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ABSTRACT

One important issue in radioimmunodetection is how well the current
methods can locate and disclose small metastatic foci in visceral sites.
We have developed a human colonie tumor metastasis model by surgically
implanting GW-39 tumor cells in the liver of unconditioned hamsters.
Tumors were produced in 71 of 73 animals and were mai-roseci pical Iy

apparent within 1 wk. In addition, multiple nodular lung mÃ©tastases of
GW-39 were found in about 80% of the animals given implants of tumor

in the liver, but implantation of tumor in the spleen failed to show lung
mÃ©tastases even after 4 wk. Hamsters bearing GW-39 liver and cheek

pouch grafts or normal hamsters were given injections of a mixture of
1"1-laln'k'il anti-carcinoembryonic antigen antibody and I25l-labeled ir

relevant immunoglobulin G. After 7 days, tumor was localized by external
scintigraphy without subtraction techniques in both the liver and cheek
pouch, but even in animals with extensive lung mÃ©tastases we failed to
unequivocally detect tumor in the lungs by external imaging or by
comparing tissue counting data from uninvolved and tumor-bearing lungs.
However, whole-body autoradiography confirmed specific localization of
anti-carcinoembryonic antigen antibody in the tumors at all sites indicat

ing that tissue counting and external imaging were not sensitive enough
to reveal micrometastatic tumors. Thus, the current methods used for
this model appear to be useful for further investigation of the radioim-

aging of tumors growing in visceral organs.

INTRODUCTION

One of the major uses of human tumors transplanted in
animal hosts has been the demonstration of antibody-mediated
detection, by immune scintigraphy or RAID,3 and therapy of

the neoplasms using either polyclonal or monoclonal antibodies
directed against human tumor-associated antigens (1-6); in
deed, human chorionic gonadotropin and CEA were the first
human tumor-associated antigens to serve as targets for radio-
labeled antibodies in experimental studies of RAID (1-3) and
of RAIT (7), thus providing the laboratory basis for subsequent
successful clinical trials (8-10). With the advent of hybridoma-
derived monoclonal antibodies (11) and of the nude mouse
model for tumor transplantation across species barriers (12),
the applications of RAID and RAIT as well as the establishment
and use of human tumor grafts have prospered (see, e.g., Refs.
13-16).

A limitation of the human transplant model for the study of
autochthonous human cancer is the rarity of metastasis, which
is the principal distinguishing trait of malignancy. When me
tastasis has occurred in human tumor transplants, evidence for
genetic alteration of the tumor cells and involvement of the
host genome has been provided (17-19); however, some mÃ©tas
tases of human tumor grafts in nude mice have been shown to
be derived from and still resemble the human tumor transplant
(20-23), especially when immature, helper-cell-deficient mice
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were used (24). It is therefore of interest, for a number of
inquiries, to foster true metastasis of human tumor xenografts,
recognizing of course that the application to cancer in humans
is limited by the specific issues posed.

One important question in RAIT as well as in other forms of
human tumor treatment is the effects of the investigative ap
proach on metastatic tumor cells, particularly if these mÃ©tas
tases lead to host death. Another issue is how well current
RAID methods can locate and disclose by external imaging
small metastatic foci as well as tumors growing in visceral sites,
since this is more consistent with the course and problems of
human cancer. We have therefore studied the transplantation
and growth of a human colon cancer, GW-39, in visceral organs
of the hamster and the localization of these tumors and their
lung mÃ©tastaseswith radiolabeled anti-CEA antibodies. This
report deals with the model and initial RAID results.

