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Cyclin D 1 and retinoblastoma protein expression

in oesophageal squamous cell carcinoma
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Abstract
Aims-To assess the immunoexpression of
cyclin Dl and retinoblastoma in a cohort
of oesophageal squamous cell carcinoma
cases from South Africa to see whether
there is a relation between these two
proteins. In addition, protein expression
was correlated with clinicopathological
features.
Methods-Fifty biopsies and 30
oesophagectomy specimenswereimmuno-
stained with commercially available anti-
bodies to cyclin DI and retinoblastoma
proteins, following microwave antigen re-

trieval.
Results-Twenty three of the 80 cases

(29%) showed cyclin DI protein expres-

sion. However, only five cases had > 50%
of the tumour cells displaying immuno-
positivity. Three of the four cases with
lymph node spread were cyclin Dl posi-
tive in the primary tumour and the
metastasis. Fifty three cases were immu-
noreactive with the antiretinoblastoma
antibody; 29 of these cases showing > 50%
of cells with immunolabelling. Of the 23
cyclin Dl positive cases, 18 were also
retinoblastoma positive. No correlation
was observed between cyclin DI and
retinoblastoma protein expression and
age, sex, race, or histological grade.
Conclusions-Cyclin Dl is expressed in a

minority of cases of oesophageal
squamous carcinomas from South Africa.
However, three of four cases with lymph
node spread were cyclin DI positive, thus
indicating that cyclin DI positive tumours
may have a greater propensity for spread.
In addition, 18 of 23 cyclin DI positive
cases also expressed retinoblastoma pro-

tein. These findings suggest a possible
relation between cyclin Dl and retino-
blastoma proteins in a proportion of cases
of oesophageal squamous.
(7Clin Pathol:Mol Pathol 1997;50:257-260)
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Squamous carcinoma of the oesophagus is
encountered frequently in southern Africa,
especially in the Transkei littoral, and is the
most common malignancy in men in this
region. While the genetics of oesophageal
squamous cell carcinoma from China and the
Far East have been investigated fairly exten-
sively, cases from South Africa remain rela-
tively unexplored. The examination of cases

from different parts of the world is warranted

because the pathogenesis of oesophageal
squamous cell carcinoma shows geographical
variation. In Europe and North America, ciga-
rette smoking and alcohol abuse are major risk
factors, while in Central Asia, China, and
Africa dietary factors, either together or in iso-
lation, play more of a pathogenetic role.'

Multiple genetic changes, which result in
abnormalities of the cell cycle, occur during
the process of carcinogenesis. The normal cell
cycle has a number of positive and negative
feedback loops, with several proteins playing
important checkpoint roles. Among these pro-
teins are the cyclin and retinoblastoma pro-
teins, which act in concert to maintain the
integrity of the normal cell cycle. It has been
suggested that increased concentrations of the
cyclin Dl protein abrogate the tumour
suppressor activity of retinoblastoma protein,
thus allowing cells with damaged DNA to
replicate.2

Therefore, this study was directed at estab-
lishing the cyclin Dl and retinoblastoma
protein (pRb) status in oesophageal squamous
cell carcinoma from South Africa, and to see if
there was a relation between these protein lev-
els and clinicopathological features.

Methods
The surgical records of the department of ana-
tomical pathology, University of Natal School
of Medicine and King Edward VIII Hospital,
covering a nine year period, were searched for
cases of oesophageal squamous cell carcinoma.
From these, 50 biopsies and 30 oesophagec-
tomy specimens were included in this study.
There was sufficient material in the biopsies to
assess histological differentiation, and surface
dysplasia was also present in 33 of the
specimens. The TNM status of the
oesophagectomy specimens was determined.
TIhe patients' age, sex, and race were also
obtained.

All specimens were fixed in 10% buffered
formalin and processed in a routine fashion.
Immunohistochemistry was performed on the
formalin fixed, paraffin wax embedded tissue.

