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SUMMARY BD-5 monoclonal antibody reacted with tumour cells in 262 of 316 cases of gastric
cancers, including 121 of 134 early, 141 of 182 advanced tumours (p < 001), and 113 of 146
glandular, 72 of 83 diffuse, 22 of 25 mucoid, and 55 of 59 mixed tumours. No difference in reactivity
was observed between metastatic and non-metastatic advanced tumours. Immunocytochemical
techniques applied to light and electron microscopical specimens of colorectal mucosa and gastric
cancer showed that BD-5 immunoreactive material occurred in the Golgi complex, in small clear, to
dense cored, cytoplasmic vesicles, and in the glycocalix of the luminal and lateral membranes of
normal and neoplastic cells in the glands, as well as in the peripheral membrane of dispersed
neoplastic cells. Mucin granules stored in the cytoplasm of goblet cells were unreactive or poorly
reactive. Ultrastructural features consistent with colorectal type differentiation were observed in
many reactive tumours. Unreactive tumours showing ultrastructural patterns consistent with
intestinal differentiation, especially of small bowel type, were also observed.

Signs of intestinal differentiation, including BD-5 immunoreactivity, often occur in gastric cancer,
irrespective of histological type and stage of disease.

"Intestinal-type differentiation" was described many
decades ago in gastric cancer.'4 It has always been
believed that this type of metaplastic differentiation
was typical of adenocarcinomas, or "intestinal" can-
cers, while diffuse cancers originate from non-meta-
plastic gastric mucosa.256 Recently, however, ultra-
structural and cytochemical markers of intestinal
epithelia have been detected in gastric cancers of both
glandular and diffuse type.7

In a previous study the BD-5 monoclonal antibody
was obtained after immunisation against the human
gastric carcinoma line KATO 111.10 The antibody
precipitated a high molecular weight sulphated
glycoprotein and reacted with epithelial cells of nor-
mal and neoplastic human intestine but not with many
other epithelial structures, including the gastric
mucosa-with the exception of some foci of intestinal
metaplasia.'° Many gastric carcinomas tested (12 of
16), however, showed extensive expression of the BD-5
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reactive antigen.
In this paper BD-5 reactive cells and cytoplasmic

structures of the human gut were investigated by both
light and electron microscopy to validate the antibody
as a probe for differentiation of intestinal type. The
antibody was used to identify and characterise intes-
tinal type growths in a large series of gastric cancers of
early and advanced, metastatic, and non-metastatic
types, representing all the main histological patterns
known to occur in such tumours.W"

Material and methods

Specimens of rectal, colonic, ileal, jejunal, duodenal,
pyloric, or fundic mucosa, apparently free of disease,
were obtained endoscopically or at operation from 10
adults aged between 31 and 58 years. For light
microscopical examination, the specimens were fixed
in formol-acetate solution and embedded in paraffin
for 24 to 48 hours; for electron microscopical examina-
tion, they were fixed for two hours at 4°C in formalde-
hyde-glutaraldehyde solution in 0 1M phosphate
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buffer (pH 7 3), embedded in Lowicryl or fixed for one
hour in 1% osmium tetroxide and embedded in Epon-
araldite mixture.912 Samples of malignant tissue (six
from each case) and benign mucosa taken at operation
from 316 cases of gastric carcinoma" were processed
in the same way. Both early cancers, restricted to the
mucosa or submucosa, and advanced cancers, invad-
ing the muscularis propria with or without serosal
disease, were divided into four main histological types:
glandular, diffuse, mucoid, and mixed-based on
previously described criteria.91' 1314

HISTOCHEMICAL STUDIES
Paraffin sections of malignant and benign tissue were
stained with hematoxylin and eosin, alcian blue (1%,
pH 2.5) and periodic acid Schiff (AB-PAS), and high
iron diamine (HID) for sulphomucins.'5 They were
also stained with an indirect immunohistochemical
technique using the hybridoma supernatant contain-
ing BD-5 monoclonal antibodies,'" followed by perox-
idase conjugated rabbit immunoglobulins (Ig) direc-
ted against mouse Ig (Dako, Copenhagen), or by
biotinylated horse Ig directed against mouse Ig (Vec-
tor Laboratories, Burlingame), and the avidin-biotin
complex (Vector) according to the method of Hsu et
al.'6 All antibodies were diluted 1/40 in 015M Tris
buffered-saline (TBS), pH 7T3, added to 5% non-
immune pooled human serum to prevent nonspecific
binding of antibodies to the sections. For comparison,
immunohistochemical tests with pepsinogen II (PG II)
polyclonal antibodies were performed, as previously
reported." Control tests using antigen adsorbed
antibodies were also performed to ensure specificity of
BD-5 or PG II immunostaining.'° "
For each tumour (with the exception of mixed

tumours) BD-5 immunoreactive cells were scored as
follows: a score of 1 = less than I% of BD-5 reactive
cells; a score of 2 = I to 10%; a score of 3 = 10 to
40%; a score of4 = more than 40%; a score of0 = no
or only occasional reactive cells.

