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6-phosphate) and the preferential binding of radiolabeled
monoclonal antibodies to tumor-specific antigens are but

Monoclonalantibodies(Mabs)with tumor specificityand 2[18F]-fluoro-2-deoxy-D-glucose
(FDG)are increasinglybeing two examples of this approach.
The accumulation of2-deoxy-D-glucose-6-phosphate
used incancer imaging.To better understand the mechanism

in
metabolically
active
cells
(1â€”3)is
utilized
when
â€˜8F-2and location of their uptake in tumors, nude mice bearing
HTB77 lP3 ovarian cancer xenografts were injected intrave fluoro-2-deoxy-D-glucose (FDG) is used for positron emis
nously with 3H-2-fluoro-2-deoxy-D-glucose(3H-DG)or 14C-2- sion tomography (PET) imaging (4â€”6). It appears that
deoxy-D-glucose (14C-DG),with â€˜25I-5G6.4,
a Mab that was Dcl, whichis phosphorylated
by hexokinase
but which
developedagainstthe HTB77IP3 cell line (specificMab)or cannot be substantially further metabolized, is preferen
with 125I-UPC-1
0 (nonspecific Mab). Tumors were excised at tially trapped inside many tumor cells (5) which may have
2 hr or 6 days postinjectionand autoradiographywas per higher rates of glucose transport ( 7), increased concentra
formed. In tumors from animals receiving the Mabs, the grains
tions ofhexokinase (8,9) and/or decreased glucose-6-phos
were concentrated mainly on tumor cells near connective
phate dephosphorylation
rates (10). FDG is one of the
tissue ridges bearing blood vessels at 2 hr postinjection. At 6
more
promising
radiopharmaceuticals
which has been
days postinjection, further penetration into the tumors was
used
extensively
for
PET
imaging
of
the
normal brain,
seen, but four times more grains were seen on the viable
brain
tumors
and
the
heart.
Recently,
the
use of this
cancer cells in the tumors receiving the specific Mab than in
for planar and PET imaging of tu
those receivingthe irrelevant Mab. The selective accumulation radiopharmaceutical
of 2-DG in viable cancer cells and the negligible concentration mors outside the central nervous system has been shown
of 2-DG in necrotic areas may be preferable to tumor-specific feasible by several groups (11â€”13). These studies have
Mabs in assessing the extent of viable tumor and treatment shown that FDG has generalized potential as an agent for
response.Knowledgeof the localizationof a tracer at the cancer imaging using the PET detection method. Treat
microscopiclevel is essentialto the understandingof the ment response can also be assessed by PET (14).
signal depicted on nuclear images using either type of radi
Radiolabeled monoclonal antibodies (Mabs), developed
otracer.
against tumor-associated
antigens, are also being exten
J NucI Med 1993; 34:75-82
sively evaluated for the imaging and treatment of various
cancers (15,16). It has also been shown in biodistribution,
imaging and by autoradiographic studies that radiolabeled
â€œtumor-specificâ€•
monoclonal antibodies are preferentially
retained in the target tumor tissue (16,17). Labeled anti
ifferences in physiology and gene expression between
bodies, however, can sometimes accumulate in both the
normal tissues and tumors have been exploited to develop
methods for detecting and/or treating these tumors using viable and the necrotic areas oftumors (18,19).
Although it has been shown that FDG is found in the
radiopharmaceuticals.
The increase in the uptake and
accumulation of 2-deoxy-D-glucose (DG) by tumors as viable regions of tumors, there is very little information
on where in the viable regions FDG is located or of its
compared to normal tissues (metabolic trapping of 2-DG
cellular distribution (5,9). No comparison of 2-DG and
Mab localization in the same tumors has been undertaken.
ReceivedApr. 15, 1992; revision accepted Jul. 27, 1992.
Similarly, since increased glycolysis is present in white cells
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that can infiltrate tumors, it is possible that some 2-DG
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uptake could be in such cells. To assess these issues in a
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single tumor system, the intra-tumoral

distribution

and

intracellular localization of 2-DO injected in vivo was
studied by autoradiography
in a nude mouse model of
human ovarian carcinoma and compared to â€œtumor-spe
cificâ€•and irrelevant radiolabeled Mabs. We have previ
ously demonstrated that 2-DG and the â€˜251-labeled
murine

