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Flow cytometricDNA analysis in longstanding
ulcerative colitis: a method of prediction of dysplasia
and carcinoma development?
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Hospital, Stockholm, Sweden

SUMMARY During a prospective study lasting 3-5 years flow cytometric DNA analysis was
evaluated as a possible predictor of dysplastic and malignant lesions in longstanding ulcerative
colitis. Fifty three patients with total ulcerative colitis (mean disease duration of 22 years) were
regularly colonoscoped. Biopsies of colonic mucosa were analysed by flow cytometric technique
and were also assessed histologically. Findings of abnormal DNA pattern (aneuploidy) were

compared with findings of dysplasia. Five patients (90/o) had aneuploidy, four of those at repeated
colonoscopies. Four of those patients also had various degrees of dysplasia. In one patient
aneuploidy preceded the finding of dysplasia and in another aneuploidy preceded a well
differentiated adenocarcinoma, grade Dukes' A subsequently found at surgery. Four additional
patients had dysplasia, all in connection with macroscopic lesions, but were diploid. It is suggested
that flow cytometric DNA analysis in long standing ulcerative colitis may be helpful in addition to
histopathology in the detection of potential malignancy in ulcerative colitis.

The cancer risk in ulcerative colitis is one of the major
clinical problems in the long term management of the
disease.' The current concept of surveillance by
annual colonoscopies with multiple biopsies, is based
on detection of dysplasia in selecting patients for
prophylactic colectomy.4 5

Histological grading of dysplasia requires an
experienced pathologist, adherence to a strict classi-
fication,6 and must be separated from reactive inflam-
matory changes in the epithelium. When dysplasia is
detected, there is still a risk that carcinoma may
already be present.7 An additional and possibly more
objective method for earlier detection of potential
malignancy is therefore desirable.

Studies using rapid flow cytometric technique for
DNA analysis of numerous cells in biopsies or
surgical specimens from various malignancies, have
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in many cases shown an abnormal, aneuploid DNA
pattern indicating gross chromosomal changes.' In
idiopathic colonic carcinoma aneuploidy has been
demonstrated in about 85% of the cases.9 DNA
analyses of cell material from patients with ulcerative
colitis have recently shown aneuploid DNA patterns
in about 10% of patients,"' and in one case a
subsequent development of carcinoma has been
reported. "

In this report the results from a prospective study
during 3-5 years are reported. The aim of the study
was to investigate whether presence of aneuploidy in
patients with longstanding ulcerative colitis is related
to development of dysplasia or carcinoma. Further-
more the distribution and the persistency of
aneuploidy at repeated examinations with colono-
scopy was evaluated.

Methods

PATI ENTS
Between 1982 and 1985 53 patients with ulcerative
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DNA-analysis in ulcerative colitis

colitis of 10 years duration were examined with
regular colonoscopies, as part of an already existing
surveillance programme based on dysplasia develop-
ment.5 The mean duration of disease was 220 years
with a median of 20 years (range 10-43).
At colonoscopy two biopsies were taken from 10

locations in the colon (Fig. 1). Further biopsies were
taken if macroscopic polypoid or raised granular
lesions were found. One biopsy from each location
was assessed histologically, and one taken immedi-
ately adjacent (0-2 mm apart) was analysed for DNA
content by flow cytometric technique described pre-
viously'2 and summarised below. The two biopsies
were taken as close together as possible, to ensure
comparison between findings of dysplastic and/or
aneuploidy in the same part of the mucosa. Dysplasia
was graded by one pathologist according to the new
classification adopted by Riddell et alt as negative;
indefinite, probably negative; indefinite, probably
positive; low grade or high grade. Dysplasia was only
recorded if the mucosa showed no or only slight
inflammation - that is, only inflammatory round cells
in the stroma - to avoid misinterpretation of reactive
dysplasia caused by inflammation.
The biopsies for DNA-analysis were pooled in

three different fractions: (a) caecum, ascending
colon and hepatic flexure (locations 1, 2, 3); (b) trans-
verse colon and splenic flexure (locations 4, 5, 6);
(c) descending, sigmoid colon and rectum (locations
7, 8, 9, 10) (Fig. 1).

