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Autoradiography was utilized to explore the patterns of

ence or otherwise, has been much debated, along with
problems resulting from the heterogeneity of antigen

distribution
of twodifferentmonoclonal
antibodies
(Lym-1 expression within individual tumors and antigen mod
and TNT-i) in tumor-bearing nude mice. Lym-1 is an ulation that may be induced by recurrent encounters
antibody against a cell surface B-cell antigen. In compari
son, TNT-i represents a novel approach and is an antibody

with antibody (1â€”5).In tacit recognition of the prob

strated progressive concentration in the center of the
tumor where binding to its nuclear antigen is facilitated by

selective specificity of antibody for malignant cells, but
rather exploits a unique aspect of the pathophysiology

lems inherent in developing monoclonal antibodies that
againstan intracellular
(nuclear)antigenthatisselectively are tumor-specific, imaging and therapy trials have
revealed in degenerating tumor cells. Experimentally io
dine-i25@(125l)
labeledLym-i or TNT-i was injectedintra commenced using antibodies that are â€œrelativelyâ€•
venously into nude mice bearing either the Raji lymphoma tumor-specific, in that the target antigens, while richly
or the ME-i80 humancervicalcarcinoma.Qualitativeau expressed on malignant cells, are not entirely restricted
toradiographicanalysesperformedafterinjectionrevealed to tumor tissue. The use of monoclonal antibodies
that Lym-i accumulated at the periphery of the target B72.3 (6), Lym-l (7, 8), and anti-CEA monoclonal
tumorwherevascularpermeability
is markedandwhere antibodies (9), represent examples ofthis approach.
Lym-i -positive cells are first encountered. By contrast,
In previously reported studies (10,11), we have
TNT-i lost its initial peripheral distribution and demon
adopted a novel method that does not rely upon the
the presenceof cell degenerationand necrosis.These
studies confirm the ability of TNT-i to bind areas deep of the neoplastic population, namely the characteristic
withintumor that traditionallyare consideredinaccessible presence of a high proportion of degenerating cells
within the tumor. The abnormal membrane permea
to antibodies administered for imagingand therapy.
bility displayed by these degenerating tumor cells makes
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the cell interior accessible, allowing circulating antibody
to bind to the nuclear antigens. It is this characteristic
that differentiates the tumor from normal tissues, facil

he effectiveness of monoclonal antibodies in the
treatment of cancer is dependent not only upon the
specificity of the antibody for antigen present in the
tumor, but also upon the distribution and accessibility
of antigen throughout the lesion, and the effectiveness
of delivery of immunologically active antibody to the
tumor site.
The issue of â€œtumor-associated
antigens,â€•their exist

itating the preferential accumulation ofan anti-nuclear
antibody in a wide variety of human cancers.
With this approach, successful imaging and treatment

of a variety of transplantable tumors in a nude mice
model have been achieved by targeting nuclear antigens
revealed in necrotic tumors using an antibody (TNT-i)
against nuclear histones (10, 11). Designated TNT (tu

mor necrosis treatment), this approach provides the
opportunity to study factors affecting antibody delivery
to the tumor site, as well as diffusion and localization
of antibody within the substance of the tumor. As

described previously by other laboratories (12-14), au
toradiographic
techniques allow the qualitative analysis
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of the pattern

of diffusion

of labeled

antibody

within
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tumors, the sites ofantibody

localization, and the reten

tion of antibody over several days in the face of pro
gressive clearance of antibody from the blood pool.
In order to analyze the pattern of distribution of
TNT-l antibody with reference to more conventional
antibody imaging and therapy techniques, parallel stud

ies were performed using a second antibody (Lym-1)
directed

at the cell surface

of lymphomas

in tumor

bearing nude mice. The results of these experiments
lend further support to the contention that TNT is a

with l0@ME-180 tumor cellsin 0.2 ml RPMI 1640medium
(Gibco Laboratories, Grand Island, NY) containing 10% fetal
calf serum (Hyclone Laboratories,

Logan, UT), 100 units/ml

Penicillin G, and 100 @ig/mlstreptomycin sulfate. Animals
were utilized for studies when the tumors measured

1 cm in

maximal diameter. Raji lymphomas were grown in nude mice
by similar techniques (15).

