












The role of circulating antibody in the control of metastases

The other question posed by these experiments
was why the antibody raised in immunization also
disappeared. The next possible mechanism to be
considered is one in which the antibody is being
effectively neutralized by a rapidly developing
tumour, either because the antibody is being soaked
up on the surface of remaining tumour masses or as
a result of circulating soluble antigen liberated by
such a tumour. To investigate the validity of the
first of these possibilities patients with malignant
melanoma were immunized with their own irradiated
tumour cells, the sera collected in the usual way
daily, following the procedure, and biopsies taken of
remaining tumour nodules before immunization,
during the height of the antibody response, and at
the end of the investigation. These tumour cells
were subjected to direct immunofluorescence in an
attempt to demonstrate antibody on the surface of
the cells; the cells were also subjected to an elution
procedure in which any immunoglobulin even in
very small quantities could be removed, concentra-
ted, and detected by immunodiffusion or immuno-
electrophoretic methods on cellulose acetate mem-
brane (Phillips and Lewis, 1971). The results have
clearly shown that no detectable change occurs in
even the smallest subcutaneous nodules following
immunization alone. This may mean that the
antibodies have some difficulty in reaching the
deposits in the extravascular tissues. Another
approach has been to attempt to coat tumour
nodules with immunoglobulin by other methods.
This was stimulated by a preliminary investigation
where the administration of intravenous phyto-
haemagglutinin to a patient with multiple cutaneous
and subcutaneous melanoma resulted in the tumour
nodules exhibiting heat, swelling, pain, and reduction
in size. Biopsy showed that the tumour nodules were
infiltrated with lymphoid cells and that the tumour
cells were heavily coated with immunoglobulin.
These antibodies were in fact easily detectable and
easily eluted from the cell (Lewis, Humble,
Lee, and Phillips, 1971). A series of patients were,
therefore, given either intravenous phytohaemag-
glutin alone or in combination with tumour 'auto-
immunization' whilst a control group received
'autoimmunization' alone: this clearly indicated that
only in the patients receiving intravenous phyto-
haemagglutinin did the extravascular tumour
deposits become coated, and in all cases accom-
panied by lymphoid infiltration (Lewis et al, 1973).
This shows that under normal circumstances the
antibody does not become 'soaked up' by tumours
outside the blood stream.

Investigation of Blocking Factors in Serum

The final possibility to explain the fall in antibody

seemed to revolve around the possibility of a sub-
stance in the serum which could block the effective-
ness of circulating antibody against tumour cells. In
an attempt to demonstrate this three patients who
had received immunization with their irradiated
tumour cells were studied, and the high-titre positive
sera obtained between 10 and 14 days following
immunization were mixed with equal volumes of the
series of control sera including normal human
sera and sera from other melanoma patients; this
resulted in very little alteration in the antibody
response by membrane immunofluorescence or by
cytotoxicity. On the other hand, the same positive
serum mixed with the negative serum from the same
patient taken the day before 'autoimmunization'
resulted in a complete blocking of the positive
serum. The positive sera, however, could not be
blocked by the negative serum from the other two
patients, and in addition only the surface membrane
reaction was abolished; the antibody against the
cytoplasmic component was not involved. Separa-
tion of the two sera into their gamma and non-
gamma fractions revealed that the reaction took
place between the gimma globulin fraction of the
negative serum and the gamma globulin fraction of
the positive serum. Separation of the negative
serum gamma globulin fraction into its immuno-
globulin subclasses revealed that the active blocking
substance was IgG. The reactions still took place
even when a highly purified IgG was obtained on a
DEAE cellulose column, and subsequent immuno-
electrophoresis with the negative IgG against the
positive IgG, and against anti-IgG and antihuman
again indicated one very narrow line of reaction in
which no other component in the negative IgG
could be demonstrated. This procedure was carried
out at several pH ranges in an attempt to separate
the negative IgG from possible links with antigen,
and the reaction was identical to that described
previously (Lewis, Phillips, Cook, and Blake, 1971).
The possible explanations for this phenomenon are:
(1) The negative IgG is, in fact, an antibody-antigen
complex in which there is excess antigen but in
which the antigen is very firmly bound to the IgG
molecule in such a way that it cannot be separated
by the procedures described. (2) The IgG represents
an anti-idiotype or anti-antibody against the original
tumour-specific antibody. This particular phenome-
non has been described on several occasions and has
also been shown in a totally unrelated system,
namely, the antibody against bacteria in rabbits
(Drew, Thompson, and Pardoe, 1972). This
phenomenon, although possibly similar to the
blocking factor described by Hellstrom and Hell-
strom (1971) and by Bansal and Sjogren (1971),
differs in the site of action, the latter blocking the

