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Correlation of cyclin D1 and Rb gene expression
with apoptosis in invasive breast cancer
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Abstract

Background—In vitro studies have shown
that amplification and overexpression of
the cyclin D1 gene can accelerate the
progress of cells through the G, phase.
Therefore, cyclin D1 may have an apopto-
sis inhibiting effect. The retinoblastoma
(Rb) gene was shown recently to be an
important regulator of apoptosis.
Aims—To evaluate whether expression of
the cyclin D1 and Rb genes correlated
with apoptotic counts in a group of 97
invasive breast cancers.
Methods—Expression of the cyclin D1 and
Rb genes was detected by standard immu-
nohistochemistry using paraffin wax em-
bedded sections. Apoptotic cells were
counted according to a strict protocol, in
10 fields of vision systematically spread
over the most poorly differentiated area of
the tumour, at a magnification of %630.
Apoptotic cells counts were expressed as
apoptotic cells/mm’.

Results—Cyclin D1 overexpression was
found in 49% of cases. Loss of Rb
expression was found in 44% of cases, and
occurred particularly in poorly differenti-
ated tumours. Cyclin D1 and Rb expres-
sion showed a positive correlation
(p = 0.003). Apoptotic counts varied from
1 to 62/mm’. There were no significant
correlations between cyclin D1 overex-
pression and apoptotic counts in the total
group or in the retinoblastoma protein
(pRb) positive tumours. Loss of Rb ex-
pression also showed no correlation with
apoptotic counts.

Conclusions—Cyclin D1 is frequently
overexpressed in pRb positive tumours,
but no evidence has been found for an
anti-apoptotic effect of cyclin D1 over-
expression or Rb expression in invasive
breast cancer.

(¥ Clin Pathol:Mol Pathol 1998;51:30-34)
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Apoptosis, a form of programmed cell death
with a typical morphology, is an important bio-
logical process that is thought to play an
important role in the aetiology of many
cancers. In breast cancer, there are also indica-
tions that the numbers of apoptotic cells are of
prognostic value.' During recent years, much
has been learned about the different proteins
that play a role in the regulation of apoptosis.
Such proteins include p53,”* bax ,> >® Bak,”™
and bcl-x,,'> which seem to promote apoptosis,
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together with and bcl-2”" and bcl-x,
which appear to inhibit apoptosis. These
proteins act largely during the G, and G,
phases of the cell cycle. However, little is
known about the role of cyclin D1, another
important G, regulator,'” > in the process of
apoptosis. Amplification of cyclin D1 is found
frequently in invasive breast carcinomas.” **
Overexpression of the cyclin D1 gene is found
in up to half of invasive breast cancer cases,”
but lacks prognostic value,” * or relation to
improved survival.”® Cyclin D1 overexpression
might result from amplification,” ** ** * chro-
mosomal translocation (as has been found in
parathyroid adenomas® and centrocytic
lymphomas®), or increased hormone
sensitivity.” * Selective induction of cyclin D1
is sufficient for cell line cells arrested in the
early G, phase to complete the cell cycle.” In
order to complete the G, phase, apoptotic
mechanisms must be suppressed. Therefore,
cyclin D1 expression might counteract apopto-
sis. In contrast, many neurons in the develop-
ing nervous system undergo apoptosis under
the regulation of cyclin D1,* ** thereby point-
ing to a possible stimulatory role for cyclin D1
in apoptosis. It is not clear which of these two
effects of cyclin D1 on apoptosis prevails in
invasive breast cancer.

The retinoblastoma gene product (pRb)
inhibits apoptosis induced by various stimuli
such as ionising radiation,” tumour growth
factor (TGF) B1,” interferon (IFN) v, and
wild-type p53 overexpression.”” The effect of
pRb on apoptosis has not yet been studied in
invasive breast cancer.

The aim of this study was to explore the pos-
sible role of cyclin D1 and pRb in apoptosis in
invasive breast cancer by correlating immuno-
histochemical cyclin D1 and pRb staining pat-
terns with counts of apoptotic cells.