If aneuploidy was detected, however, biopsy speci-
mens from subsequent colonoscopies were, if feas-

...~~~~~~~~

Fig. Biopsies were sampledfrom 10 locations in the colon
(1-10). For DNA analysis biopsies were pooled into three
grouips (a-c).

ible, analysed from all 10 locations separately. If
aneuploidy and/or dysplasia was found, the examina-
tion was repeated within one year.

FLOW CYTOMETRIC DNA ANAL YSIS
The cell material for DNA analysis was placed in
saline, pressed through a nylon grid (40-50 mesh
counts/cm) and the resulting suspension fixed in ice
cold 96% ethanol. The fixed cells were then treated
with a isotonic Tris EDTA buffer (Tris 0.1 M, NaCl
0*07 M and EDTA 0 005 M, pH 7.5) containing
RNAse (1 mg/ml) in order to eliminate the RNA.
Suspensions of single cell nuclei were obtained by
pepsin treatment (0(5% pepsin solution, pH 2.0) for
10 minutes in a 37°C water bath. This was followed by
staining of the nuclei with 2 5x10I M ethidium
bromide in Tris EDTA buffer with a molarity of 395
mOsm. This high molarity further reduced the risk of
non-specific binding of ethidium bromide.
The DNA content of the cell nuclei was analysed

by using a rapid flow cytofluorometer ICP 11 (Phywe,
W Germany), equipped with a xenon lamp. The
excitation and emission wave lengths were 455-490
nm and 590-630 nm respectively. The output was
sorted with a 256 multichannel analyser.
The DNA values of the analysed cells were calcu-

lated in relation to the DNA content of normal
human lymphocytes, with a coefficient of variation
below 3% in order to get a normal diploid reference
point. The ploidy level of cell populations was
defined as the DNA value of the GI/Go cells in
relation to the ploidy level of normal diploid cells. If
the ploidy level deviated less than 10% from the
standard lymphocytes it was regarded as diploid (Fig.
2). In this case the majority of cells are located in the
first peak at 2 c corresponding to 46 normal chromo-
somes. A small fraction (around 5% of the cells) are
located in the second, tetraploid peak at 4 c (G2+M)

No of
cells

2 4 6c
DNA-relative values

Fig. 2 Normal DNA histogram ofcolonic mucosa in
ulcerative colitis. The peak at 2 c represents normal diploid
G, cells. To the right at 4 c G,+M cells are seen. Between
these two peaks is the proliferative S-phase.
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with the double number of chromosomes. In between
those peaks are the cells in the proliferative S-phase.
Thus, GI-peaks with c-values exceeding 2-2 c were

considered as aneuploid. The higher the c-values, the
higher the total amount of chromosomes. The
number of cells analysed from each preparation
varied from a few thousand to 50 000 with an average
of about 25 000.
The proportions of cells in the various parts of the

cell cycle were calculated using a simplified method
described by Baisch et al. '3It was assumed that the G
and G2+M peaks had Gaussian distributions and that
the S-phase was represented by a rectangular area

between the channel numbers were the GI and

Table 1 Results offlow cytometric DNA-analyses and
histologicalfindings ofdysplasia in 53 patients with
longstanding total ulcerative colitis

Dysplasia

Indefiniite,
Itidefinzite, probably positive
probabltv and low or high

DNA-analyses Negative negative grade

Diploid 40 4 4*
Aneuploid 0 4

* Dysplasia in macroscopic polypoid or nodular lesions only.

G2+M peaks had their maximum values. Cell
numbers were calculated from the multichannel
analyser by automatic integration after subtraction of
the background.