89

copyright.
 on D

ecem
ber 7, 2021 by guest. P

rotected by
http://jcp.bm

j.com
/

J C
lin P

athol: first published as 10.1136/jcp.27.S
uppl_7.83 on 1 January 1974. D

ow
nloaded from

 



M. G. Lewis

effect of cytotoxic lymphocytes on the target cells.
To be able to clarify the possible role of antigen in

this reaction more knowledge is needed of the actual
antigens involved. In one preliminary experiment we
produced an antibody-antigen complex by reacting
a positive melanoma serum with the surface mem-
brane of the autologous cells, and by ultrasonication
produced an antibody-antigen complex with antigen
excess. This would, as expected, block or neutralize
the positive antibody-containing serum, but showed
no cross-reactivity with the negative serum in the
same patient. This indicates that not all tumour-
specific antibody-antigen complexes can be regarded
as responsible and, therefore, the possibility of an
anti-idiotype must still be considered. If this is
subsequently shown to be the case it presents some
very interesting possible lines of approach in the
understanding of this failure of humoral immunity,
and also opens up several interesting channels of
research in terms of subsequent immunotherapy; for
if the anti-antibody can be prevented then the
tumour antibodies theoretically should persist and
this should increase the resistance to circulating
tumour cells.

Other Aspects of the Interplay between Antibody and
Tumour Antigens

RENAL COMPLICATIONS

The discussion so far has indicated that antibodies
and antigens react in patients with malignancy and
there is some suggestion that such reactions can be
either beneficial or detrimental depending on the
timing, the type of antibody, and the antigen con-
cerned Whatever the outcome in terms of the
patient's survival, it would seem possible that anti-
body-antigen complexes might be deposited in the
reticuloendothelial system or even on the basement
membrane of the kidney. The latter would be par-
ticularly likely if the patient were producing small
amounts of antibody and antibody-antigen com-
plexes were therefore being produced with excess
antigen. This is a situation which has been shown to
result in deposition of antibody-antigen complexes
on the basement membrane of the kidney.

THE NEPHROTIC SYNDROME AND MALIGNANCY

There are now several reports of the association
between a progressive nephrotic syndrome and long-
standing malignancy (Cantrell, 1969; Loughridge
and Lewis, 1971). In some cases the relationship
between the two is not clear whereas in others the
nephrotic syndrome has temporarily abated on
removal of the tumour (Cantrell, 1969; Ghosh and
Muehrcke, 1970). In view of this and the consider-
able theoretical possibilities of antibody-antigen

Fig 6 Direct immunofluorescence on glomerulus of
patient with the nephrotic syndrome and malignancy, with
lumpy distribution of immunoglobulin on basement
membrane.

