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RESUMEN

Planteamiento: Se ha estudiado la induccion de las proteinas de choque térmico (hsps) 70 y 27 en 35 pacientes con cdncer de mama
comparando con tumores no malignos. Material y métodos: Se han hecho estudios de inmunohistoquimica sobre cortes de parafina
de los 35 pacientes con céncer de mama empleando anticuerpos frente a las proteinas hsp70 y hsp27. Al mismo tiempo se han anali-
zado los tumores mediante técnicas de Western blot con los mismos anticuerpos. Resultados: Se ha encontrado expresion de hsp70
en todos los tumores, pero no sucede lo mismo con hsp27. La expresion de hsp70 es alta en todos los casos, con mas del 60% de
células tefiidas por campo en cada tumor. La expresion de hsp27 es menor en los casos donde hay reaccion positiva. La expresion
de hsp70 parece estar relacionada con los procesos de proliferacion en tejido mamario, mientras que en tumores malignos hay una
localizacion nuclear de hsp70. Conclusiones: Se puede decir que los resultados del trabajo apoyan el empleo de hsp70 como mar-
cador de malignidad en el cdncer de mama, dada su expresién aumentada y translocacion nuclear relacionada con el cdncer. Rev
Esp Patol 2001; 34(1): 9-17.
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SUMMARY

Background: The expression of heat shock proteins (hsps) 70 and 27 was studied in 35 breast cancer patients. Nonmalignant tumors
were used as controls. Materials and methods: Immunohistochemistry and Western blot techniques were applied for each of 35 malig-
nant tumors using specific hsp70 and hsp27 antibodies. Results: A positive expression of hsp70 was found in all cases, but this was

not the case for hsp27. The expression of hsp70 was found in more than 60% of cells per field in each tumor, whereas hsp27, when : !

expressed, was present in 31% of the cells at the most. The expression of hsp70 appeared fo be related to the processes of prolifera-
tion in breast tissue, whereas in malignant tumors hsp70 was localized in the nuclei. Conclusions: The results support the use of hsp70
as a marker of malignancy in breast cancer, due to its cancer-related induction and localization in the nucleus. Rev Esp Patol 2001;
34(1): 9-17. ‘
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INTRODUCTION

Heat shock, other cellular stress inducers such as anoxia,
heavy metal ions. drugs. and some clinical diseases trig-
ger the synthesis of a family of proteins, evolutionarily
well preserved and known as heat shock proteins (Asps)
(1, 2). The normal counterparts of hsps are constitutive-
ly synthesized by the cell under nonstressful conditions,
depending on the cell cycle, hormonal status, and differ-
entiation stage. These proteins are the heat shock cog-
nate proteins (Hsc) (1). Since all living organisms, from
bacteria to humans have Zhsps/hscs, it is reasonable to
think that they play fundamental roles within cells. The
activity of Asps in clinical pathology deserves special
interest. In human cancer, Asps have been found
expressed in the ovaries, the endometrium, the livef, the
blood and the breast (3-6). The physiopdthological
activity of Asps in tumor processes is not yet known, but
it is related to cell growth and differentiation, and/or
may interact with oncogenic products such as p53 and
retinoblastoma (7, 8). A positive correlation between
hsp70 expression and the estrogen receptor levels has
been found in human breast cancers, whereas the correla-
tion is negative between Asp70 and the tumor suppressor
gene p53 (9). Recent studies have investigated cell pro-
liferation in relation to Asps and have shown a positive
correlation between proliferation factors (proliferating
cell nuclear antigen (PCNA)) and the expression of
hsp70 (10). j