Mab 5G6.4 preferentially localize to HTB77 IP3 ovarian
cancer xenografts and that â€˜311-5G6.4
and FDG can image

human ovarian cancers by the single photon or PET
methodologies,

respectively, in patients (13,14,20,21).

The specific Mab chosen was 1251..5G6.4,a murine
IgG2aK that was developed against the human ovarian
carcinoma (HOC) cell line HTB77 1P3 (23). This Mab has

been shown to selectively accumulate into xenografts of
HOC in nude mice following intravenous or intraperito
neal injection, and to inhibit colony formation of ovarian

cancer cells from the malignant effusion of a patient with
recurrent

ovarian

carcinoma

(20,24).

The nonspecific

Mab used was â€˜251-UPC-lO,
a murine myeloma protein,
IgG2aK which has been shown to have no binding in vitro
to the HTB77 1P3 line (20). We compared the intra
tumoral and intracellular distribution ofthese three tracers
following intravenous

injection by autoradiography.

MATERIALSAND METHODS
AnimalModel

utive fresh frozen cross sections ( 10or 16 im thick) were prepared
from the middle of each of the tumor masses, air dried at room
temperature and kept at â€”70Â°C
until used.

Preparationof Tissue for GlycolMethacrylate(GMA)
Embedding
Blocks of tissue, measuring 3â€”5mm3, from different areas of
the tumors from one animal for each combination of tracer and
interval (three animals) were fixed overnight in Karnovsky fixa
tive at 4Â°C
(27), washed in 0. 1 M phosphate buffer at pH 7.2 and
embedded in glycol methacrylate (BioRad plastic embedding
media, BioRad Microscience Division, Cambridge, MA). Sections

(â€”
1 @m)
werecutandcollected
onacidwashed
slides.
Autoradiography
Slides were dipped in Kodak NTB2 emulsion, diluted 1/1 with
distilled deionized water at 42Â°C,and dried while in the vertical
position at room temperature for 1 hr. Slides with frozen sections
were exposed at 4Â°Cfor 1â€”4
wk. Slides with GMA sections were
exposed at 4Â°Cfor 29 days. At the end of the exposure period,
the slides were developed in Kodak D-19 full strength for 2 mm,
fixed in Kodak fixative for 5 mm and washed in three changes of
distilled deionized water, all at 20â€”22Â°C.
The developed slides
were then counterstained with either hematoxylin or with Lee's
stain (methylene-blue/basic fuchsin stain) (28), air-dried at room
temperature overnight and then mounted with Permount. Grains
were manually counted on several microscopic fields/tumor at
800x power (total of 238â€”270
cells/radiopharmaceutical), with a
visual determination as to their intracellular location (see Table
2).

