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Histochemistry of mucin secreting components in
mucoepidermoid and adenosquamous carcinoma
of the oesophagus

K Y Lam, S L Loke, L T Ma

Abstract
Aimns-To determine the direction of dif-
ferentiation of the mucin secreting com-
ponents in a rare group of oesophageal
tumours-oesophageal squamous cell
carcinomas with prominent mucin
secreting components (mucoepidermoid
carcinomas and adenosquamous carci-
nomas).
Methods-In a review of 617 cases of pri-
mary carcinoma of the oesophagus, 16
cases of squamous cell carcinoma with
prominent mucin secreting components
were studied using a battery of histo-
chemical techniques.
Results-The mucin produced by these
tumours was mixed and included a vari-
able content of enzyme labile sialomucin
(positive for mucicarmine, periodic acid
Schiff, and alcian blue, and sensitive to
sialidase digestion and negative for high
iron diamine-alcian blue). Retrospective
analysis of endoscopic biopsy specimens
taken from these tumours showed that
mucin was present in five (42%) cases.
Conclusions-The glandular component
of this group of tumours histochemically
differentiated in the direction of oeso-
phageal glands: examination of the
mucin secreting component in squamous
cell carcinoma in resected specimens is
therefore required for recording the true
incidence of this type oftumour.
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Glandular or mucin secreting components in
squamous cell carcinoma of oesophagus are
rare.'-20 In reviewing the published findings in
earlier years,'' we found that it was rather
difficult to establish the exact numbers of
oesophageal mucus secreting squamous cell
carcinomas for two reasons. First, some cases
were actually gastric cancers with extension
to the oesophagus. Theoretically, the confu-
sion could be avoided in most cases by paying
attention to the exact anatomical location of
the tumour, the presence of carcinoma in situ
changes in the oesophageal mucosa adjacent
to the tumour (which suggest a primary
esophageal origin), and histological type (as
squamous cell carcinoma is unlikely to arise
from the stomach). The second reason lies in
the use of different terminology for describing
similar histological patterns. Different terms
-collision tumour, adenoacanthoma, adeno-
carcinoma with squamous metaplasia, mixed

squamous and glandular carcinoma, muco-
epidermoid carcinoma, adenosquamous car-
cinoma-have been used. To avoid the
confusion created by these inconsistencies,
we labelled this group of tumours squamous
cell carcinoma with mucin secreting compo-
nents (which includes tumours classified
either as adenosquamous or mucoepidermoid
carcinoma in the WHO classification).

It has been suggested that these carcino-
mas originate from the oesophageal mucus
glands or ductal epithelium.9 This study was
undertaken to explore this view by examining
the nature of the mucin produced by these
tumours.

Methods
The records of patients with primary
oesophageal carcinoma who had undergone
resection in the surgical units of Queen Mary
Hospital between 1981 and 1992 were
reviewed. Eighty one per cent of the opera-
tions had been carried out by the same team
of surgeons and we reported the pathological
features (by consensus between two of the
three pathologists, Ma, Loke, and Lam).
Multiple blocks (at least one block from each
tumour 1 cm in diameter) were taken from
every oesophageal tumour for microscopic
examination during routine examination. The
sections from tumours with a squamous car-
cinomatous component and evidence of
mucin secretion were reviewed. Careful histo-
logical examination of the mucin secreting
component was carried out to exclude cases
in which the mucin component was related to
the encasement of normal oesophageal glands
by squamous cell carcinoma. Because there
are no definitive criteria for the amount of
mucin required for either the diagnosis of
mucoepidermoid carcinoma or adenosqua-
mous cell carcinoma, we chose cases in which
the mucin secreting component comprised at
least 10% of the tumour (identified even
without the use of mucin stains) for further
study. This excluded cases with focal mucin
production (often seen in squamous cell car-
cinoma in other parts of the body) and
allowed better and easier interpretation of the
pathological features, including mucin stain-
ing properties.

Cases of pure adenocarcinoma (without
squamous differentiation) and adenoid cystic
carcinoma were excluded from the study.
Carcinomas arising from the cardia were sep-
arated out from those affecting the lower
oesophagus by paying attention to the exact
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Table 1 Staining properties ofdifferent types ofmucin

Type Location PAS AB HD Sialidase

Neutral mucin Stomach + - - Resistant
Acid mucin

Sialomucin:enzyme-labile Salivary gland + + - Sensitive
Sulphomucin Intestinal metaplasia i + + Resistant

PAS, periodic acid Schiff; AB, alcian blue (pH 2.5); HID, high iron diamine.

anatomical site, histological type (as squa-
mous cell carcinomas are unlikely to arise
from the cardia), and the presence of carci-
noma in situ changes in the oesophagus
(absent in carcinomas arising from the car-
dia). Barrett's epithelium in adjacent mucosa
was searched for in every tumour.
The clinical features of these tumours were

examined and compared with those of pure

squamous cell carcinoma. The pathological
features, such as the differentiation of the
squamous component, were also examined.
Tumours with prominent keratin pearls,
intercellular bridges, and cell layers in the
squamous carcinomatous component under-
going differentiation were counted as well dif-
ferentiated; tumours with little or no keratin,
intercellular bridges, and differentiation of
cell layers were classified as poorly differenti-
ated, and those with intermediate features
were classified as moderately differentiated.
The mucin secreting component was

analysed for the presence of a tubular glandu-
lar component and degree of mixing with the
squamous carcinomatous component.

