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ABSTRACT
The simultaneous distribution of monoclonal '"I-lahek-d anti-carci-

noembryonic antigen (CEA) immunoglobulin (IgG) ( NT-2) or "'I-labeled
irrelevant myeloma IgG (Ag8) and |3H|thymidine was studied in hamsters

bearing transplants of the GW-39 human colon carcinoma by qualitative
double-tracer whole-body autoradiography. Autoradiography showed
that large solid GW-39 tumors are characterized by heterogeneity of
radioantibody retention and uneven |3H|thymidine accumulation, reflect

ing zonal variations in antibody reactivity and tumor cell proliferation,
respectively. The autoradiographic images showed that both ' " l-labck-d-
monoclonal antibody and control '"l-labeled IgG targeted nonprolifer-

ating tumor zones, suggesting a mechanism of nonspecific tumor uptake
of radioantibodies in these areas. Absence of tumor center labeling with
(3H|thymidine, associated with cellular necrosis, was confirmed by his

tology and microautoradiography in separate animal studies. In confir
mation of earlier reports, '"I-labcled anti-CEA monoclonal antibody gave
higher tumor-to-non-tumor labeling patterns than did control ' "I-lahcled

IgG, at both 3 and 7 days following treatment. Immunohistochemical
localization of CEA in GW-39 tumors with necrotic centers showed the

presence of CEA in nonviable cells, but CEA antigen concentrations were
diminished as compared to cells located in the tumor's periphery. The

results indicate that double-tracer whole-body autoradiography is well

suited for studying the kinetics of radioantibody localization in relation
to regional tumor cell viability.

INTRODUCTION

Radioisotope-labeled antibodies have been successfully used
to image tumors in both animals (1-4) and humans (5-8).
However, a growing body of evidence supports the view that
only small, well-vascularized tumors show a dose-related incre
mental uptake of tumor-directed radioantibodies (9,10). More
over, a differential viability associated with solid tumors has
been established in studies which indicate that the core regions
of solid tumors greater than several millimeters diameter are
characterized by central necrosis (11) and reduced vascularity
(12, 13).

We have previously utilized the CEA3-secreting GW-39 hu

man tumor model to demonstrate that quantitative WBAR has
sufficient spatial resolution to provide detailed historadiological
imaging of affinity-purified anti-CEA radioantibody in ham
sters bearing tumors on the dorsum (14) or in GW-39 lung
micrometastases (15). A well-recognized factor in the potential
utility of radioantibodies designed for immunodiagnosis and
immunotherapy is the selective reactivity of these agents with
viable tumor cells; yet a study of the simultaneous localization
kinetics of anti-tumor radioantibodies and the description of
the corresponding regional topographic viability in the same
tumor specimen has not been reported. Accordingly, in the
present study, the techniques of double-tracer WBAR and im -
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age analysis were adapted to simultaneously assess tumor cell
viability in the xenografted GW-39 human tumor model and
the pattern of monoclonal 131I-labeled anti-CEA antibody or
control ' "I labeled IgG distribution in the same tumor.

MATERIALS AND METHODS

Tumor System and Radioantibody. Hamsters bearing 1-3 cm GW-39
tumors (16) in their hind leg musculature or s.c. in the region of the
nape of the neck were given injections i.p. of 0.15 mCi of either I3II-
labeled mouse monoclonal anti-CEA antibody designated NP-2 (17) or
an irrelevant murine IgG (Ag-8). The chloramine-T method (18) was
used to radioiodinate the IgGs to a specific activity of 12-18 mCi/mg.
Both radiolabeled IgGs had less than 2% free iodine and were free of
aggregates as determined by gel filtration on Sephacryl-200 (Pharma
cia). Forty % of the radiolabeled NP-2 bound to a CEA immunoadsor-
bent whereas only 3% of the radiolabeled Ag-8 was found to bind to
this immunoadsorbent. Three animals for each group were sacrificed
after 3 and 7 days. Two h prior to sacrificing the animals, an injection
of [3HJthymidine (10 Â¿>Ci/gbody weight) was given i.p. to each animal.
The labeling profile attained with [3H]thymidine identifies tumor pop

ulations which incorporate the radioisotope into their replicating DNA
(19).