Female Nu/Nu homozygous CD 1mice, 20â€”25
g, were injected

SQwith0.15 ml solutionof 10x 106HTB771P3cells/ml(ATCC, Immunohistochemistry

Thawed sections were fixed for 10 mm in buffered formalin
Rockville, MD). When the tumors reached 1â€”2
cm in diameter
(4% in PBS at pH 7.0) and were stained using a modification of
(2â€”3
wkpostinoculation),
theanimalswereinjectedintravenously
the indirect immunoperoxidase method of Hsu (29). Sections
with 0. 1ml solution (100 @sCi)
ofone ofthe radiopharmaceuticals.
were incubated with 10 @tg/mlsolution of biotinylated 5G6.4
(30) in diluent (4% BSA, 1% horse serum in PBS) for 30 mm,
Radiochemicals
washed with PBS and then further incubated with avidin-perox
The specific Mab used was â€˜251-5G6.4,
an IgG2aK antiovarian
carcinoma Mab developed against HTB77 1P3 HOC (23). The idase conjugate for 30 mm (Vectastain Kit, Vector Labs, Inc.
Burlingame, CA). The sections were then washed with PBS and
nonspecific Mab was â€˜251-UPC-lO,
an IgG2aK myeloma protein
the
bound antibody was visualized with diaminobenzidine (DAB)
(Litton Bionetics, Rockville, MD). Both were produced in ascites
and counterstained with hematoxylin. Sections incubated with
and purified to >90% purity by staphylococcal protein A chro
matography as previously described (20). Both Mabs were labeled the diluent alone were used as controls.
with 125j(ICN, Irvine, CA) by the iodogen method (20,25,26).
The â€˜251-labeled
antibodies solutions contained 100 @g
of protein, RESULTS
with activity of â€”100MCi.Immunoreactivity ofthe labeled Mabs
Histology
to HTB77 1P3 tumor cells was confirmed by a direct cell binding
Excised xenografts consisted mainly of tumor cells sup
assay (26) and was 69.1% Â±1.3% for â€˜251-5G6.4,
while binding
ported
by thin ridges ofconnective tissue that carried blood
of â€˜251-UPC-lO
was <3%. One hundred microcuries of deoxy-2fluoro-D-glucose 2 5,6-3H (3H-DG) or 2-deoxy-D-glucose,2 l-'4C vessels. The morphology of the tumors was heterogeneous
(â€˜4C-DG)
wer administered with specific activities of 300 @tCi/ between animals and in different areas ofthe same tumor.
mmol. Tntiated 2-DG or â€˜4C-DG
was purchased from A.R.C., In some areas, the morphology of a typical differentiated
St. Louis, MO.
adenocarcinoma with well defined acini and large lumina
were observed. In other parts ofthe tumors, sheets of either
Preparation of Tissues for Frozen Sections
very large cells or small cells were observed. The cells were
The tumors were excised at 2 hr or at 6 days following
moderately pleomorphic. The proportions of the different
radionuclide injection. Four animals were used for each combi
areas
ofanatomy were not the same in each ofthe tumors.
nation of tracer and interval. Two additional animals were used
as controls (total of 22 animals). The excised tumors were frozen

Small foci of necrotic cells were observed across the sec

in 2-methylbutane (iso-pentane) cooled in liquid nitrogen. The
frozen tissue was attached to the cryostat holder with OCT (Miles
Scientific, Naperville, IL) or with distilled water. Several consec

tions, although mainly viable tumor cells were present.
Although tumors that were excised six days postinjection
sometimes contained more necrotic areas than those taken
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at 2 hr postinjection, most of the tumors did not contain
large areas of necrosis (Fig. 1). In immunohistochemical
studies, 90%â€”95%ofthe cells were 5G6.4 antigen positive
(Fig.
2).

@.,

â€¢

Autoradiographyof FrozenSections
Xenografts from animals injected with â€˜4Cor 3H-DG
were excised at 2 hr postinjection (to correspond to the
timing of a delayed static PET scan) and tumors from
animals injected with the Mabs were excised at 2 hr and 6
days postinjection (to correspond with a delayed antibody
scan). Cryostat sections of these frozen tissues were auto
radiographed. At 2 hr postinjection, the grains in sections
of tumors from animals that received either â€˜251-5G6.4
or
â€˜251UPC10were primarily concentrated around blood
vessels throughout the sections, indicating that the Mabs
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FIGURE2. Thelocalization
of1251-5G6.4
infrozensections
of
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xenografts

of HTB77 1P3 ovarian carcinoma

grown in nude mice.

