
Analytical Cellular Pathology 17 (1998) 177–188 177
IOS Press

Cyclin E expression and proliferation in
breast cancer

Niels H. Nielsena,b, Conny Arnerlövc, Stefan Cajandera and Göran Landberga,∗

aDepartment of Pathology, Umeå University, S-901 87 Umeå, Sweden
b Department of Oncology, Umeå University, S-901 87 Umeå, Sweden
c Department of Surgery, Umeå University, S-901 87 Umeå, Sweden

Received 14 April 1998
Revised 16 November 1998
Accepted 2 December 1998

Abstract. Cyclin E is a part of the cell cycle machinery and aberrantly expressed in several malignancies including breast cancer.
Since cyclin E is cell cycle specifically expressed, we wanted to examine the relation between proliferation and expression of
cyclin E with special attention to tumours with overexpression of the protein. Seventy-four breast tumours were analysed for
the expression of cyclin E by immunohistochemistry and Western blotting and related to the growth fraction determined by Ki-
67. Significant correlations were obtained between the growth fraction, the percentage of cyclin E positive cells, the intensity
of cyclin E and total amount of cyclin E determined by Western blotting. The majority of the tumours had less cyclin E than
Ki-67 positive cells indicating a conserved cell cycle specific expression of the protein which further was supported by flow
cytometric analysis of breast cancer cell lines. The cell cycle specificity of cyclin E was found even in tumours with inactivated
retinoblastoma protein (pRB) demonstrating the existence of a pRB independent regulation of cyclin E. A fraction of the
tumours had considerably elevated cyclin E levels that were not in relation to the proliferative activity as observed for the other
tumours. These tumours were in general highly proliferative and considered to overexpress cyclin E. Patients with tumours of
high proliferative activity, high total cyclin E levels or disproportionally elevated cyclin E expressions in relation to proliferation
had significantly increased risk of death in breast cancer, whereas the intensity of the immunohistochemical cyclin E staining
did not affect the survival.
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1. Introduction

Cyclins are units in the important cell cycle regulatory complexes consisting of cyclin dependent
kinases (CDKs), CDK-inhibitors and various cyclins. By their periodic expression, cyclins activate the
CDKs at specific points in the cell cycle thereby causing phosphorylation of substrates necessary for cell
cycle progression. Cyclins D1 and E are responsible for activation of CDKs during the G1 phase and
rate limiting for the G1–S transition [2,28]. Cyclin E that associate with CDK2 and peaks in late G1
after cyclin D1 coinciding with the commitment of a cell to a new round of replication, is a potential
restriction point protein essential for control of DNA replication initiation.

Because of the critical function of cyclins D1 and E in the cell cycle these proteins are potential tar-
gets in tumourigenesis. Cyclin D1 has been proposed to be a proto-oncogene because of its ability to
transform fibroblasts either alone or with various established oncogenes [13,20], to induce tumours in
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transgenic mice overexpressing cyclin D [31] and the finding of chromosomal rearrangements encom-
passing the cyclin D1 gene on 11q13 in diverse types of cancers [5,9,30]. For cyclin E there have been
reports indicating that the protein is overexpressed in several malignancies and cell lines [5,15,16] and
recently we showed that approximately 25% of primary breast cancers expressed elevated levels of cy-
clin E determined by Western blotting correlating strongly to poor prognosis [25]. Amplifications of the
cyclin E gene have been reported in digestive tract and ovarian cancers [1,18] but seem to be rare in breast
cancer [6]. Further studies are needed to define the mechanisms responsible for cyclin E overexpression
in tumours and the consequences for the cell cycle machinery before the role of deregulated cyclin E in
breast cancer pathogenesis can be established.