Radioiodinated antibodies were injected into groups of
nude mice bearing either the ME-180 human cervical carci

noma or the Raji lymphoma as follows:Group A (n = 7),

promising new approach for the imaging and treatment

mice with ME-l80 tumors received â€˜25I-TNT-1;Group B
(n = 7), mice with ME-l80 tumors received â€˜25I-Lym-l;Group

of cancer.

C (n = 7), mice with Raji tumors received â€˜25I-Lym-l;
and
Group D (n = 7), mice with Raji tumors received â€˜25I-TNT

MATERIALS

AND

1. A dose of 60 @iCi/50 @gper mouse of the â€˜251-labeled

METHODS

antibodies was administered intravenously via the lateral tail

Monoclonal Antibodies
The production, purification, and characterization

vein. Following the injections, one mouse from each group

of

was killedat 1 hr, 6 hr, 1 day, 2 days, 3 days, 5 days, and 7

monoclonal antibody TNT-l (IgG2a) have been previously
described(1O, 11).
Lym-l (IgG2a), a monoclonal antibody reactive with the
cell surface of B-lymphocytes (15), was obtained from Tech
niclone International, Inc. (Tustin, CA). Iodine-l3l radiola
beled Lym- 1 has been shown to give successful imaging and
therapy in transplantable lymphomas as well as lymphoma
patients in Phase I clinical trials (7, 8). SDS-polyacrylamide
gel electrophoresis demonstrated that both antibodies were

days. The tumor implants and selected normal tissues (liver,
kidney) were excised, fixed overnight in 10% buffered for
maim, and paraffin embedded. Sections (5 him) of the em

>95% pure. Proteinconcentrationsof the antibody prepara

bedded tissues were mounted on acid-cleaned glass slides and
deparaffinized with xylene. The slides were either stained with

Hematoxylinand Eosin(H&E),or used for autoradiographic
studiesas describedbelow.
Autoradiography
Macroautoradiography

was performed

by placing slides

tions were estimated by optical spectroscopy at 280 nm.

bearing tissue sections in direct contact with single-coated x

Radioiodination and Immunoreactivity of Antibodies

exposed3â€”14
days at room temperature. Exposedfilmswere

TNT-i and Lym-l monoclonal antibodies were radiola
beled with 125!(New England Nuclear Co., Boston, MA) by

developed in an automatic developer (Kodak M35A X

ray film (SB-5; Kodak, Rochester, NY) in x-ray cassettes, and

the chloramine-Tmethod(16). Briefly,the iodinationreaction

OMATProcessor)and air dried.
For micro-autoradiography,Ilford K5D nuclear emulsion

was initiated by adding chloramine-T

(Polyscience, Inc., Warrington, PA) was melted in a coplin jar

(Sigma Chemical Co.,

St. Louis, MO) at a weight ratio of 10:1(antibody:chloramine

in a water bath at 45Â°C,
stirring gently to avoid local over

T). Afterterminatingthe reaction by the addition of sodium

heating. The emulsion was used without dilution and care was

metabisulfite (Mallinckrodt, Inc., St. Louis, MO), the reaction
mixture was chromatographed on a Sephadex G-25 (Sigma

taken not to agitate to a degree that produced foam. Slides
were then dipped in the emulsion, air dried in a vertical

days before
ChemicalCo., St. Louis,MO)gelcolumn that waspreviously position, and stored in a light-proof box for 3â€”12
equilibrated with phosphate-buffered saline (PBS) containing
1% bovine serum albumin (Sigma Chemical Co., St. Louis,

MO). Fractions of â€˜251-labeled
monoclonal antibodies were
collected and then diluted with PBS to an appropriate volume
for injection.
Immunoreactivities for each radiolabeled antibody prepa
ration were monitored by radioimmunoassay. Approximately
75%-80% of radiolabeled Lym-l preparations were found to
bind Raji cells by live cell radioimmunoassay as previously
reported (15).

