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Chapter 7: Discussion and Conclusion 
 

HSPs have been shown to be over-expressed in a large number of cancer types and it 

is now a well-accepted concept that HSPs have a major role in the modulation of 

apoptosis. Therefore, establishing an association between the over-expression of these 

proteins and clinical parameters such as disease stage and prognosis has been the 

basis of many studies in order to assess HSPs as a biomarker of disease progression 

(Thomas et al. 2005; Chuma et al. 2003; Vargas-Roig et al. 1998; Santarosa et al. 

1997; Ciocca et al. 1993) (Table 7.1.1).  

 

Table 7.1.1: Association of HSP over-expression with tumour grade and prognosis 

(Adapted from Jaattela, (1999) and  Ciocca & Calderwood, (2005)) 

 Hsp72 Hsp27 Hsp90 

 Prognosis Tumour 

Grade 

Prognosis Tumour 

Grade 

Prognosis Tumour 

Grade 

Breast Poor High Variable Low n/d High 

Endometrial Poor High n/d Low Good n/d 

Kidney Good High n/d Variable n/d n/d 

Leukaemia Poor High Poor High Poor High 

Lung n/d High n/d n/d n/d n/d 

Osteosarcoma Good High Poor High Variable n/d 

Ovary n/d High Poor High n/d High 

 

By focusing on leukocytes from peripheral blood, this thesis aimed to determine if the 

localisation of HSPs in both lymphocytic and myeloid malignancies had any 

prognostic significance. 

 

7.1 HSP Localisation in Haematological Malignancies 

 

At present, there is a distinct lack of published research analysing the expression of 

HSPs in haematological malignancies and exploring the association of these HPSs 

with prognosis. In the case of CLL, this could be due to the chronic nature of the 

disease requiring lengthy case studies. Of the three haematological malignancies 

investigated in this thesis, AML appears to be the most studied in terms of HSP 
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expression (Thomas et al. 2005; Steiner et al. 2006; Chant et al. 1996; Hantschel et 

al. 2000). 

 

7.1.1 HSPs and Apoptosis in Haematological Malignancies 

 

Based on the fact that HSPs interfere with many of the key proteins involved in 

apoptosis, one of the first aims of this thesis was to determine if the expression of 

HSPs in haematological malignancies was related to the degree of apoptosis occurring 

ex-vivo. This was achieved by analysing the levels of HSPs and active caspase-3 in 

patients suffering from CLL, AML and MDS and comparing them to the levels 

displayed by control subjects. As anticipated, levels of caspase-3 in total lymphocytes 

was lower in CLL patients than in control subjects, owing to the fact that CLL arises 

from a reduced ability of B-cells to commit to apoptosis (Figure 3.3.1). Interestingly, 

the levels of iHsp90 and iHsp27 were found to be significantly higher in CLL patients 

when compared to controls (Figures 3.3.15 and 3.3.17), providing the first piece of 

evidence that over-expression of HSPs may endow the tumour cells with resistance to 

apoptosis. Furthermore, when the expression of iHsp27 in total lymphocytes from 

CLL patients was compared to the level of active caspase-3, it was found that a 

negative correlation existed between the two proteins (Figure 3.3.19); patients 

expressing high levels of iHsp27 were displaying low levels of active caspase-3, 

indicating an increased resistance to apoptosis in the high iHsp27-expressing patients. 

However, despite this finding, no correlation was found between the expression of 

iHsp72 or iHsp90 and levels of active caspase-3. 

 

Levels of active caspase-3 were also analysed in peripheral blood leukocytes from 

AML and MDS patients and were found to be significantly lower in monocytes from 

these patients than from control subjects. Statistically, the difference between levels in 

AML and control subjects was greater than between MDS and control subjects. 

However, MDS is often a precursor to AML and so this could explain why patients 

with AML display lower levels of this apoptotic marker than MDS patients. 

Both AML and MDS may arise from abnormalities in either the monocyte or 

neutrophil lineage, yet surprisingly, levels of active caspase-3 in neutrophils from 

AML patients, MDS patients and control subjects were not significantly different. It 

could be that as cells of the neutrophil lineage have a much shorter lifespan compared 



Chapter 7: Discussion and Conclusion 

196 

to monocytes, a large number of transformed neutrophils may have died in the bone 

marrow and therefore the CD15+ cells in the peripheral blood are non-transformed 

neutrophils as opposed to AML/MDS cells. Consequently these cells are displaying 

casapse-3 levels similar to control values. In contrast to the results observed for CLL, 

no associations between levels of caspase-3 and any of the HSPs analysed were 

discovered in neutrophils, monocytes or lymphocytes. 

