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Abstract

Objectives: The aim of the present study was to deter-
mine the presence and expression of the 60-kD heat
shock protein (HSP60) in the dysplasia-carcinoma se-
quence in the uterine exocervix and to evaluate its diag-
nostic and prognostic significance. Methods and Re-
sults: We performed Western blot and immunohisto-
chemical analyses on biopsies from 40 cases, consisting
of 10 normal exocervical biopsies, 10 low-grade squa-
mous intraepithelial lesions (L-SIL), 10 high-grade squa-
mous intraepithelial lesions (H-SIL) and 10 cancerous
exocervices (G2 grade). The immunohistochemical re-
sults were quantified by computer-assisted image analy-
sis. Western blot analysis showed that HSP60 was unde-
tectable in normal tissues and that there was a gradual
increase of protein expression from L-SIL to carcinoma.
Immunostaining for HSP60 was negative in normal tis-
sue and positive in basal and parabasal layers of L-SIL
epithelium; H-SIL were markedly stained in all layers of

epithelium, and carcinomas showed an even stronger
positivity. The increasing expression correlated with the
malignancy grade. Finally, koilocytes were mostly nega-
tive in L-SIL and positive in H-SIL. Conclusions: The
increasing degree of expression of HSP60 from L-SIL to
carcinoma and the different intraepithelial distribution
between L-SIL and H-SIL could be used as a new diag-
nostic tool. Moreover, HSP60 could have a role in cervi-
cal carcinogenesis.

Copyright© 2002 S. Karger AG, Basel

Introduction

Exocervical cancer, the leading cause of death in wom-
en until 50 years ago, has become the 8th most common
cause of female mortality in the last decades [1]. It is
always preceded by precancerous lesions, which can exist
at a noninvasive stage for as long as 20 years [1]. Early
diagnosis and precise gradation of dysplasia are funda-
mental steps in establishing a correct prognosis. For this
reason, many pathologists have focused their attention on
the identification and classification of preneoplastic le-
sions of the uterine exocervix. Recently, the ‘Bethesda
classification’ was established [2], which includes only
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two entities: low- and high-grade squamous intraepithe-
lial lesions (L-SIL; H-SIL).

The heat shock protein (HSP) family is a class of pro-
teins, highly preserved throughout evolution, which act
mainly as molecular chaperones in protein folding. HSPs
mediate a wide range of intracellular activities, and their
high expression can be induced by a variety of cellular
stresses. In particular, the 60-kD HSP (HSP60) is a molec-
ular chaperonin localized in the outer mitochondrial
membrane and, less frequently, in extramitochondrial
sites [3]. Previous studies have pointed out the involve-
ment of different HSPs, including HSP60, in carcinogene-
sis [4, 5]. Indeed, HSPs play important roles in cell cycle
regulation and tumoral proliferation [6]. Furthermore,
the possibility that the expression of HSPs may be a prog-
nostic factor in cancer has recently attracted strong inter-
est [7].

The aim of the present study was to analyze the expres-
sion of HSP60 in exocervical preneoplastic lesions (L-SIL
and H-SIL), comparing them to normal and cancerous tis-
sues, to investigate the possible role of this chaperonin in
exocervical carcinogenesis.

Materials and Methods

Specimen Collection

Normal, dysplastic and cancerous tissues were collected, in a pro-
spective manner, by punch biopsy at the Institute of Gynecology and
Obstetrics of the ‘Policlinico P. Giaccone’ of the University of Paler-
mo, Italy. Diagnoses were performed on 7-micra formalin-fixed, par-
affin-embedded, HE-stained sections. The cervical dysplasias were
histologically classified, following the Bethesda system, as L-SIL or
H-SIL. We analyzed 10 different biopsies from L-SIL and 10 biopsies
from H-SIL, as well as 10 normal exocervical biopsies and 10 G2
squamous cell carcinomas (SCC). A small specimen of each case was
frozen for Western blotting analysis. Moreover, immunohistochemi-
cal studies were performed on formalin-fixed, paraffin-embedded
tissues. Finally, the immunopositivity of HSP60 in the epithelium of
uterine exocervix was quantified by a computer-assisted image anal-
ysis system, as described below.