In an immunohistochemical study it was recently proposed that cyclin E could be used as a prolifera-
tion marker in breast tumours due to its cell cycle specific expression [8]. A strong correlation between
the fraction of cyclin E and Ki-67 positive cells was demonstrated with some exceptions which were
proposed to represent cyclin E overexpressing tumours. Other studies have suggested that tumours with
deregulated cyclin E loses the cell cycle specific expression of cyclin E and express constant levels of the
protein [17]. These conclusions were based mainly on experiments with a limited number of cell lines
and we therefore wanted to investigate the cell cycle specific expression of cyclin E in a larger material
of breast tumours. Furthermore, we wanted to analyse the relationship between proliferation and cyclin E
protein expression in breast cancer in order to clarify the proliferative activity of cyclin E overexpressing
tumours. In summary, we found a close relationship between the percentage of cyclin E positive tumour
cells and the growth fraction even though some tumours expressed high levels of cyclin E that were not
in relation to the proliferative activity, suggesting that cyclin E was truly overexpressed in a fraction of
the tumours.

2. Material and methods

2.1. Patient data

The patients in this study have previously been described [25] and consisted of women with operable
primary breast cancer who attended Umeå University Hospital during 1988–1991. No patient received
antitumoural therapy prior to surgery. Of the 74 tumours included in the study were 67 ductal carcinomas,
two mucinous carcinomas, two lobular carcinomas and three medullary carcinomas.

2.2. Flow cytometry of cell lines

Breast cancer cell lines obtained from American Type Culture Collection (ATCC) were all grown in
RPMI 1640 medium supplemented with 10% foetal calf serum and antibiotics. Cell lines were harvested
with trypsin, fixed in methanol for 10 min and then incubated with monoclonal mouse anti-cyclin E
antibodies (HE 12, Santa Cruz Inc., USA) diluted 1 : 50 for 30 min at+4◦C. After washes in PBS
cells were incubated with FITC-conjugated rabbit anti-mouse antibodies and after additional washes
resuspended in a DNA staining solution containing propidium iodide and RNAse before flow cytometric
analysis using a FACScan (Becton-Dickinson Inc., USA). Acquisition and analysis were performed with
the Lysys 2 program (Becton-Dickinson). Debris and doublets were discriminated using gates on FSC-
SSC and FL2 width and FL2 area.
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2.3. Immunohistochemistry

Breast cancer specimens were fixed in buffered formalin (pH 7.0) and embedded in paraffin according
to the clinical routine at the time of surgery. The fixation time in formalin varied slightly between dif-
ferent samples but were in general between 15–24 hrs. Threeµm paraffin sections were prepared from
paraffin embedded blocks, dried and then deparaffinized in xylene and rehydrated in alcohol and water
according to standard procedures. In order to obtain a strong and relevant cyclin E immunohistochemistry
staining, slides were microwave treated (96◦C) for a total of 15 min (5 min× 3) in a buffer containing
EDTA (0.372 g/l) at pH 8.0. Several other microwave procedures were tested but the above described
procedure was found to be optimal. Microwave treated slides were then placed in a automatic immuno-
histochemistry staining machine (Ventana 320–202, Ventana Inc., USA) and incubations using HE12
diluted 1 : 100 and AEC detection as well as hematoxylin-eosin counterstain were performed according
to the Ventana program. Similiar staining protocol was applied for pRB using a polyclonal antibody that
recognises both hypo- and hyperphosphorylated form of pRB (C15, Santa Cruz Inc.). Ki-67 stainings
were performed manually using MIB-1 antibodies, 1 : 50 (Immunotech, France) and ABC kits (Vector
Laboratories Inc., USA) after a total of 15 min microwave treatment in citrate buffer, pH 6.0.

2.4. Microscopic evaluation

Stained sections were microscopically examined and the staining intensity of cyclin E as well as the
percentage positive cells determined. The staining intensity of the most intensely stained tumour cells
was subjectively estimated using a 3-graded scale where grade 3+ represented the strongest cyclin E
staining. All slides were evaluated independently twice, and in case of discrepancy, a third examination
was performed followed by a conclusive judgement. The percentage cyclin E and Ki-67 positive cells
were determined by calculating at least 300 tumour cells crossing randomly distributed lines.

