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Figure 5 (A) NO38 expression in tumours and normal mucosa increases as cells progress from G, through S to the G, phase. (B) Nucleolar counts
increase as aneuploid tumour cells progress through the cell cycle. Horizontal lines represent the mean value for each dataset.

the numbers of nucleoli were not. If NO38
expression and nucleolar counts in the aneu-
ploid tumours were divided by the DNA index
and compared with normal mucosa, the same
trend was seen. This implies that tumour cells
express higher amounts of NO38 in relation to
the amount of DNA compared with normal
mucosal cells, but that they contain the same
numbers of nucleoli relative to the amount of
DNA as do normal mucosal cells.

It was directly evident from the flow
cytometric cytograms of NO38 fluorescence
versus DNA content that NO38 expression
increased as the DNA content increased
throughout the cell cycle of the aneuploid
tumour populations (fig 3A). In diploid
tumours, diploid cells (fig 3A, R2 and fig 3C,
R2) showed a more heterogeneous expression
of NO38 than aneuploid cells and the cells in
the S and G, phases of the cell cycle. This
might be because in diploid tumours, diploid
cells consist of leucocytes and normal mucosal
cells in addition to tumour cells. Thus,
aneuploid tumour cells represent the most
homogeneous population, a fact that can be
distinguished clearly by DNA content. How-
ever, S and G, cells from diploid tumours are
also relatively pure because the admixture of
non-tumour cells comprises mainly non-
proliferating leucocytes and mucosal cells.
Therefore, the cell cycle resolved expression of
NO38 in a presumably homogeneous popula-
tion of tumour cells was analysed in more detail
in the aneuploid tumours. NO38 (SD) expres-
sion was 43% (29%) and 98% (48%) higher in
the S and G, phases, respectively, relative to its
expression in G, (fig 5A). In addition, these
aneuploid tumours were sorted using flow
cytometry to determine the number of nucleoli
in the S and G, phases relative to G,. The
numbers (SD) of nucleoli were 29% (18%)
higher in S than in G,, and the numbers of
nucleoli were 47% (23%) higher in G, than in
G, (fig 5B). Hence, on average, the nucleoli
must grow in size to contain 35% more NO38
as the cells proceed from G, to G,.

Discussion
We examined the relation between both NO38
expression and nucleolar counts and the DNA

index, total cellular DNA content, S phase
fraction, and Ki67 labelling index in colorectal
carcinomas, using a monoclonal antibody that
specifically labels NO38. This is a nucleolar
phosphoprotein associated with nucleolar or-
ganiser regions in cells. The immunofluores-
cent staining of NO38 was localised specifically
to the perimeter of the nucleoli, which is
consistent with a previous report demonstrat-
ing NO38 localisation to the outer granular
regions (granular and dense fibrillar compo-
nents) of the nucleoli.' The pattern of staining
in tumours was clearly different from that seen
in normal mucosa. In general, tumour nucleoli
were larger and more irregular in shape (round,
oval, or elongated) compared with nucleoli
seen in normal mucosa. Nucleolar pleomor-
phism has been known for some years to be
characteristic of cancer cells.”® ¥ The tumour
group also had significantly higher nucleolar
counts than the normal mucosa group. It has
been shown previously with AgNOR staining
that, generally, highly malignant neoplasms
have smaller and more numerous AgNORs
than benign or less malignant tumours.” *
Yang ez al* demonstrated a higher number of
AgNOR counts in adenocarcinomas than in
adenomas with severe dysplasia. The reasons
for these differences are still unclear. Although
we did not use the more conventional AGNOR
technique to label nucleolar proteins, our study
is consistent with the AgNOR studies as we
demonstrated increased numbers of nucleoli in
tumour cells compared to normal cells, al-
though they were not smaller in the tumour
group. The relation between NO38 staining
and AgNOR counts is not quite resolved, and is
a subject of great interest that deserves further
attention.