(Mag.1200x; Scale I 0 sm.) (A)Section directlyimmunostained
,.-@

with 5G6.4(10 zg/ml)and visualizedwith avidin-peroxidase-DAB
modificationof the method of Hsu et al. (29). 5G6.4 positive
granulesare seenthroughout cytoplasmof tumor cells. Staining

.

is also seen along the cells' membrane (arrowhead). (B) Control
@
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section incubated with avidin-peroxidaseand DAB only shows
no tumor staining.
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penetrated, via the blood vessels, both the center and
periphery of the tumor mass. In frozen sections of tumors
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from animals that received â€˜4Cor 3H-DG a similar distri
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FIGURE1. Crosssectionthrougha xenograft
of HTB77lP3
ovariancarcinomagrown in a nude mouse.The tumor is cellular
with narrow connectivetissue ridges bearingblood vessels.The
tumor is mainly viable, however, small foci of necrotic cells
surroundedby leucocyteinfiltratecan be seen.(A) Generalview
of the tumor. The skin side (distaledge)of the tumor is seen at
the upper left corner of the figure. Arrowheadsindicatean area
of infiltratingleukocytes.(Mag.40x; Scale250 SM.)(B) Enlarge
ment of an area from (A). Tumor cells are grouped in nests
surrounded by narrow ridges of fibrocytes. Two types of nests

can be distinguished:nests of cells with dense cytoplasm and
large nucleiand nests of largevacuolatedcells with smallnuclei.
Arrowheadindicatea connectivetissue ridgewith blood vessels.
(Mag.200x; Scale50 tim.)
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bution, but with greater diffusion away from blood vessels,
was observed (not shown). The grains in the sections from
animals that received â€˜25I-5G6.4or â€˜251-UPC-lOcould
clearly be seen on tumor cells and on the connective tissue
around the blood vessels (Fig. 3A,B). At 6 days postinjec
tion, more grains were seen on necrotic areas as compared
to 2 hr postinjection, but there were relatively more grains
on necrotic areas in the tumors from animals that received
â€˜251UPC10
than in the tumors from animals that received
â€˜251-5G6.4
(Fig. 3C,D). In animals that received the 1251..

5G6.4,more grainswereseenon tumor cellsand the grain
density over viable tumor cells was higher at the 6-day
interval when compared to both the 2 hr and the 6-day
intervals of tumors from animals that received 1251-UPC
10(Fig.
4;Table1).

GlycolMethacrylateSections
Xenografts of human ovarian carcinoma from animals
that received â€˜251-5G6.4
or â€˜25I-UPC-lOwere excised at 6
days

post-treatment.

Xenografts

from

animals

that

re
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FIGURE3. Autoradiograph
offrozensections
ofxenografts
of HTB77ovariancarcinoma
growninnudemicethatwereinjected
with 100 @Ci
of either 125l-5G6.4(A, C) or 1@l-UPC-1
0 (B, D). (A) Autoradiographof a section from a mouse injectedwith 1251-5G6.4
and excised 2 hr postinjection. Clusters of grains are seen near blood vessels (arrow) and along ridges of connective tissue
(arrowhead).(Mag. 50x; Scale 200 sm.) (B) Autoradiographof a section from a mouse injected with 125l-UPC-1
0 and excised 2 hr
postinjection.Clustersof grainsare closeto the connectivetissue ridges(arrowhead).(Mag.50x; Scale200 gm.)(C)Autoradiograph
of a necroticareafrom xenograftfrom a mouseinjectedwith 125I-5G6.4
and excised6 days postinjection.(Mag.200x; Scale50 sm.)

