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Antibodies against Tumours

The idea that tumour cells possess antigens which are
peculiar to the tumour and not possessed by normal cells
is an attractive concept, since it might lead to a new
method of treatment. Unfortunately it has yet to be shown
that antigens in human neoplasms are really tumour-specific.
One approach to this question has been an attempt to

detect antibodies or cytotoxic cells in the blood of patients
with cancer which specifically react against their own
tumour cells. The other approach entails the detection in
tumour extracts of new antigens which are not present
in normal tissues. P. Gold and S. 0. Freedmanl 2 dis-
covered an antigen in colonic carcinoma cells which initially
appeared specific for this type of gastrointestinal tumour.
The antigen was later found to be present not only in
the tumour material itself but also in the patient's serum.3 4
Though normal intestinal epithelium does not contain
the antigen, it was subsequently discovered in fetal tissues.
This antigen has, therefore, become known as the carcino-
embryonic antigen (CEA), and its presence in the serum
is now under study as a possible diagnostic test. The
CEA may also help in the assessment of response to treat-
ment. Serological studies have shown antibodies to this
antigen in pregnant women and a high percentage of
patients with primary gastrointestinal tumours. The use
of a sensitive radioimmunoassay has shown that a similar
antigen is present in the sera of patients with other forms
of tumour and the occasional patient with illnesses other
than neoplastic disease.5 Several workers have reported
the production of other fetal antigens by human tumours,
but as yet, no tumour antigen has been found which is
specific for the tumour and absent from normal tissues.
Undoubtedly sera from patients with cancer often react

against their own tumour cells, but the specificity of this
reaction still remains to be determined. Studies of patients
with Burkitt's lymphoma showed two main categories of
antibody reacting against the lymphoma cells in the sera
of patients with the disease.6 One variety acts on the
surface membrane of the cell, the other on the cytoplasm.
Both antibodies are present in high titre in most patients
with this disease, and no histologically confirmed case
has been found without antibody. These sera do not react
against normal lymph-node or bone-marrow cells, but the
presence of autoantibody was not excluded by testing a
large range of adult and fetal tissues. The antibodies con-
cerned appear to react against virus-associated antigens.
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The reacting cell lines tend to contain more Epstein-
Barr (E.B.) virus particles than non-reacting cell lines,
and the latter can be made to react after infecting the
cells with E.B. virus concentrates. All Burkitt's lymphoma
sera from African patients also react with the cytoplasm
of fixed cells which contain E.B. virus. Anti-E.B. virus
reactivity as measured by a cytoplasmic immunofluores-
cence test is common in control adult populations, but
the mean titre is eight-fold higher in the patients with
lymphoma. The causal relationship between E.B. virus
and at least one form of infectious mononucleosis has
been suggested by a prospective trial.7 Young adults with
anti-E.B. virus antibody were protected from infectious
mononucleosis, whereas a significant proportion of sero-
negative persons developed the disease and became re-
active in the test during observation periods of two to four
years. This work provided evidence that the E.B. virus
may be an important agent in the development of Burkitt's
lymphoma, but the possibility remains that the virus is
merely a passenger, since antibody is extremely common
in control adult populations.

Another tumour which has been found to be associated
with high reactivity to E.B. virus-associated antigens is
nasopharyngeal carcinoma.8 9 It is a carcinoma which is
particularly common in the Chinese and in certain parts
of Africa. High titres of antibody to the E.B. virus itself
and to E.B.-virus-mediated cell membrane antigens have
been found in the sera of a high proportion of these
patients. Electron microscopy has shown the presence of
herpes-type virus particles in the tumour material.'0 A
study of the reaction between the patient's serum and his
tumour has shown that about half the patients have anti-
body to their own nasopharyngeal tumour.11 The mem-
brane and nuclear antigens were common to tumour cells
from all biopsies and were found only occasionally against
normal nasopharyngeal cells. The cytoplasmic antigen, on
the other hand, was common to all tumour cells and normal
epithelial cells, thus demonstrating the presence of an
autoantibody.

Antibodies to their own tumour cells have been found
in the sera of patients with a variety of other tumours
by means of cytotoxic and immunofluorescent techni-
ques,'2-'6 but the specificity of the reaction is questionable.
Absorption of the sera with tumour material removes the
antibody, but repeated absorption with normal cells will
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eventually do the same. This leaves the possibility that
the surface of the tumour cell contains antigens which are
normal adult or fetal components but are more exposed
or in greater concentration than in normal cells and can
lead to the development of autoantibodies. Control
experiments with many different adult and fetal tissues
have not been done to exclude this possibility. Changes
in the amount of available blood group antigens have
already been observed in both red and white cells from
patients with leukaemia during the course of the dis-
ease.'7 18 Similar changes have been described in the
membrane antigens of other tumour cells.