2.5. Western blotting and cyclin E protein determinations

Handling of tumour specimens, protein extraction and determination and Western blotting has been
described perviously [25]. Membranes were probed with HE 12 diluted 1 : 1500 or mouse anti-actin anti-
bodies (Boehringer-Mannheim GmbH., Germany) diluted 1 : 5000 for one hr and proteins detected with
ECL (enhanced chemiluminescence, Amersham Int., England) after a second incubation with peroxidase
conjugated anti-mouse antibodies (Amersham Int.). Actin was used to verify equal protein loading on
the gel. Relative cyclin E protein concentrations were determined by dividing the optical densities from
tumour specimens by that of a cell line standard included on each gel.

2.6. Statistical methods

Wilcoxon matched-pairs Signed-ranks test was used to compare the fraction of Ki-67 and cyclin E
positive cells. Kaplan–Meier’s method was used in calculating survival curves, and comparison between
groups was performed using the log-rank test. Survival was defined as the time elapsed from diagnosis
to the appearance of death due to breast cancer. If no event occurred, the patient was censored at the time
of latest medical check-up, at the time of occurrence of other malignancy or at the time of death caused
by intercurrent disease. Multivariate regression analysis was performed by the Cox proportional hazard
model for censored data.
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3. Results

3.1. Cyclin E expression in cell lines

To determine the cell cycle specific expression of cyclin E we analysed the breast cancer cell lines
MCF-7, T-47-D1, ZR-75-1, and MDA-MB-231 for cyclin E protein expression using flow cytometry
and two examples including controls are presented in Fig. 1A. The flow cytometric analysis of cyclin E

Fig. 1A. Flow cytometric analysis of cyclin E and DNA content (A, B) and control stainings (C, D) using two breast cancer cell
lines, MDA-MB 231 and MCF-7.

Fig. 1B. Cyclin E and actin Western blotting analysis of breast cancer cell lines MDA-MB 231, T47D, MCF-7, and ZR-75-1
(lane 1–4) and three primary breast cancers U181, U136, and U284 (lane 5–7).
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in relation to DNA content showed for the majority of the cell lines a cell cycle specific distribution
of the protein and a fraction of cells with G1–S phase DNA content had the highest cyclin E protein
expression. Late S phase and G2/M cells exhibited lower cyclin E staining intensities and the signal was
almost equal to the control. The cell line T47D produced weaker cyclin E staining with less obvious cell
cycle specific distribution of the protein (data not shown). The total amount of cyclin E was analysed
by Western blotting and the results using 4 breast tumour cell lines and three primary breast cancers
are presented in Fig. 1B. The breast tumours U181 and U284 expressed high cyclin E levels and have
earlier been considered to overexpress cyclin E. The cell lines MDA-MB-231, MCF-7, and ZR-75-1
produced one or two strong cyclin E bands with intensities equal to the breast tumours U181 and U284
and these findings as well as earlier published results [15,16] support that cyclin E is highly expressed
and presumably overexpressed in some breast cancers and tumour cell lines. The existence of several
cyclin E bands in the Western blots probably represents alternatively spliced forms of cyclin E. The
cell cycle specific distribution of cyclin E in these cell lines with potential overexpression seemed to
be conserved as presented in Fig. 1A. This was further confirmed by immunohistochemical analysis of
cyclin E, which produced a cell cycle specific staining pattern with several completely negative nuclei
using the same cell lines as above (data not shown).