Western Blot Analysis

20 ug of total cell extracts to each lane and a protein marker (Ka-
leidoscope prestained standard, catalog No. 1610324, Bio-Rad, Her-
cules, Calif., USA) were separated by electrophoresis on denaturing
10% polyacrylamide slab gel (SDS-PAGE) and transferred to nitro-
cellulose membrane (Nitrocell Paper, catalog No. 1620115, Bio-
Rad). After 1 h at room temperature with a blocking buffer (5% low-
fat dried milk in TBST: 50 mA/ Tris-HCI, pH 7.5, 150 mM NacCl,
0.1% Tween-20) under gentle shaking, the membranes were incu-
bated with anti-HSP60 primary antibody (Sigma, St. Louis, Mo.,
USA, monoclonal mouse, clone LK1, catalog No. H4149) at a dilu-
tion of 1/500 overnight at 4° C. After washings, the membranes were
incubated with HRP-conjugated secondary antibody (anti-mouse,
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1/10,000, catalog No. 31432, Pierce, Cheshire, UK) for 1 h at room
temperature with shaking and the specific binding was detected using
a chemiluminescent substrate (SuperSignal West Pico Chemilumi-
nescent Substrate, catalog No. 34080, Pierce) for autoradiography.

Immunohistochemistry

Immunostaining by the streptavidin-biotin complex method
(LSAB2 kit peroxidase, catalog No. K0677, DAKO Corporation,
Carpinteria, Calif., USA) was performed, using a primary antibody
against HSP60 (Sigma, catalog No. H4149, 1/500) and isotype-
matched control on 5-micra formalin-fixed, paraffin-embedded sec-
tions. After incubation for 10 min with serum-free protein block
(DAKO, catalog No. X0909), the primary antibody was added to the
sections. Nonimmune mouse serum was substituted for negative
controls. Aminoethylcarbazole was used as the developing chromo-
gen (DAKO, catalog No. K0677). Hematoxylin aqueous formula
(DAKO, catalog No. S2020) was used for counterstaining.

Quantitative Analysis

The expression of HSP60 in the epithelium of uterine exocervix
was quantified by computer-assisted image analysis (Colourvision
1.7.6, Improvision, Coventry, UK). For each biopsy, the entire epi-
thelium in two nonserial sections was systematically assessed on the
basis of red, green and blue color balance. At the beginning of each
session, the image analysis system was standardized using the same
section of exocervical mucosa stained for HSP60 to ensure reproduc-
ibility of the analysis. The digitized image of the standard section was
used to interactively sample an example of the positive staining and
the system was then allowed to select all the pixels of the same red,
green and blue color balance (i.e. positive staining) within the image.
The area of the epithelium was then delineated interactively and the
percentage of positive staining within the epithelium was deter-
mined; the color balance and percentage staining value were record-
ed for future sessions. At the beginning of each subsequent session,
the image analyzer was calibrated using this section and adjusted to
within £ 5% of the original pixel reading. Once the system had been
set up using the ‘standard’ slide, the test sections were analyzed using
the same parameters. An observer who was unaware of the clinical
group from which the biopsy specimen was derived performed mea-
surements of HSP60 expression. Each tissue section was analyzed on
two separate occasions by the same observer; means of the duplicate
observation data were analyzed using the Mann-Whitney U test. p <
0.05 was considered significant.