NO38 expression was seen in all phases of
the cell cycle of tumour and normal mucosal
cells, and morphologically apoptotic tumour
cells lacked NO38, as shown by cell sorting.
Nucleolar counts correlated significantly with
NO38 expression, and both parameters were
significantly higher in the tumeours than normal
mucosa, being highest in the DNA aneuploid
tumours.

No significant association was observed
between nucleolar counts and Dukes’ stage, in
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agreement with the results of Kram ez al.>' In
addition, we did not observe significant corre-
lations between either NO38 expression or
nucleolar counts and S or S+ G, phase
fractions in the tumour cell populations. These
results are consistent with previous reports
failing to demonstrate significant correlations
between AgNOR counts and the percentage of
cells in the S + G, phases of the cell cycle in
colonic adenocarcinoma,’ gastric carcinoma,”
and breast cancer.” However, Hasegawa et al*
reported a significant linear correlation be-
tween the AgNOR count and percentage of
cells in the S + G, phase in testicular germ cell
carcinomas.

It was speculated that the observed differ-
ences in NO38 expression and nucleolar
counts between the tumours and normal
mucosa could be a result of the higher average
DNA index in the tumour group. Both NO38
expression and the number of nucleoli increase
with DNA content, but only NO38 expression
appears to be higher in tumours compared with
normal mucosa after normalising for DNA
content. That is, per amount of DNA, both
tumour cells and normal mucosal cells contain
the same numbers of nucleoli. Thus, the higher
NO38 expression seen in the tumours is most
likely related to the larger sizes of the tumour
nucleoli.

It was clear from the NO38 flow cytometric
sorting analysis of aneuploid tumour cells that
while NO38 expression increases by ~ 100%
from G, to G,, the nucleolar count increases by
only 47%. Thus, the nucleoli must increase in
size to account for the observed increase in
NO38 expression from G, to G, NO38
expression increases by only 85% and 70%
from G, to G, in diploid tumours and normal
mucosa, respectively. This is probably because
of the admixture of mainly non-cycling leuco-
cytes in the diploid component of these groups,
which results in a heterogeneity of NO38
expression. Unlike the aneuploid tumours, it
was not possible to examine homogeneous
populations of cycling cells in these two
groups. However, future studies with three-
parameter NO38, keratin, and DNA flow

- cytometry might be possible in order to distin-
guish leucocytes from epithelial cells for
further analysis of NO38 expression and
nucleolar frequency.

Neither NO38 expression nor nucleolar
counts correlated with the sizes of the tumour
S or S + G, phase fractions, or with the Ki67
labelling index in colorectal carcinomas. Fur-
thermore, no significant correlation was found
between the tumour S phase fraction and the
Ki67 labelling index. Thus, even though NO38
expression and nucleolar counts are increased
in S phase and G, phase cells relative to G,
phase cells, the sizes of the S phase (and S + G,
phase) fractions are relatively small compared
to the sizes of the G, fractions. This may
explain the observed lack of correlation be-
tween these nucleolar parameters and the S
and S + G, phase fractions. Thus our results
indicate that NO38 expression does not corre-
late with cell proliferation as measured by the
sizes of the S phase fraction or by the Ki67
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labelling index. There was also no correlation
between the S phase fraction and the Ki67
labelling index, indicating that these are
independent parameters, both of which may
reflect cell proliferation.

NO38 expression and nucleolar counts in-
crease with DNA content, whether this is caused
by an aneuploid tumour stemline or passage
through the cell cycle. The number of nucleoli is
not a marker of neoplasia per se, since the
increased nucleolar counts seen in tumours are
the result of their increased DNA index relative
to normal mucosa. NO38 expression, however,
is higher in colorectal tumours than in normal
mucosa, and this remains true even when the
DNA content is taken into consideration. This is
consistent with the observed larger sizes of
nucleoli in tumour cells compared with normal
mucosal cells.
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NO38 expression and nucleolar counts
are correlated with cellular DNA
content but not with proliferation
parameters in colorectal carcinomas.
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