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DNA aneuploidy is of interest as an additive marker for car-
cinoma risk in ulcerative colitis. It is known that colorectal
carcinomas often are aneuploid with DNA indices centered
around a median value of 1.5, corresponding to triploidy, and
that adenomas, if aneuploid, have DNA indices closer to 2.0,
the tetraploid region.

In a colonoscopic surveillance programme, colorectal mu-
cosal biopsies from 104 patients with ulcerative colitis were
examined by flow cytometry, and the DNA indices deter-
mined and compared with findings of cellular dysplasia. In
17 patients, DNA aneuploidy was diagnosed, with DNA in-
dices ranging from 1.2 to 2.0, median 1.9. Three patients with
high grade dysplasia all had DNA indices within the triploid
region. These results were compared with the DNA indices
from a group of 49 patients with non-colitis-associated aneu-
ploid colorectal carcinomas, in which the levels ranged from
1.1 to 2.0 with a median value of 1.5.

Accordingly, the DNA index in the colitis patients with
aneuploidy was more often within the tetraploid region.
These results, obtained in patients with ulcerative colitis, in-
dicate a possible precancerous progress from diploidy over
tetraploidy to triploidy also in patients with long-standing ul-
cerative colitis. In addition, the results speak in favour of a
connection between DNA indices in the triploid region and
more profound premalignant alterations.

* Corresponding author: Roger Stenling, M.D., Ph.D., Depart-
ment of Pathology, Umeå University, S-901 87 Umeå, Swe-
den. Tel.: +46 90 785 1545; Fax: +46 90 785 28 29; E-mail:
roger.stenling.us@vll.se.

Keywords: Ulcerative colitis, colitis-cancer, DNA aneu-
ploidy, flow-cytometry

1. Introduction

The increased risk for colorectal cancer in ulcera-
tive colitis is well known. In surveillance programmes,
high grade cellular dysplasia has emerged as the stan-
dard marker for impending or already present malig-
nancy [15]. However, the concept of dysplasia has its
shortcomings. Not all carcinomas are preceded by dys-
plasia, and the interpretation of the histological alter-
ations is subjective [9,13].

In the search for new markers reflecting precancer-
ous conditions and enhanced risk for cancer develop-
ment, DNA alterations determined by flow cytome-
try have attracted considerable interest [13,16]. Thus,
DNA aneuploidy has been found to correlate to, and
sometimes precede, dysplasia and carcinoma [10,13,
16,18].

However, DNA aneuploidy is not a uniform aberra-
tion. Instead, all quantitative DNA indices (DI) except
the normally present DI 1.0 (diploidy) are regarded as
DNA aneuploidy [6]. More over, a DI of 2.0 is more-
over considered as the tetraploid variant of aneuploidy,
although euploid polyploidisation can appear as DI 2.0
[1]. Aneuploidy is frequently observed in colorectal
carcinomas, in which aneuploid DI values mainly are
found in the triploid region (DI around 1.5) [3,7]. DNA
content analyses within non-colitis-related adenomas
and carcinomas show that near diploidy (DI around
1.0) and tetraploidy are more common in adenomas
than in carcinomas, while “carcinoma in adenoma” of-
ten shows triploidy [3]. Accordingly, DNA triploidy
may reflect more severe genetic alterations [17]. More
recent reports associate presence of aneuploidy with
loss of symmetry in cell division [4]. This is in ac-
cordance with the modern views on genetically based
multistep carcinogenesis during colorectal cancer de-
velopment [20,23].

The aims of the present study were to evaluate, in
patients with ulcerative colitis, whether:
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1. The pattern of DI in aneuploid biopsy samples
were of “adenoma or carcinoma type”.

2. Findings of DI within the triploid region in aneu-
ploid biopsy samples were related to presence of
high grade dysplasia or colitis-associated cancer.

2. Material and methods

Within a framework of a colonscopic surveillance
programme in a defined catchment area, biopsy spec-
imens for evaluation of presence of dysplasia and
DNA content were sampled from rectum and from five
colonic regions at regular examinations in all patients
[8]. In the earlier period of the series, some examina-
tions were performed by sigmoidoscopy.

The specimens were analysed by DNA flow-cytome-
try retrospectively in patients with dysplastic or indef-
inite changes from 1977, and prospectively in all pa-
tients from 1984. Accordingly, the present study com-
prises the results from 104 patients from the time pe-
riod 1977 through 1990. Specifically, we studied the
distribution of DI from 63 biopsy specimens taken at
1–4 occasions from the defined colorectal regions in
17 patients with ulcerative colitis. This distribution of
the DNA indices was compared with that of 75 ane-
uploid tumour samples from 49 patients with non-
colitis-associated colorectal adenocarcinoma.

2.1. DNA analysis

Fresh-frozen and archival biopsy specimens were
analysed with respect to DNA content. Fresh samples
were immediately minced into small pieces and stored
at −80◦C until analysis [17]. From archival samples
100µm sections were cut and deparaffinated [18]. Af-
ter trypsin digestion, staining with propidium iodide
and filtration [22] the nuclear suspension was run in
a FACScan cytoflourograph (Becton and Dickinson,
Sunnyvale, CA, USA). Evaluation of DNA histograms
using DI to describe the ploidy level was performed as
previously discribed [17,18]. Biopsies were thus clas-
sified as diploid/near diploid or aneuploid. DI of 2.0
was regarded as the tetraploid variant of aneuploidy.
Internal control was represented by the non-epithelial
cells (i.e., inflammatory- and stromal cells) present in
each biopsy and the biopsies were denominated aneu-
ploid when two peaks were detected and where the
highest peak was above or equivalent to DI 1.1. Exter-
nal controls were not used in this study. In our experi-
ence, the different methods used for fresh and archival

material do not influence the results. Aneuploid biop-
sies from the two patients analysed both retrospec-
tively using archived material and prospectively using
fresh tissue expressed equal DI, although DNA his-
tograms from archived material showed more debris.