MATERIALS AND METHODS

Tumor Transplantation. GW-39 cells used for liver, spleen, or cheek
pouch transplantation were taken from serially propagated tumors
maintained i.ni. in the hind leg of 6- to 8-wk-old (60-100 g) uncondi
tioned female Syrian hamsters (25). The tumor was minced with scissors
in cold sterile 0.9% NaCl containing gentamicin (100 Mg/ml)and passed
through a 40-mesh wire screen to obtain a suspension. The volume of
saline was adjusted to yield a final 30-50% (w/v) tumor cell suspension.
The tumor cell suspension was drawn into a syringe titled with a 25-g,
5/8-in.needle and injected into the right cranioventral lobe of the liver
(26). The liver was exposed by making a 1-cm diagonal incision below
the right rib cage in animals anesthetized with 0.1 ml ketamine hydro-
chloride. A volume of 0.1-0.3 ml of the tumor suspension was injected,
and after removing the needle, sterile gauze was held over the injection
site to prevent bleeding and spillage of the tumor cells from the
nonencapsulated hamster liver. The incision was then sewn in 2 layers
using 5-0 silk. In instances where tumors were implanted in both the
cheek pouch and the liver, the same tumor cell suspension was used for
each transplant. Transplantation in the spleen proceeded similarly to
that of the liver except that the spleen was exteriorized for injection of
0.1 ml of the tumor cell suspension.

Groups of 3-4 animals were sacrificed on a weekly basis and all the
organs were removed, placed in formalin, and processed for routine
histological examination. At the time of dissection, the lungs of the
animals given liver implants were noticed to have widely scattered,
multiple, spherical nodules. The extent of tumor involvement was
macroscopically graded from 1 to 3; 1 was equal to less than 10% of
the lung with tumor nodules, 2 was equal to 10-50% involvement, and
3 was equal to greater than 50% of the lung with tumor.

Antibody Preparation. Affinity-purified, goat anti-CEA antibody IgG
was prepared as previously described (2). Goat IgG was purchased from
Pelfreeze (Rogers, AR) and used without further purification. The IgG
was radioiodinated by the chloramine-T method (27) to a specific
activity of 12.5 mCi/mg for the antibody and 5 mCi/mg for the goat
IgG. Unincorporated iodine was separated from IgG-bound iodine by
gel filtration over a I'D 10 (Pharmacia) column equilibrated in 0.04 M
phosphate-buffered saline containing 1% human serum albumin. The
immunoreactivity of the iodinated antibody was assessed by passage
over a CEA immunoadsorbent. Typically, over 70% of the radiolabeled
antibody bound to the CEA immunoadsorbent whereas only 5% of the
goat IgG was bound. In addition, over 90% of the radiolabeled antibody
IgG bound to an anti-goat IgG immunoadsorbent, whereas gel filtration
on a 1.6 x 60-cm S-200 column (Pharmacia) revealed no detectable
aggregation and less than 2% small molecular weight iodine.
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Biodistribution and Imaging of Tumors with Radiolabeled Anti-CEA
Antibody. Five to 7 days after tumor implantation the animals were
given injections i.p. of a mixture of 0.02 mg (0.25 mCi) of i:"I-labeled
goat anti-CEA antibody and 0.02 mg (0.10 mCi) '"I-labeled normal

goat IgG. Another group of normal hamsters received an identical
mixture of antibody and normal IgG and served as a comparison for
both tissue counting and imaging data. The animals were given Lugol's
iodine in their drinking water (1 ml Lugol's solution/100 ml of water)
24 h before injection of the antibody and were maintained on Lugol's

throughout the experiment. Animals were imaged and sacrificed 1, 3,
7, and 10 days after the injection of the radioantibody. External
scintigraphy was performed with an Omega 500 camera (Technicare)
using a high energy collimator peaked on 364 keV for the 13II. The

animals were placed in the prone position directly on the collimator
face. Images were collected for 50,000 counts and were routinely
processed on a Technicare 560 computer. All the images were processed
identically for reduction of background activity and image intensifica
tion. Animals were sacrificed and the liver, spleen, kidney, and lungs
were counted for radioactivity. In the liver, the tumor was separated
from surrounding uninvolved tissue and counted separately. In addition,
a portion of an uninvolved lobe, the left dorsoventral lobe was counted
separately. Due to the very small size (<2 mm diameter) of the tumor
nodules in the lungs, the entire lung was removed and counted in toto.
Calculations were made for the percentage of injected dose per gram
tissue or blood and the localization index (ratio of antibody to goat IgG
in the tissue divided by the ratio of antibody to goat IgG in the blood)
(28). All values were corrected for physical decay of the isotopes.

