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SUMMARY It has been suggested that diffuse changes in epithelial mucins may help to identify a
subgroup of patients with ulcerative colitis who are at increased risk of developing colorectal cancer.
Colonoscopic biopsy specimens were taken from 11 colitic patients shortly before colectomies were
performed, in which cancer was identified. These patients were matched to colitic patients without
cancer for age, sex, and duration of disease. Sections were stained with high iron diamine and alcian
blue (HID-AB), mild periodic acid Schiff, and for peanut lectin binding sugar sequences. The
sections were assessed blindly and graded semiquantitatively. Most showed ulcerative colitis in
remission or mild active disease. There were no differences between the study and control groups.
Metaplastic foci were more common in the group who had cancer. These showed increased staining
of mucus by mild periodic acid Schiff and increased binding by peanut lectin to the supranuclear
(Golgi) zone. Epithelial dysplasia (detected in four of the patients with cancer showed focal intense
binding by peanut lectin to cytoplasm, mucus, and glycocalyx. Although dysplasia differed histo-
chemically from normal tissue, special techniques did not facilitate its diagnosis.

Patients with long standing extensive ulcerative colitis
are at increased risk of developing colorectal cancer.'
The cumulative probability may be calculated retro-
spectively, but such an exercise tends to inflate the
magnitude of risk. Some recent studies have indicated
that the risk may be considerably lower than earlier
estimates have suggested.2 3 Clearly, it is important to
find more selective markers so that only a small num-
ber of patients need be subjected to intensive follow
up surveillance. Epithelial dysplasia is one such
marker,' but there are considerable problems with
regard to its sampling, sensitivity, and histo-
pathological recognition and grading.4

It has been suggested that diffuse changes in epi-
thelial mucins may help to identify colitic patients
who are at increased risk of colorectal cancer. Filipe
and colleagues recently reported an abnormal switch
from goblet cell sulphomucin to sialomucin in the
rectal stump biopsy specimens of six of eight patients
with colitis who had previously undergone total
colectomy and ileorectal anastomosis, but who sub-
sequently went on to develop rectal cancer.' This
finding was regarded as a more sensitive indicator of
cancer than epithelial dysplasia and as a useful
adjunct to routine haematoxylin and eosin staining. In
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a prospective study of patients with long standing
colitis Boland et al found that abnormal goblet cell
glycoconjugates, shown by peanut lectin binding, her-
alded the onset of neoplastic change.6 It has also been
shown, by both biochemical and histochemical
means, that the sialic acid content of goblet cells is
changed in patients with ulcerative colitis.7 Possibly,
such a loss of side-arm 0-acetyl substituents may be
especially severe in patients at increased risk ofcancer,
particularly as the same biochemical lesion occurs
during the course of neoplastic transformation.89

This study aimed to assess the value of the mucin
and lectin histochemical methods described above by
comparing colonoscopic biopsy specimens from
patients with ulcerative colitis complicated by cancer
with those from a group of patients without cancer
matched for age, sex, and duration of disease.

Material and methods

The study group included 10 patients with long stand-
ing colitis from the follow up programme at St Mark's
Hospital. Colonoscopic biopsy specimens were taken
from these patients shortly before they received a
colectomy that led to a final diagnosis of carcinoma.
An eleventh patient who did not belong to this series,
but who nevertheless had received a colonoscopy and
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Table 1 Clinical details ofpatients in study and control groups

Jass, England, Miller

Study group Control group

Patient Sex Age when cancer Duration of disease Patient Sex Age at colonoscopy Duration of disease
diagnosed (years) (years)

1 F 32 16 12 F 32 15
2 M 55 26 13 M 53 25
3 M 43 13 14 M 40 10
4 F 56 13 15 F 62 15
5 M 61 14 16 M 61 15
6 M 31 11 17 M 38 10
7 M 24 12 18 M 32 15
8 M 73 38 19 M 55 25 +
9 M 26 13 20 M 30 10
10 F 54 29 21 F 68 25 +
11 F 54 11 22 F 43 1 0

who subsequently underwent surgery at St Mark's
Hospital for colorectal cancer, was added to the study
group. Eleven patients that afforded the best match
for sex, age, and duration of disease were selected as
controls (Table 1). The study group and control group
contributed a total of 84 and 58 biopsy specimens
respectively.