In the present study, we examined in detail the ex-
pression of two major stréss proteins, Asp70 and hsp27,
in 35 malignant breast cancer samples from two dif-
ferent populations in Spain and Chile. The results were
evaluated by immunohistochemistry of paraffin-embedded
sections incubated with the specific isp70 and hsp27
antibodies and quantified by counting the positive cells
per field. To confirm the immunohistochemistry data,
the antigen was identified by Western blot. The research
was aimed at finding a differential relationship between
hsps and malignant breast cancer processes. Our work-
ing hypothesis was that cancer cells, unlike normal tis-
sue, trigger stress signals which induce Asps, and would
possibly translocate /sp70, as occurs in the case of heat
shock.; For this purpose, samples of nonmalignant breast
growth processes were also studied in parallel to find
qualitative differences in the staining pattern with
respect to malignant samples. The results of this study

10

REV ESP PATOL

represent a step forward to the validation of the use of
hsp70/hsp27 as markers in breast cancer.

Materials

A total of 35 samples from malignant tumors were ana-
lyzed. The samples belonged to two different popula-
tions: 23 from Spain, and 12 from Chile. Thez criteria for
selection, excepting the malignancy of the tumors, were
based on the reports of the respective pathology depart-
ments, and the general diagnosis markers for the patients
are given in Tables 1 and 2, respectively. In paralle], a
total of 10 different nonmalignant breast growth
proce:s‘ses, including breast adenoma and fibrocystic dis-
eases were also included in the study. All the samples
for this study were obtained after primary diagnosis and
therefore patients had not been subjected to previous.
therapy. For this reason the clinical responses to therapy
are not yet available. Follow-up studies should include
these data in future papers.

Processing of tumor samples

Freshly extracted tumors were either fixed in 70%
ethanol (for protein extraction purposes) or, more usual-
ly, fixed in 10% buffered formalin at room temperature
for 24 to' 48 h, dehydrated and embedded in paraftin
blocks. Serial sections, 4 um thick, were mounted onto
3-aminopropyltriethoxy saline-coated slides (Sigma). For
histological studies, paraffin ‘blocks prepared as de-
scribed above, were sectioned, deparaffinized and proces-
sed for immunohistochemical analysis, and then coun-
terstained with hematoxylin-eosin. Different sections of
the same tumor were used for Asp70 and hsp27 anti-
bodies. For immunoblotting, deparaffinized pieces of
each tumor, corresponding to 100 mg, were frozen in
liquid: nitrogen, ground with a mortar and pestle, and

- homogenized subsequently in 1 x Laemmli PAGE-SDS

sample buffer.

Immunoblotting procedures

For SDS-electrophoresis analysis, approximately 20 pg
of total protein was loaded in 10% PAGE-SDS minigels
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Table 1 Dlagnostlc markers of breast tumors ina populatlon from Arlca (Chlle)

Tamor PCNA (%) Ki67 (%) P53 (%)
Lo ! 18 2
) 65 39 6
L3 25 15 5
g 2 18 28
5 78 17
6 25 12 15
7 63 49 12
8 29 12
9 16 18 12
10 22 14 16
.1 45 8 78

' —_—
SN

22 15

(Mini Protean II, Bio Rad Laboratories, Madrid, Spain)
with stacking gels of 4%. Prestained molecular size
markers (Amersham, Ibérica, Madrid, Spain) and rain-
bow marker, broad range, were run in parallel. After
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|
PROG-R (%) ][

CoerbA (%) STR-R (%)

i 45 60
2 6 :
1 55 18
4 37 49

88 17

57 66 75

33 28 79

14 12 8

16 8 12
8 8 7

12 15 6

electrophoretic separation, gels were blotted onto nitro-
cellulose membrane sheets (ECL. membranes, Amers-
ham) in 10% methanol, Tris-glycine buffer, at 25 V
overnight. Blots were blocked in phosphate buffered

; Table 2 Dlagnostlc markers of breast tumors ina populatlon from Cartagena (Spam)

‘ T(age) Type Metastasm PCNA (%) h167( c) p33 (%) c- erbB2 (%) STRR(%) PROG (%) ;

1 (48) Ductal - 52 99 39 19 68 90

2 (53) Ductal - 65 29 38 26 14 9

3 (47) Ductal Yes 39 22 17 24 22 18

4 (41) Ductal - 46 36 20 19 33 32

5 (39) Ductal - 39 12 33 49 41 39

6 (55) Lobular - 62 39 19 18 18 40 .