Whole-Body Autoradiography. Eight animals bearing 7-day-old liver
tumor implants were given injections of I25l-labeledanti-CEA or normal
goat IgG ( 150 /jCi) and were flash frozen and processed for whole-body
autoradiography 7 days later. Serial 50-iim sections were cut through
the sagittal plane of each animal and each section was placed on 1KB
Ultrafilm for exposure as described previously (29).

RESULTS

Growth Characteristics of GW-39 Transplanted in the Liver
and Spleen. Injection of GW-39 into the liver of unconditioned
hamsters produced tumors in 97% (71 of 73) of the animals
within 5 days. The tumor grew almost exclusively at the im
planted sites and did not spread throughout this lobe or to
other lobes within 3-4 wk. Occasional satellite mÃ©tastaseswere
observed on the surface of the other lobes away from the
injection site. Upon microscopic examination a single tumor
mass was usually observed in or on the surface of the liver at
the injection site, but in some instances, several colonies away
from the major tumor mass were found within the lobe. In
many instances (about 6'0% of the time), macroscopically ap

parent tumor also grew in the muscle on the underside of the
incision site, perhaps due to leakage of tumor cells from the
liver; indeed, if care is not taken during the implantation
procedure, spillage of tumor cells from the injection or leakage
from the nonencapsulated hamster liver will give rise to tumor
within the peritoneal cavity, mainly attached to the serosa of
the organs.

Within 5 days after transplantation of tumor in the liver,
multiple spherical nodules of tumor were apparent in the lungs
of about 80% of the animals. No other organs contained tumor
by macro- or microscopic examination. The extent of lung
involvement varied from only slightly (1+) to extremely in
volved (3+). As in the liver, the histopathology of the lung
tumor was the same as that of the original transplant, predom
inantly a signet ring carcinoma. A lung with extensive involve
ment was minced and the cell suspension was injected into the
cheek pouches of 6 normal hamsters. Tumors with the same
histology as that of GW-39 appeared in all animals within 5-7

days. Fig. 1 shows the gross and microscopic appearance of the
tumor in the liver and lungs.

GW-39 was also implanted in the spleen of 27 animals. In
these cases, tumors grew in the spleen in 93% of the hamsters,
but unlike liver implantation, mÃ©tastasesto the lungs were not
evident by microscopic examination in any of the animals, even
3-4 wk after transplantation. One animal after 2 wk had a
small focus of liver metastasis by microscopic examination, but
no lung or kidney involvement was found.

Biodistribution and Imaging of Tumors Implanted in the Liver
and Cheek Pouch. Table 1 summarizes the percentage of in
jected dose per g and localization indices of the liver and cheek
pouch tumors removed from animals at 1,3, 7, and 10 days
after injection of the radiolabeled antibody. As shown in Table
1, the average antibody uptake in the tumors at these sites was
not significantly different. The ratio of antibody activity in the
liver tumor to uninvolved liver taken from an adjacent lobe was
4.6 Â±2.3 (SD), 6.4 Â±3.8, 10.8 Â±4.8, and 36.4 Â±22.5 on days
1, 3, 7 and 10, respectively.

