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Heat shock protein (HSP) expression is upregulated in tumour cells and, therefore, HSP expression is a
likely marker of the malignant potential of oral epithelial lesions. Furthermore, the 70-kDa HSP (HSP
70) is implicated in the degree of tumour differentiation, the rate of tumour proliferation and the
magnitude of the anti-tumour immune response. Accordingly, the distribution and intensity of HSP 70
expression was assessed in the epithelial compartment of oral squamous cell carcinoma (SCC, n=29),
dysplastic oral epithelium (n=18) and benign oral mucosal lesions (n=22) using avidin-biotin complex
immunohistochemistry and microdensitometry under standardised conditions. Staining intensity was
recorded in kilo-ohms (kQ). Normal oral mucosa (n=15) was used for comparison, and results were
analysed using Kruskall-Wallis and Fisher’s exact tests. The distribution of HSP 70 expression in well
differentiated SCC was significantly different from that in poorly differentiated SCC (P<0.05), the
latter demonstrating a more focal staining pattern. Median staining intensity in SCC (6.22 kQ),
epithelial dysplasia (9.61 kQ2) and the benign oral mucosal lesions (8.28 kQ2) was significantly greater than
that in normal oral mucosa (5.64 kQ; P<0.05). Staining intensity in poorly differentiated SCC (7.66 k)
was greater than that in moderately differentiated SCC (4.77 kQ2), although this result just failed to reach
statistical significance (?=0.06). These results suggest that, as employed currently, HSP 70 expression is
not a definitive marker of oral malignancy or malignant potential. However, with further development,
quantitative analysis of anti-HSP 70 immunoreactivity may be valuable as an adjunct to conventional
histology for assessing the malignant potential of oral mucosal lesions.
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INTRODUCTION levels of HSP demonstrated significantly better survival rates
OF FUNDAMENTAL concern in oral pathology is the ability to  than patients with tumours expressing high levels of HSP. It
distinguish dysplastic epithelial lesions that will progress to appears that HSP expression may reflect the degree of
malignancy from those that will not [1]. At present, there isno  tumorigenicity of malignant cells and thus may provide
definitive, quantifiable marker allowing this distinction additional information concerning the likely behaviour of oral

although it is generally considered that lesions with more severe  epithelial malignancies.
dysplasia have greater malignant potential, and that poorly Mutant protein products of tumour suppressor genes, such as
differentiated malignancies have a worse prognosis. P53, and oncogenes, such as ¢c-myc have been reported in oral
Previous studies have shown that tumour cells, iz vivo and in  cancer and adjacent dysplasia [8-10]. Of interest in the current
vitro, express elevated levels of heat shock proteins (HSP) [2-5], context is that the 70-kDa HSP (HSP 70) forms oligomeric
although at present, the precise functional role of this ex- complexes with p53 and c-myc in malignantly transformed cells
pression is uncertain. Tumour cell HSP expression is consid-  [11-19]. HSP 70-p53 complexes are believed to extend the half-
ered important in the immune response to cancer, possibly via  life of mutant p53 proteins, which may explain the accumu-
enhanced immunological recognition [6, 7]. Notwithstanding lation of these proteins in tumour cells [20]. HSP 70—c-myc
this, in the recent studies of Ciocca et al. [4] and Kimura e al.  complexes, on the other hand, may inhibit tumour cell cycling,
[5], patients with breast or ovarian carcinoma expressing low  resulting in enhanced tumour cell differentiation [21]. Hence,
p53 and c-myc abnormalities, described in oral epithelial
dysplasia and carcinoma, may be associated with aberrant HSP
. . 70 expression in these lesions. Accordingly, the aim of the
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dysplastic and malignant lesions compared with normal oral
mucosa. The significance of this expression is discussed.

MATERIALS AND METHODS

Tissue spectmens

Lesional tissue was available from 29 patients with oral
squamous cell carcinoma (SCC), 18 patients with oral epithelial
dysplasia and 22 patients with benign oral mucosal lesions. The
SCCs were graded as well differentiated (= 14), moderately
differentiated (n=10) and poorly differentiated (n=5). The
dysplastic oral lesions were graded as mild dysplasia (z=10) or
moderate dysplasia (n=8). The benign lesions included fibroe-
pithelial polyps (n=15) and fibrous epulides (n=7). Normal
oral mucosa from 15 healthy subjects was used for comparison.
Sections of normal tonsil were used as positive controls for HSP
70 expression. All tissue was formalin-fixed paraffin-embedded
archival material. Hence, variations due to differences in
fixation were not controlled. Diagnoses were confirmed by the
same pathologist following re-examination of haematoxylin and
eosin-stained sections from the recut blocks.