complex deposition occurring in patients with
malignancy it was decided to investigate a patient
who developed a classical nephrotic syndrome
following the appearance of carcinoma of the lung
which, although considered inoperable, remained
clinically static for a period of some years. Biopsy
of the kidney showed an epimembranous nephro-
pathy and immunofluorescence revealed the presence
of immunoglobulin in a 'lumpy-bumpy' distribution
on the basement membrane (fig 6). The patient
died and it was possible to obtain viable tumour
cells from the lung and kidney in a fresh state.
Material eluted from the kidney containing immuno-
globulin reacted specifically by membrane fluores-
cence with the carcinoma of the lung cells but not
with other cells taken from the same patient or other
patients. The reaction could be abolished by absorp-
tion with the lung tumour but not by absorption
with lung tissue. A reaction between an extract of the
lung tumour, the elute from the kidney, and the
patient's serum produced on immunodiffusion a
line of identity between the sera and the elute from
the kidney against the extract from the lung tumour
(Lewis, Loughridge, and Phillips, 1971). Similar
observations have been reported in experimental
animal models with lymphomas (Mellors, 1966;
Mellors, Shirai, Aoki, Haebner, and Krawczynski,
1971) and there appears to be an increasing aware-
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ness of minor degrees of the nephrotic syndrome in
malignancy. The suggestion is that under the con-
ditions described previously slowly forming com-
plexes between tumour-specific antibody and some
tumour antigens result in deposition in the kidney
with subsequent damage and the production of the
nephrotic syndrome. The inevitable question is
immediately raised as to why the nephrotic syndrome
does not occur more frequently. However, there is
the possibility that minor degrees of the nephrotic
syndrome could easily be overlooked in patients
with advanced malignancy, and the timing of the
events is obviously critical. Further studies into this
particular aspect of antibodies and antigens in
malignancy is of considerable interest not only
because the kidney may well act as a very effective
bioabsorption column for obtaining antigens and
antibodies, but this particular model may also serve
to further our understanding of immune complex
diseases of the kidney. This aspect of the studies also
carries a note of warning: there is a tendency for
immunotherapeutic approaches to be used on a
wide scale despite the fact that we understand little
about the basic mechanisms involved. The use, for
instance, of blood transfusion and the transfusion
of large volumes of serum from patients whose
tumours appear to be regressing into patients with
progressing tumours (Horn and Horn, 1971)
depends on the surface antigen being equally re-
presented from one patient to another-a situation
certainly not seen in some human tumours. The
danger of forming antibody-antigen complexes
which could result in considerable damage to the
kidney must also be considered.
The value and dangers of the hyperimmune state

in malignancy might well be worthy of investigation.
There are now numerous examples, the best of all
perhaps being the hyperimmune situation in
chronic endemic malaria, where considerable de-
rangements of the immune system result from the
hyperimmune state or are associated with the hyper-
immune state. The deposition of immunoglobulin
complexes in chronic malaria resulting in the
nephrotic syndrome on the one hand (Kibukamusok,
Hutt, and Wilks, 1967) and so-called big spleen
disease or tropical splenomegaly on the other has
certain interesting parallels with the situation
beginning to emerge from some examples of the
malignant process (Ziegler, Cohen, and Hutt, 1969).
There could, therefore, be some interesting parallels
in the study of immunity to parasites, such as the
plasmodia, and circulating tumour cells. Widespread
attempts at immunotherapy, particularly those
involving passive immunity, should be preceded by
further investigations into these aspects of the
immune response against tumour cells.

Antibodies not Involved in Protective Immunity

As stated at the beginning of this discussion it is not
inconceivable that antibodies could be produced
against components of the tumour cell-rather like
components of bacteria, viruses, and protozoa-
which have not primarily a protective function but
are dependent on other immune processes. The anti-
body cytoplasmic components might well be con-
sidered under such a heading since it is unlikely that
antigens expressed by internal components of cells
could initially be involved in a protective immune
function. Before dismissing this entirely, however, it
is worth remembering that the process of emperi-
polysis described by Pulvertaft (1959) apparently
shows that lymphocytes may enter the living cells
and emerge without destroying the cell. Perhaps this
could be considered an immune surveillance even
against internal antigens and, therefore, might
explain some of the discrepancies in the presence
of antibody against internal antigens at different
stages of the malignant process. The value, neverthe-
less, of being able to detect antibodies against cyto-
plasmic or nucleolar antigens lies mostly in the
diagnostic aspect; they may also be of considerable
use in following the progress of a patient with
malignant disease with no readily available auto-
logous tumour. A series of investigations is at
present being carried out to determine how common
the cytoplasmic antigen described previously in
malignant melanoma may be, and how useful the
antibodies against this antigen are in terms of
diagnosis, prognosis, and follow up. Initial studies
have indicated that antibodies against this antigen
are not found in the sera of patients with a variety
of skin tumours including, interestingly enough,
juvenile melanomas, but are present in the sera of
patients with early malignant melanoma (table III).
There have now been 15 patients with the so-called
halo-naevus syndrome studied by means of the
cytoplasmic antigen of melanoma cells (Lewis and
Copeman, 1973). This has revealed the presence of
antibody crossreacting with cytoplasmic contents of
malignant melanoma cells in the sera of patients
with the active phase of halo naevus, but not present
four or five months or years later when the active
process has declined. It has been suggested that the
halo naevus has an immunological basis and these
preliminary studies might well indicate a much
closer relationship between this peculiar disappearing
naevus with its halo of depigmentation and malignant
melanoma in its early stages (Copeman, Lewis, and
Bleehan, 1973). The possibility that the halo naevus
(fig 7) is in fact a melanoma at a very early stage
being rejected is also supported by the dense lympho-
cytic infiltration seen in this lesion. There are, how-
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Histological Classification Total No. Immunofluorescence Results
of Skin Lesion Tested