ULTRASTRUCTURAL STUDIES
Ultrathin sections of tumour and mucosal samples
fixed in aldehyde and embedded in osmium Epon-
Araldite were stained with uranyl acetate and lead
citrate for electron microscopical examination. In
some cases adjacent semithin (0 8 pm) sections were
deplasticised with sodium hydroxide, deosmicated
with sodium metaperiodate, and immunostained with
BD-5 antibodies as above.'7 Ultrathin sections of
specimens embedded in Lowicryl were incubated
overnight with BD-5 antibodies, followed by gold
tagged goat antimouse Ig polyclonal antibodies (EY
Laboratories San Mateo, California), and uranyl-lead
counterstaining.'2"8 Incubation of BD-5 antibodies
with the supernatant from KATO III cell cultures,
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containing the BD-5 antigen, prevented immuno-
staining.

Results

DISTRIBUTION OF BD-5 IMMUNOREACTIVITY IN
BENIGN GASTROINTESTINAL EPITHELIA
In accordance with previous studies,'" BD-5 immuno-
reactivity was detected in most epithelial colorectal
mucosa cells and in a few epithelial cells the ileum and
jejunum. Luminal surfaces, subapical cytoplasm,
Golgi complex, and lateral membranes reacted most
commonly (figs la-c). In a few cells both the supranu-
clear and infranuclear cytoplasm showed reactivity.
The mucin granules of goblet cells were unreactive or
stained faintly. The immunogold technique applied to
electron microscopical specimens of colorectal
mucosa showed BD-5 reactive material in some Golgi
cisternae, as well as in Golgi-derived small, clear to
dense cored, vesicles scattered in the supranuclear
cytoplasm and concentrated in the subapical cyto-
plasm. In addition, the immunoreactivity was local-
ised in the surface coat covering the luminal microvilli
and in the glycocalix adhering to some lateral mem-
branes (fig 2).
No staining was observed in healthy duodenum and

stomach. Some of the areas of intestinal metaplasia
found in benign gastric mucosa from patients with
cancer showed BD-5 immunoreactivity, especially in
deep, less well differentiated crypts (fig Id).
No obvious association was noted between BD-5

reactivity and the morphological type-(complete
type I, incomplete types II A and B, or
"enterocolic"'9 20-of metaplasia). Non-goblet colum-
nar cells producing neutral (type II A metaplasia) or
sulphated mucin (type II B metaplasia) were unreac-
tive. Dysplastic lesions, especially those in areas of
intestinal metaplasia, were often reactive with BD-5
(fig le).

BD-5 IMMUNOREACTIVITY IN GASTRIC CANCERS
BD-5 immunoreactive cells were detected in 262 of 316
gastric cancers, including 121 of 134 early cancers, 60
of 69 intramucosal, and 61 of 65 submucosal tumours;
in 141 of 182 advanced cancers; as well as in 113
glandular, 72 diffuse, 22 mucoid, and 55 mixed cancers
(table 1). In keeping with these figures, the mean score
of immunoreactive cells was lower in glandular can-
cers (2 00) compared with diffuse (2-76) and mucoid
(2-84) cancers. Take the group of advanced tumours
alone, the lower of BD-5 immunoreactivity among
adenocarcinomas 53 of 57, score 1-61) compared with
diffuse (31 of 40, score 255), and mucoid cancers 18 of
21, score 2 81) became slightly more pronounced. A
higher prevalence of BD-5 immunoreactivity was
observed among early cancers of glandular, diffuse,
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Fig I BD-5 immunoreactivity ofcolonic mucosa. (a) Note reactivity ofluminal surface, supranuclear Golgi and lateral

membranes in deep gland, (b) luminal surface (*), Golgincomplex, and supranuclear cytoplasm ofcolumnar cells in (c)
epithelium ofupper gland showing unreactivity ofgoblet cell thecae. (d) Scattered reactivity ofsupranuclear cytoplasm is

observed in deep part ofintestinal-type metaplastic gland ofstomach, (e) while luminal and cytoplasmic reactivity is

found in dysplasticfocus arising in incomplete (type II B) intestinal metaplasia. (Immunoperoxidase-haematoxylin.)
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Fig 2 Imnmunocytochemical detection of RD-S reactivity in clear or dense cored, small, subapical vesicles and surface coat

adhering to lwninal microvilli. Note some of vesicles contact lwninal membrane or lateral interdigitating membrane