Methods

PATIENTS

Patients were selected from a previously
described group of 189 cases with invasive
breast cancer, diagnosed between 1971 and
1981 in the Free University Hospital or the
Netherlands Cancer Institute, Amsterdam,
Netherlands.” In 92 cases, no tumour material
remained in the original blocks, leaving only 97
cases.

SPECIMEN PREPARATION
Fresh surgical specimens were cut into slices at
approximately 0.5 cm and the material was
fixed in 4% neutral buffered formalin.
Representative tumour samples were taken,
with care that the periphery of the tumour was
sampled, and embedded in paraffin wax.
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Table 1 Correlations between expression patterns of cychin
D1 and pRb in 97 cases of invasive breast cancer

pRb
Cyclin D1 Positive Negative p value*
Positive 34 14 0.003
Negative 20 29
*y? test.

Table 2 Correlation between Rb and cyclin D1 expression
and apoptosis counts in invasive breast cancer

PRb cyclin D1
Apoprotic cells  Positive  Negative Positive Negative
< 6/mm’ 28 23 28 23
> 6/mm’ 26 20 20 26
p=0.87 p=0.26

Sections (4 um thick) were cut and mounted
on poly-L-lysine coated slides for cyclin D1
and pRb immunohistochemistry. Also, routine
staining was performed with haematoxylin and
eosin for the counting of apoptotic cells, and
for both histological typing (according to the
WHO system) and grading.’®

IMMUNOHISTOCHEMISTRY

For immunohistochemical staining of the cyc-
lin D1 and Rb proteins, a previously well char-
acterised affinity purified rabbit polyclonal
antibody against cyclin D1 (B19S)"” and a
monoclonal antibody against pRb, (1F8, No-
vocastra, Newecastle upon Tyne, UK) were
used. The slides were dewaxed and endog-
enous peroxidase activity was blocked by incu-
bation for 30 minutes in 3% hydrogen peroxide
in methanol. Antigen retrieval was performed
by heating the sections in a 0.01 M citrate
buffer (pH 6.0) at 100°C for 15 minutes. The
slides were preincubated for one hour with
normal goat serum (1/20 dilution) for cyclin
D1 and normal rabbit serum (1/50 dilution)
for pRb, to diminish nonspecific binding of the
secondary antibody. Slides were then incu-
bated overnight at 4°C with the primary
antibodies against cyclin D1 (1/80 dilution)
and pRb (1/100 dilution). Thereafter, slides
were incubated for 30 minutes at room
temperature with biotinylated goat antirabbit
antibody (1/500 dilution) for cyclin D1 and
biotinylated rabbit antimouse antibody (1/500
dilution) for pRb. Subsequently, slides were
incubated with avidin—biotin—peroxidase com-
plex (Dako Duet Kit; Dako, Glostrup, Den-
mark) (1/200 dilution) for one hour at room
temperature. 3,3'-diaminobenzidine tetrahy-
drochloride (DAB) was used as chromogen.
Between steps, the slides were rinsed three
times for 10 minutes in phosphate buffered
saline (PBS). After counterstaining with hae-
matoxylin, slides were dehydrated and
mounted. Negative controls were obtained by
omission of the primary antibodies from the
incubation.

As a positive control for cyclin D1 expres-
sion, a head and neck squamous cell carcinoma
with known cyclin D1 amplification and
overexpression' was used. In all tumours there
was a non-uniform nuclear cyclin D1 expres-
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sion pattern resulting from the oscillating
expression pattern of cyclin D1 protein with a
peak in G,, also seen in tumours with
overexpression of cyclin D1."* * *° The percent-
ages of positive nuclei were estimated by two
observers. In accordance with previous
studies,” * ** cases were regarded as negative
when < 5% nuclei showed staining, and as
positive when = 5% nuclei stained. The
cytoplasmic staining that was observed in some
cases was ignored.

The retinoblastoma protein was localised in
the nucleus. pRb was present in normal tissue
adjacent to the tumour tissue, thereby provid-
ing an internal positive control. Rb gene
expression was regarded as negative when
staining was heterogeneous or staining for Rb
was not seen.