3.2. Cyclin E expression in breast cancer and relation to proliferation

We have earlier analysed the relative cyclin E protein level in primary breast cancer specimens using
Western blotting [25] and observed that 25% of the tumours expressed higher and more varied protein
levels than the others, proposed to represent tumours with cyclin E overexpression. To further pursue the
significance of cyclin E expression in breast cancer and its relationship to proliferation we performed
immunohistochemical analysis using anti-cyclin E and Ki-67 antibodies in 74 of the tumours earlier
studied. Examples of cyclin E immunohistochemical staining of breast tumours are presented in Fig. 2
with indication of the fraction of cyclin E positive cells, staining intensities of cyclin E and relative cy-
clin E protein levels determined by Western blotting. The staining patterns of cyclin E in breast tumours
were similar to the patterns obtained with cell lines and we observed distinct nuclear staining with large
variations in the percentage and intensities of cyclin E positive tumour cells between tumours. In some
tumours a weak cytoplasmic staining was observed which did not interfere with the nuclear staining.
Significant correlations were obtained between cyclin E protein levels determined by Western blotting
and immunohistochemistry as well as to proliferation as measured by Ki-67 (Table 1). The highest corre-
lation coefficient was obtained between the percentage of cyclin E positive tumour cells and the growth
fraction measured by the amount of Ki-67 positive cells (r2 = 0.64, p < 0.0001) indicating a tight
relationship between the periodic expression of cyclin E and fraction of cells in active cell cycle. We also
obtained a significant correlation between the cyclin E protein levels determined by Western blotting
and the immunohistochemical determination of cyclin E positive cells, but ther2-value increased from
0.40 to 0.49 if the Western blotting results were correlated to the percentage of immunohistochemical
cyclin E positive cells multiplied with the intensity suggesting that both the distributions of cyclin E
expression in the cell cycle and the intensity of cyclin E per cell affected the determination of the total
amount of cyclin E by Western blotting. The result of the immunohistochemical analysis of Ki-67 and
cyclin E is shown in Fig. 3 and tumours with a cyclin E protein level above 0.5 relative to a cell line
standard determined by Western blotting, previously used by us to define cyclin E overexpression [25],
are indicated. A majority of tumours, including those with potential overexpression of cyclin E, had in
general less cyclin E than Ki-67 positive cells (p < 0.0001) indicating a conserved cell cycle specific
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(A) (B)

(C)

Fig. 2. Examples of cyclin E immunohistochemical stainings of primary breast cancers. The fraction of cyclin E postive cells
were 8% in (A), 63% in (B) and 69% in (C) and the cyclin E intensity of the most intensely stained tumour cells estimated to
2+ (intermediate) in (A) and 3+ (high) in (B) and (C). The total amount of cyclin E determined by Western blotting was 0.09
in (A), 2.43 in (B) and 4.65 in (C). Tumours (A) and (C) had normal pRB, tumour (B) defect pRB.

expression of cyclin E. Since previous studies have shown a close relationship between pRB inactivation
by mutations or increased phosphorylation and cyclin E protein expression [10,26], tumours with defect
pRB could be expected to show alterations in the normal periodic expression of cyclin E in the cell cycle.
Our immunohistochemical analysis of cyclin E, however, revealed no apparent differences in the stain-
ing patterns between the seven tumours previously considered by us to be pRB defect (lack of nuclear
pRB staining) and those considered pRB normal (Fig. 2), implying that pRB independent regulatory
molecules in addition to pRB may exist for cyclin E.

In Fig. 4 a summary of the data for cyclin E expression is presented for tumours with respect to various
immunohistochemical intensities (1+ to 3+). Fifty-six out of the 74 tumours were considered to have
low/intermediate cyclin E intensities (1+ and 2+) while 18 had strong intensities (3+). Minor increase
in the percentage of Ki-67 positive cells and cyclin E levels as determined by Western blotting were ob-
served from intensity 1+ to 2+ whereas a three and 10-fold increase, respectively, were observed when
advancing to intensity 3+. This suggests that tumours with strong cyclin E staining had disproportional
high cyclin E expression in relation to the proliferative activity, and is further explored in Fig. 5 showing
the relationship between percentage of Ki-67 positive cells and cyclin E protein expression as determined
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Table 1

