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Renal cancer cells from 43 patients and normal renal cells from 10 of them were studied for the ex- 
pression of highly stress-inducible heat shock protein 72 (HSP72) by means of immunoperoxidase 
analysis. It was found that HSP72 was expressed in a significantly higher percentage of renal cancer 
cells than normal renal cells (P = O.OOOl), the mean percentage of positive cells being 33.1+ 18% and 
8 f 5%, respectively. Moreover, a percentage of HSP72-positive cells that was less than the cut-off 
point (18%, mean value of normal cells + 2 S.D.) significantly correlated with shorter disease-free 
survival (P = 0.002). The renal cancer cell populations taken from the 21 patients who relapsed after 
a median time of 13 months (range 3-73 months) had a significantly lower percentage of HSP72- 
positive cells (mean value 25.1) 17”h) than the cells taken from the patients who remained tumour- 
free (mean value 40.8 +_ 15%) after a median period of 72 months (range 19-96 months, P = 0.003). It 
was also demonstrated that HSP72 expression can be significantly increased by 48-h in vitro incu- 
bation with rIFN-y (P = 0.007). These data suggest that HSP72 may represent a favourable prognos- 
tic factor regardless of stage and histological grade and its expression may be increased by 
treatment with rIFN-y. Further studies are needed in order to investigate the relationship between 
HSP72 and the immunoeffector cells. 0 1997 Elsevier Science Ltd. 
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INTRODUCTION 
MANY STRESS stimuli, such as heat, virus transformation, 

oxidative injury and heavy metal and serum deprivation, 

lead to the increased expression of heat shock proteins 

(HSPs) by prokaryotic and eukaryotic cells [l, 21. On the 

basis of their molecular weight, HSPs are classified into five 

main families: low molecular weight, HSP65, HSP70, 

HSP90 and HSPlOO. The families consist of several mem- 

bers, each with a different pattern of induction and ex- 

pression. Some HSP proteins, such as constitutive HSP73, 

are expressed under normal conditions in a cell-cycle depen- 

dent manner (21, whereas the highly-inducible HSP72, 

which is hardly detectable at normal temperatures, becomes 

one of the most actively synthesised proteins after heat 

shock [3]. In contrast, HSP90 and HSP60 are abundant at 

normal temperatures in most, but not all, mammalian cells 
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and are further induced by heat [4, 51. HSPs appear to 

have the physiological functions of assembling and disas- 

sembling the protein complex, and are involved in the trans- 

location of certain proteins through intracellular membranes 

[Il. 
Over the last few years, HSPs have also been shown to 

play a role in the antigenicity of turnours. The capacity of 

HSPs to be expressed on the surface of tumour cells, 

instead of their normal intracellular location, suggests they 

may play a role in inducing an immune response against 

cancer [6-81. In a chemically-induced mouse sarcoma, 

Ullrich and associates identified a tumour-specific transplan- 

tation antigen that seems to be an HSP, which is expressed 

on the cell surface and induces protective immunity [9]. 

Furthermore, a protein related to the HSP70 family has 

been shown to be immunogenic in oncogene-transformed 

rat fibroblasts [lo], and the HSP70 derived from MethA 

sarcoma (but not from normal tissue) has been demon- 

strated to be immunogenic not per se but in association with 
tumour peptides [ 111. 
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All the studies reported so far in the literature focus on in 
vitro and animal models or just a few human malignant dis- 
eases (breast, lung, pancreatic carcinoma). This is the case 
of HSP72, which is hardly detectable under normal con- 
ditions, but is very actively synthesised after heat shock. 

The aim of the present study, therefore, was to investigate 
the expression of highly stress-inducible HSP72 in tumours 
and normal renal cells and its possible clinical implications. 
Furthermore, since HSP70 is believed to act as a carrier of 

peptides in a manner similar to that of MHC in the antigen 
presenting cells, we also studied a possible immunomodula- 
tion of HSP72 by rIFN-y (interferon-gamma). 