Five gm serial sections were cut and stained with
haematoxylin and eosin for sialomucins and sul-
phomucins using the high iron diamine and alcian
blue (HID-AB) technique,50 for N-acetyl sialic (neur-
aminic) acid (NANA) using the mild periodic acid
Schiff technique," and for peanut lectin (Sigma)
binding sugar sequences using a direct immu-
noperoxidase technique. 2 The mild periodic acid
Schiff technique uses a low concentration of periodic
acid (I instead of the usual 44mMol) and is performed
at 2°C rather than at room temperature. It differs
from periodic acid Schiff in that it fails to stain most
neutral sugars, and a positive result in the colon there-
fore indicates the loss of 0-acetyl sialic acid and con-
versely, the increased expression ofNANA. This tech-
nique was controlled by the use of gastric sections that
contained a further inbuilt control in the form of
complete intestinal metaplasia. The goblet cells of the
latter secrete NANA (like normal small intestine) and
are intensely positive with mild periodic acid Schiff.
Unfortunately, the neutral mucus of gastric columnar
cells showed moderate positivity and the pyloric
glands faint positivity with the mild periodic acid
Schiff technique, indicating a lack of specificity for

Table 3 Scoring system for staining techniques
Technique and interpretation Score

HID-AB:
Sulphomucins predominate 0
Mixed pattern I
Sialomucins predominate 2

Mild periodic acid Schiff:
Negative 0
Weak diffuse or focal intense positivity I
Diffuse intense positivity 2

PNL:
Negative or weak staining confined to Golgi zone 0
Increased staining of Golgi zone or weak cytoplasmic

staining I
Intense staining of cytoplasm or mucus 2

NANA. None the less, greater specificity was achieved
by the interposition of a phenylhydrazine step
between periodate oxidation and the Schiff effect; this
abolished the neutral mucus positivity. 3 In the
colonoscopic biopsies interposition of phenyl-
hydrazine made little or no difference to the mild
periodic acid Schiff positivity, indicating that the reac-
tion was mainly due to the presence of NANA (and
reduction of 0-acetyl sialic acid). Peanut lectin affinity
was controlled by the use of negative (normal col-
orectal goblet cells) and positive (colorectal cancer)
tissue sections. Tissue controls are also essential for
the HID-AB technique and included normal colon
(secretes mainly sulphomucin), normal small intestine
(secretes mainly sialomucin), and stomach showing
sulphomucin positive incomplete intestinal meta-
plasia. Table 2 summarises the interpretation of the

Table 2 Interpretation of mucin histochemical techniques

Technique Colour Interpretation or specificity

HID-AB'0 Brown and blue Sulphomucins and sialomucins
Mild periodic acid Schiff" Red N-acetyl-neuraminic (sialic) acid

r Most 0-acetyl neuraminic (sialic) acid
Negative f Neutral mucus in colon (as red colour not reduced by

L phenylhydrazine interposition"3)
PNL by direct immunoperoxidase technique, visualised Brown Gal I-I Gal NAc

by diaminobenzidine incubation12 Gal 1 3 Glc NAc22
Gal '14 Glc NAc22



Mucin histochemistry in patients with long standing ulcerative colitis

(a) (b)
Fig. I Area of mild active inflammation from control group case. Sialomucin secretion
predominates. (a) haematoxylin and eosin (b) HID-AB x 25.

(a) (b)

Fig. 2 Villous dysplasia ftom a patient in study group. Sialomucin secretion predominates. (a)
haematoxylin and eosin (b) HID-AB x 10.

mucin histochemical techniques.
Sections were assessed without knowledge of the

clinical history and the sections stained with hae-
matoxylin and eosin were reviewed last. Table 3 shows
how scoring was achieved. Each biopsy specimen was
scored and the average score for a colonoscopic series
recorded.