Correlation coefficients (r2-values) for cyclin E protein expression and tumour prolif-
eration as measured by Ki-67 index in breast cancer specimens

Cyclin E Ki-67
total IH IH percentage IH intensity

Western blotting 0.49 0.40 0.24 0.42
Cyclin E IH percentage 0.51 0.64

IH intensity 0.33

Cyclin E was quantified using Western blotting and immunohistochemistry (IH). “To-
tal IH” stands for the percentage of cyclin E positive cells multiplied with the intensity.
All the presented correlations showed ap value of< 0.0001.

Fig. 3. Scatter plot of the percentage Ki-67 and cyclin E positive cells. Tumours are subdivided into two groups according to
the amount of cyclin E determined by Western blotting.

Fig. 4. Mean Ki-67 and cyclin E quantifications according to immunohistochemical staining intensities (1+ to 3+) expressed
relative to tumours with 1+ (low) intensity which was assigned a value of one. IH: immunohistochemistry.
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Fig. 5. Scatter plot of the percentage Ki-67 positive cells and total amount of cyclin E determined by Western blotting. Two
groups of tumours are defined: one considered following a linear relationship between cyclin E expression and proliferation (�),
and one considered truly overexpressing cyclin E separated from an exclusively proliferation induced expression of the protein
(©). The regression line for the former group is indicated.

by Western blotting. For most tumours, an increase of cyclin E expression was accompanied by a pro-
portional increase in the percentage of Ki-67 positive cells while a group of 14 tumours, defined from
the figure, did not adhere to this linear relationship but exhibited higher and more varied cyclin E expres-
sions. These tumours, assuming that cyclin E is expressed proportionally to the proliferative activity in
the normal cell cycle, are suggested to have genuinely deregulated expression of cyclin E detached from
the proliferation associated expression that characterised the majority of tumours.

3.3. Cyclin E expression, proliferation and survival

In this study we have observed a close relationship between proliferation and the expression of cy-
clin E and because the growth fraction is a known risk factor for breast cancer we tried to clarify the
importance of cyclin E overexpression in relationship to proliferation. As stated above, potential cy-
clin E overexpression in breast tumours cannot be detected by calculating the percentage of cyclin E
positive cells because there seems to be a conserved cell cycle specific expression of cyclin E in the ma-
jority of tumours. Another way to evaluate a potential overexpression might be to determine the intensity
of the cyclin E staining per cell or to detect high total cyclin E protein levels that are not in relation to the
proliferative activity of the tumour. In this study, expression of cyclin E in excess of that expected from
proliferation, i.e., the group of tumours in Fig. 5 that did not comply to a linear relationship between
total cyclin E protein level as determined by Western blotting and the fraction of Ki-67 positive cells,
could be an applicable measurement of cell cycle deregulation due to aberrantly expressed cyclin E. We
therefore analysed the survival for patients with stage I–III disease in this group as well as with respect to
the various cyclin E quantifications and the proliferative activity as determined by the fraction of Ki-67
positive cells. Significantly impaired prognosis was obtained for patients with tumours of elevated non
proliferation associated cyclin E expression (p = 0.0033, Fig. 6), high cyclin E levels judged by Western
blotting (p = 0.0008) and high proliferative activity defined by a Ki-67 index>20% (p = 0.0053). No
impact on the prognosis was observed for cyclin E intensity (p = 0.32). In a multivariate regression
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Fig. 6. Kaplan–Meier plots of breast cancer specific survival in 65 patients with stage I–III disease for the two tumour groups
defined in Fig. 5.

analysis with covariates showing prognostic significance in the univariate analysis, high cyclin E expres-
sion defined by Western blotting were a significant prognostic factor (p = 0.022) whereas high fraction
of Ki-67 positive cells or elevated non proliferation associated cyclin E expression were not significant
factors (p = 0.209 andp = 0.659).