Patients 

PATIENTS AND METHODS 

The renal cancer cells were obtained from 43 patients (29 
male and 14 female) who had undergone radical nephrect- 
omy for non-metastatic renal cell carcinoma (RCC); their 
median age at the time of surgery was 59 years (range 28- 

75). The normal renal cells were obtained from 10 of these 
patients. All the patients were scheduled for monitoring at 

3-month intervals for the first year, every 4 months until the 
third year, every 6 months for the next 2 years, and once a 
year after 5 years. None of the patients had received any 
chemotherapeutic or immunomodulatory agents, and none 
showed any evidence of infection before surgery. All the 
patients gave their oral consent to tumour dissociation and 
the biological evaluation of cell suspensions. 

Tissue specimens and cell line 

The cell line CAIU-2 (human renal carcinoma) was cul- 
tured in Eagle’s minimal essential medium (EMEM) (Flow, 
Irvine, U.K.) plus 10% fetal calf serum (FCS; Sera Lab, 
Crawley Down, U.K.). 

The primary tumours obtained at the time of surgery 
were examined by the surgical pathologist who excised the 
specimens for both histological diagnosis and dissection 
from macroscopical tumour lesions. 

Non-necrotic tumour tissue was dissected, minced with a 
scalpel and dissociated into a single-cell suspension with 

collagenase and DNase as previously described [12]. 
Normal renal tissue from a site distant from the tumour, 
histologically determined to be tumour-free, was processed 
similarly. The cells were cryopreserved and maintained in 

the vapour phase of liquid nitrogen until needed. 
The cryopreserved tumour and normal cells were thawed 

in Hank’s balanced salt solution (HBSS) with 10% fetal 
bovine serum (FBS; Irvine Scientific, Santa Ana, California, 
U.S.A.), and then assessed for viability by means of the 
Trypan-blue exclusion test. With our dissociation and freez- 
ing procedures, viability was always 80% or more. The 
viable cells were counted, cytocentrifuged on to slides at 
50g for 5 min (2 x lo4 cells/slide), air-dried and frozen at 
-7O’C. 

Cell culture 

The dissociated cryopreserved tumour cells and cell line 
were rapidly thawed and slowly diluted in HBSS with 10% 
FBS or 10% FCS over a period of 10 min. The dissociated 
cells were centrifuged, resuspended in RPM1 plus 10% FBS 
medium, and then controlled for viability. The viable cells 
were plated in 3 ml of medium (1 x lo6 cells/well). When 
the cells reached confluence, they were removed from the 

dish by means of a rubber-tipped cell scraper and trans- 
ferred to a new well. The CAKI-2 cell line was resuspended 
and plated in EMEM plus 10% FCS under the same con- 
ditions. 

After sufficient growth had occurred, the cells were fed 
with fresh medium alone or 100 units/ml of rIFN-y (specific 
activity >2.7 x lo4 unitsimg protein; Boehringer Mannheim, 
Germany) for 48 h. The adherent cells were scraped and 

cytocentrifuged on to slides (2 x lo4 cells/slide) for the 
immunoperoxidase study. 

Immunoperoxidase 

After being cytocentrifuged on to slides, the cells were 
stained for immunoperoxidase study as previously described 

[13]. The anti-72 kDa HSP antibody (Amersham, 
Aylesbury, U.K.) was used to recognise the stress-inducible 
72 kDa protein. Anti-HLA-ABC antibody (Becton 
Dickinson, Mountain View, California, U.S.A.) was used as 
a positive control, the anti-cytokeratin-18 MAb (Boehringer, 
Mannheim) as a means of verifying the epithelial origin of 

the examined cells, and anti- CD45 antibodies (Becton 
Dickinson) were used to identified the tumour infiltrating 
leucocytes. 

An appropriate class-matched control (Sigma, St. Louis, 
Missouri, U.S.A.) was used, and no background reactivity 
was observed. 

At least 200 cells were counted blind for positive or nega- 

tive reactivity using light microscopy. All the antibodies 
used in this study induced positive staining of remarkable 
intensity, clearly distinguishable from negative staining. 

Only non-leucocytic cells were evaluated for the expression 
of HSP72. 