Double-Tracer Whole-Body Autoradiography. WBAR procedures
have been reported previously (20). Briefly, unconditioned hamsters
bearing GW-39 tumors were anesthetized with pentobarbital, flash-
frozen in a hexane-dry ice mixture, and embedded in carboxymethyl-
cellulose. Sections were taken with an LKB 2258 cryomicrotome at
â€”17Â°Cin the sagittal plane at a thickness of 50 Â¿IMat approximately

250 UM intervals. Desiccation was carried out for 3-4 days in the
cryostat at â€”17Â°C.Rapid freezing of animals and freeze-drying of

cryosections insured that no translocation of radioisÃ³topos occurred
from sites of uptake. To register I3'l-labeled antibodies, autoradiograms
were prepared by affixing sections to Dupont Low-Dose Mammo
graphie Film for a 3- to 5-day exposure period without the use of
intensifying screens. For [3H]thymidine registration in double-label
experiments, sections were initially exposed for '"I radioactivity deter
mination and subsequently stored at -20 V for 81 days (i.e., 10 physical
half-lives) to permit decay of the "'I nuclide. These same tissue sections

were then placed directly on LKB Ultrafiltri for an additional 10 weeks
of exposure at â€”20"C.Exposed films were photographically processed

by standard film developing procedure. As a control for possible cross-
contamination between nuclide pairs, the WBAR images derived from
single nuclide-treated hamsters bearing GW-39 tumors were studied.
These separated control autoradiographic images showed that [3H]
thymidine, at 10 fiCi/g, did not appreciably blacken Dupont Low-Dose
Mammographie Film with exposures of 3-5 days' duration. Similarly,
'" I labeled antibody, at 0.75 Â¿tCi/g,did not darken LKB Ultrofilm after

an initial period of 81 days of storage decay and subsequent exposure
on this film for 10 weeks. The interposition of 2 mil thick Kapton
plastic films between sections and x-ray films, as a filter to absorb ÃŸ
emissions from 'II. was found to have no appreciable effect on the

completed double-tracer autoradiographic images at the exposures
used. Moreover, there were no chemographic artifacts observed with
both positive and negative chemographic controls processed by the
same WBAR procedures.

Image Analysis. Qualitative interpretations of radioactivity were
made with the processed WBARs. In representative autoradiograms,
the projected and enlarged tumor images were further studied for
quantitative zonal distribution of "'I and 'II radioactivity. For these
studies, separated 13IIand 3H radioactivity zones in tumors were care-
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fully cut out of the enlarged projections. The cut out portions, corre
sponding to areas of "'I and 'II radioactivity uptake in tumors, were
then weighed on a microbalance. The fractional areas of '"I or 'II

radioactivity localization, relative to the entire tumor area, were then
expressed on a weight basis.

Microautoradiography and Imniunohistochemistry. Light microscopic
autoradiography of [3H]thymidine distribution in GW-39 tumors was
performed on separate groups of animals. Details of the microautora-
diographic method used has been published previously (20, 21). Briefly,
5-Â¿tmtumor sections were dewaxed and hydrated to water. Sections
were then dipped in an aqueous (1:1) dilution of Kodak NTH 2emulsion
in the darkroom. Coated slides were air-dried for 45 min in the
darkroom with relative humidity maintained at 75-90%. Exposures
were made for 10-14 days in light-tight boxes. Exposed slides were
developed in D-19 developer and GBX fixer, washed, and counter-
stained with cresyl violet.

A peroxidase-antiperoxidase procedure as described by Primus and
Goldenberg (22) was used for the immunohistochemical localization of
CEA. Briefly, 1- to 2-cm hind leg GW-39 tumors were removed from
untreated animals and fixed for 48 h in acetic acid:95% ethanol. After
embedding in paraffin, 5-^m sections were dewaxed and pretreated with
methanol and hydrogen peroxide to inhibit endogenous peroxidase

activity. The sections were overlaid with either affinity-purified goat
anti-CEA or normal goat IgG as a control for 24 h at 4'C. After 2

washes, the sections were sequentially incubated in donkey anti-goat
IgG and finally goat peroxidase-antiperoxidase complexes. After ex
posure to diaminobenzidine, the sections were counterstained with
hematoxylin.