COUNTING OF APOPTOTIC CELLS

As shown in previous studies, apoptotic
cells can be recognised easily in haematoxylin
and eosin stained tissue sections. Apoptotic
cells show retracted and strongly eosinophilic
cytoplasm. The nuclear DNA condenses at the
nuclear membrane, later forming clumps, and
often falling apart into round and homogene-
ously dark nuclear fragments. Apoptosis in-
volves individual cells and does not provoke an
inflammatory reaction.

Apoptotic cells were counted using a stand-
ard light microscope at a X630 magnification
(%63 objective, field diameter 275 um) in the
most poorly differentiated area of the tumour
(0.5 x 0.5 cm in size) according to a strict pro-
tocol that has been described previously.” In
short, the total numbers of apoptotic cells were
counted in 10 fields of vision, systematically
spread over the selected area. This procedure
was shown to provide good intraobserver and
interobserver reproducibility.* All apoptotic
counts were expressed as apoptotic cells/mm’.

140 41

STATISTICS
For correlation between cyclin D1 overexpres-
sion and loss of Rb expression (grouped as
positive versus negative) on the one hand, and
the numbers of apoptotic cells (using the
median as the cut off point) and histological
type and grade on the other hand, confusion
matrices were composed and tested for signifi-
cance with the y” test. The percentage of cyclin
D1 positive cells was also compared with the
numbers of apoptotic cells by linear regression
analysis, registering the correlation coefficient
(R) and the p value. These tests were
performed with the Biomedical Package
(BMDP; Statistical Solutions, Cork, Ireland). p
values below 0.05 were regarded as significant.

Results

Overexpression of the cyclin D1 gene was
found in 48 of 97 cases (49%). Loss of Rb
expression was found in 43 of 97 cases (44%).
As shown in table 1, the expression patterns of
the cyclin D1 and Rb genes showed a positive
correlation (p = 0.003). Of the pRb positive
tumours, 63% (34 of 54) showed positive
staining for cyclin D1, while 67% (29 of 43) of
the pRb negative tumours were also negative
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Table 3  Expression of Rb and cyclin D1 in 97 cases of invasive breast cancer in relation to

histological tumour type

pRb Cyclin D1
Tumour type Positive Negative Positive Negative
Tubular 6 3 7 2
Mucinous 1 0 1 0
Invasive cribriform 2 0 0 2
Lobular 7 1 6 2
Ductal 35 37 34 38
Medullary 3 2 0 5

p =0.014* p = 0.039*

The cyclin D1 data have been adapted from van Diest et al 1997.%

*y? test.

Table 4  Expression of Rb and cyclin D1 in 97 cases of
invasive breast cancer in relation to histological grade

pRb Cyclin D1
Grade Positive Negative Positive Negative
I 27 13 29 11
I 18 14 14 18
I 9 16 5 20
p = 0.015*% p =0.001*
*y? test.

for cyclin D1. The average number of apop-
totic cells/mm’® was nine (median (SD), 6 (8.2);
range 1-44). Correlations between apoptotic
counts and cyclin D1 overexpression are shown
in table 2. Of the 51 patients with a low apop-
totic count (< 6 mm?®), 28 showed cyclin D1
overexpression and 23 did not. Of the 46
patients with a high apoptotic count (> 6
mm®), 20 showed cyclin D1 overexpression and
26 did not. This did not reach significance
(p = 0.26, y* test). There was also no signifi-
cant correlation between the numbers of apop-
totic cells and the percentage of cyclin D1
positive cells (R = —0.874, p = 0.29). Positivity
of cyclin D1 in pRb positive tumours also
showed no correlation with the numbers of
apoptotic cells (p = 0.81).