Results

Morphological Characterization of the Tissue

Normal exocervices (NE) showed a squamous epithe-
lium, with epithelial cells stratified in basal, parabasal,
intermediate and superficial layers. L-SIL were character-
ized by thickening of the epithelium, and koilocytosis was
frequently present (8 cases of 10) in the intermediate layer
of epithelium. Nuclear atypia was commonly minimal
and the mitotic index was very low [2-3 figures or less in
10 high-power fields (HPF)]. H-SIL showed thickness of
the epithelium, and koilocytes were always present in the
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middle and upper portions of epithelium. Rare bizarre or
abnormal mitoses were found and the mitotic index was
commonly moderate (4-10 figures in 10 HPF). Finally,
islets of pleomorphic cells with large nuclei, conspicuous
nucleoli and individual cell keratinization characterized
the SCC. Nuclear atypia was frequent and the mitotic
index was high (more than 10 figures in 10 HPF).

Expression of HSP60 in Human Uterine Cervices

Western blot results revealed a gradual increase of
HSP60 expression in L-SIL, H-SIL and SCC (fig. 1). By
contrast, HSP60 was undetectable in normal exocervical
biopsies.

Immunostaining for HSP60 was negative in NE, show-
ing a negligible positive signal in only 1 of 10 examined
specimens (1-2 positive basal cells) (fig. 2A). L-SIL was

1 2 3 4 5

Fig. 1. Immunoblotting results. Lane 1: normal exocervical biopsies;
lane 2: L-SIL; lane 3: H-SIL; lane 4: carcinoma; lane 5: marker.
Increasing positivity for HSP60 from L-SIL through H-SIL to carci-
noma is evident, while normal tissue is negative.

Fig. 2. Immunohistochemistry for HSP60. A In normal tissue, HSP60 was negative. B L-SIL: HSP60 positivity is
localized mostly in basal and parabasal epithelial layers. Inset: negative koilocytes. C H-SIL: HSP60 is positive in all
epithelial layers. Inset: positive koilocytes. D Carcinoma: islets of HSP60-positive cells. Bar: 50 pm.

HSP60 in Uterine Exocervical
Carcinogenesis
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Fig. 3. Computerized image analysis showed that the level of HSP60
expression in NE, L-SIL and H-SIL differed significantly. SCC pre-
sented the highest expression of HSP60. The figure shows the per-
centage of HSP60 immunoreactivity. Each data point is a mean of
duplicate observations obtained for each individual donor; the bars
represent the median. Data were analyzed using the Mann-Whitney
U test.

moderately positive for HSP60; in particular, basal and
parabasal layers presented a cytoplasmic positivity, while
HSP60 was scarcely present in the lamina propria
(fig. 2B). Moreover, koilocytes were commonly negative
in L-SIL (fig. 2B, inset). By contrast, H-SIL showed an
intense cytoplasmic staining in all the epithelial layers
(fig. 2C); in addition, the lamina propria showed occa-
sional positive stromal elements, while koilocytes were
commonly positive for HSP60 (fig. 2C, inset). Finally,
SCC showed a strong positivity for HSP60 (fig. 2D),
although interposed stromal cells were commonly nega-
tive, with a negligible number of positive stromal ele-
ments. Nuclear staining was not present in any of the
biopsies.

Computerized image analysis revealed that the level of
HSP60 expression in the uterine exocervical epithelium
in L-SIL differed significantly from that in NE [percent-
age of epithelial staining, median (range): 8 (2-16.0) vs.
0.6 (0-3.0), p < 0.05]. Moreover, HSP60 expression in
epithelium of H-SIL was significantly increased [18.3%
(7.2-34%)] when compared to both L-SIL (p = 0.037) and
NE (p = 0.001). Finally, the alteration of the morphologi-
cal architecture in SCC (islets of tumor with interposed
stroma) did not permit comparison of the HSP60 expres-
sion with that in the other conditions. However, HSP60
in SCC was always very high [80.3% (48.2-95%)] (fig. 3).
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Discussion

Numerous subjective criteria are employed by patholo-
gists to characterize SIL, but in some instances, the diag-
nosis is made by ‘experience’; these ‘instinctive diagnoses
may not be reproducible’ [2]. Changes in epithelial thick-
ness or in nuclear density, conspicuous hyperchromasia,
cell arrangements and differences in size and in staining
of intermediate and superficial cells are some of the sub-
jective criteria at the disposal of pathologists to diagnose
an L-SIL. Moreover, evaluations of epithelial immaturity,
nuclear atypia and inflammatory cellular changes, as well
as regularity of nuclear spacing, preservation of nucleoli
and absence of marked variation in nuclear size, are the
main tools to distinguish an H-SIL.