Statistical analysis 

The statistical significance of the differences between the 

study groups was determined using one-way ANOVA. 

When two groups of data were considered, a t-test was 
used. Disease-free interval curves were defined according to 
the product-limit method [14]. Differences between sub- 
groups were first assessed by means of the log-rank test [15] 
and then by the Cox model [ 161, including the variables 
that were significantly associated with disease-free survival 
in the univariate analysis. 

RESULTS 
Clinical and pathological features 

The tumour cells were obtained from 43 patients who 
had undergone radical nephrectomy for RCC, and normal 
renal cells were obtained from 10 of them. All the patients 
were available for follow-up (median duration 63 months, 
range 9-96 months). Of the 43 patients, 22 were tumour- 
free after a median of 72 months (range 19-96 months) and 
21 relapsed (6 in the lung, 2 in the bone, 2 in the lymph 
nodes, 2 in the skin and 9 in other sites) after a median 
period of 13 months (range 2-73 months). 

The patient stage (according to TNM) and histological 
grading are given in Table 1. At the time of nephrectomy, 
all the patients were lymph node-negative and without 
metastases. 

HSP72 expression in RCC 

HSP72 was expressed in a very low percentage of cells in 
eight, and not expressed in two of the ten normal renal cell 
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Table 1. Patient characteristics 

Stage (TNM) 
I 
II 
III 

Grading 
Gl 
G2 
G3 
Missing 

Mean % f S.D. No. (%) of 
No. of of HSP72 HSP72 positive 

patients positive cells tumours* 

2 22.5 + 18 I W-0 
13 24.6 _t 18 6 (46) 
28 36.8 _t 16 23 (82) 

I’= NSt 

4 28.0 + 18 2 (50) 
18 35.6 _t 15 15 (83) 
4 32.5 + 20 3 (75) 

17 - 10 (59) 
P=NS 

* Number of tumours expressing HSP72 levels higher than the cut- 
off point (18%, equal to the mean value of normal cells f2 S.D.). 
t Analysis was performed using one-way ANOVA. 
NS, not significant. 

populations analysed. The mean percentage of positive cells 
was 8 _+ 5%. On the basis of this finding, 18% of positive 

cells (mean + 2 S.D.) was considered the cut-off point of 
normal expression, and values higher than this were con- 

sidered high. 

HSP72 was expressed at various levels in the renal cancer 
cell populations, and the mean percentage of positive cells 

was 33.1 + 18%. A significant difference between levels of 

HSP72 expression in normal and renal cancer cells was 
observed not only in all the available renal cancer cell popu- 

lations (P = 0.0001) (Table 2), but also between the 10 nor- 

mal and cancer cell populations from the same patients 
(P= 0.009) in a paired t-test. 

Thirty of the 43 renal cancers had a high percentage of 

HSP72-positive cells (19-50% in 22 cases and more than 

50% in eight); the levels in the remaining 13 being lower 

than the cut-off point. 
NW72 appeared to be correlated with the probability of 

remaining tumour-free: the 13 patents with a percentage of 

HSP72-positive cells lower than the cut-off point had a sig- 
nificantly shorter disease-free survival (DFS) than those 
with higher HSP72 levels (P= 0.002) (Figure 1 and 

Table 3). Furthermore, the DFS curves were adjusted, in a 

multivariate analysis, by stage and histological grading. 
Nevertheless, the difference in DFS between the patients 
with high levels of HSP72-positive cells and those with low 

levels remained statistically significant (P < 0.01, Figure 1). 
HSP72, therefore, appears to be an independent prognostic 

Table 2. Levels of HSP72 expression 

Mean 
% f S.D. 
of HSP72 

positive cells 

Normal renal cell populations (n = 10) 8.0% * 5 
P= 0.0001* 

Renal cancer cell populations (n = 43) 33.1% i 18 

Patients remaining tumour-free (n = 22) 40.8% t_ 15 
P = 0.003 

Relapsing patients (n = 2 1) 25.1% f 17 

* Analysis was performed using t-test. 

x22 = 

--- I-_--L 
-. 

