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DNA aneuploidy in Crohn's disease and ulcerative
colitis: results of a comparative flow cytometric study

R Porschen, U Robin, A Schumacher, S Schauseil, F Borchard, K J Hengels, G Strohmeyer

Abstract
DNA ploidy and S-phase fractions were
assessed by flow cytometry in colonic biopsy
specimens from 28 patients with ulcerative
colitis and 51 with Crohn's disease. Whereas
only diploid DNA histograms were found in
Crohn's disease and control subjects, three
patients with ulcerative colitis exhibited DNA
aneuploidy. In one case, aneuploidy was asso-
ciated with low grade dysplasia. S-phase
fractions were higher in ulcerative colitis
(mean (SD) 17.8 (7.7)%) than in Crohn's
disease (13.1 (4.6)%) or control subjects (14.2
(4.6)%), but did not correlate with either
disease activity or duration in any group. In
this study, aneuploidy was associated exclu-
sively with ulcerative colitis, even in the
absence of dysplasia. In view of the epidemio-
logical differences in malignant colonic trans-
formation between ulcerative colitis and
Crohn's disease, this study suggests that flow
cytometry may help to identify individuals with
an increased cancer risk in ulcerative colitis.
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The predisposition of patients with ulcerative
colitis to develop colorectal cancer is well estab-
lished, especially in those with extensive and
long standing disease. 1-6 Compared with the
general population, a five- to eightfold increased
cancer risk was observed in all ulcerative colitis
patients, and this increased to 19 fold in those
with total colitis. Patients with Crohn's disease
also show an increased risk of developing colo-
rectal cancer but the magnitude of the risk is not
as high as in ulcerative colitis.2 7-13
The increased incidence of colonic cancer in

patients with ulcerative colitis has prompted a

search for clinical and histological variables that
may predict the increased risk. Histopatho-
logical detection of dysplasia, defined as an

unequivocal neoplastic change in the epithelium,
has been used as a marker of malignant trans-
formation. However, there are problems in the
interpretation of dysplasia, particularly in the
presence of severe inflammation.'` For the early
detection of malignancy, additional methods
would therefore be of great value.
Flow cytometry has been used to detect

abnormal DNA stem lines in patients with
ulcerative colitis. 1120 However, the biological
significance of DNA aneuploidy for predicting
cancer development in ulcerative colitis is still
not yet defined. We therefore compared the
prevalence of DNA aneuploidy in ulcerative
colitis and Crohn's disease in order to see if it
parallels the epidemiological difference in the
colonic cancer risk between these two inflam-

matory bowel diseases. Furthermore, we aimed
to correlate results of DNA analysis with histo-
logical and clinical findings.

Methods

PATIENTS
Our flow cytometric study was prospectively
carried out in three groups of patients. The
control group comprised 20 patients (infectious
colitis (n=4), diverticulosis (n= 1), gastrocolic
fistula (n= 1), irritable bowel syndrome (n= 14)).
There were 28 patients with ulcerative colitis.

They had a mean (SD) disease duration of 5.4
(4.7) years (range 0.3-16 years). In four
patients, the disease was limited to the rectum.
Left sided colitis (no involvement proximal to
the hepatic flexure) was present in 13 patients
and pancolitis in 11 patients. Disease activity was
assessed according to Descos et al, Edwards and
Truelove, and Talstad and Gijone.2' 23 Mean
(SD) disease activity was 30 (17)% (range
0-61%).

Forty one patients with Crohn's disease and
colonic involvement were studied (ileocolitis
(n= 32), colitis (n= 9)). In addition, patients with
Crohn's ileitis (n= 8) or Crohn's disease in the
stomach or duodenum (n=2) were evaluated.
The mean (SD) disease duration of this group
was 7-2 (6.2) years (range 0-1-22 years). The
Crohn's disease activity index (CDAI) was mean
(SD) 202 (98) (range 22-429).

Patients were examined once after giving
written informed consent. The study was under-
taken over 12 months and was approved by
the human research review committee of the
Heinrich-Heine-University.