No. +ve No. -ve

Basal cell carcinoma 62 1 pigmented 61
BCC

Basal cell papilloma 17 17
Squamous cell carcinoma 6 6
Keratoacanthoma 6 6
Epidermoid-
sebacous cysts 15 15
Senile keratosis 10 10
Pigmented naevi (various) 14 14
Juvenile melanoma 3 3
Primary melanoma 4
Miscellaneous 26 26
Total 163 5 158

Table III Results of testing sera from a variety of skin
tumours against cytoplasmic antigens of malignant
melanoma cells by immunofluorescence

ever, some unexplained features; for instance, the
loss of secretory melanocytes at the periphery of the
lesion and the antibody detected is against the
common cytoplasmic antigen. This could be
explained purely on the basis that the production of
this antibody is in fact a secondary phenomenon and
that a primary immune response against the tumour
is cell-mediated-thus rejection and the destruction
of tumour cells with the liberation of cytoplasmic
contents causes a secondary rise in antibody against
cytoplasmic antigen. The absence of melanocytes on
the periphery of such lesions, however, and some
recent findings that sera from patients with the halo
naevus can be cytotoxic even against normal
human melanocytes (Bleehan, 1972, personal com-
munication) suggests that more than one antibody
may be involved and that at least one may be cyto-

Fig 7 Multiple halo naevi and regressing malignant
melanoma in the same patient (by kind permission of
Dr Wallace Clark of Temple University, Philadelphia,
USA).

M. G. Lewis

toxic. Further investigation into this subject may be
of considerable importance in understanding the
interaction between tumour and host at its very
earliest stage.

References

Armstrong, D., Henle, G., and Henle, W. (1966). Complement-
fixation tests with cell lines derived from Burkitt's lymphoma
and acute leukemias. J. Bact., 91, 1257-1262.

Arpels, C., and Southam, C. M. (1969). Cytotoxicity of sera from
healthy persons and cancer patients. Int. J. Cancer, 4, 548-559.

Bansal, S. C., and Sjogren, H. 0. (1971). 'Unblocking' serum activity
in vitro in the polyoma system may correlate with anti-tumour
effects of antiserum in vivo. Nature [new Biol.], 233, 76-78.

Bodenham, D. C. (1968). A study of 650 observed malignant mela-
nomas in the south-west region. Ann. roy. Coll. Surg. (Engl.), 43,
218-239.

Cantrell, E. G. (1969). Nephrotic syndrome cured by removal of
gastric carcinoma. Brit. med. J., 1, 739-740.

Clifford, P., Singh, S., Sternsward, J., and Klein, G. (1967). Long-
term survival of patients with Burkitt's lymphoma-an
assessment of treatment and other factors which may relate
to survival. Cancer Res., 27, 2578.

Coggin, J. H., Jr., Ambrose, K. R., Bellomy, B. B., and Anderson,
N. G. (1971). Tumour immunity in hamsters immunized with
faetal tissues. J. Immunol., 107, 526-533.