1 
i-Ill_ 

i 
i-Ill -.lL 

12.84; P = 0.002 

Ill 

_l.L 

x2 adjusted = 9.86; P < 0.01 
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Figure 1. Disease-free probability of 43 patients with renal 
cell carcinoma according to HSP72 expression: -, CM%: 
13 patients; --‘, 19-50%: 22 patients; - - - <50%: 8 -, 
patients. X’adjusted = adjusted fox stage and histological 

grade. 

factor. Similarly, the tumour cells from the 22 patients who 
remained tumour-free expressed a percentage of HSP72- 
positive cells (40.8 & 15%) significantly higher than the cells 
from the 21 patients who relapsed (25.1 k 17%) (P= 0.003, 

Table 2). 
11 patients have died; 2 from causes unrelated to the 

tumour and 9 of cancer; of these 5 had low HSP72 levels 
(38% of a11 the patients with low HSP72 levels) and 6 had 
more than 18% HSP72-positive tumour cells (20% of all 
the patients with high HSP72 levels). There were no statisti- 
cal differences in terms of overall survival between the 

patients with high and low HSP72 levels. 

Effect of rIFN-y on HSM2 expression 

In order to study the effect of rIFN-y on renal cancer 
cells, six cell populations and one renal cell line (CAKI-2) 
were incubated with either rIFN-y (100 U/ml) or control 

medium for 48 h. In all the cell populations and the CAKI- 

2 cell line, the percentage of HSP72-positive cells was 
higher than the cut-off point (mean value 50.5 + 23%). 

After stimulation with rIFN-y, HSP72 expression signifi- 
cantly increased in all the cell populations and the CAKI-2 
cell line (overall mean value 71.3 _+ 14%; P = 0.007, in a 

paired t-test) (Figure 2). 

Table 3. Expression of HSM2 and other turnour characteristics 

in a z&variate analysis for the prediction of disease-free suruival 

x22 P 

HSP72 expression 12.84 0.002 
Stage 7.58 0.022 
Grading 2.62 0.269 

The analysis was performed as described in Materials and Methods. 
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Figure 2. Effect of rIFN-y on the expression of HSP72 in 
renal cancer cells in culture. CAKI-2 celI line -O- and six 
renal cancer cell populations -O- were exposed in vitro to 
rIFN-y (100 U/ml) for 48 h and then tested by means of 
immunoperoxidase analysis for the expression of HSP72. The 

statistical analysis was performed using a paired t-test. 

DISCUSSION 

Although some evidence indicates that HSPs are involved 
in various aspects of cell transformation and the immune re- 

sponse against cancer [17], their biological role and its im- 
plications for the clinical course in cancer patients are not 
clear. 

Inducible HSP72 has been shown to be a negative prog- 
nostic factor for DFS in lymph node-negative breast cancer 

patients [ 181, whereas other authors have shown that 
HSP72 positively correlates with oestrogen receptors and 
inversely with the expression of mutant ~53 [19]. 

In our study, inducible HSP72 was expressed in a signifi- 
cantly higher percentage of renal cancer than normal cells. 
However, the cell populations from relapsed patients had a 

significantly lower percentage of HSP72-positive cells than 
those from the patients who remained tumour-free. Low 
percentages of HSP72-positive cells were found to be as- 

sociated with a significantly shorter DFS in a multivariate 
analysis adjusted for stage and histological grade. These 
data were supported by the observation that three cell popu- 
lations obtained from metastatic RCC lesions expressed 
very low levels of HSP72-positive cells (lo%, 14% and 
18%, respectively, data not shown). HSP72 expression may 
be one of the consequences of tumour transformation, 
although its role is not clear as it appears to be associated 
with a favourable clinical course. In fact, in our series 
HSP72 may be considered a favourable independent prog- 

nostic factor. 
In the present study, HSP72 expression was not useful 

for identifying patients with shorter overall survival; the 
difference between the number of deceased patients with 
high and low levels of HSP72 did not have statistical signifi- 
cance. A longer follow-up period is probably required. 