Autoantibodies might be expected to appear in patients
with cancer, since their incidence is increased in viral
infections'9 and in various forms of tissue necrosis such
as that after heat, radiotherapy, or infarction.2022 Cross
reactions have been observed between embryonic antigens
and new surface antigens on virus-transformed cells, and
the possibility has been raised in chemically transformed
cell.22 24 A high incidence of smooth-muscle antibody in
patients with cancer is reported in this issue at p. 511 by
J. M. A. Whitehouse and E. J. Holborow. As the authors
point out, this antibody reacts with a normal constituent of
cell membrane of some cell types,25 so that if autoanti-
bodies of this kind prove to be common, it will be difficult
to assess by the available tests whether tumour-specific anti-
body coexists with them.
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B.C.G. by Jet Injection
A. Calmette and his colleagues began attenuating a strain of
Mycobacterium tuberculosis of bovine origin in 1906. Their
intention was to develop a safe live vaccine which, -from
observations on animals, they believed could, if given by
mouth early in life, protect against death from tuberculosis
in infancy.' After 230 subcultures over a period of 13 years,
the organism-known as bacille Calmette Guerin, or B.C.G.

-had lost its virulence for mammals but it protected
laboratory animals against lethal doses of virulent tubercle
bacilli. It was administered by mouth to 1,317 newborn
infants during 1921 to 1925 and, according to Calmette's
much criticized method of assessment,' protected 93% of
those who would otherwise have succumbed to tuberculosis
during the first year of life.

Calmette believed that oral vaccination was effective only
in newborn infants, and on his advice B. Weill Halle
vaccinated older tuberculin-negative children by sub-
cutaneous injection of B.C.G.2 Compared with oral vaccina-
tion the subcutaneous route had the advantages of accurate
B.C.G. dosage and regular tuberculin conversion, but it
invariably resulted in the development of a cold abscess or
a deep ulcer at the site of injection.3 J. Heimbeck4 tried to
lessen the incidence and severity of these complications by
lowering the dosage of B.C.G., but A. Wallgren5 showed in
1928 that they could be avoided without decreasing tuber-
culin conversion rates by giving small doses of B.C.G.
intradermally. Intradermal injection was soon accepted as
the method of choice, but since it required technical skill
other ways of implanting B.C.G. in the skin were investi-
gated. In 1937 S. R. Rosenthal6 successfully adapted the
multiple puncture technique of smallpox vaccination for
B.C.G. vaccination. This was developed further by K.
Birkhaug,7 who devised a multiple-puncture stabbing in-
strument with eight needles which penetrated the skin to a
maximum depth of 2 mm. He improved on this in 1941
when he produced a 40-needle, spring-activated instrument,8
the forerunner of Heaf's six-needle multiple puncture in-
strument for tuberculin testing9 and of the instrument cur-
rently used for B.C.G. vaccination.

Vaccination by multiple puncture requires little technical
skill. The scars are much less conspicuous than after intra-
dermal vaccination, and the first large-scale trials showed
that tuberculin conversion rates were similar to those ob-
tained by intradermal vaccination.10'2 Birkhaug's claim13
that the rate and degree of tuberculin conversion and the
persistence of tuberculin sensitivity over a period of three
years after multiple puncture B.C.G. vaccination are com-
parable with those after intradermal vaccination has re-
cently been substantiated.14 The main obstacle to its general
acceptance is that it requires highly concentrated vaccine.
The potency of vaccine used in earlier trials was 20 mg
B.C.G./ml. In more recent trials the potency was expressed
as 60 to 180 million viable organisms per ml. For intra-
dermal vaccination the potency was 0-5 to 10 mg/ml or
5 to 9 million viable organisms per ml. Multiple puncture
implants only a small proportion of the organisms in the
skin, so it wastes vaccine.

After 30 years of experimentation and clinical trials with-
out stimulating general interest the future looks bleak for
B.C.G. vaccination by multiple puncture, for an alternative
technique is gaining acceptance. The Research Committee
of the British Thoracic and Tuberculosis Association has
now reported that local reactions and tuberculin sensitivity
produced by intradermal B.C.G. vaccination by jet injec-
tion were similar to those obtained by the standard syringe
and needle method-.5 Jet injection has all the advantages of
the standard intradermal method-it does not require con-
centrated vaccine and is economical in vaccine-but is easy to
carry out. Therefore it will probably become the method of
choice for B.C.G. vaccination of schoolchildren, provided
technical difficulties with the instrument are successfully
overcome.
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