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Summary.—The fraction of cells in S+ G2+ mitosis from 54 urothelial tumours was
calculated by flow cytometry after acridine orange (AO) staining of cells obtained by
bladder irrigation or biopsy. Fluorescence signals emitted by the AO-stained DNA
and RNA of each cell were separated optically and measured for 5,000 cells per speci-
men. The patients were classified by the histology of their tumours and clinical data
into 5 diagnostic categories: NED (no evidence of disease, but history of bladder
tumour), 3; papilloma, 8; non-invasive papillary carcinoma, 8; carcinoma in situ, 17
and invasive carcinoma, 18.

The fraction of cells with DNA values in S + G2+ M of the cell cycle varied between
7 and 579, of the total, with a wide range within each diagnostic category, but no
statistically significant differences between the groups. The proportion of cells in
S+ G2+M from an individual tumour was not correlated with histologic grade or
clinical behaviour. The possibility that some tumour cells with DNA values above G1

level are quiescent cells arrested at S or G2 is discussed.

PROLIFERATIVE rates of bladder neo-
plastic epithelium have been studied
mainly by 3H-thymidine ([3H]-TdR) in-
corporation and autoradiography of fixed
specimens. A positive, but not complete
correlation between proliferative rates and
tumour grade and stage has been reported
by several investigators (Battifiora et al.,
1965; Veenema et al., 1965; Matsumura,
1967; Lunglmayr & Regele, 1969; Tera-
shima, 1969; Hainau & Dombernowsky,
1974) and disputed by others (Levi et al.,
1969). Autoradiographic methods are
generally not applied in clinical practice,
presumably because of the elaborate and
time-consuming procedures involved, and
perhaps because of the inconclusive data
reported.

With the recent advent of flow cyto-
metry a method has been provided for
rapid and objective cell-kinetic analysis
(Gray et al., 1979). Bladder tumours are

well suited for these flow-cytometry
studies because of the relative simplicity
with which cell samples can be obtained,
e.g. by irrigation (Collste et al., 1979a;
Tribukait & Esposti, 1977; Granberg-
Ohman et al., in press).

Recently, we reported flow-cytometry
studies on urinary-bladder irrigation
specimens (Collste et al., 1979a) and on
cell suspensions from resected bladder
tumours (Collste et al., 1979b). Criteria
were described for identifying neoplastic
urothelial cells by measurements of nuclear
DNA with this instrument system, and
for differentiating urothelial cells from
squamous and inflammatory cells, cell
clusters and non-cellular debris, by com-
bined simultaneous measurements of
DNA, RNA and nuclear size.

We now report an analysis of the
S+ G2 +M cell fraction of bladder-tumour
cell specimens in the same experimental
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system, to determine whether there is any
relationship to histological or clinical
features of the tumours.

MATERIALS AND METHODS

Studies were performed on 54 patients
hospitalized for bladder tumour. In 51 there
was histological confirmation of tumour at
the present investigation; 3 patients had a
history of bladder tumour but no evidence
of disease at this time.

Histology.—All patients had routine histo-
logical examinations of biopsy tissue, that
were reviewed by one of us (M.R.M.). Based
on this diagnosis, and on cystoscopic findings,
each patient was assigned to one of the follow-
ing categories: NED (no evidence of neo-
plastic bladder disease)—3 patients (with 3
specimens for flow cytometry); papilloma—
8 patients (8 specimens); non-invasive papil-
lary carcinoma—=8 patients (9 specimens);
CIS (carcinoma in situ)—17 patients (23
specimens) and invasive carcinoma—I18
patients (19 specimens).

Preparation of samples.—Bladder irrigation
samples were obtained by flushing the empty
bladder several times with ~200 ml 0-99,
NaCl via the cystoscope sheath with the
Ellik evacuator. The resulting cell suspension
was washed twice in normal saline, passed
through a 50 um nylon sieve to remove large
cell clusters and debris, and adjusted to
~5x108 cells/ml.

Tissue biopsies obtained at cystoscopy
were teased and agitated in normal saline to
yield a cell suspension which was washed,
sieved and adjusted to concentration as
above.

In 5 patients, both irrigation cytology and
1-2 biopsy specimens of tumour were
available; in 41, only irrigation samples, and
in 8 only 1-2 biopsy specimens. There was a
total of 63 specimens from 54 patients.

Staining and measurements.—The cell sus-
pensions were pretreated with detergent to
increase permeability, and then stained in
suspension, unfixed, with the metachromatic
dye acridine orange (AO) as described in
detail in previous publications (Darzynkie-
wicz et al., 1976; Traganos et al., 1977;
Collste et al., 1979a, b). Measurements were
carried out immediately in the flow cytometer
at rates of ~200 cells per second. A total
of 5,000 cells per sample were counted.