Of the 51 tumours with a low apoptotic
count, 23 showed loss of pRb and 28 did not.
Also, of the 46 tumours with a high apoptotic
count, 20 showed loss of pRb and 26 tumours
did not (table 2). This was not significant
(p = 0.87). As to histological type and pRb
expression (table 3), the tubular, mucinous,
invasive cribriform, and lobular tumour types
(the more well differentiated types) showed
loss of Rb expression in only 20% of cases,
whereas the ductal and medullary (more poorly
differentiated) tumour types showed loss of Rb
expression in 51% of cases (p = 0.014). Apart
from correlation with tumour type, loss of pRb
correlated positively with histological grade, as
shown in table 4. Loss of pRb was seen in 33%
(13 0f 40) of the grade I specimens, in 44% (14
of 32) of the grade II cases, and in 64% (16 of
25) of the grade III cases (p = 0.015).

As described in a previous study, overexpres-
sion of cyclin D1 was found mainly in the more
well differentiated tumour types (table 3).”
There was a negative correlation between over-
expression of cyclin D1 and histological grade
(table 4). Overexpression of cyclin D1 was seen
in 73% (29 of 40) of the grade I specimens, in
44% (14 of 32) of the grade II cases, and in
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20% (five of 25) of the grade III cases
(p < 0.001).

Discussion

The aim of this study was to correlate cyclin
D1 gene overexpression and loss of Rb expres-
sion with the numbers of apoptotic cells in
order to evaluate the possible anti-apoptotic
effects of cyclin D1 and pRb in a group of 97
invasive breast cancer patients. Cyclin D1 was
overexpressed in 49% of cases. This compares
well with the results of Bartkova and
colleagues,” Gillett and colleagues,”® and
Zhang and colleagues,* but is somewhat higher
than that found in the study of Michalides and
colleagues.” Because it is also higher than the
amplification found in 19% of cases in a previ-
ous study,” there may be overexpression of
cyclin D1 in the absence of ampli-
fication."” # °'  This could result from a muta-
tion induced longer half-life of the protein, a
translocation, or increased hormone sensitivity,
as has been suggested previously.” *

The average numbers of apoptotic cells/mm”®
were nine (median (SD), 6 (8.5); range 1-62).
There were no significant correlations between
cyclin D1 overexpression and either the
percentage of cyclin D1 positive cells or the
number of apoptotic cells. Therefore, no
evidence has been found for an anti-apoptotic
effect of cyclin D1 expression in invasive breast
cancer.

The role of cyclin D1 in the process of apop-
tosis in breast cancer is still to be determined.
Cyclin D1 can accelerate the progress of cells
through the G, phase by binding to cyclin
dependent kinases and subsequently phospho-
rylating pRb, thereby releasing the E2F
transcription factor. Overexpression of cyclin
D1 is shown to shorten the G, phase in mouse
fibroblasts,* rat cells,”” and breast cancer
cells,” thereby theoretically suppressing apop-
totic processes. In contrast, cyclin D1 overex-
pression in late G, can prolong the S phase,*
and inhibit DNA replication,”” indicating a
growth restricting function and perhaps an
apoptosis inducing effect of cyclin D1. Indeed,
cyclin D1 has been shown to stimulate apopto-
sis in neurons in the developing nervous
system.” » The present study provides no evi-
dence for a relation between cyclin D1 overex-
pression and apoptosis in breast cancer.
Perhaps the possible apoptosis stimulating and
suppressing mechanisms balance out in this
tumour.

Loss of Rb expression was found in 44% of
cases. This is in accord with the results of
Trudel and colleagues® and Pietilainen and
colleagues.” However, the figures are higher
than those of Borg ez al who, using western blot
analysis, only found low concentrations or an
absence of pRb in 15% of cases.”

There were also no correlations between loss
of Rb expression and the number of apoptotic
cells. pRb has been shown previously to inhibit
apoptosis induced by various stimuli, such as
ionising radiation,” TGFpB1,” IFNy,* and
wild-type p53 overexpression.” We found no
evidence for any apoptosis inhibiting effects of
pRb in invasive breast cancer in the present
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study. As to the possible reasons for the lack of
an apoptosis inhibiting effect of pRb, one has to
bear in mind that the apoptosis in breast cancer
studied here is not induced by therapy, but
concerns “spontaneous” apoptosis. Also, wild-
type p53 overexpression in breast cancer is
probably rare, because in most cases with posi-
tive p53 staining, a mutation is found. TGF f 1
is expressed frequently in breast cancer,” > but
it could be that its apoptosis inducing effect
may be receptor or cell type dependent.