(bottom). (Immunogold technique, uranyl-lead staining.)

and mucoid type (90-5%) compared with advanced

cancers(73Y9%, p < 001).
No consistent difference was observed between

metastatic. and non-metastatic tumours, despite a

slight trend for a higher prevalence of BD-5 in non-

metastatic advanced tumours of glandular and diffuse

type (23 of 30 cases, 77%) compared with metastatic

tumours (61 of 87 cases, 70%) (table 2).
Two ultrastructurally confirmed parietal cell carcin-

omas2' and one small to intermediate cell undifferen-

tiated carcinoma failed to react with the BD-5

antibody.

HISTOLOGICAL, HISTOCHEMICAL, AND

CYTOLOGIC CHARACTERISATION OF THE BD-5

REACTIVE COMPONENT IN GASTRIC CANCERS

BD-5 reactive cells of glandular tumours generally
formed tubules, solid trabeculae, or pseudoglands

Table 1 BDS expression among gastric cancers of different histological type and stage

Early cancers Advanced cancers Total

Histology (%BD-S (%) Score RD-S (%) Score RD-S5% Score

Glandular (46-2) 60/69 (87-0) 2-43 53/77 (68-8) 1-61 113/146 (77-4) 2-0
Diffuse (26-3) 41/43 (95-3) 2-95 31/40 (77-5) 2-55 72/83 (86-7) 2-76
Mucoid (7-9) 4/4(100) 3-00 18/21 (85-7) 2-81 22/25 (88-0) 2-84
Mixed (18-7) 16/18 (88-9) 39/41 (95-1) 55/59 (93-2)
Other (0-9) 0/3 0/3
Total (100-0) 121/134 (90-3) 2-65w 141/182 (77-5) 2.02* 262/316 (82-9) 2.30*

~"Mixed" and "other" tumours excluded.

Intestinal markers in gastric carcinoma
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Fig 3 Intracellular or luminal BD-5 reactivity of tubular (a), papillary (b), and solid (c) subtypes ofglandular
cancers and (d) ofmicroglandular subtype ofdiffuse cancer; (e) scattered and stripeforming reactive cells ofdiffuse
cancer (desmoplastic subtype; and (f) smallfocus ofreactive cells near to unreactive mucin lake ofa mucoid cancer

(Immunoperoxidase-haematoxylin.)
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Fig 4 Ultrastructure ofBD-5 reactive microglandular cancer showing irregular microvilli with cytoplasmic rootlets

and adhering glycocaliceal bodies, as well as large cytoplasmic R-body storing particles resembling glycocaliceal bodies.

Note BD-S reactivity ofluminal surface (arrow) and cytoplasmic R-bodies in consecutive 800 nm section. (Uranyl-

lead).

with occasional microcysts and papillae (figs 3a-c). In
diffuse tumours they presented as scattered cells, small
irregular cell clusters, stripes one cell thick, or

microglands with barely evident lumina (figs 3d and e).
In mucoid tumours the cells formed glands and bands
bordering mucin lakes, or floated within these as

round, often signet ring cells (fig 3f). The reactivity of
mixed tumours affected their mucoid, glandular, and

diffuse components but not the squamous component,
which was present in only six of 59 cases, all advanced
stage. BD-5 reactivity was usually found at the luminal
surface of glands, microglands, and intracellular
microcysts. The lateral membranes of some cells in
glandular or solid structures, as well as the peripheral
membranes of some dispersed cells were also reactive.
The intensity and extent of cytoplasmic staining were

Table 2 Association between BD5 expression and metastases in 182 cases ofadvanced cancer

Metastatic Non-metastatic

Histology BD-5 (%) Score BD-5 (%) Score

Glandular 35/52 (67 3) 1 50 18/25 (720) 1-84
Diffuse 26/35 (74-3) 2-37 5/5 (100) 3-80
Mucoid 16/17 (94-1) 3 06 2/4(50) 1-75
Mixed 33/35 (94-3) 6/6 (100)
Other 0/3
Total 110/142 (77-5) 1.99* 31/40 (77 5) 2.12*

*"Mixed" and "other" tumours excluded.