Sections (3 pim) were picked up on to poly-
L-lysine coated slides and incubated for 10
minutes at 60°C. Sections were cleared
through xylene and rehydrated with
descending grades of alcohol. Microwave anti-
gen retrieval was accomplished by placing
slides in 0.01 M buffered sodium citrate at
pH 6.0 at 85°C for 10 minutes in a H2500
microwave processor (Energy Beam Sciences,
Massachusetts, USA). After microwaving,
sections were cooled for 10 minutes. After
transfer through two changes of PBS at
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pH 7.4, the slides were incubated in 3% H,O,
at room temperature for five minutes. The
sections were incubated with antibodies to
cyclin DI (clone P2D1 1Fi 1, dilution 1:20;
Novocastra Laboratories, Newcastle upon
Tyne, UK) and pRb (antiretinoblastoma
protein, dilution 1/50; Zymed Laboratories,
California, USA) for four minutes in a domes-
tic microwave oven (Sharp Carousel, R7280,
650 W). The sections were then incubated
with biotinylated link antibody in the micro-
wave oven at 10% power output for three and
a half minutes. After washing in PBS, sections
were incubated with peroxidase labelled
streptavidin in the microwave oven for three
and a half minutes. Sections were then
incubated with the substrate chromogen
diaminobenzidine (DAB) and, after washing
with distilled water, counterstained with May-
er's haematoxylin for three minutes. Finally,
sections were rinsed in ammoniated water,
rinsed in running tap water, dehydrated in
alcohol and xylene, and coverslipped with
DPX.

All negative cases were repeated, and appro-
priate positive controls (a case of breast cancer
known to be cyclin D 1 positive and lym-
phocytes from a reactive lymph node for pRb)
were run in parallel. Omission of the primary
antibody was used for negative controls.
Nuclear immunolabelling was regarded as a
positive reaction. The anti-pRb antibody de-
tects both hypophosphorylated and hyperphos-
phorylated protein.

Scoring of immunoreactivity was performed
as follows: the numbers of positive nuclei in a
high power field were divided by the total
numbers of nuclei present in that field, and this
was expressed as a percentage. All the cells in
the biopsies were counted, while 25 to 50 high
power fields were assessed in the resection
specimens, depending on the amount of
tumour represented on a particular slide. A
mean of the number of fields counted was then
taken. An arbitrary score was assigned as
follows: negative, < 5% positivity; +1, 6-25%
positivity; +2, 26-50% positivity; +3, > 50%
positivity.

Statistical analysis was performed using the
x2 and Fisher's exact tests; p values < 0.05 were
deemed significant.

Results
CLINICAL DETAILS
The patients ranged in age from 28 to 80 years.
Twenty seven of the 80 cases were women.
Only two Asians and one white patient were
encountered in this study, the remaining
patients were black.

LIGHT MICROSCOPY
All cases were squamous cell carcinomas of the
oesophagus: 36 were well differentiated, 18
were moderately differentiated, and 26 were
poorly differentiated tumours. Dysplastic
epithelium was present in 33 of the biopsies
and in all of the oesophagectomy specimens.
The dysplastic epithelium tended to arise
abruptly when compared to normal
mucosa. Peritumorous lymphatic invasion was
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Figure 1 Cyclin Dl expression in dysplastic squamous
epithelium and an invasive squamous carcinoma. Basal
cells and those located in the middle third of the epithelium
show the most cyclin Dl positivity. Occasional superficial
cells are also immunoreactive. In the invasive component,
more than 50% of the tumour cells are immunopositive.

identified histologically in nine cases. The
TNM staging of the oesophagectomy speci-
mens was as follows: two cases were T1 NO
MO; 13 cases were T2 Ni MO; 15 cases were
T3 N3 M2.

IMMUNOHISTOCHEMISTRY
Cyclin Dl
Only 23 of the 80 cases (29%) were positive.
All positive cases showed nuclear positivity,
with two cases showing both nuclear and cyto-
plasmic immunoreactivity. Of these 23 cases, in
only five were > 50% of the tumour cells (+3)
positive (fig 1). In the positive tumours,
occasional cells in the accompanying dysplastic
epithelium were positive. Some of these were
basal in location, although most occupied the
middle third of the mucosa, with occasional
positive cells being found more superficially
(fig 1). Of the four cases with lymph node
spread, three were cyclin Di positive. The
lymph node metastases in these three cases also
showed cyclin D1 positive tumour cells. The
other case with lymph node spread was
negative in both primary and secondary sites.
No statistically significant correlation was

found between cyclin D1 expression and histo-
logical grade, age, sex, or race.

Retinoblastoma protein
Fifty three cases (66.25%) showed pRb
immunopositivity (fig 2). Twenty nine of these
cases showed +3 immunopositivity. Occa-
sional basal cells in the normal mucosa were
pRb positive. The staining in dysplastic
epithelium tended to parallel the intensity seen
in the invasive tumour. All four cases
with lymph node spread showed pRb
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Cyclin Dl and pRb in oesophageal squamous cell carcinoma

Figure 2 Intense nuclear positivity for retinoblastoma protein in an invasive squamous

carcinoma.

immunopositivity in both the primary tumour
and metastases. Once again, no correlation
was found between pRb immunoexpression
and any clinicopathological parameter.