Immunohistochemistry

From each block, three 4-pm sections approximately 40 um
apart were deparaffinised, rehydrated, washed and treated with
a solution comprising 29, horse serum and 0.1%, bovine serum
albumin containing 0.1%, sodium azide in 150 mmol/l phos-
phate-buffered saline (PBS; pH 7.2) for 15 min to block non-
specific antibody binding. The primary antibody was a
polyclonal rabbit anti-HSP 70 antibody (Dako Corporation,
Carpinteria, California, U.S.A.) specific to heat shock protein
(DnaK) from E. coli, which shares greater than 48%, sequence
homology with mammalian HSP 70 [22, 23]. This anti-HSP 70
antibody recognises both the constitutively-expressed 73-kDa
member of the HSP 70 family (HSP 73) and the stress-inducible
HSP 72 [24]. HSP 72 and HSP 73 are nuclear and cytoplasmic
proteins that exhibit approximately 959, sequence homology
[25]. It was shown recently that HSP 72 and HSP 73 combine to
form a stable complex in stressed cells [26]. The optimal
dilution of anti-HSP 70 antibody (1:500) was determined by
titration. Sections were incubated with diluted primary anti-
body for 2 h at room temperature (RT). The second layer
consisted of biotin-conjugated donkey anti-rabbit immunoglo-
bulin (Amersham International, Arlington Heights, Illinois,
U.S.A.) diluted 1:200in PBS. Incubation was for 30 min at RT.
The third layer was an avidin-biotin—horseradish peroxidase
complex (Vectastain Elite, Vector Laboratories, Burlingame,
California, U.S.A.) diluted 1:50 in PBS. Incubation was for 30
min at RT. Sections were washed for 10 min in two changes of
PBS between each layer. The colour reaction was developed
with a solution comprising 0.05%, 3,3'-diaminobenzidine
tetrahydrochloride (DAB; Sigma Chemical Co., St Louis,
Missouri, U.S.A.), hydrogen peroxide (0.01%,) and nickel
chloride (0.03%,) in 48 mmol/l Tris-HCIl (pH 7.6). Counter
staining was with Mayer’s haematoxylin. Non-specific binding
of the second and third layers was controlled by the omission of
the preceeding layer. To control for non-specific binding of the
primary antibody, non-immune rabbit serum, at the same final
protein concentration as the rabbit anti-HSP 70 antibody
preparation, was substituted as the first layer for staining of
serial sections.

Evaluation of sections

Sections were coded and mixed to ensure a blind protocol.
The procedure for electronic image analysis is a modification of
a previously published method {27, 28]. Using a projection
microscope (Zeiss 477810; Carl Zeiss, Oberkochen, Germany),
sections were imaged under standardised conditions on to a
vertical numbered grid at a final magnification of x 1000. Light
intensity in the epithelial compartment was measured using a
purpose-built microphotodensitometer at 10 randomly-
selected points on the grid. The photoresistor sensor was
circular, and when adjusted for final magnification, the diameter
of the sensor was 5 um. The sensor was placed over the image of
the stained cells and the resistance recorded in kilo-ochms (kQ).
Background light intensity due to the glass slide, mountant and
cover slip was measured at the four corners and the centre of the
grid. The distribution of epithelial HSP 70 expression was
assessed concurrently.

Statistical analysis

Background light intensity was subtracted from each
measurement. The staining intensity value for each block was
the mean of 30 measurements. Densitometry data were analysed
non-parametrically using Kruskall-Wallis (incorporating New-
man-Keuls multiple comparisons) and Mann—-Whitney tests.
Distribution data were analysed by two-tailed Fisher’s exact
test. Differences were considered significant at P values less
than 0.05.