The radiolabeled TNT-l showed >80% of immunoreactiv
ity in a paraformaldehyde-acetone-treated
cell assay developed
in our laboratory (1 7). Briefly, the radiolabeled TNT-i was
incubated for 30 mm with Raji cells which were previously

fixed with 10% paraformaldehyde and then treated with
â€”20Â°C
acetone. The cells were then washed with PBS (3x)
and counted in a gamma counter (LKB, 1282 compugamma

CS model, PleasantHill,CA).

developing in Dektol(Kodak, Rochester, NY) for 2 mm. They
were then fixed and counterstained with H&E, dried, and
mounted for microscopic examination. The specific location

and the distributionofthe radiolabeledmonoclonalantibody
in the tissues was revealed by the distribution of silver grains.
RESULTS
Macroautoradiographic Studies

Tumor, together with normal liver and normal kid
ney, was sampled at intervals following injection of
standardized doses of labeled antibody as described
above. In each instance, the tumor was bisected across
its maximum girth, and sections were employed both
for macroautoradiography and for the preparation of
microscopic slides coated with photographic emulsion.
The findings in the macroautoradiographs are illus
trated in Figures 1â€”6.
Lym-l injected into mice bearing

Tumor Model and Expodmental Design

Raji tumors showed progressive concentration of label

Six-week-old female athymic nude mice (Charles River,
Wilmington, MA) were injected subcutaneously in the thigh

at the tumor periphery from 1 hr (Fig. 1), to 6 hr, to 24
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hr. At 3, 5, and 7 days postinjection, the peripheral
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FIGURE

1

Raji lymphoma and normal tissues (lung and liver) showing (A)

H&Eappearance and (B)macroautoradiographyi day after
the iv. injection of 1251-Lym-i
. Label is concentrated at the
tumor periphery, with focal condensations centrally in relation

FIGURE3
ME-i80 cervicalcarcinoma showing (A) H&Eappearances
and (B) macroautoradiographyi hr after i.v. injection of 125l

TNT-i. Labelingis restricted to the zone of richlyperfused
permeablevesselsat the tumorperiphery.TheH&Esection

to bloodvessels.The bloodpoolhasnotyet clearedand reveals extensive degenerationand necrosis in this tumor,
normaltissuesshowlabelingdueto theirbloodcontent.
andalsointhetumorsdepictedin Figures4-6.
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FIGURE

2

Raji lymphomaand normaltissues (kidney,liver)showing(A)

B
FIGURE4
ME-i80 cervical carcinoma showing (A) H&Eappearances

H&Eappearances and (B)macroautoradiography7 days after

and (B) macroautoradiography 6 hr after i.v. injection of 1251

i.v. injection of 125l-Lym-i. Label remains localized peripherally
and in a penvascular location bound to tumor cells. The blood

TNT-i. Labelingof the peripherystillis apparent, but diffusion
of labelintothe tumor substance alreadyis seen.

poolhas cleared of the antibodyand normaltissues show no
evidenceof label.
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FIGURE5
ME-i80 cervical carcinoma showing (A) H&Eappearances
and (B) macroautoradiography 2 days after i.v. injection of

125ITNT1.Degeneratingand necroticregionsdeep withinthe
tumorshowheavylabeling.
localization was maintained or intensified in all cases.
Some foci oflabeling became apparent deep within the
tumor at 2 days and persisted through 7 days (Fig. 2).
At microscopic examination,

these foci were seen to

occur in relation to vessels penetrating the tumor core.
TNT-l

injected

into mice bearing ME-l80

carci

noma showed a rather different distribution. At 1 hr,
there was dense labeling of the tumor periphery (Fig.
3). At 6 hr (Fig. 4) and 24 hr, peripheralconcentration
was still apparent, but an increasing amount of label
was seen deep within the tumor,

not restricted

to a

perivascularlocation. At 2 days, the intensity of labeling
in the central region matched or exceeded that of the
periphery

(Fig.

5). Subsequently,

as the

FIGURE6
ME-i80 cervicalcarcinoma and selected normaltissues (liver
and kidney) showing (A) H&E appearances

and (B) macroau

toradiography7 days after i.v. injectionof 1251-TNT-i
. There
is now littleresidual labelingof the peripheral parts of the
tumor,but densedepositsare presentin the deepregions
correspondingto areas of degenerationand necrosis. Normal
tissues show completeclearance of the labeledTNT-i.
was considerably less than for TNT-i in the ME-i80
tumor, showing a broad correlation with the presence
and extent of tumor cell degeneration, which was
patchy in Raji lymphomas but extensive and confluent
in the central regions of ME-180 carcinomas.
Microscopic Autoradiographic

Studies

Autoradiographic studies at the microscopic level
confirmed the distributions reported above, while add
ing a more detailed picture oflocalization at the cellular
level.

