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Microspectrophotometric DNA analysis in
ulcerative colitis with special reference to its
application in diagnosis of carcinoma and dysplasia

K Suzuki, T Muto, T Masaki, Y Morioka

Abstract
The deoxyribonucleic (DNA) content was
measured by microspectrophotometry in 100
specimens from 60 patients with ulcerative
colitis, including six patients in whom the
colitis was associated with carcinoma. Some
23 of 30 (77%) specimens of dysplastic tissue
showed aneuploidy or polyploidy, whereas 50
of 53 (94%) specimens of non-dysplastic tissue
showed diploidy. The difference was statistic-
ally significant (p<0.001). Polyploidy was
often observed in non-dysplastic mucosa from
patients who had carcinoma or dysplasia. In
the non-dysplastic patients all samples of
inflamed tissue showed diploidy. Some 10%
of samples without inflammation, however,
also showed polyploidy. A good correlation
was found between the frequency of polyploid
cells and the grade ofdysplasia. Microspectro-
photometric measurement of DNA content
proved useful in the assessment and diagnosis
of dysplasia in ulcerative colitis and could be
considered for screening high risk patients.

First Department of
Surgery, University of
Tokyo, Japan
K Suzuki
T Muto
T Masaki
Y Morioka
Correspondence to:
Dr K Suzuki, First
Department of Surgery,
University of Tokyo,
7-3-1 Hongo, Bunkyo-ku,
Tokyo, Japan 113

Accepted for publication
5 October 1989

The risk of colorectal carcinoma in patients with
longstanding ulcerative colitis has been well
established. At one time prophylactic proctoco-
lectomy was recommended for those with total
colonic involvement and more than 10 years'
history of colitis. In 1967 Morson and Pang
suggested that the presence of epithelial dys-
plasia in the rectal biopsy specimen might help to
identify high risk patients.' A prospective study
has been started at St Mark's Hospital, London,
to determine whether high risk patients can be
safely followed up by regular colonoscopic
biopsy to detect dysplasia as an alternative to
prophylactic surgery.2

Dysplasia in ulcerative colitis is defined as an

unequivocal neoplastic change in the colonic
epithelium.' A dysplastic lesion is macroscopic-
ally detectable as a polypoid or plaque-like
lesion, but it also develops in flat mucosa.4

Dysplasia used to be graded as mild, moderate,
and severe, as in colonic adenoma. But in recent
years the Dysplasia Morphology Study Group
has recommended a new classification of dys-
plasia as negative, indefinite, low grade, and high
grade.3 The group has formulated guidelines for
the clinical management of high risk patients. In
this study dysplasia was graded according to this
classification.

Recent studies on dysplasia have shown the
following unresolved problems5'-:

(1) The classification of dysplasia is subject to
inter- and intraobserver variation;

(2) Interpretation is particularly difficult
where there is acute inflammation.

Solving these problems has prompted a search
for more objective methods of determining dys-
plasia such as the analysis ofDNA content.8

In Japan, the frequency of carcinoma in
patients with ulcerative colitis has tended to
increase in recent years and about 60 cases were
reported up to 1989. There are, however, only a
few reports of dysplasia and no reports of DNA
abnormality in ulcerative colitis.

In 1987 a prospective microspectrophoto-
metric DNA study of patients with longstanding
ulcerative colitis was begun at this hospital. We
present the results of this study together with the
results from a retrospective study before 1986
and compare the outcome with the experience
from western countries.

Methods

PATIENTS
One hundred colonic specimens from 60 patients
with ulcerative colitis were studied (Table I).
There were 36 men and 24 women with a mean
age of 42 1 years and a mean disease history of
9-6 years. Thirty six samples from 10 patients
were collected from surgically resected speci-
mens at Tokyo University Hospital between
1978 and 1987. The remaining 64 samples were
biopsy specimens from 50 patients attending the
same hospital between 1986 and 1988. These 64
included 58 biopsy specimens analysed prospect-
ively since 1987. Some 38 of 56 patients with
total (34) or with left-sided (22) colitis who had
had colitis for more than seven years underwent
annual colonoscopy with biopsy specimens taken
every 10 cm.
A total of 30 sections were taken from six

patients who had colitis associated with
carcinoma. Eight of the 30 showed carcinoma,
six showed high grade and 11 low grade dys-
plasia, and five were of histologically normal
mucosa. A diagnosis ofdisplasia was indefinite in
four patients, and in these patients sections were
also sampled from the normal background
mucosa and a coincidental adenoma. The non-
dysplastic colitis patients were divided into two
groups, active colitis (21) and inactive colitis (25).