7 (53) Ductal - 58 42 25 19 40 18 ';

8 (49) Ductal - 37 18 32 7 29 30

9 (47) Ductal - 52 32 14 38 39 19

10 (34) Ductal - 29 13 I8 16 51 25
C 11 (48) Ductal Yes 34 16 19 14 59 48
C12(48) Ductal - 48 29 22 56 60 59
113 (52) Ductal Yes 38 29 2] 19 18 19
© 145D Ductal - 32 36 19 23 29 33

15 (59) Ductal Yes 36 18 13 24 30 18

16 (82) Ductal - 37 18 29 39 37 17

17 (36) Lobul. - 42 29 3] 41 34 7.
. 18 (48) Ductal - 29 15 18 33 50 20
1948 Ductal - 52 48 7 19 51 33 i
20 (47) Ductal Yes 62 39 14 18 19 14
i 21(52) Ductal Yes 19 34 29 24 22 19 ‘
©22(51) Ductal - 20 19 13 23 24 20 i
23 (49) Ductal - 31 18 12 22 33 21
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saline (PBS, 130 mM sodium chloride/10 mM disodium
phosphate/10 mM monosodium phosphate, pH 7.2), 5%
skimmed milk, for at least 3 h at room temperature, and
developed with mouse monoclonal antibodies corre-
sponding to the inducible form of human stress proteins
hsp70 and hsp27 (Sigma-Aldrich Company, Alcoben-
das, Madrid, Spain). The secondary antibody was an
HRP-coupled rabbit antimouse (Amersham). The pri-
mary and secondary antibodies were incubated for 1 h at
room temperature with shaking. Dilutions of antibodies
were carried out following the manufacturer’s instruc-
tions in each case. After each antibody dilution, three
washes in PBS, for 10 min each, were performed at room
temperature. The chemiluminescence reaction (ECL) was
carried out according to the manufacturer’s (Amersham)
instructions.

Immunohistochemistry procedures

The protocol for the sections embedded in paraffin was
as follows: firstly, the sections were mounted on poly-L-
lysin slides. Before incubation of the antibodies, the
slides were immersed in sodium citrate 0.1 M, and pre-
heated.in a 750 W microwave oven for 7 min/M to ex-
pose antigens. As primary antibodies, monoclonal mouse,
anti-human Asp27 and 70 mouse (Menarini) were dilut-
-ed 1:100 in PBS. The secondary antibody was a biotiny-
lated anti-mouse immunoglobulin G (IgG) (used in a
1:400 dilution in PBS). Incubations of antibodies and
washes were done as for Western blot. Further treatment
with peroxidase-coupled avidin allowed immunostain-
ing with diaminobenzidine. The mean percentage of
cells stained in five fields of the same preparation was
used as the score for each preparation, as is usual in
pathology. The results were scored independently by
two different pathologists. The magnification was 400x.

Statistical methods

The arithmetic mean of cell staining values in five dif-
ferent microscopic fields was used to quantify the im-
munohistochemistry results in each sample. The Spear-
man correlation test (11) was used to determine the cor-
relation between the values for iisp70 and hsp27.
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RESULTS

Expression of hsp70 and hsp27 in breast
cancer patients

Tables 3 and 4 summarize the results obtained in a pop-
ulation from Cartagena, Spain, and a population from
Arica, Chile. The hsp70 and hsp27 expressions, given as
the percentage of cells showing positive immunostain-
ing with the specific antibodies, are shown. In addition,
the pathological diagnosis, the patient’s age, and the
presence or absence of node metastasis were also re-
corded.