AO intercalates into the DNA helix in a
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monomeric form to fluoresce green (530 nm)
in blue light, and ‘“‘stacks” in polymeric
form on single-stranded RNA to fluoresce
red (>640 nm). As each cell intersects the
focused blue light of the argon-ion laser in
the flow chamber of the cytometer, it gener-
ates a fluorescent flash that is separated
optically into green and red components.
These are converted to electrical signals by
appropriately filtered photomultipliers and
recorded in a computer for subsequent analy-
sis. The intensities of green and red fluores-
cence from bladder epithelial cells reflect
relative cell contents of nuclear DNA and
cytoplasmic RNA, respectively. In addition,
the duration of the green (DNA) fluorescence
signal is recorded, to indicate nuclear size
(Sharpless et al., 1975).

Squamous epithelial cells exhibit cyto-
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Fic. 1.—Two scattergrams of a bladder-
irrigation cell sample from a case with papil-
lary carcinoma. Green (DNA) fluorescence
along the ordinate, red (RNA) fluorescence
along the abscissa. Each dot represents one
cell. In the upper display, thresholds are
set to include the total tumour-cell popula-
tion, excluding the main diploid cell cluster.
The latter consists of a few inflammatory
cells and diploid, normal bladder cells.

In the lower scattergram, a further
selection is made to separate S+ G2+ M
from G0+ G1 tumour cells. The S+ G2+ M
fraction makes up 289, of all tumour cells.
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plasmic green fluorescence which is not due to
DNA. The biochemical basis for this staining
reaction is not known; presumably it is due
to keratin or keratin precursor. However, the
relationship between this cytoplasmic green
fluorescence and the red cytoplasmic fluores-
cence of RNA is such that squamous cells can
be identified empirically (Collste et al., 1979a).

Data analysis.—Data storage and analysis
is carried out by means of a Data General
Nova 1220 minicomputer interfaced to the
flow cytometer. This is an interactive system
that was described in detail recently by Sharp-
less (1979). In practice, a Tektronix 4010
CRT screen is used to display any 2 of the 3
measurements for each of several thousand
cells in a scatter diagram. The position of
each point in that display is determined by
the two measurements for one cell, plotted
along the abscissa and ordinate respectively
(Fig. 1). Thus, populations of cells with similar
measurements will appear as a cluster of dots
in a given position on the screen. By appro-
priate thresholds on nuclear-size measure-
ments and staining intensities, it is possible
to exclude cell doubles or cell clusters, as
well as degenerated cells, from subsequent
analysis. Similarly, squamous epithelial cells
and granulocytes can be recognized by a
combination of measurements, and excluded,
so that bladder epithelial cells alone remain
for statistical analysis. They can be classified
according to DNA content into GO+ G1 and
S+G2+mitotic (M) cell fractions (Fig. 1).
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F1e. 2.—Scattergram of a bladder-irrigation
cell specimen from a case with papillo-
matosis. Green (DNA) fluorescence along
the ordinate (Fs30), red (RNA) fluorescence
along the abscissa (F>go0). The height
of the peaks is determined by the number
of cells in the same position. The GO+ G1
tumour cells form a cluster at 3c ploidy
level. S4+G2+M cells make up 169, of ail
tumour cells.
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Fic. 3.—Same display as in Fig. 2, illustrating
flow cytometry measurements of bladder-
irrigation cells in a case with papillary car-
cinoma. The GO0+ Gl tumour cells are
above tetraploid. The S+ G2+ M fraction
of all tumour cells is 259,.

The S+G2+M cells can then be expressed
as per cent of the total of tumour cells (Figs
2 and 3).

In this study, only cell samples with well-
defined tumour stemlines, separate from the
main diploid transitional cell cluster, were
chosen for further analysis. Such stemlines
were present in 54 of ~100 cases originally
investigated. Tumour stemlines that were in
the near-diploid region and partially over-
lapping with the diploid cell population could
not be used for calculating the proportion
of S+G2+M cells and have been excluded.

RESULTS

The proportion of tumour cells in
S+G2+M of the cycle varied between 7
and 579, (Fig. 4). Though there was a
tendency for higher values in the patients
with CIS and invasive carcinoma, there
was no statistically significant difference
between any of the 4 diagnostic groups:
papilloma, papillary carcinoma, carcin-
oma in situ and invasive carcinoma. A
single determination of the proportion of
DNA-synthesizing tumour cells among
S+G2+M was not predictive of histo-
logical grade.