RESULTS

Double-Tracer Whole-Body Autoradiography. The macroau-
toradiographic results showed that imaging patterns derived
from 3H and 13IIwith the same GW-39 tumor could be obtained

by exploiting the differences in the physical half-life and radia
tion energy between the radioisotopes (Figs. 1-8). The fine
spatial detail provided by WBAR permitted the superposition-
ing and alignment of two autoradiographic images made with
the same tumor section (e.g., compare Fig. 1, a to b). In this
manner, it was possible to correlate intratumor localization of
13ll-labeled antibody with the pattern of [3H]thymidine registra

tion, the latter providing an index of rapid tumor cell prolifer
ation.

-Â¿*s*~5P-^ S^f^

Fig. I. Double-tracer WBAR localization
of GW-39 tumors (arrows) by monoclonal 131I-
anti-CEA antibody (a) or ('HJthymidine (b) in

the same section 3 days after administration
of radioantibody. Note the pattern of radioan-
tibody retention corresponding to actively pro
liferating tumor perimeter (TP) and high ra
dioantibody uptake in the necrotic tumor cen
ter (NC). B, bone tissue.

Fig. 2. Double-tracer WBAR localization
of GW-39 tumors (S) after injection of I3II-
labeled irrelevant IgG (a) or [3Hjthymidine (/>)
in the same section. Note that actively growing
sites in the tumor periphery show little concen
tration of n'I-labeled IgG radioactivity. Accu
mulation of control '"I-labeled IgG is seen in

necrotic tumor cores.

2178

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2430058/cr0470082177.pdf by guest on 19 M

ay 2023



RADIOANTIBODY DOUBLE-TRACER WBAR

Fig. 3. Detail of tumor radioactivity uptake patterns as described in Fig. 1.
x 2.9. Arrow, GW-39 tumor; B, bone.

At 3 and 7 days after treatment, the [3H]thymidine labeling
pattern of GW-39 was observed to be highly variable, with
evidence of the highest 3H radioactivity accumulation in the

outer perimeter (Fig. 3b) or in the leading edge of tumor growth
(Fig. 8Â¿>).Even in adjacent sections of the same tumor, hetero
geneity of [3H]thymidine uptake was evident, indicative of

widely varying physiological environments within cortical and
medullary tumor zones. Confirmation of growth in outer and
inner GW-39 tumor zones was made with paraffin block mi-
croautoradiography conducted with hamsters bearing 2- to 3-
cm tumors transplanted to the hind limb musculature and
receiving injections of [3H]thymidine. These specimens revealed
a consistent pattern of absence of [3H]thymidine labeling in

tumor cell nuclei of the medulla (results not shown). The
geometric centers of large GW-39 tumors were found to be
largely acellular and gave evidence of widespread cytolysis. A
sparse microvasculature was observed in the surviving stroma
of medullary and juxtamedullary tumor zones. The histopath-
ological condition of condensation of nuclear chromatin in
apparently nutritionally starved central tumor cells suggested
that these cells had lost their physiological ability to incorporate
available [3H]thymidine into replicating DNA. In marked con
trast, clusters of cortically located GW-39 cells in pseudoacinic
structures were observed to be of normal histolÃ³gica! appear
ance and were also labeled intensely with [3H]thymidine in their

nuclei (results not shown).

Fig. 4. Detail of tumor radioactivity uptake patterns as described in Fig. 2.
X2.9.

