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SUMMARY The Ca (Oxford) antigen was originally isolated from a malignant neoplasm and
with few exceptions was reported to discriminate between malignant and non-malignant neo-
plasms or normal tissues. Using the Ca 1 antibody we have studied the Ca distribution in 54 lung
neoplasms and adjacent non-neoplastic lung tissue. Staining of tumours was very focal and the
proportion of positive cells varied from about 50% for adenocarcinomas to less than 1% for oat
cell carcinomas, which were often negative. Focal cytoplasmic staining can be seen in all neo-
plasms, whereas membrane staining is mainly seen in their areas of glandular and squamous
differentiation. We found consistently strong membrane staining of alveolar type II pneumocytes
in non-neoplastic lung. This staining may be useful in differentiating type II cells from alveolar
macrophages which only occasionally showed granular cytoplasmic staining, probably due to
phagocytosed Ca. Mucin from tumours and bronchi did not stain but there was consistent staining
of alveolar serous exudate suggesting extracellular location of Ca.

The Ca antigen consists of two glycoproteins with
high carbohydrate content and molecular weights of
350 000 and 390 000. It was isolated by Ashall,
Bramwell and Harris' from cell membrane prepara-
tions of a human laryngeal squamous carcinoma and
it has been claimed that it has a high degree of
specificity for malignant neoplastic cells; being pres-
ent in most malignant neoplasms tested with the
specific Ca 1 monoclonal antibody and absent from
benign neoplasms and normal tissues except
urothelium and Fallopian tube epithelium.2
We have studied the distribution of the Ca antigen

in neoplastic and non-neoplastic lung and report its
presence in non-neoplastic type II pneumocytes and
in variable amounts in malignant neoplasms, ranging
from 100% of cells in some bronchioalveolar
tumours to less than 1% in carcinoids and oat cell
carcinomas.

Material and methods

TISSUES
Ca antigenicity withstands formalin fixation.2
Accordingly all our material was fixed in 10% neu-
tral formalin and processed to paraffin wax. Of the
54 tumours examined 51 were from lobectomy or
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pneumonectomy specimens and fixation included
expansion of the air spaces with formalin at a pres-
sure of 25 mm. Two specimens of oat cell carcinoma
and one of bronchioalveolar carcinoma were biop-
sies. Between one and three slides per case were
examined. These included between 0-05 and 5 cm2
of tumour (mean 2 cm2 per case) and 0-01 to 3 cm2
of non neoplastic lung (mean 1 cm2 per case). The
tumour types and numbers examined of each type
are shown in Table 1. The non-neoplastic tissues
included foci of lipid pneumonia in three cases,
interstitial inflammation and fibrosis with alveolar
macrophages in 43 cases, collapse in eight cases,
bronchopneumonia in one case and hyperplastic
hilar lymph nodes in five cases. A block including
partly normal and partly bronchiectatic lung served
as further non-neoplastic control.

REAGENTS
The RP 82-Ca I (an 1gM mouse monoclonal anti-
body) was kindly donated by Wellcome Diagnostics.
It is supplied in freeze-dried vials, dissolved in
0-5 ml of distilled water and a further 0.5 ml of
phosphate buffer solution (PBS) before use. The
solution contains 25 ug/ml of Ca 1.
Endogenous peroxidase was blocked with 1/10

dilution of 30% hydrogen peroxide (BDH) and
trypsinisation carried out with a buffered solution of

1

 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.37.1.1 on 1 January 1984. D
ow

nloaded from
 

http://jcp.bmj.com/


Table 1 Tumour types and number ofcases showing cytoplasmic and membrane (in parentheses) staining as well as mean
percentage ofcell staining for each tumour type (right hand column)

Tumour type Total No of Proportion of cells stained Mean % ofcells stained
cases

>20% 1-20 < I or 0
No Cases No Cases No Cases

Large cell undifferentiated 13 2(0) 9(8) 2(5) 10% (4%)
Squamous 12 3 2) 9(9) 01) 15% (9%)
Small cell undifferentiated 7 0(0) 1(0) 67) 1% (0)
Carcinoid 7 0(0) 0 1 7(6) 0-5% (0-1%)
Papillary and bronchioalveolar adenocarcinoma 7 1(6 6 1 0(0) 18% (47%)
Acinar adenocarcinoma 6 5 1 2\ 0 0 47% {43%)
Goblet cell adenocarcinoma 2 00 22) 0 0) 1% 3%)
Totals 54 11(12) 28 23) 15 19) 13% 15%)

trypsin (Sigma, type IX). Peroxidase-labelled rabbit
antimouse immunoglobulin (Dako P, 161) was used.
Diaminobenzidine was used as a substrate.

METHOD
A standard indirect immunoperoxidase method in a
moist chamber was done including trypsinisation in
an incubator at 370 for 30 min, incubation with Ca 1
solution at room temperature for 60 min, incubation
with conjugate solution at room temperature for 30
min and incubation with substrate solution at room
temperature for 5 min.