PREPARATION OF SAMPLES
All the tissue samples were fixed in 10% formalin;
embedded in paraffin wax; and serial sections 3,
7, and 100 itm were cut consecutively. The
3 im sections were stained with haematoxylin
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MicrospectrophotometricDNA analysis in ulcerative colitis with special reference to its application in diagnosis ofcarcinoma and dysplasia

TABLE I Findings in 100 colonic specimens from 60 patients with ulcerative colitis

Specimen findings
Main
finding (No) Ca HGD LGD Back IND Inactive Active Adenoma

Ca (6) 8 6 11 5
HGD (2) 1 2 4
LGD (2) 2 1 1
IND (4) 1 4 1
Active (21) 4 23
Inactive (25) 26
Total (60) 8 7 15 11 5 30 23 1(100)

Ca=carcinoma; HGD high grade dysplasia; LGD=low grade dysplasia; Back=background
mucosa; IND=indefinite for dysplasia.

and eosin for histopathological examination. The
7 [im sections were used for in situ measurement
of DNA. The 100 p.m sections were dewaxed in
xylene, digested with 0 5% pepsin in 0 9% NaCl
at pH 1 5 and 37°C for 30 minutes, and were
then processed by Hedley et al's method.9
An ultrasonicator Sonifier 250 (Branson, USA)
was used to obtain a suspension of cell nuclei.
This was smeared on glass slides with Autosmear
CF-12C (Sakura Seiki, Japan). The smears and
7 p.m sections were stained with 0 02% azocarmin
G for 90 seconds in order to block non-specific
fluorescence using the method of Takamatsu.'°
They were subsequently stained by the 0 001%
acriflavin-Feulgen for 10 minutes.

MICROSPECTROPHOTOMETRY
DNA analysis was performed using an Olympus
microfluorometer AH-2 QRFL (Olympus Co
Ltd, Tokyo, Japan). The nuclei stained with
acriflavin emit a yellow fluorescence (520 nm)
when excited with a blue light (437 nm). A set of
excitation filter, dichroic mirror, and barrier
filter were selected for this purpose.

The DNA content was analysed in 7 p.m
sections initially and then, where aneuploid cells
were detected, in smears. All but overlapping
or fragmentary nuclei in the sections were
measured at random. To determine the DNA
ploidy patterns in sections, properly cut mitotic
cells were selectively measured because they
were considered to contain almost whole
amounts of nuclear DNA. " More than 50 or 100
nuclei were measured at random in the sections
or in the smears respectively. Twenty lympho-
cytes were measured in each specimen to define
2c DNA content as a control.

DEFINITION AND STATISTICS
The DNA peak was defined as diploid when it
deviated less than 20% from the standard
lymphocyte peak. It was classified as aneuploid
when the major peak of the DNA histogram

TABLE II Ploidy patterns in 100 specimensfrom 60 patients
with ulcerative colitis

Ploidy
No of A orP Over 6c

Histopathology samples A D+P D (%) (%)

Ca 8 4 4 100 10 3
HGD 7 4 2 1 86 7 0
LGD 15 2 7 6 60 3-3
IND 5 1 1 3 40 2-4
Back 11 4 7 36 2-5
Inactive 30 3 27 10 1-0
Active 23 23 0 0 3
Adenoma 1 1 0 0
Totalormean 100 11 21 68 32 2-6

A=aneuploidy; D+P=diploidy+polyploidy; D=diploidy;
Ca=carcinoma; HGD=high grade dysplasia; LGD=low grade
dysplasia; IND=indefinite for dysplasia; Back=background
mucosa.