The possibility of developing new diagnostic tools is
therefore considered of great importance in all fields of
surgical pathology. A number of antibodies against sever-
al keratins, CEA and blood group antigens have been
tested to better characterize tumoral differentiation and
invasion. Moreover, the cell proliferation index [8], lack
of detection of human papillomavirus (HPV) DNA [9],
stromal infiltration by S100 protein-positive Langerhans’
cells [10] and expression of c-erbB-2 [11], ras oncogene
[11] and Tn antigen [12] have been found to be related to
an unfavorable prognosis in squamous cervical carcino-
ma. Recently, Klaes et al. [13] showed that p16INK4A wag
overexpressed in dysplastic and neoplastic cells of the cer-
vix, allowing the sensitive and specific identification of
dysplastic cervical cells in tissue sections or in cervical
smears.

Experimental evidence concerning the role of HSPs in
cell cycle regulation, DNA damage and carcinogenesis is
continuously growing [6]. Numerous data support the
hypothesis of an upregulation of HSP expression in differ-
ent tumors, suggesting that HSPs are novel markers of
malignant tumors [14]. Indeed, enhanced expression of
HSP60 has been reported in breast carcinoma [15], my-
eloid leukemia [16] and ovarian [17] and prostatic carci-
noma [18]. In particular, HSP60 overexpression has been
found in both early and advanced prostate cancer, as well
as in malignant prostate cancer cell lines, when compared
to nonneoplastic prostatic epithelium [18]. Moreover, in
another study, 10 of 23 osteosarcomas showed positivity
for HSP60, but the level of expression did not correlate
with clinical parameters [4]. By contrast, HSP60 expres-
sion was associated with a significantly better prognosis in
47 of 247 ovarian cancers [5].

Recently, high titers of HSP60 were detected in 3 of 29
patients with premalignant lesions of the oral cavity [19].
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Moreover, the expression of HSP60 was altered during
tongue carcinogenesis. Indeed, dysplastic lesions of the
tongue stained for HSP60, while SCC were negative for
this marker [20]. The cause of this different expression is
not yet clear. In addition, immunocytochemical studies
have shown the presence of HSP60 in other cellular sites,
such as the cell surface, in various tumoral cells [21].
HSP60 could have the role of molecular chaperone in
these sites as well as other unknown functions, e.g. me-
diating specific tumor signals [3, 21]. Finally, HSP60 has
been shown to be expressed on the plasma membrane of
human pancreatic carcinoma cells [22], and this expres-
sion could have a prognostic and diagnostic significance.

In this study, we found increasing expression of HSP60
from L-SIL through H-SIL to SCC. In particular, the cir-
cumscribed positivity for HSP60 in basal and parabasal
layers of L-SIL, compared to the overexpression of this
marker in H-SIL epithelium, if confirmed in a larger
series, could have a diagnostic significance.

We also found a very low number of HSP60-positive
koilocytes in L-SIL, compared to their frequent positivity
in H-SIL. This evidence could help to discriminate be-
tween these different entities. the presence of koilocytes in
the uterine exocervix is often considered a marker of HPV
infection by pathologists [23]. HPV is known to contrib-
ute to the initiation of squamous carcinoma of the cervix,
and it has been demonstrated that different HPV sero-
types are associated with a different malignancy grade of
the carcinoma [23]. Therefore, further studies determin-
ing HPV serotypes in exocervical biopsies could elucidate
a potential correlation between HSP60 expression and the
involved HPV serotype.