ENDOSCOPY AND HISTOLOGY
During colonoscopy, biopsy specimens were
taken from different locations in the colorectum
(caecum, ascending colon, hepatic flexure, trans-
verse colon, splenic flexure, descending colon,
sigmoid, rectum). In two patients with ulcerative
colitis, specimens were taken from proctocolec-
tomy tissue. In five patients with ulcerative
colitis (three with known proctitis or procto-
sigmoiditis and two with very severe colonic
inflammation or toxic megacolon) and in three
patients with Crohn's disease (one with ileo-
sigmoidostomy and two with insufficient pur-
gative preparation) only sigmoidoscopy was
performed. Two biopsy specimens were taken at
each level. The specimens were taken as close
together as possible in order to facilitate com-
parison between histological and flow cytometric
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results. One specimen from each location was
routinely fixed in formalin, embedded in
paraffin, and stained with hematoxylin and
eosin. Histological slides were reviewed by one
experienced pathologist (FB) who did not know
the results of the flow cytometric analysis.
Slides were classified according to the method of
Riddell et all4 as: no dysplasia, indefinite dys-
plasia, low grade dysplasia, or high grade
dysplasia.

FLOW CYTOMETRY
The other biopsy specimen was frozen at - 80°C
in a DMSO-citrate buffer until flow cytometric
analysis.24 Before analysis the samples were
rapidly thawed in a water bath to 37°C. Speci-
mens were gently ground in a 0 3 mm steel mesh
with a small glass pestle. The resulting cell
suspension was flushed with 100 RI phosphate
buffered saline (PBS) into a test tube. This
procedure resulted in a cell suspension mainly
containing whole or disrupted colonic crypts.
Epithelial cell aggregates and single epithelial
cells were observed to a lesser extent (Fig 1).
Light microscopic examination showed that
non-epithelial cells did not exceed 15%. Paraffin
sections prepared from the rest of the specimens
remaining in the steel mesh after grinding
showed that the stroma retained its normal
appearance, whereas nearly all the crypts in
normal and inflamed tissues were devoid of
epithelial cell elements. No preferential selection
of cells from the base or the surface of the colonic
crypts was observed. These observations show
that flow cytometric analysis of cells released
from the biopsy specimens by this method was
mainly restricted to the epithelial cell
population.

Cell nuclei were isolated by a single step
detergent technique25 and stained with propi-
dium iodide. In order to minimise aggregates,
the suspension was passed several times through
a pipette during the incubation period. After
addition of RNase (1 mg/ml), 10000 nuclei per
specimen were subsequently analysed in an
EPICS C flow cytometer. The coefficient of
variation of the GI full peak in all samples was
4.9% (1.1%). Cell cycle parameters were cal-
culated using a polynomial model (SFIT).26 Data
were corrected for background if a significant
amount of debris was present in the sample.

Individual S-phase fractions of all colonic

Figure 1: After grinding the biopsy specimens in a steel mesh
the resulting cell suspension mainly consists ofcolonic crypts
and epithelial cell aggregates.
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Figure 2: S-phase fractions in colonic biopsy specimens from
control patients, patients with Crohn's disease (open squares:
values in patients with colonic involvement; black squares:
values in patients without colonic involvement) and those with
ulcerative colitis (black dots: values in aneuploid patients)
were calculated by means ofa polynomial model. Each value
represents the average ofthe S-phasefractions in all specimens
taken from one patient. Mean S-phase fractions amounted to
14 2 (4.6)% in controls, 13.1 (4-6)% in Crohn's disease and
17 8 (7 7)% in ulcerative colitis.

biopsy specimens of each patient were pooled for
statistical analysis. Comparison of sample means
was done by Student's t test or Kruskal-Wallis
test statistic. Linear correlations were computed
for comparisons of the S-phase percentages,
disease duration, and disease activity. Samples
with more than one peak in the histogram were
judged as aneuploid.21 For DNA aneuploid
samples a DNA index was calculated as the ratio
of the abnormal GO/GI mean peak channel
number to the diploid GO/G 1 mean peak channel
number. DNA histograms were classified with-
out knowledge of the histological results.