RESULTS

Distribution of HSP 70 expression

Almost one half of the SCCs (14/29; 48°;) demonstrated an
even distribution of HSP 70 expression by epithelial cells
throughout the tumour. This staining pattern accounted for 8/14
(57%,,) of the well differentiated and 6/10 (60°,) of the
moderately differentiated SCC lesions. None of the five poorly
differentiated SCCs demonstrated this staining pattern. When
analysed with Fisher’s exact test, the staining distribution in well
differentiated SCC was significantly different from that in poorly
differentiated SCC (P <0.05). In the remainder of the SCCs,
epithelial tumour cell staining was focal in distribution and there
was occasional increased staining in the “‘basal’ epithelial layer
(Figs 1-3). Approximately two thirds of the dysplastic oral
mucosal lesions (11/18; 61°,) demonstrated negative basal layer
staining, positive staining in the deep prickle layer, a relatively
unstained band beneath the keratin layer and variable surface
staining. This staining pattern was present in 6/10 (60%;,) of the
mildly dysplastic and 5/8 (639,) of the moderately dysplastic
lesions. There was no significant difference in the distribution of
HSP 70 expression between these groups (Figs 4, 5). In the
remainder of the dysplastic lesions, the staining distribution was
similar to that seen in the benign lesions and normal oral mucosa.
The staining distribution in the benign lesions (Fig. 6) was, in all
22 cases, similar to that seen in normal oral mucosa (Fig. 7). This
pattern was characterised by staining throughout all epithelial
layers, with occasional weak staining in the basal layer and
increased staining in the prickle layer.

Intensity of HSP 70 expression

The staining intensity of the positive control (normal tonsil
with anti-HSP 70 antibody as the primary layer) was 11.6 kQ
(Fig. 8). The staining intensity of the negative control (normal
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Fig. 1. HSP 70 expression in well differentiated oral squamous cell carcinoma (SCC). This section demonstrates even staining
distribution within the epithelium of the tumour. Note the slightly increased staining intensity in the “basal” layer of this
particular epithelial island.

Fig. 2. HSP 70 expression in moderately differentiated oral SCC. This section demonstrates focal staining distribution within
the epithelium of the tumour.

Fig.3. HSP 70 expression in poorly differentiated oral SCC. This section demonstrates an intensely stained focus of tumour cells.
Fig. 4. HSP 70 expression in mild oral epithelial dysplasia.

Fig. 5. HSP 70 expression in moderate oral epithelial dysplasia. Note the relatively unstained basal epithelial layer and the
intense staining in the deep prickle layer.

Fig. 6. HSP 70 expression in a fibrous epulis. Note the even distribution of staining throughout the epithelium.

Fig. 7. HSP 70 expression in normal oral mucosa. The intensity of HSP 70 expression in this section of normal oral mucosa is less
than that in oral SCC (Figs 1-3), oral epithelial dysplasia (Figs 4, 5) and benign oral mucosal lesions (Fig. 6).

Fig. 8. HSP 70 expression in tonsillar epithelium (positive control).

Fig. 9. Tonsillar epithelium with non-immune rabbit serum substituted as the primary layer (negative control). Sections in Figs

1-8 were stained with polyclonal rabbit anti-HSP 70 antibody, as described in the text. E, epithelium; CT, connective tissue; LP,

lamina propria; LT, lymphoid tissue; arrows=epithelial cells demonstrating anti-HSP 70 immunoreactivity. Final
magnification x 150.
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20- (P<0.05) that tumour cell HSP expression is important in the immune

. response to cancer [6, 7]. In addition, it was shown that patient

_ (P0.05) survival in breast and ovarian carcinoma may correlate with the
g 154 . . (P<0.05) level of HSP expression in these tumours [4, 5]. Accordingly,
> o o . the current investigation examined HSP 70 expression in
K] . ¥ : benign, dysplastic and malignant lesions of the oral mucosa.
é’ 104 by — IR Results show that the distribution of HSP 70 expression in
) - — i — poorly differentiated SCC (Fig. 3) was significantly different
fg . 3 - —=% —  (P<0.05) from that in well differentiated SCC (Fig. 1), the
@« : ¥ : ; former demonstrating a more focal staining pattern. Secondly,
Py . . 1 the intensity of HSP 70 expression was greater (P <0.05) in

o . . dysplastic (Figs 4, 5) and malignant (Figs 1-3) epithelial lesions
Normal Benign Dysplastic sce than in normal oral epithelium (Fig. 7). Thirdly, HSP 70

Fig. 10. Results of microdensitometric analysis of HSP 70
expression in normal oral mucosa, benign oral mucosal
lesions, dysplastic oral mucosa and oral squamous cell
carcinoma (SCC). Staining intensity was measured in kilo-
ohms (kQ), as described in the text. Each datum point is the
mean of 30 readings from each block. Bars are group medians.
Figures in parentheses are levels of significance of the
differences in staining intensity when each group was com-
pared (Kruskall-Wallis) with normal oral mucosa.