When the distribution patterns of monoclonal I3ll-labeled
anti-CEA IgG and [3H]thymidine uptake patterns were com

pared in the same tumor, good correlation between the images
was found only with reference to the actively dividing outer
tumor perimeter (Figs. 3 and 5). During these time intervals,
the leading edge of GW-39 tumors and the subcapsular cortex
were characterized by the highest levels of [3H]thymidine incor

poration (Figs. 3Â¿>and 6b). A better correlation was found
between active sites of cellular proliferation in outer tumor
perimeters and radioantibody localization in GW-39 tumors
which grew in a noncystic configuration (Fig. 3) than tumors
with a cystic growth pattern (Fig. 7). Radioimmunolocalization
carried out with 13ll-labeled irrelevant IgG, however, revealed a
clear difference from 131I-labeled anti-CEA IgG with respect to
correlation to tumor regions identified with [3H]thymidine as
actively dividing. Thus, double-tracer autoradiographic profiles
showed that control 13ll-labeled IgG uptake was only partially
related to [3H]thymidine registration in tumors at 3 days post-
treatment and completely unrelated to [3H]thymidine retention

in tumors at 7 days after treatment (compare Fig. 4 with Fig.
6). This condition of differential and preferential targeting by
proliferating tumor cells of 131I-labeled anti-CEA IgG estab

lishes the basis for the observed high tumor-to-non-tumor up
take patterns identified with this radioantibody (Figs, la and
5a).
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Fig. S. Double-tracer WBAR localization
of GW-39 tumors (,/) by monoclonal 131I-
labeled anti-CEA IgG (a) or [3H]thymidine (*)

in the same section 7 days after injection of
radioantibody. Note retention of radioanti-
body in a narrow perimeter band correspond
ing to the leading edge of tumor growth. In
tense radioantibody labeling is also seen in the
juxtamedullary nondividing zone. B, bone tis
sue.

Fig. 6. Double-tracer WBAR localization
of GW-39 tumors (,/) by control "'Â¡-labeled
IgG (a) or [3H]thymidine (A) in the same sec

tion 7 days after treatment. Note that the zone
of rapid cell proliferation ('II uptake) is re

stricted to the outermost margin of the tumor,
where l]'I-labeled Ig radioactivity is notably

absent.

Both labeled anti-CEA antibody and control IgG were found
to share a common strong affinity for nonproliferating, cen
trally located GW-39 tumor cells, when qualitatively evaluated
by WBAR at 3 and 7 days after treatment (compare Figs. 3a
and 4a with Figs, la and 8a). These autoradiographic data
suggest a similar nonspecific mechanism responsible for labeled
anti-CEA antibody and irrelevant antibody retention in necrotic
GW-39 tumor centers.

When determinations were made with projections of the
separated [3H]thymidine radioactivity images shown in Figs. 3A

and Ih, it was found that on days 3 and 7 after injection an
average of 40% of the tumor could be qualified as actively
dividing cells. Area measurements carried out on day 7 after
treatment showed that the radioactivity retention of I3ll-labeled

anti-CEA IgG was 34% of the total tumor area.
Immunohistochemistry. Immunoperoxidase localization stud

ies of CEA in alcohol-fixed sections of xenografted hind leg
GW-39 tumors demonstrated the presence of relatively large
concentrations of CEA in tumor perimeter regions populated
by GW-39 tumor cells of normal histological appearance. When

the medullary regions of these same GW-39 tumors were
stained for CEA, the antigen was found to be present in non-
viable cells, but the intensity of staining was much less than
that of the cortically located tumor cell fraction (Fig. 9).

DISCUSSION

The results of the present study show that application of
double-tracer WBAR, with GW-39 tumors measuring 1-3 cm
diameter, facilitates the analysis of the kinetics of radioantibody
localization in these tumors which are characterized by rapid
cellular proliferation in the peripheral regions and central ne
crosis. In the xenografted GW-39 human tumor model used
here, I3ll-labeled anti-CEA monoclonal antibody was combined
with | "II|th>midine to simultaneously monitor the uptake of

radioantibody and assess zonal viability within the same tumor.
The feasibility of using double-label macroautoradiography for
evaluation of physiological processes in laboratory animals has
been previously reported for measurement of local cerebral
blood flow and local metabolic rate for glucose (23), coronary
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Fig. 7. Detail of tumor radioactivity uptake patterns as described in Fig. 5. B,
bone tissue. X 2.9. Arrow, GW-39 tumor.