2.2. Light microscopy

Biopsy specimens were fixed in formalin, embed-
ded in paraffin and routinely processed for light mi-
croscopy. Dysplasia was recorded as high grade (HGD),
low grade (LGD), and as uncertain findings (indefinite
for dysplasia, ID), according to the international stan-
dardised classification [15].

2.3. Statistics

Differences between groups were examined using
the Mann–WhitneyU -test. Ap-value of less than 0.05
was required for statistical significance and two-sided
tests were performed.

3. Results

DNA aneuploidy was diagnosed in 13 patients in the
prospective surveillance, and in 6 patients in the ret-
rospective study. Since two patients appeared in both
studies, the total number of patients with aneuploidy
was 17. There were 12 men and 5 women with an
age range of 23–65 years. The mean period after their
inclusion in the surveillance programme was 6 years
(range 1–13). Totally, 63 aneuploid biopsy specimens
were found. Of the 17 patients analysed, one had pres-
ence of aneuploidy in all 6 regions of colon-rectum,
two in 5 regions, three in 3 regions, one in two regions,
and the remaning 10 patients in one region. Of the 104
patients with ulcerative colitis totally included in the
study dysplasia was recorded in 31. ID was found in 7
patients, LGD in 19 and HGD in 5.

Dysplasia (LGD or HGD) or indefinite changes (ID)
were diagnosed inxxx of the 104 patients included
in the study. Of the 17 patients with ulcerative colitis
and DNA aneuploidy, 12 showed presence of dyspla-
sia. HGD was found in 6 biopsies from 3/12 patients
while LGD and/or ID was observed in 15 biopsies from
9/12 patients (Fig. 1). The DI observed in the patients
with HGD were all within the triploid region (DI 1.4–
1.6). In addition to the patients with HGD, 5 more pa-
tients had DI within the triploid region, one with LGD
or ID, and 4 without any sign of dysplasia.
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Fig. 1. DNA index (DI) in 63 aneuploid biopsy samples from 17 pa-
tients with long-standing ulcerative colitis. The distribution of DI,
presented as mean values of each aneuploid sampling region per pa-
tient, is related to presence of high grad dysplasia (HGD), low grade
dysplasia (LGD), indefinite for dysplasia (ID) and to no dysplastic
findings (ND).

Fig. 2. Comparison of DNA index (DI) in 63 aneuploid biopsy sam-
ples from 17 patients with long standing ulcerative colitis (UC) to
75 aneuploid tissue samples from 49 patients with non-colitis col-
orectal carcinoma (CRC). The distribution of aneuploid DI in UC is
presented as mean values of each aneuploid colorectal region per pa-
tient, UC (R). In CRC, the distribution is presented as mean values
from each carcinoma. As a completion, the mean values of aneuploid
samples from each patient is also illustrated, UC (P).

One patient with HGD and DI 1.5 refused pro-
posed surgical treatment. He developed two carcino-
mas found at autopsy two years later. The time interval
between biopsy and autopsy was two years.

For aneuploid samples in patients with ulcerative
colitis the DI were distributed between 1.2 and 2.0
with a mean value of 1.8 ± 0.19, when expressed as
mean values of each aneuploid region per patient. For

the aneuploid non-colitis-associated carcinomas, the
DI were distributed between 1.1 and 2.0 with a mean
value of 1.6± 0.22.

When comparing the distributions of abnormal DI
values from the patients with ulcerative colitis with the
frequency of DI values from the patients with non-
colitis-associated carcinoma, the former was signifi-
cantly (p < 0.001) more commonly localised within
the tetraploid region, in contrast to the latter, in which
DI values within the triploid region dominated (Fig. 2).

4. Discussion

The DI values from patients with ulcerative colitis
were more commonly localised within the tetraploid
region [4,21]. In patients with the non-colitis asso-
ciated carcinomas DI values from the triploid region
dominated. Accordingly, the pattern of DI in aneuploid
biopsies from patients with ulcerative colitis were pre-
dominantly of “adenoma-type”. However, findings of
DI within the triploid region in colitis patients ap-
peared related to presence of cancer as well as high
grade dysplasia. This supports the view of neoplastic
progression of DNA content to the triploid interval, as
has been postulated for adenomas [7], and which has
earlier been indicated by Rubin et al. [16] in an investi-
gation of patients with ulcerative colitis. Whether such
a process is initiated by endoreduplication of cells with
slightly hypoploid DNA content and with subsequent
loss of genetic material [16,19] or corresponds to later
views with loss of symmetry in cell division [4] cor-
related to multistep carcinogenesis [20] with reported
genetic alterations [23] can not be interpreted from the
results of this study. It might also be noted that eu-
ploid polyploidisation can occur in regenerative epithe-
lium and therefore, some of our tetraploid observations
might be explained by such a mechanism [1].

In the search for markers of cancer risk, more dis-
criminating than dysplasia, in patients with ulcerative
colitis, diagnosis of DNA aneuploidy has been deemed
as an important step forward [5,10,14,16]. The re-
sults from the present series, with an accumulation of
triploid DI values in patients with HGD, indicate a
connection between DI in the triploid region and pres-
ence of more profound morphologic premalignant al-
terations. Accordingly, a possibility to further increase
the cancer predictive value of findings of findings of an
abnormal DNA content might exit.
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