 

Expression of Hsp72 on the surface of cells has previously been shown to be a target 

for NK cells and γδT-cells (Baretto et al. 2003; Radons & Multhoff, 2005) and 

induced expression of sHsp72 in tumour cells has been shown to increase 

immunogenicity (Chen et al. 2002a; Multhoff et al. 1999). With this in mind, it could 

be hypothesised that high levels of sHsp72 in ex-vivo CLL cells or leukocytes from 

AML/MDS patients may correlate with high levels of active caspase-3. However, no 

such associations were found. 

 

Although this study is unique in comparing the levels of HSPs with the degree of 

apoptosis in ex-vivo CLL cells, a study by Chant et al. (1996) showed that expression 

of Hsp72 in AML cells correlated positively with susceptibility to apoptosis; cells 

with high levels of Hsp72 were more susceptible to apoptosis via growth factor 

starvation. However, these findings may not reflect the levels of active caspase-3 prior 

to growth factor starvation. In support of the data presented here on CLL, a large body 

of research shows that depletion of HSPs, in particular Hsp72 and Hsp90, results in 

apoptosis of many different cancer cell types including ALL cells (Guo et al. 2005; 

Nylandsted et al. 2000; Zhao & Shen, 2005), suggesting that these proteins are 

essential for cell survival. 

 

7.1.2 Hsp27 and Hsp90 in Haematological Malignancies 

 

The increased expression of intracellular Hsp27 and Hsp90 observed here in CLL 

patients compared to control subjects supports the work of many other studies 

analysing these proteins in cancers of the breast, liver, prostate and larynx and acute 

leukaemia (Vargas-Roig et al. 1997; Cornford et al. 2000; Lee et al. 2007; Romani et 

al. 2007; McCarthy et al, 2008; Yufu et al. 1992). Furthermore, similarly to the 

observations made by McCarthy et al. (2008) in melanomas, iHsp90 was shown to be 
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related to stage of disease as patients in Binet stage A were found to express higher 

levels than those in Binet stages B and C. 

 

In contrast to CLL, when iHsp27 and iHsp90 were analysed in leukocytes from AML 

and MDS patients, levels of these proteins were similar to the levels seen in control 

subjects. This is contradictory to the results observed by Yufu et al. (1992) who 

reported that Hsp90 levels were significantly higher in acute leukaemia cells (ALL 

and AML) than levels in mononuclear cells from control subjects. However, the study 

by Yufu et al. (1992) only saw the inclusion of 10 acute leukaemia patients (6 AML 

and 4 ALL) and 4 healthy controls and also pooled results from both peripheral blood 

and bone marrow so basing solid conclusions on samples of this size proves difficult.  

Although expression of Hsp27 and Hsp90 has previously been shown to be of 

prognostic value in AML and MDS (Thomas et al. 2005; Duval et al. 2006), these 

studies did not compare levels of these proteins in AML/MDS with healthy controls 

and also showed a very large range of Hsp90 and Hsp27 within AML/MDS patient 

groups. 

 

7.1.3 Localisation of Hsp72 in Haematological Malignancies 

 

Based upon the fact that Hsp72 is a key HSP involved in the modulation of apoptosis, 

it could be assumed that an elevated level of this protein may be found in CLL 

patients compared to control subjects. However, it was discovered that CLL patients 

could be divided into two groups based upon their expression of iHsp72 on 

CD5+/CD19+ cells; the high expressing group of patients was found to express levels 

over 1000-fold higher than patients in the low expressing group. Furthermore, there 

was found to be a significant difference between iHsp72 levels in the high expressing 

group and levels seen in CD5-/CD19+ cells from the same CLL patients. 

Additionally, Hsp72 levels in lymphocytes from control subjects were also found to 

be significantly lower than levels in the high expressing group of patients (Figure 

3.3.5). This same pattern was also observed for surface expression of Hsp72 (although 

less pronounced), yet, no correlation was found between levels of iHsp72 and sHsp72 

in these patients. Unlike iHsp90, which showed variation in expression between Binet 

stages, neither sHsp72 nor iHsp72 expression was found to be associated with disease 

stage.  
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In AML and MDS patients, mean levels of sHsp72 and iHsp72 were found to be 

similar to levels in control subjects. However, both AML and MDS patients showed 

very large variability in sHsp72 expression (Figure 4.3.5), an observation not made in 

control subjects. These findings support the work of Steiner et al. (2006), who also 

found large variability in sHsp72 expression on AML cells from bone marrow 

samples. However, this group also showed that patients with active disease had higher 

levels of sHsp72 than patients in CR. In contrast to the work presented by Multhoff et 

al. (1999) who propose that surface expression of Hsp72 is a target for immune 

recognition and therefore beneficial for the patient, the results published by Steiner et 

al. (2006) may suggest that, in the case of AML, sHsp72 is detrimental for the patient.   