Copeman, P. W. M., Lewis, M. G., and Bleehan, S. S. (1973). Biology
and immunology of vitiligo and cutaneous malignant mela-
noma. In Recent Advances in Dermatology, no. 3, edited by
A. J. Rook, pp. 245-284. Churchill Livingstone, Edinburgh
and London.

Currie, G. A., Lejeune, F., and Fairley, G. H. (1971). Immunization
with irradiated tumour cells and specific lymphocyte cyto-
toxicity in malignant melanoma. Brit. med. J., 2, 305-310.

Drew, R. L., Thompson, S., and Pardoe, G. 1. (1972). The immuno-
genicity of Proteus vulgaris OX19 in the rabbit. Path. et
Microbiol. (Basel), 38, 184-191.

Ehrlich, P. (1957). O0ber den jetzigen Stand der Karzinomforschung
(1909). In The Collected Papers of Paul Ehrlich, compiled and
edited by F. Himmelweit, vol. 2, Immunology and Cancer
Research, p. 550-562. Pergamon Press, London.

Eve, F. (1903). A lecture on melanoma. Practitioner, 70, 165-174.
Everson, T. C., and Cole, W. H. (1966). Spontaneous Regression of

Cancer. Saunders, Philadelphia and London.
Foley, E. J. (1953). Attempts to induce immunity against mammary

adenocarcinoma in inbred mice. Cancer Res., 13, 578-580.
Ghosh, L., and Muehrcke, R. C. (1970). The nephrotic syndrome: a

prodrome to lymphoma. Ann. intern. Med., 72, 379-382.
Gold, P. (1967). Circulating antibodies against carcinoembryonic

antigens of the human digestive system. Cancer (Philad.), 20,
1663-1667.

Gold, P., and Freedman, S. 0. (1965). Specific carcinoembryonic
antigens of the human digestive system. J. exp. Med., 122, 467-
481.

Goldstein, G., Klein, G., Pearson, G., and Clifford, P. (1969). Direct
membrane immunofluorescence reaction of Burkitt's lymphoma
cells in culture. Cancer Res., 29, 749-752.

Goodwin, D. P., Hornung, M. O., Leong, S. P. L., and Krementz,
E. T. (1972). Immune responses induced by human malignant
melanoma in the rabbit. Surgery, 72, 737-743.

Hamilton-Fairley, G. (1969). Immunity to malignant disease in man.
Brit. med. J., 2, 467-473.

Handley, W. S. (1907). The pathology of melanotic growths in
relation to their operative treatment. Lancet, 1, 927-933.

Hellstrom, I. (1967). A colony inhibition (CI) technique for demon-
stration of tumour cell destruction by lymphoid cells in vitro.
Int. J. Cancer, 2, 65-68. m s

Hellstrom, I., Hellstrom, K. E., Pierce, G. E., and Bill, A. H. (1968).
Demonstration of cell bound and humoral immunity against
neuroblastoma cells. Proc. nat.Acad. Sci.(Wash.), 60, 1231-1238.

Hellstrom, [., Hellstrom, K. E., Pierce, G. E., and Yang, J. P. S.(1968).
Cellular and humoral immunity to different types of human
neoplasms. Nature (Lond.), 220, 1352-1354.

Hellstrom, K. E., and Hellstrom, I. (1971). Some aspects of immune
defence against cancer. I. In vitro studies on animal tumours.
Cancer (Philad.), 28, 1266-1268.

copyright.
 on D

ecem
ber 7, 2021 by guest. P

rotected by
http://jcp.bm

j.com
/

J C
lin P

athol: first published as 10.1136/jcp.27.S
uppl_7.83 on 1 January 1974. D

ow
nloaded from

 

http://jcp.bmj.com/


The role of circulating antibody in the control of metastases

Horn, L., and Horn, H. L. (1971). An immunological approach to the
therapy of cancer? Lancet, 2, 466-469.

Hijmans, W., Schuit, H. R. E., Mandema, E., Nienhuis, R. L. F.,
Feltkamp, T. E. W., Holborow, E. J., and Johnson, G. D.
(1964). Comparative study for the detection of antinuclear
factors with the fluorescent antibody technique. Ann. rheum.
Dis., 23, 73-77.