We found a positive correlation between the
expression patterns of cyclin D1 and Rb,
whereby tumours with loss of Rb expression
were correlated with low or no overexpression
of cyclin D1. This is in accordance with the
study of Gjetting et al, who showed that pRb
can induce cyclin D1.” The loss of Rb expres-
sion correlated with a more poorly differenti-
ated tumour type. In a previous study, we also
found a strong correlation between cyclin D1
overexpression and well differentiated tumour
types.” These results point to a role for pRb
and cyclin D1 in differentiation rather than in
apoptosis in invasive breast cancer.

Several studies have been devoted to the
mechanisms of apoptosis in general. The p53
protein is involved in apoptosis, as it halts cells
with DNA damage in G,, enabling DNA to be
repaired; cells that do not successfully repair
their DNA undergo apoptosis.”® The bcl-2
protein family plays an important role in apop-
tosis. The bcl-2"" and bcl-x, proteins® '
inhibit apoptosis. The bax protein promotes
apoptosis in its homodimeric form, but after
heterodimerising with bcl-2 it prevents
apoptosis.® bcl-2 is expressed in almost half of
invasive breast cancers, and bcl-2 expression
correlates with prognosis,” but there are few
studies of bcl-x and bax in human breast
cancer. The c-myc protein increases the sensi-
tivity of cells to undergo apoptosis.> ** Study of
the clinical usefulness of c-myc is hampered by
the fact that few antibodies are available.
Further studies are necessary to elucidate
which mechanisms of apoptosis play a role in
breast cancer and the complexity of their rela-
tions.

In conclusion, cyclin D1 overexpression and
loss of pRb do not correlate with the numbers
of apoptotic cells in invasive breast cancer and,
therefore, no evidence has been found for an
(anti) apoptotic effect of cyclin D1 and pRb.
Cyclin D1 and pRb are both found mainly in
well differentiated tumour types and, therefore,
might be related to the differentiation of
invasive breast cancers. Further studies on
mechanisms of apoptosis in invasive breast
cancer are required.

This work was partly supported by grants 28-1814 and
28-2015 of the Praeventiefonds, and grant 92-51 of The Neth-
erlands Cancer Foundation.

1 Lipponen P, Aaltomaa S, Kosma VM, ez al. Apoptosis in
breast cancer as related to histopathological characteristics
and prognosis. Eur J Cancer 1994;30A:2068-73.

2 Clarke AR, Gledhill S, Hooper ML, ez al. p53 dependence of
early apoptotic and proliferative responses within the
mouse intestinal epithelium following gamma-irradiation.
Oncogene 1994;9:1767-73.

3 Miyashita T, Krajewski S, Krajewska M, er al. Tumor
suppressor p53 is a regulator of bcl-2 and bax gene expres-
sion in vitro and in vivo. Oncogene 1994;9:1799-805.

w

wu

(=)}

N}

e}

o

1

(=]

1

—

12

13

14

1

w

1

(=)}

17

18

1

o

2

(=]

21

2

[N}

2

w0

24

2

U

2

(=)}

2

N

2

oo

29

30

31

[N}

3

33

Downloaded from mp.bmj.com on February 10, 2012 - Published by group.bmj.com

33

Strasser A, Harris AW, Jacks T, ez al. DNA damage can
induce apoptosis in proliferating lymphoid cells via
p53-independent mechanisms inhibitable by Bcl-2. Cell
1994;79:329-39.

Bargou RC, Daniel PT, Mapara MY, ez al. Expression of the
bcl-2 gene family in normal and malignant breast tissue:
low bax-alpha expression in tumor cells correlates with
resistance towards apoptosis. Int § Cancer 1995;60:854-9.