HSP72 appears to have a different role in different 
tumours. The same has been observed with HSP27, which 
seems to be associated with a shorter DFS in node-negative 
breast cancer patients [20], but a more favourable prognosis 
in malignant fibrous histiocytoma [21]. The reason for these 
conflicting aspects of HSPs could lie in the different func- 
tions in which they are involved. 

For example, HSP70 has been demonstrated to be over- 
expressed and involved in the regulatory process in cultured 
cells after transformation with oncogenes [lo, 22, 231, and 
high HSP70 expression (possibly of the constitutive form, 
HSP73) has been shown to provide protection from cell 
death induced by tumour necrosis factors-a and -p [24]. 

HSP70 proteins may also play an important role in 
tumour immunogenicity as it has been shown that the 
HSP72 expressed in tumour cells is recognised by T-lym- 
phocytes [25]. Moreover, HSP70 was able to elicit immu- 

nity to the tumour from which it was isolated. HSP70 

seems to be very important in the binding of tumour pep- 
tides [l 1, 261. It has recently been proposed that HSP70 

binding tumour peptides could be released by tumour cells 
and taken up by macrophages or other specialised antigen 
presenting cells, possibly by a receptor-mediated mechanism 
[27]. It appears, therefore, that stress-inducible HSP72 may 

either function as a tumour antigen or facilitate the presen- 
tation of tumour specific peptides by major histocompatibil- 
ity complex molecules [7, 8, 171. 

In an attempt to verify a possible immunomodulation of 
this protein, we studied the influence of rIFN-y on HSP72 
expression and we found that, in culture concentrations 
similar to those obtainable in ZCZW, rIFN-y was able to 

increase significantly the percentage of HSP72-positive cells 
in all the tested tumour cell populations and the cell line. 

In conclusion, the expression of inducible HSP72 is sig- 

nificantly greater in renal cancer than normal renal cells. 
Moreover, expression of HSP72 was greater in cell popu- 
lations from patients who remained tumour-free than in 
those from relapsed patients. HSP72 may, therefore, rep- 
resent a favourable prognostic factor, regardless of stage and 
histological grade. The expression of HSP72 can be signifi- 
cantly increased by in vitro incubation with rIFN-y. 
However, further studies are needed to investigate the role 
of HSP72 and its interaction with immunoeffector cells. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

Lindquist S, Craig EA. The heat-shock proteins. Anna Rev 
Genet 1988, 22, 631-637. 
Morimoto RI, Tisstres A, Georgopolous C, eds. Stress Proteins 
in Biology and Medic&u. Cold Spring Harbour, Laboratory 
Press, 1990. 
Welch WJ, Suhan JP. Morphological study of the mammalian 
stress response: characterization of changes in cytoplasmic 
organelles, cytoskeleton, and nucleoli, and appearance of intra- 
nuclear actin filaments in rat fibroblasts after heat-shock treat- 
ment. 3 Cell Biol 1985, 101, 1198-1211. 
Lai BT, Chin NW, Stanek AE, Keh W, Lanks KW. 
Quantitation and intracellular localization of the 85K heat 
shock protein by using monoclonal and polyclonal antibodies. 
Mel Cell Biol 1984, 4, 2802-2810. 
Welch WJ. Mammalian stress response: cell physiology, struc- 
ture/function of stress proteins, and implications for medicine 
and disease. Fhysiol Rev 1992, 72, 1063-1081. 
Srivastava PK, Maki RG. Stress-induced proteins in immune 
response to cancer. Current Topics Microbial Immunol 1991, 167, 
109-123. 
Ferrarini M, Heltai S, Zocchi MR, Rugarli C. Unusual ex- 
pression and localization of heat-shock proteins in human 
tumor cells. Int3 Cancer 1992, 51, 613-619. 
Multhoff G, Botzler C, W&net M, et al. A stress-inducible 72- 
kDa heat-shock protein (HSP72) is expressed on the surface of 
human tumor cells, but not on normal cells. Int 3 Cancer 
1995,61, 272-279. 
Ullrich SJ, Robinson EA, Law LW, Willingham M, Appella E. 
A mouse tumor-specific transplantation antigen is a heat shock- 
related protein. Proc Nat1 Acad Sci USA 1986, 83, 3121-3125. 