Ikonopisov, R. L., Lewis, M. G., Hunter-Craig, I. D., Bodenham,
D. C., Phillips, T. M., Cooling, C. I., Proctor, J., Hamilton-
Fairley, G., and Alexander, P. (1970). Autoimmunization with
irradiated tumour cells in human malignant melanoma. Brit.
med. J., 2, 752-754.

Jehn, U. W., Nathanson, L., Schwartz, R. S., and Skinner, M. (1970).
In vitro lymphocyte stimulation by a soluble antigen from
malignant melanoma. New Engl. J. Med., 283, 329-333.

KibukamuLsok, J. W., Hutt, M. S. R., and Wilks, N. E. (1967). The
nephrotic syndrome in Uganda and its association with
quartan malaria. Quart J. Med., 36, 393-408.

Klein, G., Clifford, P., Klein, E., and Stjernward, J. (1966). Search for
tumor-specific immune reactions in Burkitt lymphoma
patients by the membrane immunofluorescence reaction.
Proc. nat Acad. Sci. (Wash.), 55, 1628-1635.

Kopf, A. W. (1971). Multiple keratoacanthomas. Arch. Derm., 103.
543-544.

Krementz, E. T., Samuels, M. S., Wallace, J. H., and Benes, E. N.
(1971). Clinical experiences in immunotherapy of cancer.
Surg. Gynec. Obstet., 133, 209-217.

Lewis, M. G. (1973). Evidence for tumour specific antigens in human
melanoma. In Proceedings of the 7th National Cancer Con-
ference. Cancer (Philad.), in press.

Lewis, M. G. (1967). Malignant melanoma of the sole of the foot in
Uganda: the relationship between pigmentation and malignant
melanoma on the soles of the feet. Brit. J. Cancer, 21, 483-495.

Lewis, M. G. (1968). Malignant melanoma in Uganda. M.D. Thesis,
University of London.

Lewis, M. G., and Copeman, P. W. M. (1973). Immunological studies
in patients with the Sutton naevus syndrome. (In preparation).

Lewis, M. G., Humble, J. G., Lee, E. S., and Phillips, T. M. (1971).
The effects of intravenous phytohaemagglutinin in a patient
with disseminated malignant melanoma. Rev. europ. Etud.
clin. biol., 16, 924-927.

Lewis, M. G., Ikonopisov, R. L., Nairn, R. C., Phillips, T. M.,
Hamilton-Fairley, G., Bodenham, D.C., and Alexander, P.
(1969). Tumour-specific antibodies in human malignant
melanoma and their relationships to the extent of the disease.
Brit. med. J., 3, 547-552.

Lewis, M. G., and Kiryabwire, J. W. M. (1968). Aspects of behaviour
and natural history of malignant melanoma in Uganda. Cancer
(Philad.), 21, 876-887.

Lewis, M. G., Loughridge, L. W., and Phillips, T. M. (1971). Immuno-
logical studies in nephoritc syndrome associated with extra-
renal malignant disease. Lancet, 134-135.

Lewis, M. G., McCloy, E., and Blake, J. (1973). The significance of
humoral antibodies in the localization of human malignant
melanoma. Brit. J. Surg., 60, 443-446.

Lewis, M. G., McCloy, E., Blake, J., and Phillips, T. M. (1973). The
production and fate of antibody following autoimmunization
in human malignant melanoma. (In preparation).

Lewis, M. G., and Phillips, T. M. (1972a). The specificity of surface
membrane immunofluorescence in human malignant mela-
noma. Int. J. Cancer, 10, 105-1 1 1.

Lewis, M. G., and Phillips, T. M. (1972b). Separation of two distinct
tumor-associated antibodies in the serum of melanoma
patients. J. nat. Cancer Inst., 49, 915-917.

Lewis, M. G., and Phillips, T. M., Cook, K. B., and Blake J. (1971).
Possible explanation for loss of detectable antibody in patients
with disseminated malignant melanoma. Nature (Lond.), 232,
52-54.