 

In AML patients, the level of sHsp72 was found to correlate in neutrophils, 

monocytes and lymphocytes (Figures 4.3.7 and 4.3.8). This was not the case in MDS 

and control subjects. Since this study is the only one of its kind in investigating 

surface embedded Hsp72 in leukocytes from peripheral blood of AML/MDS patients, 

there is nothing in the literature to verify this data. It could be hypothesised that, in 

AML patients, a component exists in the serum, perhaps released from the malignant 

cells, that is inducing expression of sHsp72 on other cell types.  

 

Dividing CLL patients according to whether the disease was stable (not requiring 

treatment) or progressive (requiring treatment) and examining the expression of 

iHsp72 revealed that expression of this protein was higher in patients with stable 

disease. This is surprising as it is expected that levels of this protein would increase as 

the disease became more aggressive. However, on reflection, high levels of this 

protein in the early stages of the disease may provide the cells with the selective 

advantage they require to overcome any attempt by the immune system to eradicate 

these cells. As the disease progresses and the cells proliferate uncontrollably, high 

iHsp72 levels may no longer be required for the cells to survive. The high iHsp90 

levels observed in CLL patients in Binet stage A and their decline as the disease 

progresses may also be explained by this hypothesis. 
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7.1.4 Extracellular Hsp72 in Haematological Malignancies 

 

In addition to surface-bound Hsp72, extracellular Hsp72 has also been shown to 

possess immuno-stimulatory properties (Radons & Multhoff, 2005). Based on these 

observations, it would not be remarkable to discover differences in levels of serum-

Hsp72 between stages of disease. However, when patients were grouped according to 

disease and analysed for the presence of extracellular Hsp72, leukaemic patients 

appeared to express similar levels of Hsp72 in serum to control subjects (Figures 3.3. 

12 and 4.3.8). Furthermore, no significant difference in Hsp72 levels between patients 

classed into different Binet stages was observed, and no significant difference was 

seen in serum-Hsp72 levels between MDS patients and the more severe AML. 

However, it was clear that CLL, AML and MDS patients showed a very wide range of 

Hsp72 in serum, an observation not made in control subjects or CR patients. When 

treatment regimes for CLL patients were analysed, it became apparent that patients 

receiving corticosteroid treatment had very small, near undetectable, amounts of 

Hsp72 present in serum. Additionally, by analysing serum Hsp72 over time in patients 

receiving corticosteroids it was clear that on commencement of treatment a dramatic 

decrease in release of Hsp72 occurred which was seen to remain low throughout the 

treatment period (Figure 3.3.14). Members of the Hsp70 (and Hsp90) family have 

previously been shown to influence GR assembly and activity (Grad & Picard, 2007) 

and so changes in the cellular location of Hsp72 in response to steroid treatment may 

not be unexpected. Inhibition of release of Hsp72 by corticosteroids may suggest an 

increase in internal Hsp72 levels that are required to inhibit steroid induced-cell death 

or could also suggest an inhibition of Hsp72 gene expression. Treatment of Jurkat 

cells with dexomethasone has previously been shown to inhibit the release of Hsp72 

(Davies, 2004).  Analysis of treatment regimes in AML and MDS patients did not 

highlight any significant associations with release of Hsp72, although many MDS 

patients do not receive conventional chemotherapy as a treatment option.  

 

ZAP-70 expression in CLL cells has previously been shown to be a predictor of poor 

prognosis (Orchard et al. 2004; Crespo et al. 2003; Chen et al. 2002b). Additionally, 

ZAP-70 has been found to be a client protein of Hsp90 (Castro et al. 2005). 

Therefore, another aim of this thesis was to determine if a relationship existed 

between the levels of ZAP-70 and Hsp90. Grouping CLL patients according to ZAP-
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70 expression and analysing the level of iHsp90 found no significant difference 

between the two groups. However, the small number of patients considered negative 

for expression of ZAP-70 made it difficult to draw solid conclusions.  