tonsil with non-immune rabbit serum as the primary layer) was
2.3 kQ (Fig. 9). Microdensitometry results are presented in
Table 1 and Fig. 10. The median staining intensity and range in
normal oral mucosa (5.64 kQ; 1.49-8.45 kQ) was significantly
less than that in SCC (6.22 kQ; 2.13-13.22 kQ), epithelial
dysplasia (9.61 kQ; 2.41-14.09 kQ) and the benign oral mucosal
lesions (8.28 kQ; 2.45-18.45 k()), with P values in all cases less
than 0.05. There was no significant difference in the staining
intensity between SCC, epithelial dysplasia and the benign oral
mucosal lesions. Median staining intensity in poorly differen-
tiated SCC (7.66 kQ; 5.93-12.33 kQ) was greater than that in
moderately differentiated SCC (4.77 kQ; 2.13-11.56 kQ),
although this result just failed to reach statistical significance
(P=0.06). There was no significant difference in the staining
intensity between poorly differentiated and well differentiated
SCC (6.75 kQ; 2.44-13.22 kQ). There was no significant
difference in the staining intensity between mild (10.39 kQ;
4.74-14.09 kQ) and moderate (9.61 kQ; 2.41-13.45 kQ)
epithelial dysplasia. '

DISCUSSION
Previous studies have shown that tumour cells, both i vivo
and i vitro, express elevated levels of HSP [2-5]. It is believed

expression in poorly differentiated SCC (Fig. 3) was greater
than that in moderately differentiated SCC (Fig. 2), although
this result just failed to reach statistical significance (P=0.06).
Thus, it appears that HSP 70 expression has potential
significance in investigations of oral epithelial dysplasia and
squamous cell carcinoma.

These results must be considered with the caveat that
markers of malignancy or potential malignancy may reflect
increased cell proliferation rather than a state or stage of
malignant transformation [1]. In this context, it was shown
previously that HSP 70 has a role in cell replication and
proliferation [29, 30]. However, in the current investigation this
seems unlikely, as epithelial HSP 70 expression was increased
significantly in both malignant and dysplastic lesions, while in
the latter, this expression was not coincident with obvious
epithelial thickening (Fig. 4). The staining distribution in the
benign lesions (Fig. 6) was similar to that seen in normal oral
mucosa (Fig. 7), although the staining intensity was signific-
antly greater in the former. As HSP expression can be induced
by a diverse range of non-lethal cellular stresses [25, 31],
increased HSP 70 expression in the benign lesions may be
attributable to the degree of mechanical trauma to which these
lesions were subjected in vivo.

It is generally considered that oral epithelial lesions with
more severe dysplasia have greater malignant potential. In the
current investigation, the dysplastic lesions were graded as mild
or moderate. There was no significant difference in HSP 70
staining intensity or distribution between these groups. Simi-
larly, there was no significant difference in HSP 70 staining
intensity between oral epithelial dysplasia and SCC. Although
increased HSP 70 expression was evident in the dysplastic and
malignant oral lesions compared with normal oral mucosa, there

Table 1. Intensity of HSP 70 expression in normal oral epithelium, benign oral mucosal lesions, dysplastic oral epithelium and oral squamous cell
carcinoma (SCC) (kQY)

Dysplastic SCC
Normal Benign Mild* Moderate* Total Wellf Moderatet Poort Total
n 15 22 10 8 18 14 10 5 29
Median 5.64 8.28 10.39 9.61 9.61 6.75 4.77 7.66 6.22
Range 1.49-8.45 2.45-18.55 4.74-14.09 2.41-13.45 2.41-14.09 2.44-13.22 2.13-11.56 5.93-12.33 2.13-13.22

The median staining intensity in normal oral epithelium was significantly less than that in SCC, epithelial dysplasia and the benign oral mucosal
lesions with P values in all cases less than 0.05. There was no significant difference in the staining intensity between SCC, epithelial dysplasia and
the benign oral mucosal lesions. There was no significant difference in the staining intensity between mild and moderate epithelial dysplasia.
Median staining intensity in poorly differentiated SCC was greater than that in moderately differentiated SCC, although this result just failed to
reach statistical significance (P = 0.06). There was no significant difference in the staining intensity between poorly differentiated SCC and well
differentiated SCC. * Severity of dysplasia. t Degree of differentiation.
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was also increased expression in the benign oral mucosal lesions,
suggesting that HSP 70 expression lacks specificity. Further-
more, oral cancer cells produce altered patterns of cytokeratins
and other protein products [1]. As HSP 70 is involved in protein
synthesis, folding and translocation [32-34], increased HSP 70
expression in oral SCC may be merely an epiphenomenon
related to the synthesis of a variety of proteins by the tumour
cells, rather than a marker of malignancy per se.