Heat Shock Protein 72 in Renal Carcinoma 877 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

Konno A, Sato N, Yagihashi A, et al. Heat- or stress-inducible 
transformation-associated cell surface antigen on the activated 
H-ras oncogene-transfected rat fibroblast. Cancer Res 1989, 49, 
6578-6582. 

20. 

21. 
Udono H, Srivastava PK. Heat shock protein 70-associated 
peptides elicit specific cancer immunity. r Exp Med 1993, 178, 
1391-1396. 
Galligioni E, Quaia M, Spada A, et al. Activation of cytolytic 
activity in peripheral blood monocytes of renal cancer patients 
against non-cultured autologous tumor cells. Int J Cancer 
1993, 55, 380-385. 
Santarosa M, Favaro D, Quaia M, et al. Expression and release 
of intercellular adhesion molecule-l in renal cancer patients. 
Int J Cancer 1995, 62, 271-275. 
Kaplan EL, Meier P. Non-parametric estimation from incom- 
plete observations. J Am Stat Assoc 1958, 53, 457-48 1. 
Mentel N. Evaluation of survival data and two new rank order 
statistics arising in its consideration. Cancer Chemother Rep 
1966, 50, 163-170. 
Cox DR. Regression models for life tables. J R Stat Sot 
1972, 34, 187-220. 
Fuller KJ, Issels RD, Slosman DO, Guillet JG, Soussi T, Polla 
BS. Cancer and the heat shock response. Eur 3 Cancer 
1994, 30A, 1884-1891. 
Ciocca DR, Clark GM, Tandon AK, Fuqua SAW, Welch WJ, 
McGuire WL. Heat shock protein hsp70 in patients with axil- 
lary lymph node-negative breast cancer: prognostic impli- 
cations. 3 Nat1 Cancer Inst 1993, 7, 570-573. 
Takahashi S, Mikami T, Watanabe Y, et al. Correlation of heat 

22. 

23. 

Love S, King RJB. A 27kDa heat shock protein that has anom- 
alous prognostic powers in early and advanced breast cancer. 
BrJ Cancer 1994,69, 743-748. 
TEtu B, Lacasse B, Bouchard HL, Laga& R, Huot J, Landry J. 
Prognostic influence of HSP-27 expression in malignant fibrous 
histocytoma: a clinicopathological and immunohistochemical 
study. Cancer Res 1992, 52, 2325-2328. 
Kingston RE, Baldwin AS, Sharp PA. Regulation of heat shock 
protein 70 gene expression by c-myc. Nature (London) 
1984,312, 280-282. 
Pinashi-Kimhi 0, Michalowitz D, Ben-Zeev A, Oren M. 
Specific interaction between the ~53 cellular tumour antigen 
and major heat shock proteins. Nature (London) 1986, 320, 
182-185. 

24. 

25. 

26. 

27. 

JPlttela M, Wissing D. Heat-shock proteins protect cells from 
monocyte cytotoxicity: possible mechanism of self-protection. 
3 Exp Med 1993, 177, 231-236. 
Yoshino I, Goedegebuure I’S, Peoples GE, Lee KY, Eberlein 
TJ. Human tumor-infiltrating CD4+ T cells react to B cell 
lines expressing heat shock protein 70. J Immunol 1994, 153, 
4149-4158. 
Udono H, Srivastava PK. Comparison of tumor-specific immu- 
nogenicities of stress-induced proteins gp96, hsp90, and hsp70. 
J Immunol 1994, 152, 5398-5403. 
Srivastava PK, Udono H, Blachere NE, Li 2. Heat shock pro- 
teins transfer peptides during antigen processing and CTL 
priming. Immunogenetics 1994, 39, 93-98. 

shock protein 70 expression with estrogen receptor levels in Acknowledgements-This work was supported by CNR Ricerca 
invasive human breast cancer. Am 3 Clin Path01 1994, 101, Finalizzata (No. 94.01269.PF39). We thank MS M. I’. Benjamin 
519-525. for her help with the preparation of the manuscript. 