 

As a final objective for this section of the study, it was hypothesised that an 

association may exist between the expression of HSPs and the presence of Tregs in 

CLL patients. This idea was based upon data showing an increase in Tregs in a 

number of cancers (Ohara et al. 2009; Bohling et al. 2008) including CLL (Beyer et 

al. 2005) coupled with data published by Zanin-Zhorov et al. (2006), showing 

stimulation of Tregs by Hsp60. However, although Treg frequencies were 

significantly higher in CLL cells when compared to controls, no association between 

numbers of circulating Tregs and any of the HSPs analysed was found. 

 

7.2 Synergistic Action of Chemotherapeutic Agents and Membrane Fluidisers: 

Dependence upon HSP Localisation? 

 

It has previously been shown, both in-vivo and in-vitro, that the combined use of 

chemotherapeutic agents and mild hyperthermia on tumour cells provides an apparent 

improvement in treatment effectiveness compared with the use of these drugs in 

isolation (Urano & Kim, 1983; Lindegaard et al. 1992; Robins et al. 1993; 

Westermann et al. 2001; Ohtsuboa et al. 2000). This finding led to the introduction of 

thermochemotherapy as a treatment regime for solid tumours. The stimulation of 

drug-induced cell death by heat treatment may be due to the resultant cell membrane 

fluidisation, allowing more efficient delivery of the drug. Nevertheless, clinical trials 

of thermochemotherapy have become increasingly uncommon due to the development 

of thermotolerance and hence resistance to the treatment. Indeed, some in-vitro 

studies have shown inhibition of drug-induced cell death by hyperthermia (Jaattela et 

al. 1992; Mehlen et al. 1995). Other studies have shown that subjecting cells to anti-

cancer agents before a period of hyperthermia is more effective than subjecting them 

to hyperthermia before anti-cancer treatment (Dubois et al. 1989; Robins et al. 1995; 

Jaattela et al. 1992; Mehlen et al. 1995; Tran et al. 2003; Ozoren & El-Deiry, 2002; 

Moulin & Arrigo, 2006). Applying hyperthermia and cytotoxic agent simultaneously 

was shown to be the most effective method (Roigas et al. 1998). It is proposed that 
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the inhibition of cytotoxicity by hyperthermia observed in some studies may be due to 

the increase in intracellular Hsp72.  

 

The results presented in this thesis show that combining sub-lethal doses of TRAIL, 

Dox, Cyclo or Lovastatin with a sub-lethal treatment of mild hyperthermia results in 

significant cytotoxicity of both Jurkat cells and primary CLL cells (Figures 5.3.13, 

5.3.14, 5.3.15, 5.3.16, 5.3.21, 5.3.22, 5.3.23). Time course experiments analysing the 

localisation of Hsp72 in heat shock-treated cells revealed that levels of internal Hsp72 

decrease in the early stages of treatment, before beginning to increase above control 

levels by the end of the recovery period (Figure 6.1.3E). It would appear that this 

transient decrease in Hsp72 during combination treatment allows the drug to exert its 

effects without being hampered by the anti-apoptotic properties of this protein. 

Indeed, treating Jurkat cells with Dox at the end of heat-shock treatment did not result 

in significant cell death (Figure 5.3.27). This indicates that the high levels of iHsp72 

present following heat shock treatment (Figures 5.3.24A and 6.1.3E) prevent Dox 

from inducing cell death.  

 

In addition to heat shock, the aliphatic alcohols BA, ethanol and PhA (Moulin et al. 

2007a; Nagy et al. 2007; Balogh et al. 2005) and the local anaesthetic bupivacaine 

(Mizogami et al. 2002) have all been shown to effect membrane fluidity. Combining 

sub-lethal doses of these fluidising agents with TRAIL, Dox and Cyclo to treat Jurkats 

(Figures 5.3.14, 5.3.15, 5.3.16) and Primary CLL cells (Figures 5.3.21, 5.3.22, 5.3.23) 

resulted in significant cell death.  

 

When the localisation of Hsp72 was analysed over time in BA-, ethanol-, PhA- and 

bupivacaine-treated cells, a transient decrease in iHsp72 levels was observed 

following all treatments, albeit at different time points. These results reflect those seen 

following heat shock treatment and provide further support for the theory that by 

temporarily decreasing the levels of iHsp72, fluidising agents allow the drugs to work 

more effectively. 

