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SUMMARY Ninety two tissue blocks from the left colon and 52 from the right colon were obtained
from 112 patients with familial adenomatous polyposis (FAP). Tissues from 137 patients with other
conditions served as controls. Within the main study a smaller investigation was performed to
compare sections from the left and right colon in the same subject. Several well known histo-
chemical techniques were used to investigate possible changes in sulphation, sialic acid structure
(loss of 0-acetyl substituents), and changes in the ratio of sialic acid to neutral sugars. In patients
with FAP, as in controls, there was increased expression of periodic acid Schiff positive mucin and
fucose in the right colon. The only difference between patients with FAP and controls was the
indirect demonstration of less neutral mucin in the right colon in FAP, but this did not seem to
affect neutral sugars binding to UEA-1, PNL, or HPA. As in the general population, a small
proportion of patients with FAP showed a lack of 0-acetyl substituted sialic acid. Sialic acid
heterogeneity probably has a genetic basis, but this is not associated with the genetic defect under-
lying FAP.

Several histochemical studies have shown associ-
ations between carcinogenesis and modifications to
goblet cell mucin in the large intestine. Filipe pro-
posed that increased secretion of sialomucin could
indicate an early stage of carcinogenesis in the large
intestine.1 Culling and Reid suggested that reduced
0-acetylation of the hydroxy side chain of sialic acid
was a prominent feature of both large bowel cancer
and adjacent normal mucosa.23 Unfortunately, these
studies lacked tissue controls. Furthermore, the histo-
chemical techniques used in these studies have been
criticised for their non-specificity. Using mild periodic
acid Schiff (mPAS) and PAS modifications, we have
shown t'hat there is no difference between normal
mucosa adjacent to cancer and control tissues in
terms of any reduced expression of 0-acetyl sialic
acid.4 We also confirmed the existence of important
regional differences in the large intestine in relation to
the expression of sialic acid and neutral mucin.'

Several investigations- -' have reported mucin
changes in apparently normal goblet cells in patients
with familial adenomatous polyposis (FAP). Such
observations might be important in providing insight
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into the mechanism of carcinogenesis and could turn
out to be useful techniques for early diagnosis. These
studies, however, have been limited by the number of
cases, failure to heed regional differences of goblet cell
mucin, a lack of control tissues, and the use of stain-
ing methods of doubtful specificity.
We have now examined a large number of

colectomy specimens from patients with FAP, using
histochemical techniques of acceptable specificity to
uncover any mucin changes in apparently normal
goblet cells.

Material and methods

Paraffin embedded tissue blocks taken from 112
colectomy specimens, which had been removed
because of FAP, were obtained from the archives of
the pathology department at St Mark's Hospital.
Ninety two blocks originating from the left colon and
52 from the right colon were selected. Normal
mucosal samples from 32 patients with diverticular
disease, 32 with irritable bowel syndrome, and 25 with
chronic constipation were used as controls for the left
colon. Twenty three patients with chronic consti-
pation and 25 with Crohn's disease served as controls
for the right colon. Twenty five patients with FAP
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Colorectal goblet cell mucins in familial adenomatous polyposis
were matched with patients with chronic constipation
by age and sex. In 22 of these matched cases speci-
mens from both the left and right colon were avail-
able; this provided an important opportunity to
assess regional differences of mucin expression in
individual patients.

All specimens were fixed in 10% neutral buffered
formalin, routinely embedded, serially sectioned at a
thickness of 5 pm, and stained by haematoxylin and
eosin and the following histochemical methods:
1 Mild sodium periodate oxidation/Schiff (mPAS)8 to
show sialic acid lacking 0-acetyl groups. Neutral
mucin is not stained.

2 Saponification/periodic acid/phenylhydrazine/Schiff
(KOH/PAPS). Removal of ester on the hydroxy
side chain by saponification9 renders all forms of
sialic acid oxidisable with periodic acid. Neutral
mucin is blocked with phenylhydrazine.'0

3 High iron diamine/alcian blue (HID/AB)."' A
modification of the method of Spicer was used,
using 60% FeCI3. Diamine reagents were obtained
from Kodak Ltd. This method distinguishes sul-
phated acid mucins (brown stain) and non-
sulphated acid mucins (blue stain).