Cyclin Dl versus pRb
Of the 23 cyclin Dl positive cases, only five
were negative for pRb (p < 0.05).

Discussion
The retinoblastoma gene, located on chromo-
some 13q14, is considered to be a prototypic
tumour suppressor gene. It is composed of 27
exons and encodes a nuclear phosphoprotein
of 105-110 kDa (pRb). The protein has several
phosphorylation sites, is associated with DNA
binding, is an important cell cycle regulator,
and plays a role in differentiation.3 pRb is
expressed in a wide range of tumours.i The
concentrations of pRb remain the same

throughout the cell cycle; however, its state of
phosphorylation is cycle dependent and it is a

target for the enzymatic activity of cyclin and
cyclin dependent kinases.' pRb is in the under-
phosphorylated form in the G, phase of the cell
cycle. It becomes phosphorylated when the
cycle progresses into late G, and the early S
phase, and this lasts into G2. pRb is undetect-
able by immunohistochemistry during G, to

middle GI phases, and then there is a 10-fold
increase during G,-M."
Chromosome 11q13 contains a cluster of

genes (hst, int2, bcl-1, and cyclin D) that are

often coamplified as a unit or amplicon. The
cyclin D1 gene is considered to be the most

important of these and the cyclin D 1 protein is
expressed in the GI phase of the cell cycle.
Overexpression of the cyclin D1 protein has
been seen in breast, gastric, and oesophageal
carcinomas.''
The checkpoint controlling entry into the S

phase of the cell cycle is important because it
prevents replication of cells with damaged
DNA. Targets for the G1-S checkpoints are the
cyclins, especially cyclin Dl which has an

interdependent relation with pRb." 12 Cyclin
Dl regulates the level and phosphorylation

status ofpRb so that cells can enter S phase and
replicate."

In a study of oesophageal squamous cell car-
cinoma from China, France, and Italy it was
shown that the cyclin D 1 gene was amplified in
30% of cases.2 Furthermore, all those cases
with amplification of the gene showed in-
creased cyclin Dl protein expression. In the
same study, pRb expression was demonstrated
by immunohistochemistry in 83% of the
squamous cell carcinomas examined. Of inter-
est, all the cases overexpressing cyclin DI pro-
tein also showed pRb expression.2

In another study, amplification of the cyclin
DI gene was seen in 23% of cases and was
associated with shorter survival periods.'3 This
particular group did not look at cyclin Dl
protein expression. Naitoh and colleagues
examined 55 cases of formalin fixed, paraffin
wax embedded oesophageal squamous cell
carcinoma from Japan for cyclin Dl protein
expression.'4 Cyclin D 1 was expressed
strongly by 38.1% of their cases, and this was
associated with poor survival. Two other stud-
ies have shown relatively high levels of cyclin
D 1 protein expression in oesophageal
squamous cell carcinoma. Sheyn and
colleagues,"5 using the same antibody as this
current study, showed that 17 out of 20 cases
were cyclin DI immunopositive. However,
only eight of these 17 cases contained between
40-75% positive cells. Adelaide et al'6 demon-
strated cyclin DI immunoreactivity in 63% of
their cases. Both of these studies found a good
correlation between the immunohistochemical
detection of the cyclin DI protein and ampli-
fication of the gene.
The current study has shown that 29% of

cases of squamous cell carcinoma from South
Africa are cyclin Dl protein positive, while
66.25% of the cases are pRb positive. All but
five of the cyclin D 1 positive cases coexpressed
both proteins. These figures are slightly less
than that seen in squamous cell carcinoma of
the oesophagus in other high risk regions.
Although the disparity may reflect true
geographical and epidemiological differences,
it must be borne in mind that cyclin Dl and
pRb protein detection was achieved by immu-
nohistochemistry which has some limitations,
and negative immunostaining does not pre-
clude the presence of very small amounts of
protein. From these results it would appear
that overexpression of cyclin D 1 protein
occurs in a minority of oesophageal squamous
cell carcinomas from South Africa. Three of
the four cases with nodal involvement were
cyclin DI positive in the primary and
metastatic site. The majority of oesophageal
squamous cell carcinomas that were cyclin DI
positive also showed immunoexpression of
pRb. Thus, the postulate that cyclin Dl over-
expression abrogates the normal inhibitory
role of pRb by inducing phosphorylation may
well be operative in a certain proportion of
cases.

Runjan Chetty is supported by a University of Natal Research
Fund grant.
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