Fig. 8. Detail of tumor radioactivity uptake patterns as described in Fig. 6. B.
bone tissue, x 2.9.

circulation (24), and methionine metabolism (25). However,
double-tracer WBAR has not yet been applied to the study of
regional distribution of radioantibodies in tumors coupled with
zonal viability assay. Our finding that a correlation exists
between local accretion of radioantibody in tumor perimeters
and rapid cell division confirms earlier studies linking linearity
of radioantibody uptake with small viable tumors (1,9).

Consistent with earlier findings (1, 14), our present WBAR
data show that maximum discrimination between tumor and
nontumor tissues was observed at 7 days after treatment with
radiolabeled monoclonal antibody. Under these conditions, la
beled anti-CEA monoclonal antibody (Fig. 5a), but not control
immunoglobulin (Fig. 6fl), was localized to the outermost tumor
growth region, these latter sites also were identified as the zones
of rapid cell proliferation (Figs. 5b and 6b). Similar observations
of perimeter localization of radioantibody have been reported
with other xenografted tumor models, including the 79IT os-
teosarcoma system (26), malignant teratoma (27), and human
colon cancer (4). Thus, as suggested elsewhere (1, 28), radiola
beled monoclonal anti-CEA IgG can best be confirmed in
smaller tumors with well-developed vasculature, where tumor
cell viability is maximized and nonspecific retention of radioan
tibody is diminished. Previous studies have shown that rapid
mixing of injected "Cr-labeled RBCs occurs between trans

planted tumor vasculature and the general circulation of the

host over a time period of 10-15 min after injection (29, 30).
Furthermore, the computed ratio of the amount of RBCs in rat
Walker carcinoma 256 and in the host blood was found to be
unchanged when measured over the interval of 15-120 min
(30). Based on these findings, it is reasonable to infer that GW-
39 tumor cells were given access to injected [3H]thymidine
within the 2-h utilization period used in this study, even in
those medullary and juxtamedullary tumor zones where the
surviving microvasculature was sparse.

The previously established growth rate heterogeneity among
subclones of cancer cell populations (31, 32) and the present
demonstration of zonal growth rate variation in GW-39 tumors
measuring 1-3 cm emphasized the significance of tumor size-
radioantibody relationships in radioimmunodetection. The con
sensus of data from the literature supports the existence of an
inverse relationship between tumor size and uptake of anti-
tumor radioantibodies in human tumor models (9, 10, 33, 34).
In a recent investigation of radioantibody incorporation in nude
mice bearing human colon tumors and human melanoma, it
was concluded that there is a systematic decrease in uptake of
radioantibodies in these tumors as they enlarged beyond a total
weight of 0.5 g (10). These data were expressed as a percentage
of uptake per g tumor weight and percentage of uptake in the
whole tumor. Our present double-tracer WBAR imaging
method adds the valuable dimension of historadiological spatial
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Fig. 9. Immunohistochemical localization of CEA in alcohol-fixed paraffin
sections of GW-39. A, extensive localization of CEA in viable GW-39 signet-ring
tumor cells (arrows): B, a region in the same tumor judged to be predominantly
nonviable. CEA is present in some cells, but decreased in concentration within
nonviable cells (arrows). X 320.

resolution and provides direct evidence for the negative rela
tionship observed between incremental tumor growth and tu
mor-specific radioantibody accretion. Our studies showed up
take of '"I-labeled antibody mainly into areas of proliferating

tumor cells. Area analyses demonstrated the relatively small
fraction of tumor (i.e., 40% of total tumor area) which was
actively dividing at 3 and 1 days after injection of radioantibod-
ies, the same areas also showing selective accretion of radioan
tibody. These viability determinations for large GW-39 tumors
are in excellent agreement with previously reported viability
assays made by quantitative [3H]thymidine-labeling indexes in

a transplanted mouse mammary tumor system (35). In this
latter study, viable tissue in larger tumors in the weight range
of 2.5 g was found to occupy a mean of 30-40% of the tumor

volume.
The present investigation confirms and extends the findings

of Lewis et al. (36) who determined by microautoradiography
that affinity-purified '"I-labeled anti-CEA IgG was preferen

tially localized to xenografted human colorectal tumor regions
judged to be nonviable. However, no direct assay for viability
was conducted in these studies. The mechanism responsible for
nonspecific uptake of radioantibodies in nonviable tumor zones
is presently unknown. One interpretation which may be offered
to explain our observation that nonviable tumors of 1-3 cm