Representative blocks from these tumours
were chosen for histochemical studies.
Sequential microscopic sections were made
and stained with mucicarmine (MC), high
iron diamine-alcian blue, pH 2-5 (HID-AB),
alcian blue (pH 2-5)periodic acid Schiff (AB-
PAS) with and without sialidase digestion.
The staining characteristics of these histo-
chemical stains are shown in table 1.
Mucicarmine was used as a preliminary
screen for mucin; AB-PAS was used to detect
mucoid substances and to differentiate
between neutral (magenta) and acid (blue)
substances. The latter were further classified
into sialomucin (negative, blue) and sulpho-
mucin (positive, brown) by HID-AB.
Sialidase digestion on AB-PAS stained sec-

tions was used to detect the enzyme labile
type of sialomucin. More magenta in colour
than before treatment indicated sensitivity.
The susceptibility to sialidase was compared
with the adjacent normal oesophageal glands
in the same section which acted as an internal
control. The previous endoscopic biopsy
specimens taken from the tumours were also
retrieved and stained with mucicarmine. All
the sections were then assessed independently
and with consensus among the authors.

Results
Of a total of 617 cases of resected primary
oesophageal carcinoma, 600 (97 3%) were

carcinomas with a pure or predominant squa-
mous component. The remaining cases

included six (1%) small cell carcinomas, two
(03%) adenocarcinomas, two adenocytic car-

cinomas (0 3%) and seven (1-1%) undifferen-
tiated carcinomas. Forty out of the 600
(6 7%) cases with a squamous carcinomatous
component showed the presence of mucin-
secreting components. Of these, 16 cases with
a prominent mucin component were selected
for further analysis. The clinical characteris-
tics of these tumours were similar to those of
squamous cell carcinoma, as reported
recently by our group.2' The age of the
patients with these tumours ranged from 50
to 91 years, with a mean of 66 years. The
male to female ratio was 7:1. The middle
third of the oesophagus was the most com-

mon primary site of these group of tumours.
The upper third was the site in four (25%)
cases, the middle in eight (50%) cases, and
the lower third in four (25%) cases (table 2).
The squamous carcinomatous component

was the major component in all cases (50% to
90% of the epithelial part of the tumour).
The tumour was poorly differentiated in 10
cases, moderately differentiated in five, and
well differentiated in one case. The predomi-
nant histological pattern showed distinct
tubular mucin-secreting components (adeno-
squamous carcinoma) (fig 1) in four cases

(cases 4, 12, 14 and 16) and was admixed
with the squamous carcinomatous compo-
nents in the other cases (mucoepidermoid
carcinoma) (fig 2). Barrett's epithelium was

not present in all cases.

Table 2 Histochemical properties ofmucin secreting oesophageol squamous cell carcinomas

Previous biopsy specimen

Case No SLX/Age MC PAS AB Sialidase HID Diagnosis MC

1 M/77 + + + i Squamous cell
2 M/55 + + + - Squamous cell +
3 M/58 + + + - Undifferentiated
4 M/57 + + + No previous biopsy specimen available
5 M/79 + + + Squamous cell +
6 M/58 + + + Adenocarcinoma +
7 M/70 + + + i Squamous cell +
8 M/64 + + + sesitive i Squamous cell
9 M/61 + + + sniveNo previous biopsy specimnen available
10 M150 + + + i Squamous cell +
11 M/63 + + + i Squamous cell
12 F/91 + + + i Squamous cell
13 M163 + + + i Squamous cell
14 Ff79 + + + i No previous biopsy specimen available
15 M/61 + + + i Squamous cell
16 M/65 + + + i No previous biopsy specimen available

HID staining: + = black, - = blue, i = mixture, MC = mucicarmine.
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Mucin secreting components in carcinoma of the oesophagus 11

Figure 1 Qesophageal squamous cell carcinoma with
mucin-secreting component in which the predominant
pattem of tubular glandular elements (large arrows) was
clearly demarcatedfrom the squamous elements (small
arrows) (haematoxylin and eosin).

Figure 3 Qesophageal
squamous cell carcinoma
with mucin-secreting
component in which mucin
component shows a
mixture of mucin (arrows)
(periodic acid Schiff and
aleian blue).
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Figure 2 Oesophageal squamous cell carcinoma with
mucin-secreting component in which predominant pattern
ofglandular (large arrows) and squamous component
(small arrows) intermixed (haematoxylin and eosin).

A mixture of mucin, including enzyme-
labile sialomucin, was demonstrated in these
oesophageal tumours (fig 3). All of the 16
tumours were positive for mucicarmine, PAS,
and AB but they showed various degrees of
susceptibility to sialidase digestion. Two cases
were HID negative and 14 showed a mixture
of positive and negative reactions to HID
staining. An increase in acidic mucin, mostly
sialomucin, was noted in the mucin compo-
nents of these tumours when compared with
the adjacent. oesophageal glands.

