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Opening the discussion after the papers by Dr. Klein and Dr.
Burke, Dr. Amos remarked that, in principle, any substance
which could be made into an antigen and which would localize
or be concentrated in a tumor would be effective in the system
described by Dr. Burke. There is a certain similarity between
the two systems described in that Dr. Klein also found that it
was not necessary to have a ligand with cytotoxic properties in
order to get a delayed response.

Dr. Burke agreed that he thought it made little difference
what is used, so long as the substance used can be made
antigenic. "We've used a mustard in most of our work, but we

have also used compounds that have had no cytotoxic action,
and we see exactly the same kind of a response."

Dr. Amos commented that because of the composition of the
audience, it might be possible to get a discussion as to what
types of agents might be selected which would localize more
or less selectively in different types of tumors. If any
substance tends to concentrate in a particular type of tumor,
and that substance can be made antigenic in another animal or
other person, the reaction should be similar to that obtained
with Melphalan.

Dr. Goldin stressed this point by asking about the rationale
as to how therapy might be enhanced.

Dr. Burke said that a dose of Melphalan which does not
affect tumor viability was used as a marking substance for
antibody localization in the experiments reported. Emphasis
on Melphalan could confuse the issue. "The drug has no

observable cytotoxic effect in the doses used in these
experiments. Our experimental animals were given three
micrograms/gram, a dose that has never had any effect on the
tumor growth, either histologically or by observation. All of
the cytotoxic action that is seen has to do with the
anti-Melphalan antibody focused on the tumor cell by the
concentrated antigen. The tumor cell is, in fact, destroyed by
the antibody, not Melphalan."

Dr. Amos asked if one would expect to see something like an
Arthus type of reaction, in which polymorphonuclear
leukocytes rapidly infiltrate the inflammatory site. Dr. Burke
replied that the lesions are similar. Dr. Mueller wondered
about the role of complement in the reactions described by
Drs. Klein and Burke. "Can you manipulate complement to
modify the response picture?" Dr. Burke said that the system
he had described is complement dependent. "It has been said

that it is possible to decomplement an animal. I have been
unsuccessful with this. I can decrease the complement level,
but I can't make it stay down very long, and by the time I'm

about to challenge the animal with antibody, the complement
is back up again so that I have been unable to run a good
experiment. However, in the case of complement blockers, the
tumor-inhibiting effect is also blocked. Thus, for example, if
you decrease the complement level by injecting a minute dose
of liquoidÂ®,the tumorcidal effect is abolished."

Dr. Amiel stated that the murine leukemias that carry
specific antigenicity, whether it be a virus-induced leukemia, as
in E O G2 leukemia, or chemically induced, as in LI210
leukemia, can be treated by active specific or nonspecific
immunotherapy. The conditions required for an effective
treatment are: the presence of relatively few leukemic cells at
the time of activating the immune reaction (this number is
104-10S in mice) and stopping all immunosuppressive chemo
therapy after immunotherapy. "The results obtained by Dr.

DorÃ¨in our Institute indicate that such specific antigenicity
can exist in human acute leukemias. These results are further
reinforced by the clear-cut action of active immunotherapy in
the treatment of acute lymphoblastic leukemia in remission
after stopping all chemotherapy."

Dr. Amiel then went on to remark that the conditions under
which immunotherapy may be effective in human tumors
ought to be examined for each individual patient. "We know

that in animals immune reactions can be facilitating, rather
than cytotoxic, for an antigenic tumor. Since 1964, with Drs.
MathÃ©and Dausset we have shown that placental chorio-
carcinoma can induce in the patient the production of specific
antibodies against the leukocyte and platelet antigens of the
husband. The presence of these antibodies in the serum is not
a good prognostic sign. Their presence is often accompanied
by a prolonged tolerance of a graft of the husband's skin and

an unfavorable evolution of the tumor despite treatment with
chemotherapy. On the other hand, in our series those patients
who rapidly rejected a graft of the husband's skin always had

an excellent prognosis and were cured by treatment with
Methotrexate."

"Adoptive immunotherapy from a graft of allogenic

hematopoietic cells has been tried in leukemic patients who
have been preconditioned by total-body irradiation, or more
recently by cyclophosphamide. These two treatments are
dangerous and difficult to manage. We have recently obtained
a graft of allogenic hematopoietic cells after conditioning the
recipient with antilymphocyte serum. The donor was also
treated with the antilymphocyte serum, and we have not
detected the usual signs of secondary syndrome that are
caused by graft-versus-host reaction."
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Dr. Weiss asked Dr. Klein whether he believed that his effects
are due primarily to an immunologie attack on the haptenic
chemicals on the surface of the tumor cells (where they seem
to be somewhere more selectively or specifically localized) or
whether, to some extent, the inflammatory reaction in the
vicinity of these tumor cells might have an indirect effect.

Dr. Klein replied that if systemic or topical steroids are used
immediately after challenge, the inflammatory reaction can be
almost completely suppressed although tumor rejection could
still take place. "These observations suggest that the inflam

matory reaction per se is not a major factor in tumor
suppression. Further, if the area is injected with antilym-
phocytic serum about 15 minutes prior to challenge, a
hypersensitivity reaction occurs, followed by tumor resolu
tion, although under these conditions the inflammatory
reaction is minimal or absent."

"On the other hand, if antilymphocytic serum is given at the

same time as the challenge, and the administration is con
tinued, the hypersensitivity reaction is abolished, and the
tumor persists although a severe inflammatory reaction may be
present. So, clearly, tumor resolution is not due to inflam
mation but is related to a direct effect on the lymphocytes on
the target cells."