dimension accumulate radioantibody nonspecifically in their
centers relates to the possible sequelae to tumor necrosis. This
is founded on the widely recognized association of reduced
blood flow in the geometric centers of tumors (37) and the
resulting tissue necrosis (38). Thus, it may be argued that the
hypoxic microenvironment of large GW-39 tumor cores pro
motes cell death and cytolysis. CEA, released from these frag
menting tumor cells, is made available for antibody reactivity
in the lumens of pseudoacinar structures. At the same time,
inflammatory cores of large tumors, with a stagnant and vari
able blood flow (12, 39), may favor the leakage of plasma
proteins (40) and the chemotactic migration of macrophages.
Indeed, enhancement of macrophage migration to necrotic co
res of rat Walker 256 tumors and differential trapping of
macrophages in perinecrotic regions of these tumors has been
reported (41, 42). Additional detailed immunohistochemical
and histolÃ³gica! studies are needed to test these hypotheses.
Double-nuclide WBAR studies are currently in progress in our
laboratory, involving | 'I Ijthvniidinc combined with intact ra
diolabeled monoclonal antibody or its radiolabeled Fab' and
F(ab')2 fragments, using the GW-39 tumor model. This ap

proach will allow us to assess the WBAR patterns of radioan
tibody localization in tumors of varying size as a function of
viability and presence or absence of the Fc segments in the
radiotracers.

In summary, the current data suggest that the application of
double-tracer WBAR will facilitate the analysis of radioanti
body localization, particularly in solid neoplasms characterized
by differential proliferation rates and central necrosis. This
high-resolution imaging method should also find potential use
in therapeutic applications, where assessment of tumor mass
viability is of paramount significance.

REFERENCES

1. Goldenberg, D. M., Preston, D. F.. Primus, F. J., and Hansen, H. J.
Photoscan localization of GW-39 tumors in hamsters using radiolabeled
anticarcinoembryonic antigen immunoglobulin G. Cancer Res., 34: 1-9,
1974.

2. Mach, J.-P., Carrel, S., Merenda, C., Sordat, B., and Cerottini, J.-C. Â¡nvivo
localization of radiolabelled antibodies to carcinoembryonic antigen in hu
man colon carcinoma grafted into nude mice. Nature (Lond.), 248:704-706,
1974.

3. Million, B., Levine, G., Hakala, T. R., and Solter, D. Tumor localization
detected with radioactively labeled monoclonal antibody and external scintig-
raphy. Science (Wash. DC), 206: 844-847, 1979.

4. Epenetos, A. A., Nimmon, C. C, Arklie. J., Elliott, A. T., Hawkins, L. A.,
Knowles, R. W.. Britton, K. E., and Bodmer, W. F. Detection of human
cancer in an animal model using radiolabelled tumour-associated monoclonal
antibodies. Br. J. Cancer, 46:1-8, 1982.

5. Goldenberg, D. M., Kim, E. E., DeLand, F. H., Bennett, S., and Primus, F.
J. Radioimmunodetection of cancer with radioactive antibodies to carcinoem
bryonic antigen. Cancer Res., 40: 2984-2992, 1980.

6. Goldenberg, D. M., DeLand, F., Kim. E.. Bennett. S., Primus, F. J., van
Nagell, J. R.. Jr., Estes, N., DeSimone. P., and Rayburn, P. Use of radiola
beled antibodies to carcinoembryonic antigen for the detection and localiza
tion of diverse cancers by external photoscanning. N. Engl. J. Med., 298:
1384-1388, 1978.

7. Epenetos, A. A., Mather, S., Granowska, M., Nimmon, C. C., Hawkins, L.
R., Britton, K. E., Shepherd, J., Taylor-Papadimitriou, J., Durbin, H.,
Malpas, J. S., and Bodmer, W. F. Targeting of iodine-123-labelled tumour-
associated monoclonal antibodies to ovarian, breast, and gastrointestinal
tumours. Lancet, 2:999-1005, 1982.