In conclusion, the results of the current investigation
demonstrate increased HSP 70 expression in benign, dysplastic
and malignant lesions of the oral mucosa. These results suggest
that, as employed currently, HSP 70 expression is not a
definitive or specific marker of oral malignancy or malignant
potential. However, HSP 70 is implicated in the degree of
tumour differentiation [21], the rate of tumour proliferation [20]
and the magnitude of the anti-tumour immune response [6, 7].
Tumour HSP 70 expression may, therefore, have profound
biological and prognostic significance. Hence, with further
development, quantitative analysis of anti-HSP 70 immunore-
activity in formalin-fixed, paraffin-embedded tissue may be
valuable as an adjunct to conventional histology for assessing
the malignant potential of oral mucosal lesions. Further work is
required to determine whether levels of HSP 70 expression in
oral epithelial dysplasia and carcinoma correlate with the
intensity of the local immune response and with clinical
outcomes.

1. Scully C, Burkhardt A. Tissue markers of potentially malignant
human oral epithelial lesions. ¥ Oral Pathol Med 1993, 22, 246-256.

2. Fisch P, Malkovsky M, Kovats S, et al. Recognition by human
V.9/V2 T cells of a GroEL homolog on Daudi Burkitt’s lymphoma
cells. Science 1990, 250, 1269-1273.

3. Kaur I, Voss SD, Gupta RS, Schell K, Fisch P, Sondel PM.
Human peripheral Y8 T cells recognize hsp60 molecules on Daudi
Burkitt’s lymphoma cells. ¥ Immunol 1993, 150, 2046-2055.

4. Ciocca DR, Clark GM, Tandon AK, Fuqua SA, Welch W],
McGuire WL. Heat shock protein hsp70 in patients with axillary
lymph node-negative breast cancer: prognostic implications. ¥
Natl Cancer Inst 1993, 85, 570-574.

5. Kimura E, Enns RE, Alcaraz JE, Arboleda J, Slamon D], Howell
SB. Correlation of the survival of ovarian cancer patients with
mRNA expression of the 60-kD heat-shock protein HSP-60. ¥ Clin
Oncol 1993, 11, 891-898.

6. Srivastava PK, Maki RG. Stress-induced proteins in immune
response to cancer. Curr Top Microbiol DImmunol 1991, 167,
109-123.

7. Udono H, Srivastava PK. Heat shock protein 70-associated
peptides elicit specific cancer immunity. ¥ Exp Med 1993, 178,
1391-1396.

8. Field JK. Oncogenes and tumour-suppressor genes in squamous
cell carcinoma of the head and neck. Oral Oncol, Eur ¥ Cancer 1992,
28B, 67-76.

9. Eversole LR, Sapp JP. c-myc oncoprotein expression in oral
precancerous and early cancerous lesions. Oral Oncol, Eur  Cancer
1993, 29B, 131-135.

10. Zariwala M, Schmid S, Pfaltz M, Ohgaki H, Kleihues P, SchiferR.
p53 gene mutations in oropharyngeal carcinomas: a comparison of
solitary and multiple primary tumours and lymph-node metastases.
Int ¥ Cancer 1994, 56, 807-811.

11. Pinhasi-Kimhi O, Michalovitz D, Ben-Zeev A, Oren M. Specific
interaction between the p53 cellular tumour antigen and major heat
shock proteins. Nature 1986, 320, 182—-185.

12. Hinds PW, Finlay CA, Frey AB, Levine AJ. Immunological
evidence for the association of p53 with a heat shock protein, hsc70,
in p53-plus-ras-transformed cell lines. Mol Cell Biol 1987, 7,
2863-2869.

13. Stirzbecher H-W, Chumakov P, Welch W], Jenkins JR. Mutant
p53 proteins bind hsp 73/73 cellular heat shock-related proteins in
SV40-transformed monkey cells. Oncogene 1987, 1, 201-211.

14. Stiizbecher H-W, Addison C, Jenkins JR. Characterization of
mutant p53-hsp72/73 protein—protein complexes by transient
expression in monkey COS cells. Mol Cell Biol 1988, 8, 3740-3747.