The Asp70 immunoreaction was recorded in a semi-
quantitative way, taking the average percentage of
stained cells in five fields as the final value. The Asp70
Immunoreaction was posmve in all tumors, and the
1nten31ty of the reaction was rather high with more than
60% of stained cells per field in all the 35 breast cancers
studied. This result is illustr ated in Figure 1, where the
immunostaining of a breast carcinoma is shown as an
example. As can be seen in Figure 1A, the staining of
hsp70 includes the carcinoma area, as well as the areas
of infiltration surfounding it (original x400). At a higher

‘magnification (original x1000) (Fig. 1B), nuclear staining

was clearly visible as was the cytoplasmic reaction. This
figure illustrates the situation found in the breast cancers
analyzed. The immunohistochemistry data demonstrate
the presence, and localization in the nucleus, of /7Sp70 n
all the 35 samples and in both populations.

The expression of fisp27 is not as high as hsp70,
under 50% of stained cells per field (Tables 3 and 4),
with an average of 31% in the population from Table 3,
and of 8.7% in the population from Table 4. As the
expression of hsp27 was below 10% in two patients of

‘the population from Chile (Table 3), and in several cases

of the population from Spain (Table 4), fisp27 may not
be directly related to the presence of tumoral growth per
se, but perhaps is rather dependent on the particular
characteristics of the tumor that remain to be elucidated.
Figure 2 shows the Asp27 immunostaining reaction in

‘breast cancer cells, where a much lower immunoreac-

tion (weaker, with a lower percentage of positive cells)
than in the case of Asp70 is observed.

The two populations clearly differed in the level of
expression of the heat shock proteins studied. While the

average expression of /isp70 was found to be 86% in the
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. Table 3. Breast cancer tumors in a population from }
|

Arica (Chile). :
| T (age) Type Metastasis (%) (%)

1(65  Papillar - 87 8 |

2(62)  Ductal - 93 501

© 3(62)  Ductal - 97 35 |

4(72)  Ductal - 94 19 ;

©5(52) Ductal Yes 94 76|

6 (78) Lobular - 89 39
7(58)  Ductal - 89 42

8 (63) Lobular - 68 22 ‘

9 (45) Ductal - 78 350

10 (70) Ductal - 62 28

11 (49) Ductal - 88 39

12(62)  Ductal - 93 %

Table 4. Breast cancer tumors in a population from Car-
tagena (Spain). :

hsp70 hsp27

‘ T (age) Type Metastasis (%) (%) |
' 1@48)  Ductal - 60 0
2(53)  Ductal - 75 g |
3(47) Ductal Yes 80 0 :
4 41) Ductal - 65 3 i
5(39) Ductal - 23 0
6 (55) Lobular - 55 6
7(53)  Ductal - 60 15 |
8(49)  Ductal N & 2
9@ Ductal - 60 13
| 1034)  Ductal - 61 8
11 48) Ductal Yes 70 20 |
| 12 (48) Ductal - 68
| 13(52)  Ductal Yes 57 _
R T AR, TR et T L4y Ducal - 65 0
Figure 1. Expression of hsp70 in a breast carcinoma: A) hsp70 = 15 (59) Ductal ;Yes 80 0
immunostaining in tumoral cells: positive reaction is observed ail Qver i 16 (82) Ductal _ 75 10
the tumor (original, x400); B) and C) Different areas of the tumor in A
at higher magnification (original, x1000) where stained nuclei are clear- 17.(36) Lobular - 69 |
ly visible in addition to cytoplasm. i 18 (48) Ductal - 82
L 19(48)  Ductal - 69 12
population from Chile (Table 3), it was only 66% in 1 20(47) Ductal Yes 85 17
population from Spain (Table 4). hsp27 expression dif- 2102 Ductal Yes 86 20
ferences also tended to be the similar: 31% in the 226D Ductal - 40 15 :
Chilean population versus 8.7% in the Spanish popula- 123 (49 Duel - 6 5
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Figure 2. Expression of hsp27in an adenocarcinoma, always at
cytoplasmatic level, and in sparsed cells (original, x400).