(D)Autoradiograph
ofa necrotic
areafromxenograft
froma mouseinjected
with1251-UPC-1
0 andexcised
6 dayspostinjection.
(Mag.
200x; Scale 50 gm.) More grains are seen in the necrotic area of the 125l-UPC-1
0 treated tumor (D) than in the 125I-5G6.4treated
tumor (C).

ceived â€˜4C-DG
were excised 2 hr postinjection only, in
keeping with the shorter half-life of 18fTJ( and the con
sequent

need to perform

imaging sooner postinjection

than with radiolabeled antibodies.
Autoradiographs

of sections of tumors

from animals

that received 12515064 revealed grains over both viable
cells and necrotic areas. There were more grains on some
groups of cells than on others. In many cases, the grains

were lined along the cell membranes (Fig. 4A). Of the
grains seen on the viable cells, 53. 1% were located along

the membranes and 46.9% were over the cytoplasm (Table
2). Many grains were seen on necrotic areas (Figs. 3C and

5B). Most of the grains from tumors in the animals that
had received â€˜251-UPC-lO
were seen in the necrotic areas
(Fig. 3D) and on the ridges ofconnective

tissue, with fewer

over the viable cancer cells (Fig. 4B). When grains over
viable cells were counted in the animals that received 125!
UPC-lO, 85.8% ofthem were on the cytoplasm ofthe cells
and 14.2% on the cell membrane (Table 2), a ratio con

most grains were on viable-appearing cancer cells and only
a few grains were seen on either connective tissue ridges
or necrotic cells. The absence ofgrains from necrotic areas,
which was also observed in the frozen sections, was one of
the main differences between autoradiographs from ani
mats that received 2-DG and those that received either of

the Mabs. The high grain concentration that was observed
on â€˜healthy'looking cancer cells surrounding the small
necrotic areas was another feature that distinguished the
autoradiographs of tumors from animals that received 2DG from those of animals that received the Mabs (Fig.
5A). With the Mabs, at the 2-hr time interval, there was a
high concentration of grains on perivascular viable cancer
cells (Fig. 3A,B). Grains over necrotic areas were observed
only rarely in tumors from animals that received 2-DO

(Fig. 5A). Grain counting showed that 20.3% ofthe 2-DO
grains were localized on the membranes

of the viable cells

while 79.7% were on their cytoplasm (Table 2). In many

cases, the grains appeared to be on the mucus containing
vacuoles seen in the cells (not shown). No grain concen
area on the microscopic slices.
tration was seen over tumor infiltrating leukocytes with
In tumors removed from animals that received â€˜4C-DG, any of the tracers (Fig. 6).
sistent with the ratio of cytoplasmic/membrane
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directly compared the targeting ofmembers oftwo families
â€˜p
of agents used for cancer imaging, 2-DO and tumor
â€¢1'I
reactive Mabs, in the same human tumor xenograft sys
tem, namely xenografts of human ovarian carcinoma
(HTB77 1P3) on nude mice. Previous studies using the
same animal model indicated that the Mab â€˜251-5G6.4
is
retained in the tumor to a greater extent than the 125I
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increasing
protein
dose
(31
).Prior
studies
have
also
shown
â€˜251-5G6.4