Hanada M, Aime-Sempe C, Sato T, et al. Structure-
function analysis of Bcl-2 protein. Identification of
conserved domains important for homodimerization with
Bcl-2 and heterodimerization with Bax. ¥ Biol Chem 1995;
270:11962-9.

Korsmeyer SJ, Shutter JR, Veis DJ, ez al. Bcl-2/Bax: a rheo-
stat that regulates an anti-oxidant pathway and cell death.
Sem Cancer Biol 1993;4:327-32.

Oltavi ZN, Milliman CL, Korsmeyer S]. Bcl-2 heterodimer-
izes in vivo with a conserved homolog, Bax, that accelerates
programmed cell death. Cell 1993;74:609-12.

Chittenden T, Harrington EA, O’Connor R, ez al. Induction
of apoptosis by the Bcl-2 homologue Bak. Narure
1995;374:733-6.

Farrow SN, White JH, Martinou I, ez al. Cloning of a bcl-2
homologue by interaction with adenovirus E1B 19K.
Nature 1995;374:731-3.

Kiefer MC, Brauer MJ, Powers VC, ez al. Modulation of
apoptosis by the widely distributed Bcl-2 homologue Bak.
Nature 1995;374:736-9.

Boise LH, Gonzalez-Garcia M, Postema CE, ez al. Bcl-x, a
Bcl-2 related gene that functlons asa domlnant regulator of
apoptotic cell death. Cell 1993;74:597-608.

Hockenberry DM, Oltavi ZN, Yin XM, et al. Bcl-2
functions in a antioxidant pathway to prevent apoptosis.
Cell 1993;75:241-51.

Vaux DL, Cory S, Adams TM. Bcl-2 promotes the survival
of haemopoietic cells and cooperates with c-myc to immor-
talize pre-B cells. Narure 1988;335:440-2.

Wagner AJ, Small MB, Hay N. Myc-mediated apoptosis is
blocked by ectopic expression of Bel-2. Mol Cell Biol 1993;
13:2432-40.

Bisonette RP, Echeverri F, Mahboubi A, ez al. Apoptotic cell
death induced by c-myc is inhibited by bcl-2. Nazure 1992;
359:552—4.

Karp JE, Broder S. Molecular foundations of cancer. New
targets for intervention. Nar Med 1995;1:309-20.

Lukas J, Pagano M, Staskova Z, et al. Cyclin D1 protein
oscillates and is essential for cell cycle progression in
human tumour cell lines. Oncogene 1994;9:707-18.

Michalides R, Veelen N van, Hart A, et al. Overexpression of
cyclin D1 correlates with recurrence in a group of
forty-seven operable squamous cell carcinomas of the head
and neck. Cancer Res 1995;55:975-8.

Michalides R, Hageman PH, Tinteren H van, et al. A
clinicopathological study on overexpression of cyclin D1
and of p53 in a series of 248 patients with operable breast
cancer. Br ¥ Cancer 1996;73:728-34.

Musgrove EA, Lee SCL, Buckley MF, et al. Cyclin D1
induction in breast cancer cells shortens G and is sufficient
for cells arrested in G, to complete the cell cycle. Proc Natl
Acad Sci USA 1994; 91:8022-6.

Schuuring E, Verhoeven E, Mooi WJ, er al. Identification
and cloning of two overexpressed genes, U21B31/PRAD1
and EMSI1, within the amplified chromosome 11ql3
region in human carcinomas. Oncogene 1992;7:355-61.

Schuuring E, Verhoeven E, Tinteren H van, er al. Amplifica-
tion of genes within the chromosome 11ql3 region is
indicative of poor prognosis in patients with operable breast
cancer. Cancer Res 1992;52:5229-34.

Lammie G, Fantl V, Smith R, ez al. D112287, a putative
oncogene on chromosome 11ql3 is amplified and ex-
pressed in squamous cell and mammary carcinomas and
linked to bcl-1. Oncogene 1991;6:439-44.