Loughridge, L. W., and Lewis, M. G. (1971). Nephrotic syndrome in
malignant disease of non-renal origin. Lancet, 1, 256-259.

McBride, C. M., Bowen, J. M., and Dmochowski, L. (1972). Anti-
nucleolar antibodies in the sera of patients with malignant
melanoma. Surg. Forum, 23, 92-93.

McKenna, J. M., Sanderson, R. P., and Blakemore, W. S. (1964).
Studies of the antigens of human tumours. I. Demonstration
of a soluble specific antigen in HeLa cells and some human
tumors. Cancer Res., 24, 754-762.

Mellors, R. C. (1966). Autoimmune disease in NZB-BI mice. II.

Autoimmunity and malignant lymphoma. Blood, 27, 435-438.
Mellors, R. C., Shirai, T., Aoki, T., Huebner, R. J., and Krawczynski

K. (1971). Wild-type gross leukaemia virus and the patho-
genesis of the glomerulo nephritis of New Zealand mice,
J. exp. Med., 133, 113-132.

Morton, D. L., Eilber, F. R., Joseph, W. L., Wood, W. C., Traharv,
E., and Ketcham, A. S. (1970). Immunological factors in
human sarcomas and melanomas: a rational basis for im-
munotherapy. Ann. Surg., 172, 740-749.

Morton, D. L., Eilber, F. R., Malmgren, R. A., and Wood, W. C.
(1970). Immunological factors which influence response to
immunotherapy in malignant melanoma. Surgery, 68, 158-164.

Morton, D. L., Haskell, C. M., Pilch, Y. H., Sparks, F. C., and
Winters, W. D. (1972). In UCLA Conference: Recent Advances
in Oncology. Ann. intern. Med., 77, 431-454.

Morton, D. L., Malmgren, R. A., Hall, W. F., and Schidlovsky, G.
(1969). Immunologic and virus studies with human sarcomas.

Surgery, 66, 152-161.
Muna, N. M., Marcus, S., and Smart, C. (1969). Detection by

immunofluorescence of antibodies specific for human malig-
nant melanoma cells. Cancer (Philad.), 23, 88-93.

Nairn, R. C., Nind, A. P. P., Guli, E. P. G., Muller, H. K., Rolland,
J. M., and Minty, C. C. J. (1971). Specific immune response

in human skin carcinoma. Brit. med., J., 4, 701-705.
Phillips, T. M., and Lewis, M. G. (1970). A system of immuno-

fluorescence in the study of tumour cells. Rev. europ. ttud.
clin. biol., 15, 1016-1020.

Phillips, T. M., and Lewis, M. G. (1971). A method for elution of
immunoglobulin from the surface of living cells. Europ. J.
cdin. biol. Res., 16, 1052-1055.

Piessens, W. F. (1970). Evidence for human cancer immunity. Cancer
(Philad.), 26, 1212-1220.

Prehn, R. T., and Main, J. M. (1957). Immunity to methylcholan-
threne-induced sarcomas. J. nat. Cancer Inst., 18, 769-778.

Pulvertaft, R. J. V. (1959). The examination of pathological tissue in
a fresh state. In Modern Trends in Pathology, edited by D. H.

Collins, pp. 19-44. Butterworth, London.
Smithers, D. W. (1964). On the Nature of Neoplasia in Man, p. 115.

Livingstone, Edinbrugh and London.
Ting, C. C., Lavrin, D. H., Shiu, G., and Herberman, R. B.

(1972). Expression of fetal antigens in tumor cells. Proc. nat.
Acad. Sci. (Wash.), 69, 1664-1668.

Ziegler, J. L., Cohen, M. H., and Hutt, M. S. R. (1969). Immuno-
logical studies in tropical splenomegaly syndrome in Uganda.
Brit. med. J., 4, 15-17.

93

copyright.
 on D

ecem
ber 7, 2021 by guest. P

rotected by
http://jcp.bm

j.com
/

J C
lin P

athol: first published as 10.1136/jcp.27.S
uppl_7.83 on 1 January 1974. D

ow
nloaded from

 

http://jcp.bmj.com/