poor
has

is

targeting
been

shown

heterogeneous

of

UPC-lO
to

but

to

this

preferentially

is

more

tumor.
localize

uniform

with

Deoxyglucose-2
to

xenografts

of

this tumor in nude mice (13).
The current study indicates that at 2 hr postinjection
,-@,,
the intra-tumoral distribution of the two radiolabeled an
-@,@
. .
@.
.:
.
â€˜
- I.
I'
tibodies is similar, with most of the radioactivity concen
trated close to blood vessels. Their final intra-tumoral
distribution and their cellular localization at 6 days post
injection are disparate, however, apparently due to their
.
t
different immunological specificities. At this late time, the
tumor-reactive Mab 5G6.4 binds to viable cancer cells
..
a
with more than 50% ofthe activity localized to cell surface
membranes, a result that is consistent with the cell surface
B:;
â€¢
,
â€˜,@,
localization of the antigen. This is supported by flow
cytometric studies showing 5G6.4 binding to viable cul
a
tured HTB77 1P3 cells (32), although our histochemical
results demonstrate the presence of both inter- and intra
.
.
I,@
cellular antigen (Fig. 2). Additional kinetic studies are
needed to determine whether the intracytoplasmic local
ization of the radioactivity is indicative of a direct in vivo
binding of the antibody to the intracellular antigen or is
@.
,
,..-1j,-@.,
-,
the result ofthe internalization ofthe surface Mab-antigen
complex.
_w@',.
.@â€˜@;â€˜
, â€¢ â€¢â€˜
â€˜,
The intra-tumoral and cellular localization of â€˜25I-UPC
c@b@
10 is consistent with the minimal binding that was ob
FIGURE4. Autoradiographs
of sections
of GMCembedded served in cell binding assay ofthe radiolabeled nonspecific
samplesof xenograftsof HTB771P3ovariancarcinomagrown in antibody to cultured HTB77 1P3 cells. Most ofthe activity
nude mice that were injectedwith either 1251-5G6.4
or 1251-UPC at the 6-day interval is seen over necrotic areas and con
10 or 14C-DG.(Mag. 800x; Scale 10 @zm.)
(A)Autoradiograph of nective tissue with only few grains associated with viable
a section from a mouse injected with 1251-5G6.4
and excised 6
days postinjection.Grainscan be seenalongthe membranesand cancer cells as compared to the specific antibody. Neither
inside the viable cancer cells. (B) Autoradiographof a section antibody, however, is significantly accumulated into tu
from a mouse injected with 1251-UPC-1
0 and excised 6 days mor-infiltrating leukocytes. This finding suggests nonan
postinjection.Grains are seen on connective tissue ridge, and tigen-specific retention of â€˜251-UPC-lO
in the necrotic por
very few grains are seen on the viablecancer cells. (C) Autora
tions of the tumor and is indicative of the importance of
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a

diograph of a section from a mouse injected with 14C-DGand

excised 2 hr postinjection.Grainsare seen mostly on the cyto
plasmof the viabletumor cells.

DISCUSSION
Many studies oftumor targeting agents have focused on
the macroscopic levels of radiotracer delivery to tumors
and normal tissues while fewer address targeting on the
microscopic or subcellular level. To best interpret nuclear
images oftumor-targeting agents in vivo, an understanding
of the tissue, cellular and intracellular targeting properties
of the radiotracers is desirable. In the current study, we
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factors other than antibody-antigen
specificity in tumor
targeting; moreover,
it further supports the view that in

vitro observations are only partially-accurate predictors of
in vivo tracer behavior (33â€”35).
In contrast to the Mabs, the glucose analog 2-DO dif
fuses farther away from blood vessels by 2 hr postinjection
and accumulates in the cytoplasm of viable tumor cells,
particularly in areas just peripheral to necrotic cells. Little
to no 2-DO uptake was seen in the necrotic area. It may
well be that

the viable

cells near

the necrotic

area

are

somewhat hypoxic and thus are more dependent on an
aerobic glycolysis as an energy source than are other cells

79

TABLE I
Comparison of Grain Distribution in the 1P3Adenocarcinomas@
postinjection03H-DGOnviablecells*
@

â€˜@l-5G6.4

grains/cell.t
Ã·++,
more
dense

sparse.S
+++,

dense;

than

++,

++,

10

3H-DG1251-5G6.4125I-UPC-1

++

+++++++not

@.
+

Â±â€”â€”not
Â±Â±+++not

Â±

+

â€”+++++not

-

-

---not

+

7 grains/cell;

dusters;

1@l-UPC

+++

doneClusters
doneOnnearbloodvesselst
doneOn
connectivetissueridgest
doneOn
necroticareas
done*
tumorinfiltratingleukocytes

clusters.*
+++,

days

2 hr postinjection6

++,

3â€”7 grains/cell;

moderately

moderately

dense

dense;

+,

dusters;

1â€”2
+, sparsely

dense

+,

Basedonexamination
of tumorsfrom22 animals;
20 experimental
and2 controls.

and therefore attempt to use glucose (and glucose analog).
Indeed, preliminary in vitro data from our laboratory
support this concept (36). The lack of 2-DO uptake by
white cells is in contrast to a preliminary report by Kubota
et al. (22) suggesting substantial FDG uptake by tumor
infiltrating mononuclear cells. This issue warrants addi
tional study.