C

U-

DNA Values

Figure 1: Histopathology
and correspondingDNA
histogram measured on a
7 .tm section ofa specimen
takenfrom a 53year old man
with a 7 year history oftotal
colitis. (a) High grade
dysplasia associated with
polypoid lesion in the rectum.
(b) DNA histogram of(a)
showing aneuploid pattern.
(c) Flat mucosa adjacent to
lesion showing low grade
dysplasia. (d) DNA
histogram of(c) showing
diploidy.
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deviated more than 20% from 2c. DNA poly-
ploidy was defined as DNA diploidy with the
presence of more than one nucleus of over 6c
DNA values.

In this study DNA ploidy was judged accord-
ing to the results of the smear method, but in the
calculation of the frequency of polyploid cells,
we adopted the mean values of the smears and
sections from the same samples.
The relation between DNA ploidy and the

histopathology was analysed with the x2 test. The
frequencies of polyploid cells were compared
between groups using the non-parametric
Wilcoxon rank sum test. A value of p<0 05 was

considered to be statistically significant.

Results

CASE REPORT
An example of the histopathology and corres-

ponding DNA histogram measured on a 7 ,um
section is shown in Figure 1. Figure l(a) shows
high grade dysplasia associated with a polypoid
lesion in the rectum of a 53 year old man with a

seven year history of total colitis. Figure l(b)
shows an aneuploid pattern with a peak of 3-2c.
The flat mucosa adjacent to the lesion is shown in
Figure l(c). Histopathology was graded as low
grade dysplasia. Crypts show depleted goblet
cells, crowding, and hyperchromasia of nuclei
confined to its basal half. The DNA histogram of
this lesion shows diploidy with a peak around 2c
(Fig 1(d)).

CARCINOMA, DYSPLASIA V NON-DYSPLASTIC TISSUE

The ploidy patterns of the 100 lesions are shown
in Table II. Four of eight carcinoma specimens
were aneuploid and four were polyploid. No
DNA diploidy was found in carcinoma speci-
mens. Aneuploidy or polyploidy was found in six
of seven (86%) specimens with high grade dys-
plasia and in nine of 15 (60%) with low grade
dysplasia. Aneuploid or polyploid patterns were

found in 77% of 30 specimens with carcinoma or
dysplasia, but 94% of 53 non-dysplastic tissue
samples showed diploidy (the difference was

highly significant, p<0001).

ACTIVE V INACTIVE COLITIS
In non-dysplastic specimens, all 23 with active
colitis were diploid and three of 30 (10%) with
inactive colitis were polyploid. The difference
was not statistically significant.

NON-DYSPLASTIC BACKGROUND MUCOSA
Four of the 11 (36%) non-dysplastic background
mucosa specimens associated with carcinoma or

dysplasia were polyploid, three from patients
with carcinoma and one from a patient with high
grade dysplasia.

OTHER HISTOLOGICAL CHANGES
Aneuploidy (1) and polyploidy (1) were shown
in five specimens indefinite for dysplasia. A
coincidental adenoma with mild atypia showed
diploidy.
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Figure 2: Relation between DNA ploidy and disease duration
in 56 patients with ulcerative colitis. A =aneuploidy; D+P=
diploidy+polyploidy; D=diploidy; *=carcinoma; A =low
or high grade dysplasia; A =indefinitefor dysplasia; 0=
negative for dysplasia.

DURATION OF DISEASE
The relation between DNA ploidy and the
duration of disease in 56 patients with ulcerative
colitis (excluding proctitis) is shown in Figure 2.
Although no statistically significant difference is
seen, all patients with aneuploidy and five of
seven with polyploidy were found to have had
colitis for more than seven years.