Dr. Amos mentioned that a conference had recently been
held on the chemical mediators of the delayed hypersensitivity
response. Many investigators are describing factors released
from activated lymphocytes. Among these substances are
those which are cytotoxic for other cells. There is no apparent
specificity to these agents. "I believe, and have for sometime,

that the specificity of a delayed response is given by antibody,
cell-bound or free, and that substances released from
lymphocytes or macrophages attack the presensitized cell to
form the inflammatory lesion."

Dr. Mihich said that Dr. Bonmassar in Milan tried to
demonstrate that certain therapeutic treatments may increase
the immunogenicity of tumors. He studied the effects of
Melphalan on the immunogenicity of Ehrlich carcinoma ascites
in Swiss mice and found that animals, previously immunized
with dead Melphalan-treated tumor cells and then inoculated
with live tumor cells, were more sensitive to the therapeutic
effects of Melphalan than control mice which had not been
immunized. A certain degree of specificity was apparent in the
sense that mice immunized with thioguanine-treated cells were
not more sensitive than controls to the therapeutic effects of
Melphalan (E. Bonmassar et al., Arch. Ital. Patol. Clin. Tumori,
2: 229-244,1968). These data can be only taken as suggestive
of the possibility that Melphalan induced certain antigenic
characteristics in the Ehrlich tumor cells. The tumor-host
system used is not well defined from the immunogenetic point
of view since Ehrlich carcinoma is a longtransplantable tumor
which grows in noninbred Swiss mice. Nevertheless, Dr. Mihich
believed that this type of approach seemed worthwhile
investigating further using autochthonous tumor systems.

Dr. Amos said that experiments of this type also suffer from
the disadvantage that the reaction against the drug-immunized
host tends to take place in the blood stream before the drug
has a chance to get into the tumor.

Dr. Hall remarked that it was gratifying to find a biologic

instance in which the malignant cell may be caught in the
middle of warfare between two other parties and asked if Dr.
Burke was describing something which is really related to the
antigenicity of the tumor cell or to the leakiness of the bed.
"What kind of data does he have, or might he be able to

adduce, to a situation in which he did exactly the same
experiment in an animal which had a pinched area of skin?
What would happen if Dr. Burke mixed the hapten and the
antigen together in vitro and then injected them into a tumor
at a different site, neglecting, therefore, the temporal relation
ships that he has described?"

Dr. Hall also asked whether necrosis would occur if the
antibody and hapten were mixed together and injected into a
normal piece of skin which is not related to tumor at all.
"Does the tumor happen to be growing as a cell in a place in

which things are going on that are not really related to its own
antigenicity?"

Dr. Burke replied that antigen localization is directly related
to the vascular supply. Any time an antigen is localized and
followed by an antibody, a reaction will take place. It doesn't

make any difference where it is. Dr. Burke again emphasized
that this reaction has nothing to do with the specific
immunologie mechanisms of the tumor-bearing host. The
antigen is passively injected into the nonimmune recipient; the
antibody is also passively transferred.

The two experiments already described demonstrate that the
degree of response is directly related to the vascularity of the
tumor. As an extension of this, it can be shown that the
system is ineffective in the treatment of a mouse leukemia.
The tumor cells in leukemia are circulatory cells, and,
therefore, there is no concentration of antigen in the tumor
and no specific effect of the antibody system on the tumor
cell.

Dr. Burke then said, "In regard to injecting both antigen and
antibody at the same time, I think Dr. Amos' point is also a

good one. If you immunize an animal with the hapten and
then inject the antigen, the animal gets very sick when you put
in the antigen. I think the animal effectively has an antigen-
antibody reaction in the circulating blood, nothing gets to the
tumor, and the tumor is not affected. If you react the antigen
and antibody in vitro and then inject them into the skin or
tumor, there is a foreign body reaction which I do not believe
is specific and which is not like the tumoricidal effect seen in
the system as we have described it."

Dr. Heidelberger related that Dr. John Stehlern in Houston
has had extensive experience with the chemotherapeutic
perfusion of osteogenic sarcomas and melanomas of the limbs.
If perfusion treatment produces a major reduction in size, but
excision or amputation are also necessary, results are
significantly better than in patients with comparable tumors
excised or amputated prior to chemotherapeutic perfusion. Dr.
Stehlern also feels there is a very significant improvement in
survival as related to mÃ©tastasesin the pretreated group. This
certainly suggests some sort of immune phenomenon is at
work.

Dr. Klein contributed a series of comments that concluded
this discussion by emphasizing the point that direct sensiti-
zation by exposure to the hapten is exploited, rather than by

2382 CANCER RESEARCH VOL. 29

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/29/12/2381/2384537/cr0290122381.pdf by guest on 19 M

ay 2023



transfer of cell-mediated immunity. The question has been
asked "Why don't we take tumor cells, put a hapten on them
in vitro and give them back to the patient?"

Dr. Klein said that this has been done. "The patient develops

humoral antibodies against those haptens which we have
studied so far. The antibodies can be demonstrated against the
hapten or hapten conjugates. If the challenging agent is then
given intravenously, a delayed hypersensitivity response does
not occur. An anaphylactic reaction may occur if you push it
far enough. Presumably, humoral antibodies react with the
sensitizer or block the reactions sites on the target cells.
Nevertheless, the search for haptens which do not produce

Immunologie Aspects

antibodies that interfere with cell-mediated immune reactions
looks promising. Conversely, if cell-mediated immunity is
transferred and the challenging sensitizer is administered
intravenously as soon as transfer of immunity has been
established and before the patient has developed humoral
antibodies, a response to challenge occurs in cutaneous
tumors. This can be repeated for about a week to ten days
until the patient begins to develop humoral antibodies. By
transferring immunity to several agents, we may be able to
keep up this kind of process with each of the sensitizers
consecutively."
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