Results

A total of 85 colonoscopies were carried out averag-

ing 16 per patient (range 1-5). The frequency of
findings of dysplasia and/or of aneuploidy among the
patients is shown in Table 1. Five of the 53 patients
(9%) were shown to have aneuploid DNA patterns
and those patients are described here and in Table 2.
Mean duration of disease for those five patients was

25-4 years with a median of 23 years (range 15-35).

PATIENT 1

At colonoscopy 1982 no dysplasia was found but the
c-fraction of the DNA analysis showed aneuploidy
(3-6 c). Slightly more than a year later there were

neither signs of dysplasia nor DNA abnormalities,
but the cell material for the DNA analysis was sparse.
In 1985 the 10 different biopsy specimens were

analysed separately by flow cytometry and in the
sigmoid colon (location 9) aneuploidy (3 7 c) was

once again found, corresponding to the aneuploidy in
fraction c 1982. No dysplasia was found in this
location or in any other part of the colon (Fig. 3).

Table 2 Individual results ofdysplasia and aneuploid DNA-patterns infive patients at consecutive colonoscopies. Fractions
and locations ofbiopsies are according to Fig. I

DNA -anals'Ais Histology
Disease duration Colonoscopy

Patient (n) Age (yrs) (yrs) year aneuploids fract/loc d-ysplasia locationt

1 63 35 1982 + C
1984
1985 + 9

2 30 19 1982 + B. C
1983 + A B + +
1984 + C + 3.4

++ 7
1985 + A, B C + 3

++ 1
1985 + 4.7X8,10 + 9

++ 5
3 45 23 1983 + A, B + 3-6,8

++ 7.9
1984 + B + 6.8.9
1985 + A,B,C + 3,8

4 32 16 1984 + A,B + 6,9*
++ 2.3*

1985 + 2,3.6.7 + 7
(colectomy 8. 1( ++ 3,4.8
specimen) + + + 2

Ca Dukes' A 2
5 45 35 1985 + B + 7,8

Aneuploidy: + present, -not present. Dysplasia: - negative, + probably positive, + + low graide. + + + high grade. *additional
macroscopic lesions with dysplasia.
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No of
cells

2 4 6c
DNA- relative values

PATIENT 2
Aneuploidy in fractions b (3.8 c) and c (3.6 c, 4-6 c)
was found at the colonoscopy in 1982 but no dysplasia
was detected. One year later aneuploidy was found in
fraction a (4.0 c) and b (4-6 c), and low grade
dysplasia was detected in flat mucosa in the caecum
(location 1). In 1984 fraction c showed aneuploidy
(3-6 c, 5-6 c), while probable positive dysplasia was
found in locations 3 and 4 and low grade dysplasia in
location 7 (Fig. 4). Repeated colonoscopy in 1985
revealed aneuploidy in fraction a (3-6 c), b (3-5 c),
and c (3-5 c) and again low grade dysplasia in the
caecum. At the latest colonoscopy in 1985 the DNA
analysis showed aneuploidy in locations 4 (3.6 c), 7

Fig. 3 (a) Patient): lowpower view ofcolonic mucosa in
location 9 where neither cellular atypia norstructural
abnormalities are seen. (H&E). (b) The DNA-histogram
from the same location shows in addition to diploid cells to
the left at2 c, a large G l-peak ofan aneuploid cellpopulation
at3 7 c. Thesmallamount oftetraploid cellsfrom the normal
diploidfraction is hidden by this large aneuploidpeak. The
tetraploidpeak ofthe aneuploid population is only indicated
at the right ofthefigure at about 7-5 c.

(2-3 c), 8 (4-7 c) and 10 (3.6 c). Probably positive
dysplasia was found in location 9 and low grade
dysplasia in location 5.