8. Mach, J.-P.. Forni, M., Ritschard, J., Buchegger, F.. Carrel, S., Widgrew,
S., Donath, A., and Alberto, P. Use and limitations of radiolabelled anti-
CEA antibodies and their fragments for photoscanning detection of human
colorectal carcinomas. Oncodev. Biol. Med., /: 49-69, 1980.

9. Moshakis, V., Mcllhinney, A. L., Raghavan, D., and Neville, A. M. Local
ization of human tumour xenografts after i.v. administration of radiolabelled
monoclonal antibodies. Br. J. Cancer, 44: 91-99. 1981.

10. Hagen, P. L., Halpern, S. E., Dill man. R. O., Shawler, D. L., Johnson, D.
E., Chen, A., Krishman, L., Frincke, J., Bartholomew, R. M., David, G. S.,
and Carlo, D. Tumour size: effect on monoclonal antibody uptake in tumour
models. J. NucÃ.Med., 27: 422-427, 1986.

2182

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2430058/cr0470082177.pdf by guest on 19 M

ay 2023



RADIOANTIBODY DOUBLE-TRACER WBAR

11. Weiss, L. Tumor necrosis and cell detachment. Int. J. Cancer, 20: 87-92,
1977.

12. Catalana, S., Cohen, C., and Sapirstein, L. A. Relationship between size and
perfusion rate of transplanted tumours. J. Nat). Cancer Inst., 29: 389-394,
1962.

13. Rogers, W., Edlich, R., and Aust, B. Tumour blood flow. II. Distribution of
blood flow in experimental tumours. Angiology, 20: 374-387, 1969.

14. Fand, I., Sharkey, R. M., McNally, W. P., Brill, A. B., Som, P., Yamamoto,
K., Primus, F. J., and Goldenberg, D. M. Quantitative whole-body autora-
diography of radiolabeled antibody distribution in a xenografted human
cancer model. Cancer Res., 46: 271-277, 1986.

15. Sharkey, R. M., Filion, D., Fand, I., Primus, F. J., and Goldenberg, D. M.
A human colon cancer metastasis model for radioimmunodetection. Cancer
Res., 46: 3677-3683, 1986.

16. Goldenberg. D. M., and Hansen, H. J. Carcinoembryonic antigen present in
human colonie neoplasia serially propagated in hamsters. Science (Wash.
DC), 175: 1117-1118, 1972.

17. Primus, F. J., Newell, K. S., Blue, A., and Goldenberg, D. M. Immunologia!
heterogeneity of carcinoembryonic antigen: antigen determinants on carci-
noembryonic antigen distinguished by monoclonal antibodies. Cancer Res.,
Â«.-686-692, 1983.

18. McConahey, P. J., and Dixon, F. J. A method of trace iodination of proteins
for immunologie studies. Int. Arch Allergy, 29:185-189, 1966.

19. Cleaver, J. E. Thymidine metabolism and cell kinetics. In: A. Neuberger and
E. L. Tatum (eds.). Frontiers of Biology, Vol. 6, pp. 15-42. Amsterdam:
Elsevier/North-Holland Biomedicai Press, 1967.

20. Fand, I., and McNally, W. P. The technique of whole-body autoradiography.
/;;.- J. E. Johnson, Jr. (ed.), Current Trends in Morphological Techniques,
Vol. 2, pp. 1-28. Boca Raton, FL: CRC Press, Inc., 1981.

21. Rogers, A. W. Techniques of Autoradiography. Amsterdam: Elsevier/North-
Holland Biomedicai Press, 1979.

22. Primus, F. J., and Goldenberg, D. M. Functional histopathology of Cancer:
A review of immunoenzyme histochemistry. In: W. H. Fishmann and H.
Busch (eds.), Methods in Cancer Research, Vol. 20, pp. 139-182. New York:
Academic Press, Inc., 1982.

23. Lear, J. L., Jones, S. C, Greenberg, J. H., Fedora, T. J., and Reivich, M.
Use of '"I and 'V in a double radionuclide autoradiographic technique for
simultaneous measurement of LCBF and LCMR gel. Stroke, 12: 589-597,
1981.