Results

Scoring for the HID-AB reaction was relatively
straightforward. There was no difference between the
study and control group (Contingency x2, p = NS)
(Table 4). Abnormal secretion ofsialomucin was asso-
ciated with active inflammation in four cases (Fig. 1)
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Fig. 3 Metaplastic change showing large numbers of columnar mucous cells and relatively few chalice shaped goblet
cells. Cell apex is positive with mild periodic acid Schiff, whereas little staining is seen in Golgi zone, which shows
binding by peanut lectin. (a) Haematoxylin and eosin; (b) mild periodic acid Schiff (c) PNL incubation visualised
with direct immunoperoxidase technique. x 25.
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Fig. 4 Crypt base columnar cells

show peanut lectin binding. Patient

from control group in whom ulcer-

ative colitis was in remission. x 25.
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Fig. 5 Metaplastic focus showing
crypt serration and PNL binding to
Golgi zone of columnar cell popu-
lation. x 25.

Fig. 6 Focal intense binding by
PNL in dysplastic epithelium. x 25.

and inactive disease in another four cases. Dysplastic
foci secreted either sulphomucins, sialomucins, or a
mixture of both (Fig. 2). The mild periodic acid Schiff
technique also failed to distinguish between study and
control groups (Contingency x2, p = NS) (Table 4).

Staining ranged from a negative to an intense positive
reaction entailing the entire goblet cell population.
This was not related to disease activity. Dysplasia was
present in four of the patients in the study group, but
again the mild periodic acid Schiff technique showed
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Mucin histochemistry in patients with long standing ulcerative colitis

Table 4 Average scores (range 0-2) for mucin histochemical techniques
Study group Control group

Patient HID-AB* Mild periodic PNL*t Patient HID-AB Mild periodic PNLt
acid Schiff acid Schiff

1 0-3 0-3 0-25 12 2 1-0 1.0
2 0-5 0-8 0-8 13 0 0-8 1-0
3 0 03 0 14 1-5 0 04
4 0 2-0 0 15 0-5 0-3 0-25
5 0-15 1-0 035 16 1-3 1-5 0-5
6 0-6 2-0 0-25 17 0-6 2-0 04
7 1-0 09 0-15 18 1-5 075 0
8 0-2 0 65 0 19 0 0-5 0
9 0-4 1-0 0-65 20 0-3 0-35 0 9
10 0-1 0-65 0-2 21 0-5 2-0 0
11 0 0-15 0 22 0 1-5 0

*Dysplastic foci excluded; tmetaplastic foci excluded

no association with this change. On the other hand,
metaplastic foci that occurred in eight patients from
the study group and three from the control group were
always positive with mild periodic acid Schiff. These
foci were characterised by crypt serration, and, more
importantly, by a prominent population of columnar
mucous cells (Fig. 3). Mild periodic acid Schiff posi-
tive mucus was found in the cell apex of columnar
cells, but little or none could be detected in the Golgi
zone. Goblet cells were also positive.
Changes in glycoconjugate as shown by PNL stain-

ing seemed to be more closely associated with an
underlying morphological change. Normal mucosa
showed either no staining or staining apparently
confined to the Golgi zone of crypt base columnar
cells (Fig. 4). Increased staining of the columnar cell
Golgi zone was seen in metaplastic foci (Fig. 5).
Columnar cell apical mucin droplets and goblet cells
in metaplastic foci were sometimes PNL positive but
this was usually a focal occurrence. Dysplastic epi-
thelium usually showed cells that were intensely posi-
tive for PNL, but this was often a patchy or focal
finding (Fig. 6). Dysplastic and metaplastic foci were
graded separately; for the remaining biopsy specimens
no differences were found between the control and
study group (Contingency x2', p = NS) (Table 4). It
is notable, however, that one patient from the study
group produced a morphologically normal biopsy
specimen, in which the goblet cells were intensely pos-
itive for PNL.