PATIENT 3
At the first colonoscopy in 1983 aneuploidy was
present in fractions a (3.4 c), b (3-6 c) and probably
positive dysplasia in flat mucosa was present in
locations 3-6 and 8, as well as low grade dysplasia in 7
and 9. The subsequent two colonoscopies revealed
only probable dysplastic changes. In 1984 aneuploidy
(3-2 c) was found in fraction b, and in 1985 in a
(3-6 c), b (3-1 c), and c (3-5 c) comprising 30-90% of
all cells.
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No of
cells

Fig. 4 (a) Patient2:highpowerviewofbiopsyfrom
location 7displaying low grade dysplasia. (H&E). (b) DNA -
histogramfrom the C-fraction shows aneuploidy at3-6 c and
5 6c.

PATIENT 4
The colonoscopy in 1984 showed low grade dysplasia
in location 2 and 3 and also macroscopic lesions with
probably positive and low grade dysplasia. Fraction a
(3-3 c) and b (3.4 c) of the DNA-analysis showed
aneuploidy. Another colonoscopy shortly afterwards
revealed a transformation into high grade dysplasia
in the flat mucosa. Colectomy was done in the
beginning of 1985 and a well differentiated adeno-
carcinoma (Dukes' A) of the ascending colon,
corresponding to location 2 was found at the histo-
pathological examination. High grade dysplasia was
found in location 2 and low grade dysplasia in
locations 3,4, and 8. Specimens from the resected

colon taken immediately adjacent to the histological
specimens showed aneuploidy in locations 2 (4.0 c),
3(40 c),6(40(c),7(2-9c),8(30(c) and 10(3-0c).

PATIENT 5
Aneuploidy was detected in fraction b (3.6 c) at
colonoscopy in 1985. Probable positive dysplasia was
found in locations 7 and 8.
Four additional patients had dysplasia connected

with macroscopic, polypoid lesions but none had
aneuploidy. Two patients had lesions classified as
tubular and tubulo-villous adenomas respectively,
both with low grade dysplasia. One patient had a
macroscopic lesion with probable positive dysplasia,
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which was completely removed by polypectomy. The
fourth patient had a persistent macroscopic nodular
lesion with low grade dysplasia and was referred to
surgery, but no further dysplasia or cancer was
revealed. Mean age of those four patients was 51
years (range 40-57) with a mean duration of disease
of 28-5 years (range 13-41).

Eleven colonoscopies carried out in 10 other
patients revealed moderate inflammation, histologic-
ally in some locations. Four of those patients had
reactive changes in the epithelium, classified as
indefinite for dysplasia, probably negative. None of
those had aneuploidy.
The percentage of cells in the S-phase varied

between 0 3-20 2 when all evaluable DNA analyses
were considered. In samples with aneuploid DNA
pattern the mean percentage of cells in the S-phase
was 9*5 (range 2.0-20.2%). In the four patients
having macroscopic lesions with dysplasia but normal
DNA pattern, the mean S-phase value was 5 3'Yo
(range 20(-84%, SD±1-7). In samples without
aneuploidy or dysplasia the mean S-phase value was
5 7% (range 1 2-17 10%, SD±2.6).

Discussion

This is the first prospective study describing the
development and persistency of aneuploidy in flow
cytometric DNA analyses of colonic mucosal
biopsies in a patient group with longstanding total
ulcerative colitis. Special emphasis was made to
correlate the findings of aneuploidy with histological
dysplasia by taking the biopsies from each segment of
the colon close to each other.

In five of 53 patients aneuploidy was detected.
Four patients had aneuploidy at repeated occasions
suggesting that once established the changes in DNA
pattern may persist. Aneuploidy was sometimes
detected multifocally and the sites where aneuploidy
was found in individual patients also changed at
subsequent colonoscopies. This might be explained
by a patchy distribution of aneuploidy, and/or sam-
pling error because of the difficulty in taking the
biopsies in exactly the same place from one examina-
tion to another. Variations in ploidy level may be
explained by the fact that multiple cell lines with
differing degrees of aneuploidy have been demon-
strated in patients with idiopathic colonic
carcinoma.9

Four of the patients with aneuploidy also had
different degrees of dysplasia in flat mucosa that were
aneuploid although not always in the same locations.
This can partly be explained by the fact that dysplasia
has a patchy distribution in the colon,'4 but is
nevertheless difficult to explain completely as the
biopsies were taken close to each other.