Results

CALCULATION OF S-PHASE FRACTIONS
S-phase fractions calculated by means of a poly-
nomial model are depicted for control patients,
patients with Crohn's disease, and those with
ulcerative colitis in Figure 2. Values represent
the mean of the S-phase fractions in all biopsy
specimens taken from one patient. Because the
S-phase fractions in Crohn's disease did not
differ between patients with or without colonic
involvement (13-0 (4.9)% v 13.7 (3.3)%) these
data were combined in Figure 2 to form a single
group. The mean S-phase fraction in all patients
with Crohn's disease was 13-1 (4.6)%0.
Mean values of pooled S-phase fractions in
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Figure 3: DiploidDNA histogram in a patient with Cl
colitis (top). DNA histogram in a patient with ulcerati,
colitis showing a significant aneuploid peak with a DA
index of 1 9 (bottom).

controls and in patients with Crohn's colitis
nearly identical - 14.2 (4.6)% v 13.0 (4.9)%
their distributions were overlapping. Hov
the mean S-phase fraction calculated in b
specimens from patients with ulcerative (

increased to 17.8 (7.7)% p<005). The me;
these pooled S-phase values were nearly ide
to the individual S-phase biopsy data in
three groups (controls: 13.9 (5.4)%; Cr
disease: 13-3 (5.9)%; ulcerative colitis:
(8.4)%). There was a wide scatter of S-
fractions in ulcerative colitis ranging from
to 37.7%. In eight (29%) patients with ulce
colitis, but in none with Crohn's disease,
S-phase fractions exceeded the upper
seen in controls (Fig 2).

Neither in ulcerative colitis nor in Cr
disease did a significant correlation bel
calculated disease activity and the S-phase
tion exist. In biopsy specimens showing I
active ulcerative colitis, S-phase fractio
creased to 18.9 (9.4)% compared with spec.
showing histologically quiescent colitis
(8.3)%; p=NS). This insignificant incre.
the S-phase fraction as a function of histol

Individual results ofDNA aneuploidy, dysplasia, and clinicalfeatures in six patients zu
ulcerative colitis. Locations ofbiopsies are given in parentheses.

Disease Disease
duration activity Extent of DNA

Case (yrs) (%) disease index DysplasiL

AO 8 22 Left sided 1-0 Low grad
(rectum)

FC 6 61 Left sided 1-0 Indefinit
(rectum)

SP 9 0 Total 1.9 Low grad
(caecum'

1-9
(hepatic:

1-0 Indefinit
(splenic

JH 2 61 Total 1-0 Indefinit
(sigmoid

MD 14 22 Total 1-8
(rectum)

FB 3 33 Total 1.1+1±2 Indefinit
(splenic f

disease activity was also found in Crohn's disease
(15.1 (6 0)% v 13-1 (5.6)%).

Because the colonic cancer risk increases with
the duration of ulcerative colitis, the impact of
disease duration on the S-phase fraction was
analysed. No statistically significant correlation
could be shown between the duration of disease
and the S-phase fraction in Crohn's disease or
ulcerative colitis.

DYSPLASIA AND DNA PLOIDY
Five patients with ulcerative colitis showed
either indefinite (n=3) or low grade dysplasia
(n=2). Dysplastic changes were not present in
biopsy specimens from controls or patients with
Crohn's disease.
Only diploid DNA histograms were observed

1000 in control and Crohn's disease subjects (Fig 3).
In contrast to these flow cytometric findings,
three patients with ulcerative colitis (11%)

rohn's showed additional aneuploid DNA peaks (Fig
yve
IA 3). In two patients (patients SP and MD) a

significant second peak was present in the tetra-
ploid region with DNA indices of 19 and 1.8,
respectively (Table I). In the third patient

were (patient FB) two additional aneuploid DNA
- and stem lines with DNA indices of 1 1 and 1 a2 were
vever, found in a biopsy specimen taken at the splenic
)iOpsy flexure.
colitis The Table summarises the results in six
ans of patients with ulcerative colitis in whom either
ntical dysplasia or DNA aneuploidy, or both were
these found. Disease duration in these patients ranged
rohn' s from 2 to 14 years. In most patients, total colitis
17.5 was present. In patients SP, MD, and FB, DNA

phase aneuploidy could be shown by flow cytometry.
4,5% DNA aneuploidy was not always accompanied
rative by the simultaneous presence of dysplasia
mean (patients SP and MD). Biopsy specimens classi-
limit fied as indefinite for dysplasia (in all cases

rohn's probably negative) were often associated with a
severe disease activity.

tween
> frac-
highly Discussion
'n in- The assessment of 'premalignancy' and in-
imens creased cancer risk in inflammatory bowel
(17 0 disease is based on the histological finding
ase in of dysplasia, which can develop in ulcerative
Logical colitis'4 and to a lesser extent in Crohn's disease."8

However, two problems become evident if
dysplasia is used for risk assessment. Firstly,

vith histological criteria are dependent on subjective
judgement resulting in low interobserver agree-
ment, especially in low grade dysplasia.'` The
classification of dysplasia is impeded consider-
ably by the presence of acute inflammation.

de Secondly, in inflammatory bowel disease neo-
plasms may develop without the simultaneous

.e appearance of dysplasia at a distance from the
de colorectal cancer."8"9 The development of addi-

tional methods for the recognition of an
flexure) increased cancer risk in patients with inflam-
te matory bowel disease is therefore of great
flexure)
te interest.