184 Fiocca, Villani, Tenti, Cornaggia, Finzi, Capella, Prat, Bussolati, Solcia

...,u,, . ~'.r .
Nw, 4 s.-R;4. ., i,

ig~ ~ ~ 4~

p 4~~~~~~~~~~~~~~~4

A m;A ,tF

V~~~~~~~~~~~~~~

4'~~~~~~~~~~~~~~~~~~~

t.?.,S-:?
8~~-iv- '.. a%

M.:~~~~~~~~~~~~5

j4-4

A--
V . It

*; t;;'t w-t5i M>ti'0), '0v ' *

Fig 5 (a) Rooted microvilli, glycocaliceal bodies, small, clear, and dense cored vesicles in tumnour cell ofmucoid cancer (b)
showingsrface and cytoplasmic BD-5 reactivity (arrow) in consecutive section, where many unreactrve vacuoles ofdilated
reticulum are also seen. Vesicles in another tumour cell of the same case show intense reactivity with-RD S antibody.

also extremely vaniable: no staining at all to faint those of the luminal surfaces and subapical cytoplasm,
staining of-the Golgi- area .or the juxtalumlinal cyto- showed slight alcianophilia when stained with the AB-
plasm to intense staining of the whole cytoplasm. PAS technique; some cells showed slight HID reac-
Intracellular and extracellular mucins were poorly tivity. Both these techniques stained heavily the
reactive or unreactive. intracellular and extracellular mucins. In serial
Most BD-5 reactive cells and structures, especially tumour sections BD-5 and PG II immunoreactivities,
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though often coexisting in the same tumour, were
found in separate cells, usually in distinct areas or foci.
Moreover, increased BD-5 expression occurred in PG
II unreactive tumours.

Ultrastructural investigation of BD-5 reactive
tumours, including thin sections adjacent to BD-S
immunostained semithin sections, showed tumour
cells bearing irregular microvilli with long cytoplasmic
roots in most cases, or, especially in mucoid cancers
and advanced diffuse cancers of signet ring cell
subtype, clear mucin granules of goblet cell type,
which are normally found in the intestinal crypts.2223
In addition, glycocaliceal bodies, cytoplasmic R-
bodies, small vesicles or osmiophilic dense bodies
resembling those reported in colorectal epithelium and
associated tumours2 were often observed (figs 4 and
5 a and b). With the immunogold technique, BD-5
reactive material was seen in the small vesicles and
dense bodies, the surface coat of luminal microvilli,
and the glycocalix adhering to the lateral membranes
of adenocarcinomatous cells, or to peripheral mem-
branes of dispersed cells (fig Sc). Intestinal-type
tumour granules that were unreactive with BD-5 were
also found. They generally showed a predominance of
columnar cells with rooted microvilli, without
glycaliceal bodies, R-bodies, and small apical vesicles
or dense bodies, thus mimicking "immature absorp-
tive cells" or "principal crypt cells" of the small
intestine.2223 Admixed goblet cells were occasionally
found. Cells showing foveolar-type punctate granules
or solid to target-like mucopeptic granules9 failed to
react with BD-5 antibodies.

Discussion

In this investigation the previously reported reactivity
of the BD-5 monoclonal antibody with intestinal
epithelia,'0 particularly in the large and lower small
intestine, and its failure to react with normal gastric
epithelia, have been confirmed. Immunocytochemical
studies at light and electron microscopy level showed
that there were sites of BD-5 immunoreactivity in the
luminal surface coat, Golgi complex of intestinal cells,
as well as in the glycocalix adhering to their lateral
surface and in a system of small, clear to dense cored
vesicles linking the Golgi with luminal and lateral
membranes. Thus the BD-S antibody can be regarded
as a reliable, cytologically defined intestinal marker.
As reported, BD-5 immunoreactive cells have been

detected in 262 of 316 (83%) of a large series of gastric
carcinomas, being widely represented in all the main
histological types and stages of the disease. In accor-
dance with several histochemical and ultrastructural
studies,7`93031 and in contrast with widely held beliefs,25
it has been clearly shown that intestinal-type cells and
associated markers are not restricted to adenocarcin-

185
oma. In fact, diffuse, mucoid, and mixed type cancers
also showed strong expression of the BD-5 intestinal
marker, while parallel electron microscopical studies
confirmed the presence ofmore or less prominent signs
of intestinal differentiation in all BD-5 reactive
tumours investigated, irrespective of their histological
classification.