CONTROLS
For each test section a negative control using the
adjacent section and omitting the Ca 1 antibody was
prepared. The possibility of non-specific IgM bind-
ing was tested and controls were done in every other
case using IgM monoclonal antiserum against
thymocytes of CBA/J mice (Miles Laboratories).
Further non-specific IgM binding was tested in one
adenocarcinoma and in bronchiectatic lung with
IgM antiserum against a bacterial antigen (Well-
come Diagnostics) and with nine culture supernat-
ants known to contain monoclonal IgM with the fol-
lowing specificities: CEA (five), early placental anti-
gens (three) and ovarian carcinoma antigen (one).
Endogenous peroxidase blocking controls and con-
trols in which trypsinisation was omitted were
included with each batch.

Results

CONTROLS
Some staining of cartilage and collagen was seen
with the nine IgM monoclonals in which culture fluid
rather than affinity purified antibody was used. Simi-
lar staining was observed with culture fluid alone
which was thought to be the source of the non-
specific staining. No such staining was seen with the
anti-thymocyte and anti-bacterial antigen IgM.
Specific staining of bronchial epithelium and mac-

rophages was seen with the five anti-CEA IgM
monoclonals. Other cells and tissues were negative
in all controls. There was no unspecific IgM binding2
and trypsinisation made no difference to the results
of Ca 1 staining.

Ca 1 STAINING OF NEOPLASMS
Staining of neoplastic cells was either cytoplasmic
(Fig. 1) seen in groups of tumour cells in a haphaz-
ard distribution in all tumour types, or surface stain-
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Fig. 1 Focal cytoplasmic staining ofsquamous carcinoma
ofthe bronchus (left lower corner). Immunoperoxidase x
90.
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Distribution of the Ca (Oxford) antigen in lung neoplasms and non-neoplastic lung tissues
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'\}* t t S q Fig. 4 Strong luminal surface staining of acinar
adenocarcinoma (left) adjacent to a small bronchus (right)
which shows no staining. Immunoperoxidase x 375.

Fig. 2 Strong surface ("intercellular") staining and weak
cytoplasmic staining ofsquamous carcinoma.
Immunoperoxidase x 375. material in large cell anaplastic carcinomas and

some squamous carcinomas. Often, cytoplasmic and
ing; the latter being variable depending on the surface staining coexisted in the same cell. The rela-
tumour type but featuring three main patterns: tive frequency and extent of cytoplasmic and surface
"intercellular" staining in keratinising areas of staining in all tumour types is seen in Table 1. Nec-
squamous cell carcinomas (Fig. 2), "surface" stain- rotic tumour was occasionally positive when the ad-
ing, seen particularly in papillary and bronchioalveo- jacent viable tumour was positive. Squamous car-
lar carcinomas (Fig. 3) and "luminal" staining seen cinoma in situ in bronchial mucosa was present in
in acinar adenocarcinomas (Fig. 4) but also in vac- four cases. This showed cytoplasmic and "intercellu-
uoles containing PAS-positive diastase-resistant lar" staining in three cases and was negative in one

case.
IJẁ}*8 -Staining of all the tumour examined was only seen
{
^ F '

in two adenocarcinomas but even in adenocar-
cinomas as a group the Ca 1 antibody stained on
average less than half of the tumour (Table 1). The
pattern of adenocarcinomas seems to correlate with
the distribution of the staining; most acinar
adenocarcinomas had extensive cytoplasmic as well
as luminal staining, whereas most bronchioalveolar

+,*k >> k ~~~~~~andpapillary adenocarcinomas showed either nega-
_ \ / > s tive or weak cytoplasmic staining but strong surface

staining (Fig. 3). Carcinomas with abundant goblet
X 8 cells and areas of heavy mucin production in othereadenocarcinomas were in most areas negative

(7 -' ,)-# although a few positive cells were found in each case
,#<> ;} < t in non-mucin containing cells.

Squamous carcinoma stained only focally (Fig. 1);
cytoplasmic staining was seen mainly in poorly dif-
ferentiated areas, whereas areas with prickle cells
and keratin often stained also the cell surface

*1"t >/ w - I ("interstitial" pattern Fig. 2). Some large cell undif-
.4>sOferentiated carcinomas showed very focal cyto-

Fig. 3 Surface staining in papillary adenocarcinoma. Cell plasmic staining and luminal staining of ill-formed
membrane staining is usually restricted to the surface of acini suggesting a glandular differentiation. In con-
tumour clusters and less common between the cells in each trast most oat-cell carcinomas and carcinoids were
cluster. Immunoperoxidase x 375. negative; the exception being very focal cytoplasmic
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Table 2 Frequency ofstaining ofnon-neoplastic cells in
lung adjacent to the tumours. Any staining, even that of
occasional cells, has been scored as positive

Cell type Positive Negative Not present

Plump (type II) pneumocytes 51 0 3
Flat (type I) pneumocytes 42 9 3
Bronchial ciliated cells 43 5 6
Goblet cells 0 48 6
Bronchial glands 15 11 28
Alveolar macrophages 20 23 11
Interstitial inflammatory cells 1 50 3
Alveolar serous exudate 32 8 14
Mucin 3 27 24

staining of two oat cell carcinomas and a spindle cell
carcinoid and luminal staining in a focus of glandular
differentiation in another carcinoid.