4 Periodic acid/Schiff (PAS). Stains neutral mucin
and sialomucin lacking 0-acetyl groups.

5 Periodic acid/phenylhydrazine/Schiff (PAPS).10-13
Phenylhydrazine blocks periodate reactivity due to
neutral mucin. The results are similar to those
obtained with mPAS.4

6 Tissue binding patterns with three lectins were visu-
alised with the following direct immunoperoxidase
technique (table 1).

i Rehydration.
ii Incubate at 37°C in 0-1% trypsin in 0-1%

CaCl2 (pH 7 8) for 20 minutes.
iii Wash in PBS for five minutes.
iv Block endogenous peroxidase with 3% hydro-

gen peroxide for five minutes.
v Wash in PBS for five minutes.
vi Incubate in 50 pg/ml horseradish peroxidase

conjugated lectin for 30 minutes at room tem-
perature.

vii Wash three times in PBS for 15 minutes.
viii Develop peroxidase with 3,3'-diamino-

Table I Lectins and their specificities

Major sugar binding
Lectin specificity Source

Ulex europeus-_14 L Fucose E-Y Laboratories
Peanut agglutinin"5 Galactose' __3 Sigma

N-Acetylgalactosamine
Galactose' _3/4

N-Acetylglucosamine
Helix pomatia

agglutinin N-Acetylgalactosamine E-Y Laboratonies

ix

x

benzidine in Tris buffer (pH 7-6) with 4 drops
of 0-3% hydrogen peroxide for 10 minutes.
Wash in tap water.
Dehydrate, clear, and mount.

Known positive and negative cases were included in
each staining run as controls. Test sections and
matched controls were stained at the same time in
procedures 2, 3, 4, 5 and 6. Statistical evaluation was
achieved by the x2 test and the Wilcoxon rank sum
test.

Results

MILD PAS STAINING
One hundred and forty four samples of normal flat
mucosa between adenomas of patients with FAP and
137 normal mucosa samples from control groups
were stained with mPAS. The left and right colon
were studied separately to eliminate the influence of
regional differences in colonic mucin expression. Mild
PAS shows two possible staining patterns-diffuse
and focal. Diffuse staining was graded according to
the intensity as negative (-), weak (+), and intense
(+ +). Focal staining was recorded when isolated
crypts stained intensely. There were no differences
between FAP and controls in both the left and right
colon, in terms of either diffuse or focal staining
(table 2).

TOTAL SIALIC ACID, SHOWN WITH KOH/PAPS
AND SULPHATED V NON-SULPHATED ACID
MUCIN (SIALOMUCIN) SHOWN WITH HID/AB
Left colonic mucosa samples from 25 patients with
FAP and 25 with chronic constipation (matched by
age and sex) were used in this study. KOH/PAPS
stains all forms of sialic acid. This staining pattern
was graded into four groups according to the
intensity of staining (-, +, + +, + + +). HID/AB
staining was divided into three patterns; brown pre-
dominant, blue predominant, and mixed. With both
KOH/PAPS and HID/AB staining, there was no
noticeable difference between FAP and control cases
(tables 3 and 4). Of 39 brown predominant cases with
HID/AB, + + + positivity with KOH/PAPS was

Table 2 Diffuse staining with mild PAS in patients with
FAP and in controls

Left colon Right colon

FAP Control FAP Control

- 36 47 28 34
+ 46 34 1 5 1 1
++ 10 8 9 3

92 89 52 48
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Table 3 KOHIPA PS staining in left colon of 25 patients
wt'ith FA P and in controls

FA P Control

- 0 0
+ 1 3
+ + 12 13
+++ 12 9

25 25

Table 4 HID/AB staining in left colon of25 patients with
FAP and in controls

FA P Control

Brown predominant 19 20
Mixed 5 3
Blue predominant 1 2

25 25

observed in 17, + + positivity in 20, and + positivity
in two. On the other hand, of three blue predominant
cases, two were graded + +, and the other was
graded +. From these observations, it is clear that a

brown reaction product does not indicate the absence
of sialomucin, but simply the presence of sulphate.
Conversely, a blue result may not necessarily indicate
an abundance of sialomucin but could be due to
sulphate that is failing to stain with HID.

EFFECT OF PHENYLHYDRAZINE BLOCKADE ON
PAS REACTIVITY
Both left and right colon samples from 22 patients
with FAP and 22 with chronic constipation (matched
by age and sex) were stained with PAS and PAPS to
identify neutral mucin. The amount of neutral mucin
was estimated by assessing the reduction in PAS
staining after phenylhydrazine blockade. The effect of
phenylhydrazine blockade was graded: no or slight
reduction (in PAS staining) (-), moderate (+), and
pronounced (+ +). In the left colon there was no
difference between FAP and controls, but in the right
colon a significant difference was observed (p < 0-01),
indicating reduced amount of neutral mucin in the

Table 5 Effect ofphenylhydrazine interposition on PAS
staining

Lefi colon Right colon

FA P* Controlt FAP*$ Controlt$

18 12 7 2
+ 4 10 12 1 1
++ 0 0 3 9

22 22 22 22

*P < 0 05; tp < 0 005; tp < 0 01.

