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        Abstract 
 

Found in every cell of every organism, heat shock proteins (hsps) participate in a wide range of 

cellular processes and primarily function as molecular chaperones that mediate the activity of 

other cellular proteins. Hsps are required for a range of fundamental mechanisms used by cancer 

cells and they have consequently been identified as valid targets in the treatment of cancer. It was 

the aim of this thesis to further investigate these roles in breast cancer and melanoma using novel 

approaches from a biochemical and immunological perspective. 

 

In a preliminary study, breast cancer tissues (n = 30) were demonstrated by Western 

immunoblotting to widely express hsps 90 and 70. Two-dimensional gel electrophoresis indicated 

that a number of proteins were differentially expressed in tumour and healthy breast tissue from 

the same patient. These results suggest that a number of possibly unidentified proteins may play 

important roles in breast cancer and thus have use as therapeutic targets or biomarkers. The role of 

hsp90 and associated client proteins in breast cancer was further investigated by non-denaturing 

immunoprecipitation followed by elution with geldanamycin, a specific inhibitor of hsp90. 

Geldanamycin-sensitive hsp90 client proteins were observed in seven of 11 protein extracts from 

breast cancer patients and one healthy individual. Immunoprecipitation, Western immunoblotting 

and LC-MS identified hsps 40, 56/FKBP52, 60, 70, 105 and lumican as potential hsp90 client 

proteins. These proteins may thus assist breast cancer progression alongside hsp90. In one patient 

sample, a cancer-specific group of proteins was identified, while in all experiments geldanamycin 

resistance was observed. The results of this study may have relevance for the future of breast 

cancer research and clinical treatment. 

 

Cell surface proteins involved in cell adhesion, apoptosis, antigen presentation as well as hsps 

were investigated for their role in melanoma metastasis. In addition, the influence of co-culture 

with stromal cells was investigated as a potential model system for in vivo growth conditions. 

Matched sets of primary-derived versus metastasis-derived melanoma cell lines were cultured and 

screened for the expression of CD44, CD54, CD95, CD155, MHC I, hsps 90, 70, 60, 40 and 32. 

In some instances, differential protein expression was observed in metastasis-derived cell lines as 

compared to lines derived from primary tumours, and although a number of consistent changes in 

protein expression were observed within the cell lines, these were not exclusively associated with 

primary or metastatic tumour origin. 

 

Hypoxia is a well established characteristic of cancer cells. Paradoxically, in vitro studies on 

cancer cell lines are routinely performed under hyperoxic conditions. In this study, melanoma cell 

lines were cultured under high (20 % O2, n = 42) and low (2 % O2, n = 18) oxygen tension and 

monitored for the expression of hsps 90, 70, 60, 40 and 32. Total higher expression of hsps 90, 70 

and 60 correlated with improved viability in low (P < 0.05) but not high oxygen tension. Relative 

hsp expression was consistent across the cohort of cell lines and the expression levels of hsps 90, 

70, 60 and 40 correlated with one another  (P = 0.0001), but not with hsp32. Expression of hsp90 

was associated with cell line adhesion to collagen type IV and laminin (P < 0.05). Expression of 

hsp90 and hsp40 correlated with Breslow depth of the primary tumour from which these 

metastatic tumour cell lines were derived (P < 0.04), however, hsp expression was not correlated 

with other clinical parameters including Clark level or patient survival. Interestingly, all hsps were 

identified on the cell surface and these proteins may thus play roles in tissue invasion, metastasis 

and immunological recognition. 
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Using Western immunoblotting to examine the expression of hsp90, hsp70, hsp60, hsp40 and 

hsp32 in uncultured metastatic melanomas (n = 32) demonstrated that these proteins are widely 

expressed in melanoma tumour tissue. Correlating the expression of these hsps with patient 

clinical parameters showed that increased hsp90 (P < 0.02) and hsp40 (P < 0.03) expression was 

correlated with progression to advanced tumour stage (stage III to stage IV), higher hsp90 

expression correlated with reduced patient follow-up time (P < 0.04) (survival since removal of 

the metastatic tumour that was therein examined) and hsp70 expression was associated with sex of 

the patient (P < 0.05). On the other hand, expression of the other hsps was not associated with any 

recorded patient clinical parameters. Fluorescence microscopy of whole melanoma tissues using 

the MelanA antigen as a specific marker for melanoma cells demonstrated increased expression of 

hsps 90, 70, 60, 40 and 32 in MelanA-positive cells compared to adjacent MelanA-negative (non-

melanoma) cells. These data contribute to the proposal that hsps are valid therapeutic targets in 

the treatment of melanoma. 

 

The role of hsp90 in the immunological recognition of cancer cells was investigated by treating 

target melanoma cells with the hsp90 inhibitor geldanamycin and using T cell lines and T cell 

clones as effector cells. Geldanamycin treatment was observed to abrogate the recognition of 

melanoma cells by T cell lines. In contrast, under identical conditions, T cell clones were able to 

recognise geldanamycin-treated melanoma cells. These data allude to the complexity of the hsp90 

molecular chaperone and may have consequences for the rarely considered immunological aspects 

of hsp90 inhibitors used clinically. 

 

The present studies employed a diverse range of experimental approaches to examine the role of 

hsps, hsp-client proteins and cell surface proteins in a wide range of human cancer cells, including 

breast cancer, melanomas and related cell lines. A number of novel experimental approaches were 

developed which included screening of hsp expression in matched primary and metastatic tumour 

cell lines, the adoption of cancer cell line culture under conditions of low oxygen tension, 

immunofluorescence to identify hsp expression in melanoma and adjacent non-melanoma cells in 

situ and attempts to relate hsp expression to patient clinical parameters. The overall outcomes of 

these studies have clearly demonstrated a critical role for hsps in cancer pathogenesis and in the 

immune recognition of cancer cells. Moreover, these studies have provided fresh evidence that 

hsps provide a valid therapeutic target in the treatment of cancers. Nevertheless, many of the 

present results were equivocal and contradicted some previous studies. These observations simply 

confirm our limited understanding of the complexities of cancer pathogenesis and the hsp 

molecular chaperone system. 
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