Ca 1 STAINING OF NON-NEOPLASTIC TISSUES
The results are shown in Table 2; surface staining,
often coexisting with cytoplasmic staining, was seen
in all cases in plump alveolar cells morphologically
consistent with type II pneumocytes and particularly
numerous in areas of repair or fibrosis at the
periphery of tumours (Fig. 5). In areas where plump
cells were numerous intervening flat cells mor-
phologically consistent with type I pneumocytes also
stained, but in areas of normal lung the latter were
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Fig. 5 Strong surface staining oftype II alveolar cells
which show also variable but weaker cytoplasmic staining.
Alveolar macrophages contain carbon (black) and
occasional positive cytoplasmic granules, presumably
phagocytosed material. Immunoperoxidase x 600.

Paradinas, Boxer, Bagshawe

consistently negative. Very often, occasional ciliated
cells from bronchi had a little staining of their lumi-
nal surface but goblet cells appeared consistently
negative. A little luminal staining of occasional
bronchial glands (particularly ductal cells) was seen
in about half of the cases, but most glands were
negative. Mucin did not stain, although occasionally
a few positive threads were seen amongst negative
material. On the other hand alveolar serous exudate
was often positive, with more intense positivity con-
centrated around air-bubbles, suggesting a surface
tension distribution. "Desquamated" alveolar cells
were of two types: the majority were either negative
or had a positive stippling of the cytoplasm; these
cells often contained carbon or other phagocytosed
material and were thought to be macrophages. A
few had strong staining similar to that of plump
alveolar cells from which they probably derive since
these desquamated positive cells were more numer-
ous in areas where plump cells were also numerous.
Macrophages in interstitial tissues and all other
types of inflammatory cells in the lung and lymph
nodes were negative.

Discussion

Our results show considerable variation in the inten-
sity and pattern of staining in different lung
tumours. Cytoplasmic staining is seen focally in all
carcinomas, particularly in less well differentiated
areas, but positive or negative cytoplasmic staining
is quite capricious and cannot be predicted from the
morphology. Most oat cell carcinomas and car-
cinoids are either negative or the staining is so focal
as to be of little value unless large areas of tumour
are available for examination; on the other hand
adenocarcinomas are often positive and the Ca 1
often detected neoplastic cells more difficult to see
in an ordinary haematoxylin and eosin. As in other
tumours the staining was focal and we cannot
explain why areas of similar morphology in a tumour
can stain either positive or negative. The only excep-
tion is the negative correlation between abundant
mucin production and Ca 1 staining, but even this
correlation was not absolute. In squamous cell car-
cinomas staining of cytoplasm could occur in any cell
type whereas surface (interstitial) staining was
mainly seen in more mature areas. There is there-
fore a tendency for cytoplasmic staining to occur in
more undifferentiated areas of tumours, whereas
surface localisation of the staining appears with
maturation and could be related to functional
changes in the cell membrane.

It is clear that the Ca antigen is not exclusive to
malignancy and a more extensive examination of
normal and neoplastic tissues than that in the orig-
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Distribution of the Ca (Oxford) antigen in lung neoplasms and non-neoplastic lung tissues

inal description' 2 has increased the range of known
non-neoplastic cell types which consistently react
with the Ca 1 antibody.3-' Our observation that
normal and regenerating cells thought to be type II
alveolar pneumocytes consistently stain, has been
confirmed by others78 and is of interest, since this
cell type is thought to be more primitive, actively
dividing after alveolar damage, and the cell from
which alveolar type I pneumocytes eventually
derive.9 Further study of what these cells and neop-
lastic cells which express the Ca antigen have in
common, may provide a clue to the functional
significance of this antigen. In any case the Ca 1
antibody differentiates clearly between desquam-
ated alveolar epithelium and alveolar macrophages
and may be of use in the investigation of cell types in
desquamative interstitial pneumonia and other con-
ditions in which the nature of the intra-alveolar cell
types has been controversial.

Staining of other non-neoplastic cells was
sufficiently infrequent to be of little value, but it is of
interest that all the positivity was in epithelial cells
and that no cross-reaction with inflammatory cells
was seen other than the positivity in the cytoplasm
of macrophages attributable to phagocytosis and
easy to distinguish from that in epithelial cells. In
both the practical applications and the distribution
in tissues, including the lung, the Ca antigen resem-
bles the epithelial membrane antigen'0 12 from which
it clearly differs in molecular weight.' 12
The positive staining of serous exudate in our

material was consistent and strong and was not pres-
ent in either IgM or other controls. It should not be
dismissed as an artefact and suggests the possibility
that some of the Ca antigen may be secreted or lost
in areas of abundant production by neoplastic or
non-neoplastic cells. Indeed, we occasionally
observed positive staining of lymph or serum in the
stroma of tumours. In this context the isolation of
the antigen from urine by Bramwell et al'3 and the
finding of Ca reactivity in serum of patients with
cancer (H Harris, personal communication, 1983)
support the view that Ca may be present in extracel-
lular fluids and opens up further possible applica-
tions of this antigen in the study of disease.
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