Computerized image analysis revealed an increase in
the levels of HSP60 in the ‘dysplasia-carcinoma se-
quence’. We can therefore postulate that HSP60 is in-
volved in cancerous progression in the uterine exocervix.
As a consequence, this different expression could have not
only diagnostic importance but also a prognostic signifi-
cance. Indeed, the expression of another HSP (HSP70)
has already been suggested as a prognostic factor in cervix
cancer [17], as it plays an important role in tumor prolifer-
ation. Moreover, HSP70 could also be implicated in the
determination of the tumor grade [17]. In particular, Park
et al. [24] found frequent HSP70 positivity in uterine cer-
vical cancer, especially in the early stages; moreover, they
analyzed clinicopathologic characteristics, expression of
p53 and estrogen receptor and HPV infection status in
their sequence of carcinomas, and found that these did
not significantly correlate with HSP70.

HSP60 in Uterine Exocervical
Carcinogenesis

The overexpression of HSP60 in the dysplasia-carcino-
ma sequence of the exocervix could also permit us to pos-
tulate that this chaperonin might have a different role in
exocervical carcinogenesis from that in mitochondria re-
generation during normal cell proliferation. Although
normal exocervical squamous epithelium continuously
regenerates its layers by mitosis of basal cells, HSP60 in
normal specimens was generally under the antibody de-
tection threshold in both Western blot and immunohisto-
chemical analyses. By contrast, L-SIL and H-SIL, as well
as carcinomas, showed a high expression of this protein.
As a consequence, we hypothesize that the overexpression
of HSP60 in these preneoplastic lesions could be the result
of either an upregulation of this protein or the accumula-
tion of a nonfunctional HSP60, but the exact mechanisms
are still not clear.

In conclusion, HSP60 was shown to be involved in cer-
vical carcinogenesis. Moreover, the different expression
of HSP60 in L-SIL, H-SIL and carcinoma could be a new
diagnostic tool, together with the evaluation of intrakoilo-
cytic positivity. In addition, the relationship between
HPV infection and HSP60 overexpression needs to be
confirmed. Further studies on the overexpression of
HSP60 could lead to the establishment of modern strate-
gies for early diagnosis and prognosis of preneoplastic
lesions of the uterine exocervix.

Acknowledgements

This work was funded by ‘Finanziamento Progetto Giovani
Ricercatori anno 1999°. We are grateful to Mr. S. Gentile and Drs.
M. Salvato and M. Campione for technical support.

Pathobiology 2002-03;70:83-88 87



References

Osteen RT (ed): Cancer Manual, ed 9. Boston,
American Cancer Society, 1996.

Crum CP, Cibas ES, Lee KR: Pathology of Ear-
ly Cervical Neoplasia. New York, Churchill
Livingstone, 1996.

Soltys BJ, Gupta RS: Immunoelectron micro-
scopic localization of the 60-kDa heat shock
chaperonin protein (Hsp60) in mammalian
cells. Exp Cell Res 1996;222:16-27.

Trieb K, Gerth R, Windhager R, Grohs JG,
Holzer G, Berger P, Kotz R: Serum antibodies
against the heat shock protein 60 are elevated
in patients with osteosarcoma. Immunobiology
2000;201:368-376.

Schneider J, Jimenez E, Marenbach K, Rome-
ro H, Marx D, Meden H: Immunohistochemi-
cal detection of HSP60-expression in human
ovarian cancer. Correlation with survival in a
series of 247 patients. Anticancer Res 1999;19:
2141-2146.

Srivastava PK, Maki RG: Stress-induced pro-
teins in immune response to cancer. Curr Top
Microbiol Immunol 1991;167:109-123.

Kim KK, Jang TJ, Kim JR: HSP70 and ER
expression in cervical intraepithelial neoplasia
and cervical cancer. J Korean Med Sci 1998;
13:383-388.

Strang P: Cytogenetic and cytometric analyses
in squamous cell carcinoma of the uterine cer-
vix. Int J Gynecol Pathol 1989;8:54-63.

Riou G, Favre M, Jeannel D, Bourhis J, Le
Doussal V, Orth G: Association between poor
prognosis in early-stage invasive cervical carci-
nomas and non-detection of HPV DNA. Lan-
cet 1990;335:1171-1174.