For both Lym-1 and TNT-i, the initial phasesof

periphery

showed partial clearance, the intensity of labeling in
the tumor core continued to increase from 3â€”7days
(Fig. 6).
Lym-l injected into mice bearing the ME-l80 carci
noma showed an early phase of peripheral localization

peripheral localization in Raji and ME-180 tumors were
largely accounted for by the presence of label confined
to the vascular pool within richly anastomosing net
works of small vessels at the tumor periphery (Fig. 7A).

at 1 and 6 hr that then faded rapidly (24 hr) and was

the immediate perivascular extracellular fluid (ECF)

no longer apparent in tumor sampled on Days 3, 5, or

(Fig. 7B). At 6 and 24 hr, an increasing amount of label

7. There was no appreciable labeling ofthe tumor core.

was seen in the ECF, while the density of label within
the vascular lumen decreased progressively. At 2 days
or beyond, little label was seen within blood vessels.

TNT-l injected into mice bearing the Raji lymphoma
also showed a phase of peripheral localization at 1 and
6 hr. The intensity of labeling, however, was never as

great as that achieved by the corresponding dose of
Lym-l in Raji tumors. Subsequently, peripheral label
ing attributable to TNT-i faded rapidly and was suc

At 1 hr, most of the label was seen within

Microscopic

examination

of sections

vessels or in

from the Lym

ceeded by patchy labeling of the deeper parts of the

1 Raji model showed that while the density of label in
the ECF increased progressively from 1 hr to 3 days,
label remained localized to tumor cells in the perivas
cular area and relatively little label was seen in the

tumor at 2, 3, and 5 days. The intensity of labeling by

deeper parts of the tumor,

TNT-l

penetrated
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within the deeper parts of the Raji lymphoma

to the tumor

except where rare vessels

core.
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FIGURE 7

(A)Microscopicautoradiographof ME-i80 cervicalcarcinomaexamined1 hr after i.v.injectionof 125l-TNT-i
. Labeledantibody
isconcentrated
at thetumorperiphery
ina regioncharacterized
bya richnetworkof abnormally
permeable
vessels.Label
present in deeper parts of the tumor is related to overall vessels penetrating this region. (H&E,silver emulsion autoradiograph:
original magnification, x25). (B) Microscopic autoradiograph

of ME-i 80 cervical carcinoma examined i hr after i.v. injection of

125ITNT1. Detailed examination shows that much of the labeled antibody is still within the vascular pool, but that diffusion
into the tumor ECF has begun. (H&E, silver emulsion autoradiograph:

original magnification, xi 00). (C) Microscopic autoradi

ograph of ME-i 80 cervical carcinoma examined 2 days after i.v. injection of 125I-TNT-i. Dense deposits of silver grains are
seen overlying areas of tumor cell degeneration and necrosis. (H&E@
silver emulsion autoradiograph: original magnification,

x250).(D)Microscopic
autoradiograph
ofME-i80cervical
carcinoma
examined
7 daysafteri.v.injection
of1251
TNT-i. Silver
grains are present in areasof amorphousnecrosis.Whilesome labeledtumor cells show evidenceof degeneration,many do

not. The presence of labeledantibodyinthese cellsis indicativeof abnormallypermeablecellsurface membraneinvivo.(H&E,
silveremulsionautoradiograph:originalmagnification,x400).