24. Tomolka, H., Ogata, I., Maruoka, V. Sakai, K., Kurozumi, T., and Naka-
iiiura. M. Differential registration of two types of radionuclides on macroau-
toradiograms for studying coronary circulation: concise communication. J.
NucÃ.Med., 24: 693-699, 1983.

25. D'Argy, R., Ullberg, S., Stalacke, C.-G., and Langstrom, B. Whole-body

autoradiography using "C with double-tracer applications. Int. J. Appi.
RadiÃ¢t.Isot., 35:129-134, 1984.

26. Pimm, M. V., Embleton, M. J., Perkins, A. C., Price, M. R., Robbins, R. A.,
Robinson, G. R., and Baldwin, R. W. In vivo localization of anti-osteogenic
sarcoma 791T monoclonal antibody in osteogenic sarcoma xenografts. Int.
J. Cancer, JO: 75-85, 1982.

27. Moshakis, V., Mcllhinney, R. A. J., Roghaven, D., and Neville, A. M.
Monoclonal antibodies to detect human tumours: an experimental approach.
J. Clin. Pathol (Lond.), 34: 314-319, 1981.

28. Primus, F. J., Wang, R. H., Goldenberg, D. M., and Hansen, H.J. Localiza
tion of human GW-39 tumors in hamsters by radiolabeled heterospecific
antibody to carcinoembryonic antigen. Cancer Res., 33: 2977-2982, 1973.

29. Tannock, I. F., and Steel, G. G. Quantitative techniques for study of the
anatomy and function of small blood vessels in tumors. J. Nati. Cancer Inst.,
Â«.â€¢771-782,1969.

30. Song, C. W., and Levitt, S. H. Quantitative study of vascularity in Walker
carcinoma 256. Cancer Res., 31: 587-589, 1971.

31. Fidler, I. J., Gersten, D. M., and Hart, I. R. The biology of cancer invasion
and metastasis. Adv. Cancer Res., 28: 149-250, 1978.

32. Heppner, G. J. Tumor heterogeneity. Cancer Res., 44: 2259-2265, 1984.
33. Menard, S., Miotti, S., Tagliabue, E., Parmi, L., Buraggi, G. L., and Col-

naghi, M. I. Tumor radioimmunolocalization in a murine system using
monoclonal antibodies. Tumori, 69: 185-190, 1983.

34. Gaffar, S. A., Pant, K. D., Shochat, D., Bennett, S. J., and Goldenberg, D.
M. Experimental studies of tumor radioimmunodetection using antibody
mixtures against carcinoembryonic antigen (CEA) and colon-specific antigen-
p (CSAp). Int. J. Cancer, 27: 101-105, 1981.

35. Tannock, I. F. The relation between cell proliferation and the vascular system
in a transplanted mouse mammary tumour. Mr. J. Cancer, 22: 258-273,
1968.

36. Lewis, J. C. M., Bagshawe, K. D., and Keep, P. A. The distribution of
parenterally administered antibody to CEA in colorectal xenografts. On
codev. Biol. Med., 3: 161-168, 1982.

37. Blasberg, R. G., Molnar, P., Horowitz, M., Kornblith, P., Pleasants, R., and
Fenstermacher, J. Regional blood flow in RT-9 brain tumors. J. Neurosurg.,
58: 863-873, 1983.

38. Weiss, L. Principles of Metastasis. New York: Academic Press, Inc., 1985.
39. Mantyla, M. J. Regional blood flow in human tumors. Cancer Res., 39:

2304-2306, 1979.
40. BontÃ©,F. J., Curry, T. S., Oelze, R. E., and Greenberg, A. J. Radioisotope

scanning of tumors. Am. J. Roentgenol. Radium Ther. NucÃ.Med., Kill:
801-812, 1966.

41. Weiss, L. Some mechanisms involved in cancer cell detachment by necrotic
material. Int. J. Cancer, 22: 196-203, 1978.

42. Turner, G. A., and Weiss, L. Some effects of products from necrotic regions
of tumours on the in vitro migration of cancer and peritoneal exÃºdatecells.
Int. J. Cancer, 26: 247-254, 1980.

2183

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2430058/cr0470082177.pdf by guest on 19 M

ay 2023