Twelve of these tumours had positive
endoscopic biopsy specimens available for re-
assessment and re-staining with mucin stain.
Retrospective analysis showed that only five
out of these 12 (42%) cases were positive for
mucicarmine staining. Ten cases were origi-
nally diagnosed as squamous cell carcinoma,
one as adenocarcinoma, and one as undiffer-
entiated carcinoma. The mucin component
could not be easily identified in all the biopsy
specimnens taken earlier.

Discussion
Qesophageal tumours with both squamous
and mucin secreting components are very
rare.'120 According to the recent edition of
the WHO classification of tumours of the
oesophagus," these tumours are classified
either as adenosquamous carcinoma or
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mucoepidermoid carcinoma. Adenosquamous
carcinoma is a tumour in which adenocarci-
nomatous and squamous carcinomatous
components are intermingled or have a fairly
clear boundary. The adenocarcinomatous
component is usually tubular. On the other
hand, mucoepidermoid carcinoma is charac-
terised by the presence of an intimate mixture
of squamous cells, mucus secreting cells, and
cells of an intermediate type in varying pro-
portions. Using these criteria as the predomi-
nant histological pattern for the tumours in
this study, 75% (12 cases) could be classified
as mucoepidermoid carcinomas and 25%
(four cases) as adenosquamous carcinoma.
Most of these tumours were not easily classi-
fied into distinct categories, however, because
features of both mucoepidermoid carcinomas
and adenosquamous carcinomas were pre-
sent. This probably explains the reported
variation in incidence as the boundary
between these two histological types is not
clearcut. All the oesophageal tumours in the
present study were also shown to contain
sialomucin. This similarity in histochemical
and histological features does not warrant dif-
ferentiation into two groups of tumours and
they should be analysed together.

Adenocarcinoma of the oesophagus is
common in the West, and Barrett's associated
adenocarcinoma is increasing in incidence,2'
but this is not the case in Hong Kong
Chinese people. Over the study period, only
two cases of primary oesophageal adenocarci-
noma were found. This is at least partly a

consequence of the rarity of Barrett's meta-
plasia and reflux disease in Asians.21 These
cases were excluded from the study because
they represented pure adenocarcinoma with
no squamous carcinomatous component. The
absence of Barrett's metaplasia in the adja-
cent mucosa in all the cases of mucoepider-
moid and adenosquamous carcinomas in this
study suggests that they are not associated
with Barrett's metaplasia.
The origin of these tumours is still

obscure. Most authors believe that this
type of tumour arises from the oesophageal
glands.91231517 Evidence in support of the
theory includes the submucosal location of
some of these tumours and the embryologi-
cally similar origin of the oesophageal and
salivary glands. There are features that hint at
a squamous epithelial cell origin for this
group of tumours. First the behaviour of
these tumours differs from that of mucoepi-
dermoid carcinoma of salivary gland with
similar histological features. Many of these
tumours also show carcinoma in situ changes
in the mucosa adjacent to the tumours. All
these features suggest that these tumours
arise from metaplastic changes in squamous
epithelium.'8 19

Enzyme labile (sialidase sensitive) sialo-
mucin is principally epithelial in origin. It has
a wide distribution, either alone, or more

commonly as a mixture with other types of
mucin and is located in the submandibular
salivary glands.24 It can be distinguished from
other mucins by the positive reaction to

alcian blue and PAS, sensitivity to sialidase
digestion, and negativity for high iron
diamine staining. In this study all the
tumours contained sialomucin. Compared
with the adjacent oesophageal gland, acidic
mucin, mostly sialomucin, was increased.
The mucin produced by these oesophageal
tumours was histochemically similar, there-
fore, to that produced by the oesophageal
glands (which contain enzyme labile sialo-
mucin) rather than the gastric glands (which
contain neutral mucin). The results suggest
that the mucin secreting components of these
tumours, histogenetically, have more in com-
mon with oesophageal glands than gastric
mucosa. They may be either differentiated
directly from multipotential stem cells in the
oesophagus or from metaplastic changes in
squamous cell carcinomas. Although intesti-
nal type glands could also contain substantial
amounts of enzyme labile sialomucin, the
possibility that intestinal metaplasia could
occur before neoplastic transformation is
unlikely, because intestinal metaplasia
adjacent to these tumours, has not been
reported before.
The mucin component was noted in the

initial biopsy specimen in only one case (case
6, reported initially as adenocarcinoma in the
first biopsy specimen). Retrospective analysis
of these cases showed that mucin was present
in five (42%) cases so that the correct diagno-
sis in 58% of these tumours could not be
made on the biopsy specimen taken during
endoscopic examination.

Careful examination of oesophagectomy
specimens is important for recognising the
true incidence of this group of tumours.

We thank the staff of the Department of Surgery, Queen
Mary Hospital, for the oesophagectomy specimens used in the
study.
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