15. Ehrhart JC, Dathu A, Ullrich S, Appella E, May P. Specific
interaction between a subset of the p53 protein family and heat
shock proteins hsp72/hsc73 in a human osteosarcoma cell line.
Oncogene 1988, 3, 595-603.

16. Koskinen P]J, Sistonen L, Evan G, Morimoto R, Alitalo K. Nuclear
colocalization of cellular and viral myc proteins with HSP70 in myc-
overexpressing cells. ¥ Virol 1991, 65, 842-851.

17. Lehman TA, Bennett WP, Metcalfe RA, ¢ al. p53 mutations, ras
mutations, and p53-heat shock 70 protein complexes in human
lung carcinoma cell lines. Cancer Res 1991, 51, 4090-4096.

18. Davidoff AM, Iglehart JD, Marks JR. Immune response to p53 is
dependent upon p53/HSP70 complexes in breast cancers. Proc
Natl Acad Sci USA 1992, 89, 3439-3442,

19. Henriksson M, Classon M, Axelson H, Klein G, Thyberg J.
Nuclear colocalization of c-myc protein and hsp70 in cells
transfected with human wild-type and mutant c-myc genes. Exp
Cell Res 1992, 203, 383-394.

20. Finlay CA, Hinds PW, Tan TH, Eliyahu D, Oren M, Levine A].
Activating mutations for transformation by p53 produce a gene
product that forms an hsc70-p53 complex with an altered half-life.
Mol Cell Biol 1988, 8, 531-539.

21. Twomey BM, McCallum S, Isenberg DA, Latchman DS.
Elevation of heat shock protein synthesis and hsp gene transcrip-
tion during monocyte to macrophage differentiation of U937 cells.
Clin Exp Immunol 1993, 93, 178-183.

22. Flaherty KM, DelLuca-Flaherty, McKay DB. Three-dimensional
structure of the ATPase fragment of a 70kD heat shock cognate
protein Nature 1990, 346, 623—628.

23. Gething MJ, Shambrook J. Protein folding in the cell. Nature 1992,
355, 33-45.

24. Chappell TG, Welch W], Schlossman DM, Palter KB, Schlesinger
M]J, Rothman JE. Uncoating ATPase is a member of the 70
kilodalton family of stress proteins. Cell 1986, 45, 3—13.

25. Welch WJ. Mammalian stress response: cell physiology, structure/
function of stress proteins, and implications for medicine and
disease. Physiol Rev 1992, 72, 1063-1081.

26. Brown CR, Martin RL, Hansen W], Beckmann RP, Welch W7].
The constitutive and stress inducible forms of hsp 70 exhibit
functional similarities and interact with one another in an ATP-
dependent fashion. ¥ Cell Biol 1993, 120, 1101-1112.

27. Waldorf HA, Walsh LJ, Schechter NM, Murphy GF. Early
cellular events in evolving cutaneous delayed hypersensitivity in
humans. Am ¥ Pathol 1991, 138, 477-486.

28. Walsh L], Trinchieri G, Waldorf HA, Whitaker D, Murphy GF.
Human dermal mast cells contain and release tumor necrosis
factor-a which induces endothelial leukocyte adhesion molecule-1.
Proc Natl Acad Sci USA 1991, 88, 4220-4224.

29. Milarski KL, Morimoto RI. Expression of human HSP70 during
the synthetic phase of the cell cycle. Proc Natl Acad Sci USA 1986,
83, 9517-9521.

30. Pechan PM. Heat shock proteins and cell proliferation. FEBS Lert
1991, 280, 14.

31. Jaattelda M, Wissing D. Emerging role of heat shock proteins in
biology and medicine. Ann Med 1992, 24, 249-258.

32. Beckmann RP, Mizzen LLA, Welch WJ. Interaction of Hsp 70 with
newly synthesized proteins: implications for protein folding and
assembly. Science 1990, 248, 850-854.

33. Ellis R], Vies SM van der. Molecular Chaperones. Annu Rev
Biochem 1991, 60, 321-347.

34. Langer T, Lu C, Echols H, Flanagan J, Hayer MK, Hartl FU.
Successive action of DnaK, DnaJ, and GroEL along the pathway of
chaperone-mediated protein folding. Nature 1992, 356, 683—689.

Acknowledgements—This investigation was supported in part by
the Queensland Cancer Fund, the National Health and Medical
Research Council of Australia and the Australian Dental Research
Fund, Incorporated.