The fraction of cells in S+G2+M in
specimens obtained by irrigation could be
compared with cell suspensions from
biopsies in 5 cases where both were ob-
tained at the same time. There was agree-
ment in 2, and disagreement in 3 (Table I).
In one case, where 2 biopsies were avail-



CELL CYCLE OF UROTHELIAL TUMOURS

70 f

60 |

SO

% S+Ga+ M Cells

30 |

20 | -

.
oo sood o omy 3o o

10

NED Pap Papca CIS Invca

) (s) 9) (24) 19}

Fia. 4.—S+G2+M fractions in 54 cases
(63 samples) with bladder tumour. The
diagnostic groups are: NED =no evidence
of present neoplastic disease; Pap =papil-
loma; Pap ca=papillary carcinoma, non-
invasive; CIS=carcinoma n situ; Inv
ca=invasive carcinoma. Means of the per
cent S+ G2+ M cell fractions in each group
are 23-2, 20-2, 22-1, 26-4 and 30-9, respec-
tively, as indicated by the bars.

TaBLE 1.—Comparison between irrigations
and biopsies in the same patient

9% Tumour cells

Ploidy level inS+G2+M
r —A Bl r —A Al
Biop. Biop. Biop. Biop.
Case Irr. 1 2 Irr. 1 2
1 38 40 — 324 388 —
10 46 54 57 182 291 308
15 38 37 39 372 121 344
24 — 39 37 — 168  13-7
42 37 37T — 20-5 198 —
74 38 38 — 142 129 —

TABLE II.—Three cases with history of
bladder tumour but no clinical evidence of
disease (NED)

9% Tumour cells in

Case Ploidy level S+G2+M
16 31 16-3
54 37 26-3
58 39 28-4
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able, the proportion of DNA-synthesizing
cells was similar in the 2 tissue specimens,
but ploidy levels differed slightly, sug-
gesting multifocal tumours. The existence
of subclinical tumours, escaping biopsy
and therefore also histological diagnosis,
is suggested by a finding of well defined
tumour stemlines by flow cytometry of
irrigation specimens in 3 cases that were
clinically and histologically NED (Table
II).

DISCUSSION

No correlation was found between the
S + G2+ M cell fraction of bladder tumours
studied and their histological classifica-
tion. However, in selecting cases suitable
for study, diploid and near-diploid
tumours were necessarily excluded. Since
near-diploid tumours are most often low
grade (Sandberg, 1977; Falor & Ward,
1977; Granberg-Ohman et al., in press)
the aneuploid tumours studied by us
admittedly formed a biased sample. It is
also possible that correlations were
masked by sampling variations in pre-
paring the cell suspensions. For instance,
the high proportion of S+ G+ 2M cells in
bladder irrigation specimens from some
patients with low-grade tumours by
biopsy (papillomas and papillary carcin-
omas) may be due to cells desquamating
from other mucosal sites. Nevertheless,
there was sufficient variation in the
S+G2+M fractions from these tumours
(7-57%,) to suggest that some differences
in histology or clinical behaviour should
be evident if any -correlation existed.
Whether we will see some correlation with
long-term clinical follow-up cannot now
be answered.

Using ex vivo short-term cultures and
incorporation of [3H]-TdR Levi et al.
(1969) found that labelling indices did not
correlate with clinical behaviour. How-
ever, Hainau & Dombernowsky (1974) and
others (see above) did find a higher rate
of [3H]-TdR labelling in high-grade
tumours. Clearly, some resolution of these
differences and further studies with flow
cytometry will be necessary before
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tumour-cell kinetics can be of clinical
value. Our own feeling at this time is that
differences in sampling as well as in tech-
nique may account for some of the
apparent inconsistencies in relating
tumour-cell cycling data to clinical be-
haviour and histological morphology.

In the experiments reported before
(Kurland et al., 1978; Darzynkiewicz et
al., 1979) subpopulations of leukaemic cells
were found with low RNA content typical
of quiescent, non-cycling cells. These cells
had the DNA content of the S and G2
cells, yet they did not incorporate [3H]-
TdR (Kurland et al., 1978). Thus, they
were quiescent cells arrested in vivo in the
S and G2 of the cycle. It is possible, there-
fore, that among the tumour cells with
DNA content above G1 level, as measured
presently, there are both cycling and non-
cycling cells, and the latter like the former
have S and G2 DNA content. Conse-
quently, while there may be a correlation
between proportion of cycling cells and
tumour grade, this correlation could be
obscured by the presence of noncycling
cells with S and G2 DNA content. Unfor-
tunately, the cell populations from irriga-
tions and biopsies contain some cells in
various stages of disintegration (i.e.
tumour cells with pyknotic nuclei, parti-
ally detached cytoplasm, isolated nuclei).
Thus it was impossible to use the RNA
parameters to distinguish quiescent cells
in these samples. Not only quiescent but
also broken cells would have low RNA
content. We intend to study the structure
of nuclear chromatin in situ by flow
cytometry (as reflected by DNA sensitivity
to heat- or acid-induced denaturation)
(Darzynkiewicz et al., 1979). With this
technique we should be able to measure
the fraction of cycling cells more reliably
in bladder irrigation specimens. Thus, the
relationship between proportion of cycling
and quiescent tumour cells and patho-
logical grade or clinical behaviour is still
an open question.
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