It appearsthat the final cellularlocalizationand the
intra-tumoral distribution of these tracers is determined
by a combination

of tumor-associated

factors such as

regional blood flow, the interstitial environment of the
tumor cells, the presence of specific antigens, the level of
glycolytic metabolism and the presence of necrotic areas
in addition to properties of the tracer (33â€”35,37). More

over, the intra-tumoral distribution of the antibody tracer
is dependent on the time interval from the injection with
evidence of tumor-specific binding most apparent at the
delayed time points.

Distribution of the Grains in Viable Tumor CeIls*@
â€˜@l-5G6 1@l-UPC
10
14C-DG

fields

66

269
(20.3%)
1053
(79.9%)
1322

cancer cells and in necrotic areas. These differences in
location of uptake may be of relevance in the follow-up of
cancer treatments, as the amount of necrosis will increase

1.7

5.5

996

in which

more
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with effective treatment and it is conceivable that the Mab

0.18Â±0.08 0.25Â±0.061

than

90%

of the

cells

were

labeledwerecounted.
t Grains

located

further

than

one

mm

away

from

the

membrane

in

800x photomicrographswere countedas cytoplasmic,based on
Salpeter et al.,J HistochemCytochem 1974; 22:217, and Salpeter et
aJ.,JCeIIBioIl977; 72:161.
was similar by both techniques,

quantifIedusingthe glycol-methacrylate
sectionsonly.
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accumulation in the tumor may overestimate
number of viable cancer cells.

the residual

Our results with autoradiography of Mabs are consistent
with those of several groups, showing that there is accu
mulation of intact tumor-reactive antibody near blood
vessels (38â€”40). However, by 6 days postinjection, the
perivascular localization was less apparent in our system.
Autoradiographs
at the 6-day interval showed a much

more uniform pattern ofradioantibody distribution, more

* Calculated/fIeld.

I The intracellular distribution

ecules are, most likely, not very mobile and tend to stay
on the viable cell's surface, while the nonspecific â€˜251-UPC
10 molecules are more mobile and tend to diffuse and be
retained in the necrotic areas, possibly due to poor perfu
sion. It is clear that while both a specific Mab and 2-DO
localize to cancer cells, the mechanisms of their retention
and sites of accumulation are quite different and that they
reflect different biochemical phenomenon.

potential clinical relevance. In preliminary studies, both
radiopharmaceuticals
can image ovarian cancer in vivo in

(4-630x flelds)(6-630x fields)(6-680x fields)

a Microscopic

the nonspecific Mab. The strongly bound 1251..5G6.4mol

(14.2%)
400
(85.8%)
466

270

(53.1%)
878
(46.9%)
cytoplasm
No.ofgrainscounted 1874
7.8
No.of grains/cell
Ra@o
Memb/cyto 1.14Â±0.10
plasmÂ±s.d.*

in tumors from animals receiving the specific Mab is four
times that seen on viable cells from tumors that received

women (21,22). The targeting of 2-DO mainly to viable
tumor cells differs from that of 12515064 or other Mabs
in other systems (38), which accumulate in both viable

239

No. of grains on cell
n-1,embranet
No.of grainson

UPC-lO, is retained more in the connective tissue and
necrotic areas than it is bound to viable tumor cells. The
number ofautoradiographic grains observed on viable cells

The observation regarding the location oftumor uptake
of monoclonal antibody â€˜251-5G6.4
and of 2-DO are of

TABLE 2

No.ofcellscounted

At the cellular levels, the â€œspecificâ€•
monoclonal anti
ovarian carcinoma antibody, 125I..5G64, binds more to
viable tumor cells than to necrotic cells and the antigen
seems to be present in the cell cytoplasm and on the cell
membrane. The nonspecific monoclonal antibody, 125J

but

in keeping with the distribution

of antigen in the tumor.