Diest P] van, Michalides RJAM Jannink I, ez al. Cyclin D1
expression in invasive breast cancer: correlations and prog-
nostic value. Am ¥ Pathol 1997;150:705-11.

Gillett C, Smith P, Gregory W, ez al. Cyclin D1 and progno-
sis in human breast cancer. Int § Cancer 1996;69:92-9.

MclIntosh GG, Anderson JJ, Milton I, ez al. Determination
of the prognostic value of cyclin D1 overexpression in
breast cancer. Oncogene 1995;11:885-91.

Worsley SD, Jennings BA, Khalil KH, ez al. Cyclin D1
amplification and expression in human breast carcinoma:
correlation with histological prognostic markers and
oestrogen receptor expression. § Clin Pathol: Mol Pathol
1996;49:M46-50.

Zukerberg LR, Yang WI, Gadd M, et al. Cyclin D1
(PRAD1) protein expression in breast cancer: approxi-
mately one-third of infiltrating mammary carcinomas show
overexpression of the cyclin D1 oncogene. Mod Pathol
1995;8:560-7.

Rosenberg CL, Kim HG, Shows TB, ez al. Rearrangement
and overexpression of D11S287E, a candidate oncogene
on chromosome 11ql3 in benign parathyroid tumours.
Oncogene 1991;6:449-53.

Motokura T, Bloom T, Kim HG, et al. A novel cyclin
encoded by a bcll-linked candidate oncogene. Narure
1991;350:512-15.

Freeman RS, Estus S, Johnson EM Jr. Analysis of cell cycle-
related gene expression in postmitotic neurons: selective
induction of cyclin D1 during programmed cell death.
Neuron 1994;12:343-55.

Kranenburg O, van der Eb AJ, Zantema A. Cyclin D1 is an
essential mediator of apoptotic neuronal cell death. EMBO
F1996;15:46-54.


http://mp.bmj.com/
http://group.bmj.com/

34

34

35

3

o)}

3

3

3

o)

39

4

(=]

4

—_

42

43

4

'S

4

i

4

(=

Haas-Kogan DA, Kogan SC, Levi D, er al. Inhibition of
apoptosis by the retinoblastoma gene product. EMBO ¥
1995;14:461-72.

Fan G, Ma X, Kren BT, er al. The retinoblastoma gene
product inhibits TGF-betal induced apoptosis in primary
rat hepatocytes and human HuH-7 hepatoma cells.
Oncogene 1996;12:1909-19.

Berry DE, Lu Y, Schmidt B, ez al. Retinoblastoma protein
inhibits IFN-gamma induced apoptosis. Oncogene 1996;12:
1809-19.

Haupt Y, Rowan S, Oren M. p53-mediated apoptosis in
HelLa cells can be overcome by excess pRb. Oncogene 1995;
10:1563-71.

Elston CW. Grading of invasive carcinoma of the breast. In:
Page DL, Anderson TJ, eds. Diagnostic histopathology of the
breast. Edinburgh: Churchill Livingstone, 1987:300-11.

Bartkova J, Lukas J, Miiller H, ez al. Cyclin D1 protein
expression and function in human breast cancer. Int ¥ Can-
cer 1994;57:353-61.

Schepop HAM, Jong JS de, Diest PJ van, ez al. Counting of
apoptotic cells: a methodological study in invasive breast
cancer. § Clin Pathol: Mol Pathol 1996;49:M214-17.

Weisman JH, Jonker RR, Keijzer R, et al. A new method to
detect apoptosis in paraffin sections: in situ end-labeling of
fragmented DNA. ¥ Histochem Cytochem 1993;41:7-12.

Zhang SY, Caamano J, Cooper F, er al. Immunohistochem-
istry of cyclin D1 in human breast cancer. Am ¥ Clin Pathol
1994;102:695-8.

Gillet C, Fantl V, Smith R, er al. Amplification and overex-
pression of cyclin D1 in breast cancer detected by
immunohistochemical staining. Cancer Res 1994;54:1812—
17.