4. Discussion

Overexpression of cyclin D1 in breast cancer has been negatively correlated to the proliferative activ-
ity [7,23] which contrasts to the proposed function for proteins regulating entrance and passage through
the cell cycle thus demanding continued investigations of the relationship between cyclin expression and
proliferation in cancer. In this study a significant correlation was obtained between the fraction of cy-
clin E and Ki-67 positive cells. Similar results have been presented in other immunohistochemical studies
using breast and prostate cancer samples [8,22] and data from several flow cytometric studies suggest an
association between the expression of cyclin E and proliferation [11], supporting our data. The fraction
of proliferative cells, moreover, correlated to cyclin E intensity which could indicate that recruitment of
an increasing number of cells into active cell cycle requires increasing amounts of cyclin E to escape G0.
Another possibility comes from the finding that tumours of high cyclin E staining intensity generally did
not conform to a linear relationship between total cyclin E protein level and proliferation, arguing that
expression of cyclin E in these, often highly proliferative, tumours might be involved in deregulation of
the cell cycle (see below). An additional explanation to the observed correlation between Ki-67 index
and cyclin E intensity could be defective protein turnover of cyclin E in tumours with high proliferation.
Most tumours, however, including those with a high fraction of cyclin E positive cells, had less cyclin E
than Ki-67 positive cells indicating that non proliferating and an additional fraction of actively growing
tumour cells were negative for cyclin E protein during part of the cell cycle. Although we cannot discern
subtle variations in the level of cell cycle related proteins using immunohistochemistry, and in the present
report have not studied the temporal relationship of their expressions to the various cell cycle phases, our
findings suggest a conserved cell cycle specific expression of cyclin E in the majority of tumours and
rules out a steady protein level throughout the cell cycle. A small fraction of tumours had less Ki-67
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than cyclin E positive cells, albeit still exhibiting distinct variations in the staining intensity of cyclin E
scattered randomly amongst cells, and might represent a group with truly altered cell cycle specificity of
cyclin E. Other reports have suggested that breast tumours often suffer disturbance in the normal peri-
odic expression of cyclin E giving rise to a constant level of protein and high associated kinase activity
of possible pathogenic importance [15–17]. Some of these reports were based on synchronisation exper-
iments of cell lines including MDA-MB-157 which has known amplification of the cyclin E gene that
likely could influence the cell cycle specific expression of cyclin E and therefore might not be represen-
tative for the majority of tumours. In addition, a recent study has found that cyclin E gene amplification
is infrequent in breast cancer [6]. Currently we analyse potential cyclin E gene amplification in the tu-
mours presented in this study and these data might clarify the cell cycle specific expression of cyclin E
in tumours with cyclin E gene amplification.

Cyclin E protein is regulated at the transcriptional level and subject to ubiquitin-dependent degradation
[4,10,32]. Cells with defect pRB and overexpression of cyclin E show noticeable similarities in cell cycle
kinetic parameters suggesting that the growth promoting properties conferred by pRB inactivation could
be mediated by induction of cyclin E. In a recent study, however, it was demonstrated that despite loss
of periodic transcriptional repression of cyclin E, pRB defective cells still had distinct cell cycle specific
variations in cyclin E mRNA level, protein expression and associated CDK2 activity [12]. Several studies
on cell lines have identified regulatory molecules in addition to pRB that could be responsible for the cell
cycle specific expression of cycle E [4]. Our observation of comparable immunohistochemistry staining
of cyclin E independently of pRB status in breast tumours therefore supports the existence of a pRB
independent cell cycle specific regulation of cyclin Ein vivo.