FREQUENCY OF POLYPLOIDY
The ratio of polyploid cells to the total number of
cells counted was calculated for 99 specimens
(except an adenoma) (Fig 3). The mean ratios for
carcinoma, high grade, and low grade dysplasia
were 10-3, 7 0, and 3-3% respectively (Table II).
Twenty two of 30 (73%) samples of dysplastic
tissues contained more than 2% polyploid cells.
Only 3 of 53 (6%) non-dysplastic specimens,
however, had a ratio greater than 2%. The
difference is statistically significant (p<0-00 1).

Table III shows the results of statistical
analysis of the frequencies of polyploid cells in

TABLE III Statistical analysis offrequencies ofpolyploid cells
in the different groups

Active Inactive Back IND LGD HGD
Samples (No) (23) (30) (11) (5) (15) (7)

Ca (8) <0 001* <0 001 <0 01 <0 05 <0 01 NSt
HGD (7) <0-01 <0-01 NS NS NS
LGD (15) <0-01 <0 05 NS NS
IND (5) <0 05 NS NS
Back (11) NS NS
Inactive (30) NS

*p<O-OOl; tnot significant.
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TABLE IV Published data on DNA aneuploidy with regard to histological changes

Dysplastic samples Non-dysplastic samples
No of

Author Year Method samples Ca HGD LGD IND Active Inactive

Hammarberg et al 1984 F 167 7/8 (88%)* 4/16 (25%)t 4/78 (5%) 11/65 (17%)
Fozard et al 1986 F 297 6/27 (22%) 2/12 (17%) 8/39 (21%) 32/219 (15%)
Cuvelier et al 1987 M 45 3/12 (25%) 2/16 (13%) 0/11 (0%) 0/6 (0%)
Melville et al 1988 F 289 25/34 (74%) 14/36 (39%) 12/219 (5%)
Suzuki et al 1989 M 88 4/8 (50%) 4/7 (57%) 2/15 (13%) 1/5 (20%) 0/23 (0%) 0/30 (0%)

8/8 (100%) 6/7 (86%) 9/15 (60%) 2/5 (40%) 0/23 (0%) 3/30 (10%)§

F=flow cytometry; M=microspectrophotometry; Ca=carcinoma; HGD=high grade dysplasia; LGD=low grade dysplasia; IND=indefinite for dysplasia. *The number of
samples with aneuploidy in the numerator and the total number of carcinoma samples in the denominator; tincluding high and low grade dysplasia; §including aneuploidy
and polyploidy.

the different groups using non-parametric
Wilcoxon rank sum test.

Discussion
Microspectrophotometric DNA analysis of
sectioned samples (section method) allows in situ
measurement ofDNA by selecting the nuclei in a
certain restricted lesion.'2 In this regard the
section method has considerable advantages over
flow cytometry and smear method in resolving
the problems mentioned previously. It has been
considered unreliable, however, because of its
lack of accuracy and the limited number of cells
measured when compared with the latter
method. To compare accuracies we measured
the DNA content of the sections and smear cells
detatched from the paraffin embedded tissues in
the same specimens, and confirmed that the
modal DNA values of two methods were quite
similar (unpublished data).
The published data on DNA aneuploidy pre-
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valence with regard to histological changes are
summarised in Table IV.8' 12-14 The prevalence
of DNA aneuploidy in carcinoma specimens
ranged from 22 to 88%. Fozard et al reported
the lowest prevalence (22%) from the highest
number of colitic samples. The prevalence was
50% in our current study which is an intermedi-
ate value among the published data. There are
certain problems to be solved with these differ-
ent data. Firstly, more data will be needed before
the true incidence becomes clear. Secondly,
these discrepancies may be due to the different
techniques and the criteria employed in diagnos-
ing dysplasia and aneuploidy."'6 Because flow
cytometry and microspectrophotometry define
aneuploidy from different standpoints, it may be
difficult to compare results without performing a
comparative study using both techniques on the
same samples.
We noted that sensitivity to detect malignancy