This is somewhat different than the perivascular intra
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FIGURE6. Autoradiograph
ofa section
froma mouseinjected
with â€˜4C-DG
and excised 2 hr postinjection.No grains are seen
on infiltratingleukocytes(arrowheads).Mostgrainsare seen over
viable-appearing cancer cells. (Mag. 900x; Scale 10 sm.)
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DO, into necrotic areas. The somewhat increased uptake

of 2-DO in viable tumor cells near necrotic areas which
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we observed, is different from that reported for 3H-thy
midine, which accumulates in proliferating cells.
In summary, we have shown that at 2 hr postinjection,

2-DO is accumulated and preferentially retained in the
@

@B,Ã§a ,@)

cytoplasm

â€”p

of viable

cancer

cells,

especially

those

near

necrotic areas of the tumor. At 2 hr postinjection, both
FIGURE5. Autoradiographs
of sections
of GMCembedded the specific and nonspecific antibodies are mainly distrib
samplesof xenograftsof HTB771P3ovariancarcinomagrown in uted perivascularly in the tumors. However, by 6 days
nude mice and injected with either 125I-5G6.4or 14C-DG.(Mag.
1200x; Scale 10 tim.) (A) Autoradiographof a section from a postinjection, the specific Mab, 1251..5G6.4, is distributed
mouse injected with 14C-DGand excised 2 hr postinjection. throughout the tumor and is retained over the membrane
Grainsare seenon normallookingtumor cellson the edge of the and in the cytoplasm of viable cancer cells and, to some
necrotic area but only few on the necrotic area itself (n). (B) extent, in necrotic areas, possibly due in part to tumor
Autoradiograph of a section from a mouse injected with 125I
5G6.4 and excised 6 days postinjection.At this time interval,

grains are seen on both normal tumor cells and the necrosis.
Infiltrating leukocytes (lobulated dark nuclei) are seen on the
border betweenthe two areas.
tumoral distribution

at 1â€”6
days postinjection

reported by

Pervez et al. (39), or the peripheral localization reported
by Demignot et al. (40). Our results may differ from others
because we used a relatively high (100 @g)
dose of antibody
protein, and because it is a different antigen/antibody
system.
We are aware of no direct comparisons of 2-DO and

Mab localization at the microscopic level in tumors. In an
elegant, dual-label macroscopic whole-body autoradio
graphic study, Fand et al. (41 ) compared the localization
of an anti-CEA antibody, NP-2, an irrelevant antibody
(Ag8) and 3H-thymidine (used to assess â€œviabilityâ€•
of
tumors) in the GW-39 human colon carcinoma xenograft
system. Their results are quite consistent with our obser
vations, i.e., that a considerable portion of antibody ac
cumulates in â€œnonviableâ€•
areas of cancers while there is
no uptake of the metabolic tracers, 3H-thymidine and 2-

Tumoral Distribution of 2-DG â€¢
Brown et al.

reactive antigen

in such locations.

At 6 days postinjection,

the nonspecific antibody, â€˜251-UPC-lO,is retained to a
lesser extent over viable tumor cells, with the residual
intra-tumoral activity seen mainly over necrotic regions of
the cancer. Neither 2-DO nor antibodies were seen to
accumulate in tumor-infiltrating white cells in this system,
although it must be realized that the nude mouse host has
a deficiency in T-cell immunity, and studies in immuno
competent hosts are necessary in order to further evaluate
this issue. These findings also suggest that 2-DO accumu
lation in tumors may be a better indicator of tumor
viability than Mab accumulation, although further studies
in monitoring treatment response are necessary. A more
complete understanding of the intratumoral, cellular and
subcellular distribution of these radiotracers should allow
for a more accurate interpretation of nuclear images oh
tamed using FDG or radiolabeled Mabs.
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