Quelle DE, Ashmun RA, Shurtleft SA, ez al. Overexpression
of mouse D-type cyclins accelerates G, phase in rodent
fibroblasts. Genes Dev 1993;7:1559-71.

Resnitzky D, Reed SI. Different roles for cyclin D1 and E in
regulation of the G,-to-S transition. Mol Cell Biol 1995;15:
3463-9.

Han EK-H, Sgambato A, Jiang W, er al. Stable overexpres-
sion of cyclin D1 in a human mammary epithelial cell line

47

48

49

50

5

—

52

53

54

55

56

Downloaded from mp.bmj.com on February 10, 2012 - Published by group.bmj.com

de Jong, van Diest, Michalides, et al

prolongs the S-phase and inhibits growth. Oncogene
1995;10:953-61.

Pagano M, Theodoras AM, Tam SW, ez al Cyclin
D1-mediated inhibition of repair and replicative DNA syn-
thesis in human fibroblasts. Genes Dev 1994;8:1627-39.

Trudel M, Mulligan L, Cavenee W, et al. Retinoblastoma
and p53 gene product expression in breast carcinoma:
immunohistochemical analysis and clinicopathologic cor-
relation. Hum Pathol 1992;23:1388-94.

Pietilainen T, Lipponen P, Aaltomaa S, et al. Expression of
retinoblastoma gene protein (Rb) in breast cancer as
related to established prognostic factors and survival. Eur ¥
Cancer 1995;31A:329-33.

Borg A, Zhang QX, Alm P, et al. The retinoblasoma gene in
breast cancer: allele loss is not correlated with loss of gene
protein expression. Cancer Res 1992;52:2991-4.

Dublin EA, Barnes DM, Wang DY, et al. TGF alpha and
TGF beta expression in mammary carcinoma. § Pathol
1993;179:15-22.

Mizukami Y, Nonomura A, Yamada T, ez al. Immunohisto-
chemical demonstration of growth factors, TGF-alpha,
TGF-beta, IGF-I, and neu oncogene product in benign
and malignant human breast tissues. Anticancer Res
1990;10:1115-26.

Gjetting T, Lukas J, Bartek J, et al. Regulated expression of
the retinoblastoma susceptibility gene in mammary carci-
noma cells restores cyclin D1 expression and G,-phase
control. Biol Chem Hist 1995;376:441-6.

Hermeking H, Eick D. Mediation of c-myc induced apopto-
sis by p53. Science 1994;265:2091-3.

Joensuu H, Pylkkanan L, Toikkanan S. Bcl-2 protein
expression and long-term survival in breast cancer. Am ¥
Pathol 1994;145:1191-8.

Reynolds JE, Yang T, Qian L, ez al. Mcl-1, a member of the
Bcl-2 family, delays apoptosis induced by c-myc overex-
pression in chinese hamster ovary cells. Cancer Res
1994;54:6348-52.


http://mp.bmj.com/
http://group.bmj.com/

Downloaded from mp.bmj.com on February 10, 2012 - Published by group.bmj.com

Correlation of cyclin D1 and Rb gene
expression with apoptosis in invasive breast
cancer.

J S de Jong, P J van Diest, R J Michalides, et al.

Mol Path 1998 51: 30-34
doi: 10.1136/mp.51.1.30

Updated information and services can be found at:
http://mp.bmj.com/content/51/1/30

References

Email alerting
service

These include:

Article cited in:
http://mp.bmj.com/content/51/1/30#related-urls

Receive free email alerts when new articles cite this article. Sign up in the
box at the top right corner of the online article.

Notes

To order reprints go to:
http://journals.bmj.com/cgi/reprintform

To request permissions go to:
http://group.bmj.com/group/rights-licensing/permissions

To subscribe to BMJ go to:
http://group.bmj.com/subscribe/


http://mp.bmj.com/content/51/1/30
http://mp.bmj.com/content/51/1/30#related-urls
http://group.bmj.com/group/rights-licensing/permissions
http://journals.bmj.com/cgi/reprintform
http://group.bmj.com/subscribe/
http://mp.bmj.com/
http://group.bmj.com/