In contrast, label extended beyond the perivascular
ECF in the TNT-i treated ME-l80 tumors at 1 and 6

the localization of monoclonal antibody in tumors in
vivo. For this purpose, we used two monoclonal

anti

hr, was already detectable in deeper regions ofthe tumor bodies, both oflgG2a subclass, but with differing spec
at 24 hr, and increasedin concentrationat 2 days. ificity characteristics. One, designated Lym-l, reacts
Microscopically,
label was present diffusely in areas of
with a surface antigen present on lymphoma cells and
amorphous necrosis (Fig. 7C) but was also concentrated
has been used successfully to image and treat human
B-cell lymphomas in animal models and in man (7, 8).
in tumor cells bordering these necrotic areas (Fig. 7D).
In some instances, labeled cells showed evidence of The other, designated TNT-i, reacts with an intracel
lular antigen that is rendered accessible to injected
cellular degeneration, such as karyorrhexis or kary
olysis, but other labeled cells displayed none of the antibody by changes in cell membrane permeability
cytologic stigmata of cell degeneration

or necrosis, as

shown in Fig. 7D.
Examination of Raji tumors from TNT-i-injected
animals revealed some parallels with the TNT-ME-l80
model, except that overt necrosis was much less evident

in Raji lymphomas compared with ME-l80 tumors.
Distribution oflabeled TNT-i in Raji tumors was thus
restricted to patchy areas deep within the tumor. Anal
ogous with the ME-l80 model, only some of these
tumor cells showed morphologic criteria of cell degen
eration evidenced by orthodox light microscopy.

DISCUSSION
The goal ofthis study was to examine the importance

of antigen distribution and accessibility in determining

Autoradiographic
Studyof Lym-iandTNT-iâ€¢
Chenet al

occurring as a consequence of cellular degeneration or
necrosis within tumors. TNT-i has successfully dem

onstrated imaging and therapy of several histologic
types of human solid tumors in animal models (10,
11), and a trial of its capability for imaging tumors in
man has commenced.
The conventional approach to the use of monoclonal
antibodies in imaging or therapy of tumors employs
antibody with specificity for an antigen present on the

surface of tumor cells (3, 4), here represented by Lym
1. Disadvantages ofthis approach include antigen mod
ulation, heterogeneity ofexpression ofantigen by tumor
cells, and problems inherent

in developing antibodies

that are tumor specific(1, 5). In addition,our autora
diographic

studies with â€˜25I-Lym-iin the Raji lym

1063

phoma model demonstrate that this type of antibody
shows preferential concentration at the periphery of

the tumor, within the tumor extraceilular fluid, and
even within some tumor cells, although amorphous

tumors

areas of necrosis

or perivascularly,

with poor diffusion

into the

identified

deep within

the tumor

deeper regions (Figs. 1 and 2). These results compare

showed only light labeling at this stage. From 2 to 7

favorably with other autoradiographic

days the pattern of distribution

ing the localization

of cell surface

studies describ

specific monoclonai

antibodies administered to tumor-bearing nude mice.
Studies by Pervez et al. (13) and Jones et al. (12) clearly

of label TNT-i

in the

ME-i80 tumor showed further significant change. Ma
croautoradiography revealed progressive concentration
oflabel in the deeper parts ofthe tumor (Figs. 5 and 6).

demonstrated
the perivascular
accumulation
of anti
body at the periphery of tumor. Along with Ong and

Microscopic

autoradiography

confirmed

monoclonal antibody (TNT-i) is directed against a
histone antigen in the cell nucleus, and is totally devoid

cells in early phases ofdegeneration

the presence

of label within areas of amorphous necrosis, with par
Mattes(14), thesestudiesconcludethat unlike highly ticular concentration in adjacent areas of morphologi
vascularized viable areas ofthe tumor, centrally located
cally intact tumor cells (Fig. 7C-D). In many instances,
pockets of cells and necrotic zones appear not to be labeled tumor cells showed cytologic evidence of cellu
accessible to antibody penetration.
lar degeneration or necrosis, such as karyolysis or kar
In contrast to the above approach, TNT circumvents yorrhexis. However, in other instances, tumor cells
many of these problems and facilitates penetration of showed aggregates oflabel, but no microscopic evidence
antibody into the core of the tumor. In this instance, a of degeneration (Fig. 7D): these presumably represent

of reactivity to cell surface antigens. TNT-i therefore
will not bind to the surface of any cell, normal or
neoplastic, but is potentially able to bind to the nuclei

of all cells. Differential concentration of TNT-i in

that show abnormal

membrane permeability but do not yet manifest any of
the cytologic hallmarks of degeneration which occur
only in more advanced stages. The numbers of degen
erating cells were greatest in the deeper regions border
ing areas of overt necrosis, which tended to be situated
distantly from recognizable blood vessels, as is consist
ent with the earlier observations of Thomlinson and

tumor is a result of the presence within malignant
tumors of numerous degenerating or necrotic cells, all
of which possess abnormally permeable cell surface
membranes, and the dearth of such cells in normal