In mucoid cancers the mucoid component of mixed
cancers, and some signet ring cells of diffuse cancers
goblet cell differentiation has already been shown by
mucin histochemical and electron microscopical
studies.793032 The BD-5 reactive antigen, which is
expressed in most colorectal and some jejuno-ileal
goblet cells, is also expressed in some immature,
transitional, and absorptive cells of colorectal and
ileo-jejunal mucosa, and seems to differentiate more
gastric cancers (83% of our series) than specific goblet
cell markers such as the M3 glycopeptide, found by
Bara et al in 35% of their cases.7
The BD-5 immunoreactivity ofweakly alcianophilic

luminal surfaces, even in the absence ofmucin produc-
tion, is especially useful for the identification of
microlumina and intracellular microcysts in the
microglandular subtype of diffuse cancer and in the
medullary (solid) subtype of glandular cancer, and for
recognising the intestinal nature of some adenocarci-
noma lacking both goblet cells and a striated luminal
border. The cytoplasmic or membrane staining of
some apparently immature cells oftrabecular, solid, or
diffuse growths may also be helpful in this respect.

Electron microscopic immunogold staining showed
the association between intracellular reactivity and
small, clear to dense cored vesicles originating in the
Golgi area, concentrated in the subapical cytoplasm of
gland forming columnar cells or scattered in the
peripheral cytoplasm of round, dispersed cells. Similar
vesicles have already been described in normal
colorectal epithelium and associated growths,242933 as
well as in some intestinal-type gastric cancers.9
The frequent observation of glycocaliceal bodies,

cytoplasmic R-bodies, and small vesicles or dense
bodies in BD-5 reactive tumour cells emphasises the
consistent occurrence of colorectal-type differentia-
tion in gastric cancer. This has already been supported
by histochemical34 35 and ultrastructural studies.9 Intes-
tinal-type growths that do not react with BD-5 usually
show rooted microvilli without glycocaliceal bodies,
R-bodies, or small vesicles, and thus tend to resemble
small intestinal epithelium, have also been observed.
The occurrence of ultrastructural, enzymatic, mucin
and antigenic markers of small intestine in gastric
carcinoma, particularly columnar absorptive cells, has
been well documented.3489303' 3438
The reason why intestinal-type differentiation

occurs so often in gastric carcinoma is unknown. The
fact that some of the intestinal markers expressed in
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gastric cancer are also expressed in embryonal, fetal,
or neonatal gastric epithelium, 4142 coupled with the
common occurrence of intestinal metaplasia in chron-
ically inflamed and malignant gastric mucosa,204344
might be ofhelp in explaining the behaviour of gastric
tumour cells.

Notably, some sulphomucin producing columnar
cells of type II B intestinal metaplasia20 and of some
intramucosal cancers9 failed to react with BD-5
antibodies, a finding that, coupled with their lack of
the M3C sulphoglycopeptide antigen (specific for
colorectal goblet cells),38 suggests that such cells are
not associated with sulphomucin producing colorectal
cells but with gastric foveolar or superficial cells. This
is confirmed by their storage of the M1 antigen.35""
No overlapping has been observed in malignant and

benign tissues between BD-5 immunoreactive cells
and cells immunoreactive for PG II, a selective marker
ofgastroduodenal mucopeptic cells expressed by 47%
of the gastric cancers reported here." The two types of
immunoreactive cells coexisted in 116 of the 316
tumours. PG II, which was not expressed, as much as
BD-5, showed better defined histological and stage
related changes, which, unlike those ofBD-5, might be
of prognostic value." In glandular and diffuse cancers
PG II indeed seems to work as a marker for increased
invasive and metastatic potential."

In conclusion, the glycoprotein detected by the BD-
5 monoclonal antibody represents one of the most
widely expressed antigens in gastric cancer. It is also an
effective marker of some intestinal-type tumour cells
lines, particularly those mimicking colorectal cells or
crypt cells of the lower small intestine. In conjunction
with structural and histochemical markers labelling
other tumour cell lines, such as mucopeptic and
foveolar cells, or absorptive and goblet cells of the
small bowel,34' 11353640 the BD-5 antibody may be of
help in reconstructing the natural history of this
tumour.

The work was partly supported by grants from the
Italian National Research Council (N 80 00583 44, PF
Oncologia; N 86 00516 04 G Gastroenterologia;
N 86 01476 57, PF TBMS), the Health and Education
Ministry, and the AIRC Foundation (Milan).
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