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with Nonspecifically-Specific

Although the monoclonal antibody technology in-
troduced by Kohler and Milstein (1) provided initial
“great expectations” in the search for the proverbial
“magic bullet,” it has proven very difficult to develop
clinically useful monoclonal antibodies against human
tumors for radioimmunoimaging and radioimmuno-
therapy. The present state-of-the-art requires different
antibodies for different tumor types. Recent clinical
trials have offered some encouraging results, but inev-
itably poor tumor localization significantly limits the
efficacy of each new monoclonal antibody.

The problems associated with the use of monoclonal
antibodies in tumor detection and therapy are well
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known. Heterogeneity in the distribution of antibodies
may result from nonuniform expression of target tumor
markers, irregular tumor vasculature, and aberrant mi-
crodiffusion dynamics (2-5). Nonuniform disposition
of malignant cells within the tumor mass, as well as the
variable expression of tumor markers on the tumor
cells, and the continuous release of tumor-associated
antigens restrict the homogeneous accessibility of spe-
cific antibodies (2,6). Furthermore, tumor vascular ar-
chitecture is highly unorthodox and may be comprised
of variably perfused areas (4,7). Necrotic areas in the
tumor mass have sparse vasculature, making them rel-
atively avascular (4). Ultrastructural breaches in the
vascular mural integrity (8) coupled with more hydro-
philic and enlarged interstitium, should theoretically,
be more conducive to extravasation and diffusion of
the macromolecules (5). Yet the exaggerated interstitial
pressures resulting from the compression of the ever-
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growing tumor-interior (4) and the lack of lymphatic
drainage (6) severely restrict the inward diffusion of
macromolecules. Necrotic interstitium, large intervas-
cular distances, and high interstitial pressures result in
an unusual delay for diffusion of monoclonal antibodies
(5). On the other hand, the role of vascular leakiness
has been credited as the predominant factor in the
nonspecific mechanism of localization of polyclonal
human immunoglobulin G (IgG) in certain tumors (9),
as well as in inflammatory (/0) and atherosclerotic
lesions (/1). This nonspecific accumulation of human
IgG is higher for intact IgG and its Fc fraction than for
Fab (11). Thus, Fab may have the least nonspecific
diffusion properties.

The study in this issue of The Journal of Nuclear
Medicine by Chen et al. (12) is based on the hypothesis
that rapidly proliferating tumors contain a sizable pop-
ulation of degenerating or dead cells. The vascular
inadequacy and impaired phagocytic response in such
tumors should allow accumulation of these degenerat-
ing cells. The presence of degenerating cells in large
areas of necrosis may offer a means to distinguish
rapidly growing malignant tumors (with high cell death
rate and inappropriate removal of dead tissue) from
normal tissue (with low cell death rate and continuous
removal of debris) if an antibody to an insoluble intra-
cellular antigen were used (/3-16). Accumulation of
the radiolabeled antibody at the target necrotic tumor
sites should generate a snow-ball effect, whereby more
tumor cells are killed. This should lead to exposure of
more intracellular antigens which in turn should lead
to increased accumulation of the radiolabeled antibody
(17). In the study of Chen et al., TNT-1 monoclonal
antibodies directed against nuclear histone antigens
were used to localize tumors hosted in nude mice, which
contained necrotic centers (/2). This concept, using an
antibody specific for an insoluble intracellular antigen
has been amply documented with myosin-specific an-
tibodies (/8-19). The intracellular myosin must nec-
essarily be exposed to the extracellularly introduced
antimyosin only after myocyte necrosis (20). Since
myocyte necrosis is an obligatory component of myo-
cardial infarction and myocarditis, the noninvasive
scintigraphic diagnostic application of radiolabeled an-
timyosin Fab can be demonstrated in localization and
quantification of myocardial infarction (2/-22) and in
recognition of myocarditis associated with acute dilated
cardiomyopathy (23) and cardiac transplant rejection
(24). Radioimmunoimaging of malignant melanoma
with an antibody to an intracellular antigen is also based
on same principle (25).

The study of Chen et al. (12) provides three impor-
tant leads to the understanding of the concept of a
generalized tumor localizing agent.

1. Since TNT-1 antibodies are specific for normal
insoluble nuclear antigen, which is present in all
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cells but becomes available to react with the anti-
body only after tissue necrosis, this antibody has
potential as a generalized tumor localizing and
therapeutic monoclonal antibody. TNT-1 may be
the elusive magic bullet which no tumor can es-
cape, irrespective of malignancy, antigenic-heter-
ogeneity, or modulation. It circumvents the re-
quirements for specific antibodies to tumor-asso-
ciate antigens for therapy, and promotes the
concept of localization of antibodies specific for a
common antigen in the tumor mass. However, it
is limited by its absolute necessity for the presence
of necrotic centers in the tumors.

2. The study contradicts the concept of nonspecific
localization of antibodies or other macromole-
cules in tumor mass. Two antibodies of IgG 2a
subclass (LYM-1, TNT-1), used in the present
study have shown a differential and characteristic
distribution. LYM-1 antibody directed against a
surface antigen of Raji cell lymphoma, did not
penetrate into the core of ME-180 carcinoma. The
lack of nonspecific diffusion of gamma globulins
into the tumors is contrary to reported observa-
tions (9).

3. Significant localization of TNT-1 antibodies oc-
curred in the necrotic tumor zones, an area usually
inaccessible to radiolabeled tumor-antigen specific
antibodies due to the relative avascularity of the
tumor centers (4). Tumor-specific antibodies,
however, have been demonstrated to react with
the target-tumor antigens, predominantly in the
better perfused areas of the tumor. Thus, in the
necrotic core of the tumors, while restricting non-
specific accumulation of other antibodies due to
its avascularity, localization of TNT-1 antibodies
is facilitated by antibodies’ specificity for exposed
antigens of degenerated tumors cells.

Clearly, the hypothesis of Chen et al. has potential.
There are also, not unexpectedly, possible drawbacks to
their methods which pertain to a broad spectrum of
nonspecifically specific TNT-1 antibodies. The major
obstacle towards the palatability of the proposed ap-
proach is the very concept which makes it so attrac-
tive—the self-perpetuating effect of the binding of ra-
diolabeled TNT-1 to histones in necrotic tumors (which
should lead to more tumor cell death). According to
this effect, localization of TNT-1 even in Raji tumors
which contain small and diffuse necrotic foci, should
increase with time. The report by Chen et al. (12)
indicated only that there was “patchy labeling of the
deeper parts of the tumors at 2, 3, and 5 days” without
indication of whether an increase was seen from Day 2
to 5. Similarly, well-differentiated and slow growing
tumors such as the intraductal tumors of the breast, are
traditionally accepted to be free of, or to possess only
minimal necrotic centers. The use of antibodies such as
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TNT-1 in the localization and therapy of these tumors
would appear to be limited. Furthermore, it might be
assumed from this and other papers from this group,
that these antibodies would be able to localize in tiny
metastatic foci with tiny necrotic centers. If so, a poten-
tial danger exists, since a nonmalignant, normal retic-
uloendothelial system contains degenerating foci (this
would lead to undesirable normal cell death which
would be compounded with the passage of time). The
ubiquitous presence of lysosomal enzymes in the ne-
crotic zone of tumors may also adversely affect the
persistence of the proteinacious vehicles (antibodies) of
radioactivity.

Although many questions are left unanswered, the
study offers an improved modality for radioimmunoim-
aging and therapy, and provides a definite step forward.

Jagat Narula

Ban An Khaw

Massachusetts General Hospital
Boston, Massachusetts
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