Gray (19).
Thus TNT-i showed the ability to penetrate to the

tissues.

core of the ME-i80

When injected intravenously into either the Raji or
ME-i80 tumor models, both Lym-i and TNT-i show
an initial localization at the tumor periphery (compare

tumor over a period of two days,

even into areas of overt necrosis. Furthermore, labeling
was retained or even intensified over subsequent

days,

up to the 7th day when the experiment was terminated.

Figs. 1 and 3). In the earlier stages, label is seen primax

It is notable

ily within

the tumor clearly occurred in the presence of relatively

the blood

vessels (i.e., still within

the blood

pool), with some entry oflabei into the tumor extracel
lular fluid, usually in the proximity of vessels recogniz
able in the plane of the section by microscopic autora

that

the concentration

of TNT-i

within

poor blood flow centrally, as deduced from the presence
of ischemic necrosis and the paucity of blood vessels
observed in the deeper regions. Concentration

of TNT

diography (Fig. 7B). Normal tissues (lungs, liver, kid
ney), examined simultaneously, also showed the
presence of label within an hour of injection, but this
was almost entirely confined to the vascular pool. Leak
age of label into the extracellular fluid was not seen in
normal tissues even in later stages of the study. Thus,

1 in the tumor, with reference to normal tissues that
are well perfused, is attributable not only to its binding
to antigenwithin tumor, but also to the enhanced

initial localization ofiabel was primarily determined by
blood flow in the rich vascular network at the tumor

antibody leaves the blood in normal tissues (20). By

periphery, and by the excessive permeability of these
vessels allowing rapid escape of antibody into the peri
vascular

ECF (18).

At 6 and 24 hr, both Lym- 1 and TNT- i still showed
a predominance of label at the tumor periphery (Fig.
4), but microscopic

examination

now showed

that an

increasing proportion

ofthe label was extravascuiar.

this stage, differences

in distribution

for Lym-i

At

in the

Raji lymphoma and TNT-i in the ME-i80 carcinoma,
first became apparent and was progressively more
marked with the passage of time. In the TNT-i ME

180model,labelwasalsodetectablein deeperpartsof

1064

permeability of tumor blood vessels for immunoglob
ulins. Thus, although the injected TNT-i clearly
reaches normal tissues in the bloodstream, very little
contrast, antibody readily escapes the blood in the
vicinity of the tumor due to enhanced permeability of

the vascular network (19â€”21).The presence of inflam
mation may account for some of these permeability
changes (22, 23). However, vessels within the tumor
also show marked structural abnormalities, with incom
plete walls, abnormal fenestration of the endothelium,
or even partial or complete absence of endotheium,
forming broad channels that are lined by bare tumor
cells (24). In these situations, although blood flow is
slow, injected TNT-i has free access to the tumor

extraceliular fluid and to the tumor cells themselves.
Another interesting finding derives from comparative
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observations

of the patterns of TNT-i

distribution

in

the ME-i 80 tumor and Lym-i distribution in the Raji
tumor. Both TNT-i and Lym-i are IgG2a antibodies,
presumably therefore displaying similar diffusion char
actenstics across endothelium and through extracellular
fluid. As noted, both TNT-i and Lym-i showed initial
concentration at the tumor periphery where perfusion
and permeability are high (Figs. 1, 3, and 7A). This
observation held true for TNT-i when injected in the
Raji model, as well as in its preferred target, the ME
i 80 model, and for Lym- 1 in the ME-i 80 model, as
well as in its preferred target, the Raji tumor. However,
after 6 or more hours, progressive differences in distri
bution were observed. Whereas TNT-i

in deeper regions

with the passage of time (Figs. 4, 5, and 6), Lym-i in
the Raji model showed persistence of dense labeling at
the tumor periphery (Figs. 1 and 2), and relatively little
penetration into the center of the tumor except in a
perivascuiar distribution