increased when aneuploidy and polyploidy were
included. In this study, 77% of 30 dysplastic
specimens, including carcinoma and dysplasia,
were DNA aneuploid or polyploid, whereas 6%
of 53 non-dysplastic samples were DNA poly-
ploid (statistically significant). This indicates
that microspectrophotometric DNA aneuploidy
or polyploidy is highly suggestive ofmalignancy,
as has been shown by some authors using flow
cytometry. 13 17 Moreover, our data clearly
showed that the frequency of aneuploidy or
polyploidy increased from 60 to 100% with the
increasing grade of dysplasia, suggesting that
microspectrophotometric DNA analysis could
be used as a supplementary aid in the diagnosis of
dysplasia in ulcerative colitis. It is also interest-
ing to note that the higher the grade of dysplasia,
the higher the frequency of polyploid cells. In
this regard polyploidy was considered to be an
intermediate phase between aneuploidy and
diploidy.
There are few reports on polyploid cells in

DNA analysis of dysplasia in ulcerative colitis
because of the general use of flow cytometry in
western countries. Only Cuvelier et al'2 reported
that the spectrum of precancerous lesions
showed a gradual transition from normal diploid
distributions in low grade dysplasia to polyploid
and abnormal aneuploid distributions in high
grade dysplasia. The results of our study also
showed a similar trend (Table II).
The distribution of the percentage of poly-

ploid cells in the total number of cells measured
is interesting. The mean values of carcinoma,
high grade, and low grade dysplasia were 10-3,
7-0, and 3-3% respectively, and 73% of 30
dysplastic samples had the over 6c polyploidy

a

301

20-

0-

\CD

Ca

z
0

10-

2-

a

aco

Figure 3: Ratio ofpolyploid cells to total number ofcells counted in 99 specimensfrom patients
with active and inactive ulcerative colitis. Ca=carcinoma; HGD=high grade dysplasia;
LGD= low grade dysplasia; IND= indefinite for dysplasia. Back= normal background
mucosa.
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frequency of more than 2% as compared with
only 6% of 53 non-dysplastic specimens (statist-
ically significant, p<0 001). Therefore, this 2%
ratio for polyploidy frequency was considered to
be a marker for the presence of dysplasia. A
statistical study using the non-parametric
Wilcoxon rank sum test was undertaken to
determine the significant differences between
various groups. As shown in Table III, the more
separate from each other in the spectrum of
dysplasia the groups were, the more significant
the difference between the groups. These results
indicate that the percentage of polyploid cells
could be useful for the diagnosis of dysplasia.
Among non-dysplastic specimens, 10% of the

specimens in the inactive phase were polyploid
while all those in the active phase were diploid.
Hammarberg et al also reported that much larger
numbers of specimens were aneuploid in the
inactive phase than in the active phase (Table
IV).8 Further studies may be necessary before
the clinical implications ofthese findings become
clear. Since all the non-dysplastic active samples
were diploid, however, and as the active phase
did not disturb the DNA measurement in the
diagnosis of dysplasia, we believe that micro-
spectrophotometric analysis may be helpful in
discriminating true dysplasia from inflammatory
reactive change.'8
The presence of aneuploidy in specimens that

were indefinite for dysplasia and polyploidy in
specimens indefinite for dysplasia, background
mucosa, and inactive mucosa needs further
explanation for clinical application. Although
the presence of polyploidy suggests premalig-
nant change or at least change towards malig-
nancy on a DNA level, it is not clear yet whether
this change is irreversible and will definitely lead
to a clinically malignant condition in the future.
As normal cells do not usually show polyploidy
we consider that the colon which contains poly-
ploid cells is abnormal, and patients are put on a
close surveillance programme to see the long
term outcome as far as developing overt dys-
plasia is concerned. In particular, patients with
specimens indefinite for displasia that show
aneuploidy or polyploidy are being kept under
close observation.

In conclusion, our current results clearly show
the usefulness of microspectrophotometric
DNA analysis as a supplementary tool in the
diagnosis of dysplasia in patients with long-

standing ulcerative colitis. Furthermore, this
technique may be able to detect much earlier
precancerous change on a DNA level, even in
non-dysplastic normal looking mucosa.9 " Long-
term studies are required, however, to confirm
the clinical usefulness of this new method.
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