Sugihara, Jass
Table 6 UEA-I binding-of 22 patients with FAP and in
controls

Left colon Right colon

FA P* Controlt FAP* Controlt

12 11 1 0
+ 2 6 1 3
++ 8 5 20 19

22 22 22 22

*p < 0001; tp < 0001.

right colon of patients with FAP (table 5). Controls
were also shown to have more neutral mucin in the
right colon than the left (p < 0-005).

LECTIN STAINING
The same specimens as those in the preceding study
were used. Staining results were classified into three
groups according to the numbers of goblet cells
stained by a lectin: - indicates no staining, + up to
50%, and + + more than 50%. When goblet cells
showed no Ulex europeus-I binding, columnar- cells
were sometimes stained intensely, particularly in the
crypt base. There was no difference between FAP and
controls in both the left and right colon (table 6). The
right colon, however, was found to have more a-L
fucose than the left colon in both FAP and control
tissues (p < 0-00 1). In both FAP and controls no gob-
let cell mucin was stained with peanut agglutinin
while in some cases the supranuclear region of colum-
nar cells and possibly goblet cells showed peanut
agglutinin binding. More than 80% of specimens
showed Helix pomatia agglutinin binding, but there
was no statistical difference between patients with
FAP and controls.

Discussion

Large bowel'mucosa from patients with familial ade-
nomatous polyposis provides an excellent model for
investigating functional changes that might precede
overt neoplastic change. Although there have been a
number of publications describing histochemical
changes in normal flat colonic mucosa from patients
with FAP, the findings should be interpreted with
caution. Filipe found the abnormal staining patterns
for HID/AB in histologically normal flat mucosa in
FAPs and has used these data to support her
hypothesis1 implicating the increased expression of
non-sulphated sialomucin as an early step in large
bowel carcinogenesis. Our demonstration of a discor-
dance between staining by the HID/AB and
KOH/PAPS techniques, however, would support
McFadden's view'5 that sialomucin is under-
estimated by the HID/AB method. HID/AB cannot
be used to quantitate goblet cell sialomucin. Further-

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jcp.bm

j.com
/

J C
lin P

athol: first published as 10.1136/jcp.40.6.608 on 1 June 1987. D
ow

nloaded from
 

http://jcp.bmj.com/


Colorectal goblet cell mucins in familial adenomatous polyposis 611

more, we found no differences between FAP and con-
trols using this technique.
A blue colour with the PAT/KOH/PAS technique2

has been stated to show decreased 0-acetylation of
the hydroxy side chain of sialic acid, and has again
been interpreted as a premalignant change.3 Using
the same histochemical technique Muto et al7 showed
a higher incidence of blue staining in the normal flat
mucosa of FAP than in controls. This modified PAS
technique is not specific to sialic acid, however; a blue
colour may also be due to neutral mucin. In the study
of Muto et al the left and right colon were not
identified and studied separately. Mild PAS, devel-
oped by Veh,8 provides a very simple method to show
sialic acid lacking O-acetyl groups. An intense mPAS
result, showing sialic acid lacking 0-acetyl groups,
occurred with the same frequency in FAP patients as
in controls. We have previously shown that an
intensely positive reaction with mPAS (affecting the
entire goblet cell population of the large intestine) is
found in about 9% of all subjects.4 We suggested that
this sialomucin heterogeneity has a genetic basis,
mediated through the expression of 0-acetyl transfer-
ase. Our findings, however, exclude any association
between this gene and the gene defect underlying
FAP.
UEA-I binds specifically to terminal a-L fucose of

the glycoprotein macromolecule. 4 Yonezawa et al
reported that all of four cases with FAP had UEA-I
binding receptors in the normal flat mucosa of the left
colon,6 whereas most goblet cell mucins of 29 normal
left colonic mucosae were not bound.17 In our study
no difference in UEA-I binding was found between
those with FAP and controls in either the left or right
colon, but a pronounced regional difference in both
those with FAP and controls (more fucose in the right
colon) was confirmed. Biochemical investigations by
Reid et al18 have also shown a greater expression of
fucose in the right than left colon.
We shoWed a reduction in neutral mucin in the

right colon of patients with FAP as compared with
that of controls; this might reflect a loss of neutral
sugars other than those binding to UEA-I, PNL, and
HPA. Further research is required.
Our failure to detect mucin changes in the normal

appearing mucosa in patients with FAP contradicts
the findings of others,'-' but would fit with Knud-
son's hypothesis regarding the genetic susceptibility
to tumours such as retinoblastoma.'9 According to
this hypothesis, a recessive gene implicated in the con-
trol of differentiation is inherited and a second
mutation in the homologous gene is required to inter-
rupt synthesis of the gene product. This second
mutation occurs sufficiently often to make the pheno-
typic expression a dominant characteristic. Given this
hypothesis one would expect adenomas in FAP to
begin as focal abnormalities in otherwise normal
appearing mucosa. This is precisely what we observed

in this study.
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