Another small group of patients had dysplasia in
connection with macroscopically detected polypoid
lesions but no aneuploidy. Two had adenomas which
may be associated with ulcerative colitis, but may
also be age related. The significance of findings of
adenoma for subsequent carcinoma development in
ulcerative colitis is not clear.7 Determination of S-
phase values in this small group showed no significant
difference compared with the rest of the patients with
neither dysplasia nor aneuploidy. Thus, the S-phase
value did not contribute further information in this
patient group.

Four other patients had reactive, inflammatory
changes of the epithelium, considered as indefinite
for dysplasia, probably negative at the histological
examination. None of those patients had aneuploidy.
This finding suggests an advantage of the method
with flow cytometric DNA analysis as it may help to
discriminate between reactive changes and true
dysplasia. In the two latter groups of patients long
term surveillance must be undertaken before any
conclusions of the predictive value of the DNA
pattern can be made.

Previous studies have shown that aneuploid DNA
pattern is closely correlated with malignancy.s There
are no prospective studies, however, showing the
value of aneuploidy as an early predictor of malig-
nancy in known premalignant conditions such as
atrophic gastritis or longstanding ulcerative colitis.
Furthermore it is not known if aneuploidy is irrevers-
ible in these conditions. Experimental studies, in
fact, have shown that when bronchial epithelium
in dogs was treated with a carcinogen, cytological
atypia and malignancy developed as well as severe
aneuploidy, but in 66% of the dogs the changes were
reversible when the carcinogenic treatment was
stopped. Similar results were seen in cigarette
smokers who stopped or decreased smoking. s
Although in ulcerative colitis the factor(s) inducing
carcinoma development may work over a much
longer period of time. Our results so far are not
conclusive as to whether aneuploidy is a reversible
condition when found in patients with longstanding
total ulcerative colitis.
The two patients in our study where the findings

of aneuploidy preceded low grade dysplasia and
carcinoma Dukes' A respectively, may indicate that a
finding of a pathological DNA pattern is a predictor
of impending malignancy. This indication is
enhanced by the case previously reported by
Hammarberg et al. "

In one patient aneuploidy appeared without con-
comitant dysplasia at two colonoscopies two years
apart, and this raises the question of how early is the
change in DNA pattern.
As the flow cytometric DNA analysis only reveals
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gross chromosomal changes, patients in our study
may develop malignancy with only minor chromo-
somal abnormalities which are undetectable with the
method used. From DNA analyses in patients with
idiopathic colonic carcinoma, it has been demon-
strated that approximately 15% of the tumours have
a normal, diploid DNA pattern.9 Carcinoma may
also develop without association of dysplasia and this
has been the case in approximately 20% of the colon
cancers in ulcerative colitis patients.'4 Both histology
and DNA analyses may therefore miss some patients
who ultimately will get carcinoma of the colon, but
with regular colonoscopies the risk of missing an
incurable carcinoma appears to be low.5

In conclusion aneuploidy was found in a small
number of patients (9%) with total longstanding
ulcerative colitis. Once established the changes in
DNA pattern seemed to persist. Aneuploidy was
detected multifocally in the colon and was correlated
to findings of dysplasia in flat mucosa but not
necessarily in the same segment. Flow cytometric
DNA analyses in patients with longstanding ulcera-
tive colitis may become a complement to conven-
tional methods in trying to detect patients with an
increased risk of developing colonic carcinoma.

This study was partly supported by funds from the
Cancer Society of Stockholm.
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