 

sHsp72 levels increased during treatment with all fluidising treatments, again showing 

a different time course depending on treatment. This supports the “membrane sensor 

model” theory proposed by Vigh et al. (2007a), suggesting that HSPs move to the 
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membrane following changes in membrane fluidity in order to stabilise the membrane 

and re-establish membrane-lipid order. Furthermore, ELISA analysis of Jurkat cell 

supernatant showed a decrease in Hsp72 release following treatment with fluidisers 

(Figure 6.3.7) suggesting that Hsp72 is remaining at the membrane to provide this 

stabilisation. However, Vigh et al. (2007a)  suggest that it is newly-synthesised HSPs 

that provide this membrane stabilisation, while the time courses presented in this 

thesis suggest that it is pre-existing HSPs that are presented at the cell surface. Time 

course analysis of Hsp72 mRNA levels showed that all fluidising treatments induce 

Hsp72 gene expression (Figure 6.3.8). However, Hsp72 mRNA levels following PhA 

treatment are not significantly increased until two hours into treatment, and yet, a 

significant increase in this protein at the cell surface was observed after just one hour 

of treatment (Figure 6.3.1).  

 

Time course analysis of Hsp60 localisation also showed a decrease in intracellular 

levels of this protein with a concomitant increase at the cell surface following 

treatment with several fluidisers (Figure 6.3.2). In contrast to these results, sHsp90 

and sHsp27 were seen to decrease in response to several fluidisers, yet intracellular 

levels of Hsp90 and Hsp27 were also shown to decrease significantly. However, as 

mentioned previously, it could be that membrane fluidisation induces changes in the 

localisation of a distinct subset of HSPs, a theory that in part is supported by the work 

of Nagy et al. (2007) who showed that different HSPs were induced in response to 

BA and heat shock treatment. 

 

The work presented here indicates that the synergistic action of membrane fluidisers 

and chemotherapeutic agents seen in both Jurkat cells and primary CLL cells is due 

not only to enhanced delivery of the cytotoxic agent, but also to the transient decrease 

in intracellular HSPs, particularly Hsp72. Indeed, treatment with methyl-β-

cyclodextrin, a lipid raft-disrupting agent, partially inhibits the decrease in iHsp72 and 

was shown to diminish the synergistic action of Dox and ethanol (Figure 5.3.28). 

Moreover, heat shock pre-treatment, resulting in an increase in iHsp72, was also 

shown to reduce the Dox and ethanol-induced cell death (Figure 5.3.26). 
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7.3 Implications of the results 

 

There are several implications of the work presented in this thesis. Firstly, it would 

appear that the localisation of HSPs in cancer cells is critical in determining 

sensitivity to many treatment regimes. Although, numerous studies have shown the 

over-expression of various HSPs in cancer and have associated their presence with 

chemoresistance, the work presented here indicates that if the HSPs can be moved to 

the cell surface during the early stages of the treatment, this can allow the cytotoxic 

agent to work more effectively and therefore chemoresistance can be overcome. It is 

interesting that both the movement of these HSPs and the induction of HSP gene 

expression occurred in the absence of apoptosis or a reduction in cell viability, 

measured by a number of different methods. This suggests that protein denaturation is 

unlikely to be the switch to induce HSP gene expression and indicates that the signal 

may come from the membrane itself following changes in fluidity. Interestingly, cell 

membrane lipids are altered in cells from cancer patients, particularly, in those cells 

that display resistance to chemotherapy (Escriba, 2006). Therefore, in the cancer 

setting, in which abrogated HSP expression and membrane-lipid deregulation occur 

concurrently, a mutual signalling cascade may exist that is controlled by membrane 

components and ultimately affects HSP expression. Therefore, understanding the 

importance of the cell membrane in both cell signalling and cell protection, and the 

importance of HSPs in membrane re-stabilisation is critical if membrane fluidisers are 

to become incorporated into main-stream treatment regimes.  

 

Levels of Hsp27, Hsp72 and Hsp90 were found to be similar in the peripheral blood 

leukocytes of AML, MDS, CR patients and control subjects, despite findings from 

other groups showing lower HSP levels in bone marrow from CR patients compared 

to patients with active disease. This suggests that studies into myeloid malignancies 

should remain focused on bone marrow samples in order to better understand the 

relationship between changes in HSP expression and the progression of these 

diseases. 

 

Finally, the finding that, in CLL, iHsp90 but not iHsp72 or iHsp27, is correlated with 

disease stage and that iHsp27 but not iHsp90 nor iHsp72 correlates with the level of 
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active caspase-3, suggests that HSPs have a dynamic relationship in the development 

of CLL and this relationship may also exist in the development of solid tumours.  

