Hsp25 and Hsp70, enhanced
mitochondrial antioxidant status and protected rats against CTC hepatotoxicity [24]. Further, Yamamoto and
colleagues [25] reported that heat shock conditioning by hyperthermia at 48 hr recovery leads to over-expression

of Hsp72. The produced Hsp72 protects the liver against CTC-induced injury.

5. Conclusion

The induction and subsequent protective role of heat shock response have been extensively evaluated in various
systems and disorders. The data presented in this study extends further the fact that Hsps, particularly Hsp90,

are produced by rat hepatocytes during administration of ZS. The animals could benefit from the response by
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earlier induction of the protein before stress. Indeed, the Hsp90 induction by ZS observed in this study was a
preconditioning response to prepare the subjects against the impending CTC stress. This preconditioning
response may play a vital role in the health of an individual. For instance, by considering the importance of zinc
as an essential element to the body for various metabolic processes, individuals with enough dietary zinc intakes
could be in a beneficial side when exposed to hepatotoxins as opposes to deficient subjects. It could be of
interest to explore further the relationship between zinc, as an essential mineral element in the body and its

protective role against hepatotoxins and toxicity to other body systems.

6. Recommendation

The current study had appreciated the protective potency of ZS against CTC hepatotoxicity in rats. It appears
that this protection is mediated through over-expression of Hsp90. Since zinc is a trace element needed for body
functioning, its protection against CTC hepatotoxicity points to an additional benefit of this element in the body,
particularly in overcoming hepatic toxicity. In addition, the observation that the protective role is partly
mediated through production of Hsps, suggests that individuals can benefit from dietary heat shock response
inducers like Vitamin B6 and butyric acid that can potentially protect against hepatotoxins. This calls for more
research in this line.

7. Limitations of the study

e The induced Hsp90 is just one of several other Hsps that can also contribute to protection. Further
studies are needed to explore the contribution of other Hsps to arrive to a conclusion on the protective
role of the heat shock response.

e ZS can mediate protection against CTC through other unknown mechanisms than Hsp90 production.

Thus, interpretation of the current findings should be done cautiously.
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