tion. This difference between the level of Asp70 and
hsp27 in both populations might be due to environment.
The Chilean population lives in the Atacama desert,
whereas the Spanish population is from Cartagena on
the Mediterranean coast. The conditions of air pollution
and diet are different. Another factor of variation may be
the age of patients: the patients from the Spanish popu-
lation are younger than those from the Chilean popula-
tion. Finally, ethnic differences (genetic backgrpund)
might play a role because the Chilean population is from
an area with an abundant local Aymaran indigenous
population. '
The expression of Asp70 and hsp27 is positively cor-
related (r=+0.48, p<0.05) in both populations as a
whole. If we consider the expression of both antigens in
relation to tumoral prognosis, a high stress score (con-
sidered as hsp70+hsp27) seems to be related to the pre-
sence of metastasis, and hence to a less favorable prog-
nosis (except for patient 13 in Table 3). On the other
hand, a high intensity of the hsp27 immunoreaction is
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also related to metastasis. In fact, the only case of metas-
tasis found in the population in Table 3 had positive
/151)27 staining in 76% of cells, whereas in the popula—
tion in Table 4, three patients with metastas1s had more
than 15% of hsp27-sta1ned cells.

In addition to the 1mmunoh15tochermstry a confir-
mation of hsp70 expression was carried out by Western
blot of the samples. Positive, controls for hsp70 and.
hsp27 proteins were run in parallel for the blots (data not
shown). Figure 3 (A and B) shows the result, with 100%
positive hsp70 bands -in total protein extracts from
tumors. In this figure, weaker and irregular expression
of hsp27 (compared with Asp70) can also be observed.
This tallies with the lower percentage of hsp27 positive
cells observed among the total cell populatlon in the
preparatlons

hsp 70 and 27 expression in malignant vs. "
nonmalignant breast tumors

The high Asp70 expression in breast tumors is sug-
gestive of hsp70 expression related to tumor growth.
However, a survey of other nonmalignant breast growth
procésses was considered necessary. In Figure 4 (origi-
nals, x400 A and x1000 B), the staining pattern of a
fibroadenoma (a very common, nonmalignant disease of
the breast) is shown. Although. there is a percentage of
cells showing hasp70 staining (never higher than 40%),
this is élways confined to the cytoplasm. In Figure 1, by
comparison, stained nuclei are clearly visible in differ-
ent parts of the malighant tumor (B and C, original
x1000). In nonmalignant processes, hsp70 is present in
the cytoplasm, whereas in'all cases of malignant pro—‘
cesses, staining appears in.the nuclei as well as in the ‘
cytoplasm (compare Floures 1B, C and 4B. ongmal
x1000). The pattern of nuclear staining in malignant
cells is similar to the nuclear localization described for
heat-induced Asp70 in yeast and Drosophila.

When /sp27 is assayed in nonmalignant lesions no sig-
nificant immunostaining appears (data not shown). This
different behavior of both stress proteins in relation to can-
cer may reflect the different nature of stimuli triggering
them. The nuclear localization of #sp70 in cancer cells sup-
ports the proposal of Asp70 as a cancer marker. To the best
of our knowledge, this is the first report of nuclear local-
ization of Asp70 in relation to a cancer diagnosis.
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Figure 3. In A and B two examples of Western bl

ots, after PAGE.SDS, followed by immunodeveloping by Asp70 and hsp27 antibodies.

In all cases, Hsp 70 is strongly positive, whereas the expression is weaker, and not always present for hsp27.