Hammarberg et al'7 first reported the use of
flow cytometry to detect DNA aneuploidy in

e) biopsy specimens of ulcerative colitis. Demon--lexure) stration of DNA aneuploidy in ulcerative colitis
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may precede the development of colon
cancer.'" '9 In comparison with the classification
of dysplasia, flow cytometry has the advantage in
that interpretation of DNA histograms show a
higher degree of interobserver agreement.'5

Results concerning the association between
DNA aneuploidy and dysplasia are discord-
ant'5'-7 19 20 It has been hypothesized30 that
aneuploidy in biopsy specimens interpreted as
indefinite for dysplasia may predict future pro-
gression to definite dysplasia. The only case
report of flow cytometry in Crohn's disease
showed aneuploidy in a highly dysplastic
mucosa.3' Aneuploid cell clones were detected in
three patients with total colitis out of 28 patients
with ulcerative colitis (11% for the whole group;
27% for the group with total colitis). These
percentages are comparable with those in other
studies.'6'71920 In patients SP and MD, near
tetraploid cell clones were identified in inflamed
mucosa without dysplastic changes. This obser-
vation confirms other flow cytometric studies in
which the percentage of aneuploid histograms
in non-dysplastic mucosa ranges from 2 to
33%O 15-17 20

The percentage of aneuploid subpopulations
seems to increase with the duration of ulcerative
colitis. On the other hand, DNA aberrations
have been detected as early as four years after
clinical symptoms have started.'6 17 In patient
FB, aneuploidy was found three years after
disease onset in the proctocolectomy specimen.
A significant correlation between the S-phase
fraction and disease duration was not found in
our study.
Flow cytometrically calculated S-phase frac-

tions in control biopsy specimens agree with the
labelling index of the human colonic mucosa
(12-18%) after in vivo injection of tritiated
thymidine.32 The preparation method used in
this study generated a cell suspension with a
predominating proportion of epithelial cells.
This explains the difference from other flow
cytometric estimations of S-phase fractions
which produced lower percentages. After the
isolation of a pure epithelial cell suspension the
mean proportion of colon cells in S-phase was
determined to be 15-16% by flow cytometry.33
Our observation that cell proliferation is not

increased in patients with Crohn's disease is
confirmed by an autoradiographic investigation
of Terpstra et al.34 On the other hand, tritiated
thymidine studies have shown that the labelling
index in ulcerative colitis is often increased above
control values.3536 Kanemitsu et al36 reported a
mean labelling index of20%, with an upper limit
of 37%. In our ulcerative colitis group, S-phase
fractions in eight patients exceeded the upper
limit seen in controls. The significance of an
increased S-phase fraction in ulcerative colitis
is unclear. The proliferative compartment in
ulcerative colitis is shifted to the luminal surface
of the colonic crypts.37 This proliferative abnor-
mality is interpreted as a marker of increased
susceptibility to colonic cancer.32 34
The biological significance of DNA

aneuploidy and of changes in cell proliferation is
still unclear. In our flow cytometric study, cell
cycle phase fractions and the frequency of DNA
aneuploidy were therefore compared in both

forms of inflammatory bowel disease to see if
they parallelled the epidemiological difference
in colonic cancer risk. DNA aneuploidy was
associated with ulcerative colitis, but not with
Crohn's disease. In view of the epidemiological
difference in malignant colonic transformation
between ulcerative colitis and Crohn's disease,
this study suggests that flow cytometry may help
to identify individuals with an increased cancer
risk in ulcerative colitis and that this method may
become a valuable complement to histological
examination in cancer surveillance programmes.
The definitive importance of flow cytometry in
inflammatory bowel diseases, however, has still
to be assessed by prospective studies.
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