 

7.4 Future Work 

 

The work presented in this thesis focused on HSP localisation in haematological 

malignancies and involved the analysis of peripheral blood samples from patients at 

all stages of these diseases. It would be interesting to begin a new study focusing on 

patients newly diagnosed with these malignancies, who have not received any 

treatment, in order to establish a relationship between HSP expression and patient 

survival statistics such as overall survival and treatment-free survival. AML & MDS 

research should also involve the use of several stem cell markers, as described in 

section 4.4, as opposed to a single marker in order to allow clearer identification of 

abnormal cells within the sample. 

 

CLL patients in this study were shown to be divided into two groups based upon their 

expression on iHsp72 and sHsp72. It would be interesting to investigate whether cells 

from high expressing patients and cells from low expressing patients respond 

differently to heat shock treatment at apoptotic- and necrotic-inducing temperatures, 

further enhancing the body of data implicating Hsp72 in the modulation of apoptosis.  

Levels of Hsp72 in serum were shown to be lower in patients receiving steroid 

treatment. Further work would involve in-vitro treatment of CD5+/CD19+ cells from 

CLL patients that have not received steroid treatment with methlyprednisolone to 

determine if corticosteroids can inhibit Hsp72 release. 

 

In terms of the membrane regulation of HSP responses, this thesis investigated the 

effect of non-proteotoxic levels of membrane fluidisers on the localisation of HSPs 

and the induction of Hsp72 gene expression. Further work should include 

investigations into Hsp27, Hsp60 and Hsp90 gene expression following membrane 

fluidisation. Work should also focus on exploring the relationship between HSP 

movement and gene expression to determine if it is this decrease in intracellular levels 

of HSP, following membrane fluidisation, that is itself the switch to activate gene 

expression.
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7.5 Conclusion 

 

Analysis of HSP localisation and levels of apoptosis in haematological malignancies 

revealed differences between CLL, AML and MDS patients. An aberrant expression 

of Hsp27, Hsp90 and Hsp72 was found in CLL patients compared to control subjects, 

while in AML and MDS, HSP levels were found to be similar to control values. 

In CLL, iHsp90, but not iHsp27 or Hsp72, was found to be associated with Binet 

stage with patients in Binet stage A displaying higher levels of this protein than those 

patients in Binet stage C. Furthermore, iHsp27, but not iHsp90 or Hsp72, was found 

to negatively correlate with levels of the apoptosis marker caspase-3, indicating an 

anti-apoptotic role. 

Analysis of extracellular Hsp72 in CLL patients showed significantly lower levels of 

this protein in patients receiving corticosteroid treatment. Furthermore, analysis of 

Hsp72 in serum over time in these corticosteroid-treated patients revealed a dramatic 

reduction of this protein on commencement of the treatment. However, analysis of 

extracellular Hsp72 in AML and MDS patients showed very large variation among 

patients and could not be correlated with treatment regime. Interestingly, no 

correlation between any of the HSPs was found in CLL, AML or MDS patients. 

Additionally, there was no correlation between surface or intracellular data sets. 

Although a significant increase in the number of Tregs was observed in CLL patients, 

there was also no association with HSP levels. Taken together these data suggest that 

Hsp27, Hsp72 and Hsp90 have a dynamic relationship in the progression of CLL, 

AML and MDS. 

 

Jurkat cells and primary CLL cells were shown to be sensitive to a combined 

treatment of sub-lethal doses of membrane fluidising agent and chemotherapeutic 

drug. This synergistic effect was shown using a number of different membrane 

fluidisers and drugs, indicating that the effect is not drug-specific. Membrane 

fluidising treatments were shown to modify the cellular location of HSPs, resulting in 

a transient decrease in intracellular levels of these proteins during treatment. This 

suggests that in addition to allowing more efficient delivery of the drug, fluidisers 

allow the cytotoxic agent to act without being hindered by the anti-apoptotic action of 

the HSPs. Indeed, pre-treatment with heat shock to elevate the HSP levels resulted in 

inhibition of this synergistic action between fluidiser and drug. Analysis of Hsp72 in 
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supernatant by ELISA revealed a decrease in release of this protein following 

treatment suggesting that the HSPs remain at the cell membrane possibly increasing 

membrane stabilisation. Gene expression analysis of Hsp72 revealed a significant 

increase following treatment with all fluidising agents and this was in the absence of 

proteotoxicity, supporting existing data that suggests a role of the cell membrane in 

the regulation of HSP responses. 

 