where vessels were identifiable

penetrating the depth of the lesion. Upon reflection,
these differences in patterns of labeling appear to be
attributable to differences in distribution of the respec
tive antigens within the tumor. Following escape from

the permeable vasculature at the tumor periphery, Lym
1 immediately encounters its antigen on the surface of
essentially all of the Raji tumor cells and is bound.
Diffusion in the ECF away from blood vessels therefore
is prevented, until such a time as Lym-l sites in the
immediate vicinity ofthe blood vessels are saturated, if
such ever occurs. By contrast, TNT-i upon leaving
vessels at the tumor periphery encounters

nuclear an

tigen only where there are abnormally permeable tumor
cells, and these cells are relatively few in number in
well perfused areas. TNT-i therefore is free to diffuse
in the ECF along a concentration gradient into avas
cular areas that do contain large numbers of degener
ating cells. These abnormally permeable cells permit
entry of the TNT-i into the cell interior with binding
to nuclear antigen, producing maximum labeling at
sites remote from blood vessels.
These assumptions

in the Raji tumor.

The density oflabeling ofTNT-l in the Raji tumor was
less than that observed for TNT-i in the ME-i80 tumor,
a finding that we attribute to the presence of fewer
degenerating or necrotic cells in the Raji tumors at this

stage of its growth. The Raji tumor, containing as it
does fewer abnormally permeable cells, presents fewer
nuclei as targets for the localization of the TNT-l anti
nuclear antibody. Because of the ability of TNT-i to
penetrate deep within tumors and bind with degener
ating cells, it may be especially valuable as an adjuvant
following conventional cytoreductive therapy, includ
ing the use of other monoclonal antibodies.

in the ME-i80

model showed some degree of clearance from the pe
riphery and increasing concentration

to the pattern observed for Lym-l

were reinforced by observations

of the patterns of distribution of Lym-l in the ME-l80
tumor, which contains no Lym-i-positive cells. In this
model, Lym-l showed an early phase of escape into the

ECFat the tumorperiphery,followedby moregeneral
diffusion into the tumor. However, as Lym-i cleared
from the blood stream, so the concentration gradient
reversed, and in the absence of its corresponding anti
gen, Lym-l washed from the tumor. Similarly, TNT-i
injected into the Raji tumor showed early concentration
at the tumor periphery, paralleling Lym-l,

but not

SUMMARY

TNT-i antibody is able to achieve significant pene
tration of avascular areas of tumors. Escape of the
antibody from the blood stream is facilitated by the

presence of an abnormally permeable vasculature, due
in part to the effects of inflammation and in part to
structural defects of vessels in the tumor. Diffusion of
TNT-i antibody in the ECF is favored by a concentra

tion gradient that is maintained by the presence in the
tumor core of an â€œantigen
sinkâ€•consisting of nuclear
antigens exposed by tumor cell degeneration and necro
sis. By contrast, monoclonal antibodies (such as Lym
1, B72.3, anti-CEA) used in a more conventional man
ner and directed against antigen distributed on the
surface of tumor cells are likely to remain primarily
concentrated in an immediate perivascular location at
the site of initial encounter with antigen, thereby pro
hibiting diffusion to deeper parts of the tumor. TNT-i
lends itself not only to the imaging and treatment of
diverse histologic types oftumor

(the only requirement

is for the presence ofdegenerating or necrotic cells), but
also is particularly suited for use with large avascular
and necrotic tumors, where alternative therapies gen
erally are not available.
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Editorial: One Step Forward with Nonspecifically-Specific
MonoclonalAntibodies
though the monoclonal antibody technology in
troduced by Kohler and Milstein (1) provided initial
â€œgreat
expectationsâ€•in the search for the proverbial
â€œmagic
bullet,â€•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

known. Heterogeneity

in the distribution

of antibodies

may result from nonuniform expression oftarget 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,
ReceivedFeb.13,1990;revisionacceptedFeb.13,1990.

be more conducive to extravasation and diffusion of
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the macromolecules (5). Yet the exaggerated interstitial
pressures resulting from the compression of the ever
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