Sagae S, Kuzumaki N, Hisada T, Mugikura Y,
Kudo R, Hashimoto M: Ras oncogene expres-
sion and prognosis of invasive squamous cell
carcinomas of uterine cervix. Cancer 1989;63:
1577-1582.

Hale RJ, Buckley CH, Fox H, Williams J: Prog-
nosis value of c-erbB-2 expression in uterine
cervical carcinoma. J Clin Pathol 1992:45:
594-596.

Hirao T, Sakamoto Y, Kamada M, Hamada S,
Aono T: Tn antigen, a marker of potential
metastasis of uterine cervix cancer cells. Can-
cer 1993;72:154-159.

Klaes R, Friedrich T, Spitkovsky D, Ridder R,
Rudy W, Petry U, Dallenbach-Hellweg G,
Schmidt D, Von Knebel Doeberitz M: Overex-
pression of pl16™NK4A ag a specific marker for
the dysplastic and neoplastic epithelial cells of
the cervix uteri. Int J Cancer 2001;92:276-
284.

Sugerman PB, Savage NW, Xu 1J, Walsh 1J,
Seymour GJ: Heat shock protein expression in
oral epithelial dysplasia and squamous cell car-
cinoma. Eur J Cancer B Oral Oncol 1995;31B:
63-67.

Franzen B, Linder S, Alaiya AA, Eriksson E,
Fujioka K, Berman AC, Jornvall H, Auer G:
Analysis of polypeptide expression in benign
and malignant human breast lesions. Electro-
phoresis 1997;18:582-587.

Chant ID, Rose PE, Morris AG: Analysis of
heat shock protein expression in myeloid leuke-
mia cells by flow cytometry. Br J Haematol
1995;90:163-168.

Kimura E, Enns RE, Alcaraz JE, Arboleda J,
Slamon DJ, Howell SB: Correlation of the sur-
vival of ovarian cancer patients with mRNA
expression of the 60-kD heat-shock protein
HSP-60. J Clin Oncol 1993;11:891-898.

88

Pathobiology 2002-03;70:83-88

19

20

22

23

Cornford PA, Dodson AR, Parsons KF, Des-
mond AD, Woolfenden AD, Fordham M,
Neoptolemos JP, Ke Y, Foster CS: Heat shock
protein expression independently predicts clin-
ical outcome in prostate cancer. Cancer Res
2000;60:7099-7105.

Castelli M, Cianfriglia F, Manieri A, Palma L,
Pezzuto RW, Falasca G, Delpino A: Anti-p53
and anti-heat shock proteins antibodies in pa-
tients with malignant or pre-neoplastic lesions
of the oral cavity. Anticancer Res 2001;21:
753-758.

Ito T, Kawabe R, Kurasono Y, Hara M, Kita-
mura H, Fujita K, Kanisawa M: Expression of
heat shock proteins in squamous cell carcino-
ma of the tongue: An immunohistochemical
study. J Oral Pathol Med 1998;27:18-22.
Ferrarini M, Heltai S, Zocchi MR, Rugarli C:
Unusual expression and localization of heat
shock proteins in human tumor cells. Int J Can-
cer 1992;51:613-619.

Vendetti S, Cicconi R, Piselli P, Vismara D,
Cassol M, Delpino A: Induction and mem-
brane expression of heat shock proteins in heat
treated HPC-4 cells is correlated with increased
resistance to LAK-mediated lysis. J Exp Clin
Cancer Res 2000;19:329-334.

Barbosa MS: The oncogenic role of human pap-
illomavirus proteins. Crit Rev Oncog 1996;7:
1-18.

Park CS, Joo IS, Song SY, Kim DS, Bae DS,
Lee JH: An immunohistochemical analysis of
heat shock protein 70, p53 and estrogen recep-
tor status in carcinoma of the uterine cervix.
Gynecol Oncol 1999;74:53-60.

Cappello et al.