Discussion

Diffuse changes in epithelial mucus may precede or
accompany malignant change in patients with ulcer-
ative colitis. Colonoscopic biopsy specimens from 11
patients with colitis and cancer were matched to 11
colitic patients without cancer for age, sex, and
duration of disease. Sections were stained to show a
change from sulphomucin to sialomucin, loss of
0-acetyl sialomucin, and increased expression of

("cancer-associated") PNL binding sugar sequences.
They were then assessed blindly. Not only were no
differences found between study and control groups,
but none of the methods facilitated the recognition of
epithelial dysplasia. Filipe et al found abnormal
sialomucins in 34 of 71 rectal biopsy specimens from
colitic patients without cancer treated by colectomy
and ileorectal anastomosis.5 In spite of this high false
positive rate the authors strongly recommended the
use of mucin stains (HID-AB) to "sharpen the assess-
ment of dysplasia and cancer risk in patients with
ulcerative colitis."5 We would not regard the routine
staining of colonoscopic biopsy specimens with HID-
AB as an essential exercise.
The mild PAS results are puzzling: they show con-

siderable variation in stainirig that could not be
related to an underlying morphological change (with
the exception of focal metaplasia. We recently per-
formed this technique on sections of apparently nor-
mal colorectal mucosa from patients with Crohn's
disease, cancer of the left and right colon, diverticular
disease, and irritable bowel syndrome.'4 The findings
strongly suggested the existence of goblet cell mucus
heterogeneity within the general population; 8% of
specimens stained with mild periodic acid Schiff
showed an intense and diffuse positive reaction. Other
workers using related techniques also noted goblet cell
mucus heterogeneity.'5 16 We assume, therefore, that
the five patients with colitis showing this result had a
constitutional defect affecting the 0-acetylation of
sialic acid. There is, however, no reason to believe that
such a defect could be related to the development and
progression of the disease. On the other hand, meta-
plastic foci showing the same change in mucus have
presumably been acquired as a result of the disease.
Metaplastic foci were characterised by a prominent
population of columnar mucous cells and crypt ser-
ration (Fig. 3). They resembled the common meta-
plastic polyp. Metaplasia is well documented in ulcer-
ative colitis, and, interestingly, the commonly
acquired metaplastic (hyperplastic) polyp shows iden-
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tical mucin changes.17 A further point of similarity
between metaplasia in ulcerative colitis and the com-
mon metaplastic polyp is the increased expression of
PNL binding sugar sequences.18

There is disagreement regarding the normal pattern
of PNL binding with colorectal epithelium. Some
workers find no binding18 whereas others report a
positive reaction within the goblet cell Golgi zone.'9
We found a positive reaction within normal or near
normal colonoscopic biopsy specimens. This seemed
to be confined to the columnar cell population partic-
ularly of the lower crypts and was mainly evident in
the Golgi zone. A recent study of the rat small intes-
tinal columnar cell showed the presence of various
lectin binding sugars in the Golgi zone by ultra-
structural immunolocalisation.20 The secretion of
glycoproteins by intestinal columnar cells has, in fact,
been shown on numerous occasions,2' although this
fact is not generally known. PNL is usually stated to
bind specifically to the core sugar sequence
Gal '-c' Gal NAc, but, in fact, also binds to other
sugar sequences located within the glycoprotein back-
bone (Table 2).22 In metaplastic foci glycoprotein syn-
thesis by the columnar cell population increases. This
is evidenced not only by increased PNL within the
Golgi zone, but also by the presence of mild periodic
acid Schiff positive mucus in the apical cytoplasm
(Fig. 3). It seems likely that the transport of mucus
from the Golgi zone (PNL positive, mild periodic acid
Schiff negative) to the cell apex (PNL negative, mild
periodic acid Schiff positive) is associated wittl1he
attachment of terminal sugars that include NANA.

In this study foci of metaplasia were more common
in the study group (eight cases) than the control group
(three cases) (x2, p > 005). The true prevalence of the
common metaplastic polyp has been established only
comparatively recently by means of meticulous exam-
ination of necropsy material. These studies show that
the prevalence of metaplastic polyps varies geograph-
ically in parallel with the incidence of colorectal can-
cer in high and low risk populations.23 Furthermore,
metaplastic polyps are more common and more likely
to be multiple in patients with adenomas.23 It has
therefore been suggested that the metaplastic polyp
could be a marker for an environmental factor impli-
cated in the process of neoplastic transformation24;
this idea could be extended to include the presence of
the similar lesions in patients with ulcerative colitis.
Further research in this area is required.
We thank Jill Grimsey for typing the manuscript and
Professor JE Lennard-Jones, Dr CB Williams, and Dr
Jean Ritchie for their clinical support.
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