DISCUSSION

The present study showed high levels of Asp70 expres-
sion with nuclear translocation in 35 breast cancer
patients. The expression of hsp70 was high (>66% of
cells) in all cases of malignant tumoral cells. This high

Figure 4. A) Expression of hsp70 in a fibroadenoma (original, x400);
Staining is only restricted to cytoplasm.

expression of Asp70 in breast tumors may be a sign of
cell stress due to changes in the normal metabolism of
the glandular epithelium. Asp70 could be a stress marker
which appears when the normal physiological balance
of a tissue is impaired. Lazaris et al. (10) suggest that
hsp70 detection might be useful as a marker of the bio-

B) hsp7O in the benign process, at higher magnification (original, x1000).
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logical stress experienced by cancer cells. A general
relationship between /sp70 and the proliferative activi-
ty of breast cells may be deduced from our results.
Concerning hsp70 and proliferation, a report (12):pro-
posed hsp70 as a cell proliferation marker. In the same
context, studies by Vargas-Roig er al. (13) show, that
hsp70 is clearly associated with the mitotic spindle and
with cell proliferation, with a positive correlation among
high scores of the nuclear antigen, PCNA and hsp70
expression. Our results are in agreement with other studies
(12, 13) in that Asp70 is present in all the proliferative
processes of breast tissue. Moreover, our results suggest
that the presence of Asp70 may be associated with' cell
proliferation in the breast as, even in benign adenomas
or fibrocystic diseases, hsp70-positive cells are found.
In these latter processes, however, nuclear staining was
never observed.

The important difference shown in the present work
concerns the relationship between cancer and hsp70
nuclear localization. The specific nuclear allocation of
hsp70 found in malignant processes led us to propose
hsp 70 as a cancer diagnosis marker. isp70 is clearly
present in most malignanf breast-tumor nuclei, whereas
it is absent in nuclei from nonmalignant processes.
hsp70 protein is known to be localized in the nucleus
and nucleoli, shortly after heat shock. It has been report-
ed that hsp70 synthesis is increased in cells transfected
with “cooperating” oncogenes (c-myc) and in associa-
tion with p53 (14). In breast cancer cells, the expression
of other markers, like p353, c-erbB2 might trigger the
hsp70 translocation to nuclei so that these nuclear pro-
ducts become associated, and hence stabilized, by their
putative binding to isp70. ‘

Regarding iisp27, in Vargas er al. (13) it is demon-
strated that in a significant percentage of breast cancers,
hsp27 overexpression correlates inversely with cell pro-
liferation. These results add some evidence to the idea
that in human breast cancers, ksp27 may be involved in
cell growth arrest and increased 'differentiation, a role
different from hsp70. Our results show the expression of
hsp27 exclusively in malignant tumors, and not in pro-
liferative nonmalignant tumors, $upponing the idea of
differences between both proteins in relation to breast
cancer. !

At the same time, the suggestion of Asp70 as a marker
for tumoral diagnosis of breast cancer also presents
prospects for a new therapy in this type of cancer. Cur-
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rent therapies are based on drugs such as tamoxifen, an
estrogen inhibitor. It has been shown, however, that cell
resisténce appears after prolonged treatment. In vitro,
acquired resistance to treatment is partly due to the
induction of Asps by the cytotoxic drugs used. Vargas-
Roig et al. (15) have recently shown that Asp70 and
hsp27 are involved in drug resistance in breast cancer
patients treated with chemotherapy and hormonother-
apy. A new type of breast cancer therapy, based on im-
munological treatment, using anti-hsp antibodies, or
based on drugs that specifically inhibit heat shock pro-
tein induction, could preferentially target cells express-
ing lisps, i.e., tumoral cells, at least in breast cancer.
Moreover, this could also prevent the drug-resistant ef-
fect by induction of Asps, so frequent after long periods
of treatment. In agreement with immunological therapy,
the results reported by Conroy ef al. (16) demonstrate
the natural presence of anti-Asp27 antibodies in the sera
of breast cancer patients (but not in normal controls).
This presence correlates with an improved survival rate.
Studies to elucidate the correlation between different
tumoral markers used in breast cancer and hsps is under
way. Nevertheless, a study of the relationship between
the tumoral differentiation stage, patient survival and
hsps is a task that needs to be taken up in forthcoming
research. In vitro experiments using immunological and
chemotherapy treatment against Asps might also shed
some light on the possibility of new cancer therapies.
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