Cyclin E is closely associated with proliferation and possibly with cellular transformation. The fact
that tumour cells exhibit various degrees of proliferation makes it difficult to discriminate and exactly
define cyclin E’s role in these two processes. Certain findings, however, suggest that cyclin E overex-
pression can be segregated from proliferation and is likely possess a role in tumour development. In a
study on diverse malignancies, large alterations in cyclin E expressions between tumour samples and nor-
mal adjacent tissue were accompanied by minor variations in the expression of the proliferation marker
PCNA [16]. Blasts in the peripheral blood from patients with acute leukemia had uniform low prolifera-
tive activity but nevertheless high cyclin E expression suggested to predict the tumour cell’s proliferative
capacity and disease recurrence [29]. In this study, two different patterns of cyclin E expression were
apparent. For most tumours, a close relationship existed between cyclin E expression as determined by
Western blotting and Ki-67 index. An equally strong correlation was found between cyclin A expres-
sion and the fraction of cells in S, G2 and M phases in a study on lymphomas [27], and we speculate that
cyclins in this context serve normal regulatory functions in the cell cycle machinery and that their expres-
sions reliably signal the proliferative activity. In contrast, a minor group of tumours deviated clearly from
a linear relationship between cyclin E expression and Ki-67 index all showing higher and considerably
more varied cyclin E levels, proposed representing tumours with truly deregulated cell cycle. Tumours
with the highest proliferative activity all belonged to this group suggesting that cyclin E overexpression
could be a prerequisite for tumour cells to achieve maximal proliferation. This apparent distinction of
tumours according to their expression of cyclin E versus proliferation probably reflects fundamental dif-
ferences in cell cycle control and argue against a mere proliferation induced expression of cyclin E in
the tumours that overexpressed the protein. Whether this potential mode of cell cycle aberration in breast
cancer is a cause or consequence of abnormal expression of cyclin E is unclear at present. Hence, cy-
clin E could be primarily deregulated by structural alterations of its gene or subject to abnormal protein
expression or turnover, alternatively, another molecule could be targeted in the neoplastic process, such
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as pRB, and cause overexpression of cyclin E as well as induction of cell proliferation through either
cyclin E dependent or independent pathways. Possible substrates for cyclin E associated kinase activity
involved in tumour development has not been fully identified. The transforming ability of cyclin D1 is
probably exerted though abnormal phosphorylation and inactivation of pRB leading to unconstrained
G1 progression [21] and a similar mechanism could prevail in tumours with cyclin E overexpression
and normal pRB. Activation of the CDK activating phosphatase CDC25A [14] which has proven onco-
genic capacity [9] could be another target for cyclin E. Recently, cyclin E’s role in tumour development
has been more firmly consolidated by the demonstration that cyclin E can cooperate with RAS in the
transformation of rat embryonal fibroblasts [24] and the induction of breast tumours in transgenic mice
generated to express the protein during during pregnancy and lactation [3], but to address exactly the
expression of cyclin E in relation to proliferation in tumours further characterisation of cyclin E in the
normal and neoplastic cell cycle will be necessary.

Ki-67 index, cyclin E expression determined by Western blotting and elevated non proliferation asso-
ciated cyclin E expression showed all prognostic significance in this study in contrast to no prognostic
importance of immunohistochemically determined cyclin E intensity. Despite the strong correlation be-
tween cyclin E and proliferation, and consequently an overlap in tumours with high cyclin E expressions
and Ki-67 indices, these groups did not identify exactly the same patients. Thus, 6 out of 24 tumours with
cyclin E overexpression as determined by Western blotting had less than 20% Ki-67 positive cells and
ten out of 28 tumours with more than 20% Ki-67 positive cells had low cyclin E levels (Fig. 5). Although
cyclin E expression determined by Western blotting was the only significant prognostic factor in a mul-
tivariate analysis, delineation and characterisation of groups of tumours with fundamental alterations in
cell cycle control, such as tumours with elevated non proliferation associated cyclin E expression could
be important in the understanding of basic biological alterations in breast cancer and can probably also
prove clinical relevance in certain groups of tumours. Larger studies are nevertheless needed to clarify
these issues.
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