Radioantibody uptake in the lungs is presented in Table 2.
The percentage of injected dose per gram lung in the tumor-
bearing animals was independent of the extent of lung mÃ©tas
tases on all the days tested. In addition, the percentage of
injected dose per gram of lung from tumor-bearing animals was
actually lower than that of the lungs from normal animals. This
difference may have been due to the slower blood clearance rate
of the antibody in the normal animals as compared to the
tumor-bearing animals (Fig. 2). Normal goat IgG was cleared
at the same rate in both tumor-bearing and normal animals
(not shown); however, the lung/blood ratios did not consistently
identify differences between tumorous or tumor-free lungs from
tumor-bearing and normal animals, respectively, although there
was a tendency, especially on days 7 and 10, for the lungs with
the greatest amount of tumor involvement to have higher lung/
blood ratios; thus, unlike tumor in the liver or cheek pouch
there was not a clear distinction between radioantibody uptake
in nontumorous and tumorous lungs. The LI also did not show
appreciable differences between the lungs of tumor-bearing and
normal animals, nor were these values as high as the LI found
for the tumor in the cheek pouch or liver; however, a higher LI
was generally associated with lungs having the greatest amount
of tumor.

Fig. 3a shows the image of a tumor implanted in the right,
cranioventral lobe of the liver and of a tumor in a cheek pouch
of an animal 7 days after the injection of I3ll-labeled goat

antibody. No subtraction techniques were used. The corre
sponding tissue data expressed as the percentage of injected
dose per gram of tissue and the LI are shown in Table 3. As
confirmed by tissue counting data, the image in the central
body cavity of this animal was predominantly due to the activity
in the liver. The tumor measured 1.0 x 1.0 X 0.4 cm and was
on the surface of the liver. The activity associated with the
incision site and spleen also was elevated in comparison to the
other tissues, but we were unable to histologically confirm
tumor at these sites; thus, the reason for the elevated values in
these sites is unclear, but most likely there were microfoci of
tumor that were missed by our routine histological processing.
Lung involvement was macroscopically graded as 1+ and no
radioactivity was observed in the upper chest cavity. The image
of a normal animal (Fig. 3b) generated at the same intensity as
that of the tumor-bearing animal clearly shows that the en
hanced activity in the liver of the latter animals was due to the
presence of tumor.

In contrast to the animal shown in Fig. 3a, the hamster in
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Fig. 1. Macroscopic and microscopic appearance of GW-39 transplanted in the liver of adult hamsters and arising lung mÃ©tastases,a. macroscopic appearance of
the tumor (needles) in liver and lungs; b, portion of liver removed from the animal in (a) showing the tumor (needle); c, GW-39, a signet ring carcinoma (â€”>),shown
in a hematoxylin-eosin stained section of the liver, x 125. d, higher magnification of the tumor (Â«-)in liver, x 300. e, macroscopic appearance of the lungs taken
from the animal in (a);/ GW-39 (â€”Â»)in lungs, x 125.

Fig. 3c had a tumor that was smaller (about 0.25 x 0.25 cm) the high concentration of activity within it as compared to the
and that was embedded within the liver in addition to extensive liver and lung tumors. Enhanced but diffuse activity is observed
(3+) lung involvement. The cheek pouch tumor of this animal in the region of the tumor in the liver and in the upper chest
weighed only 62 mg but still is very evident by imaging due to cavity. Whether or not the activity in the upper chest cavity is

3679

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2426214/cr0460073677.pdf by guest on 19 M

ay 2023



METASTASIS MODEL FOR RAID

Table 1 Comparison ofanti-CEA IgG and normal goat IgG uptake in tumors at different sites

Time postinjection of
radiolabeled antibody

(days)1

3
7

10%

injected dose/gtissueNo.

of
animals67

9
4Liver

tumor4.66
Â±2.77*

1.78 Â±0.78
0.58 Â±0.30
0.39 Â±0.13Cheek

pouch
tumor2.54

Â±1.15
1.60 Â±0.63
0.41 Â±0.11
0.47 + 0.10Uninvolved

liver*0.98

Â±0.16
0.28 Â±0.07
0.06 Â±0.02
0.01 Â±0.01Liver

tumor3.1

Â±0.9
3.1 Â±0.3
5.7 Â±3.3

11.3 Â±2.5Localization

indexCheek

pouch
tumor1.8

Â±0.6
2.0 Â±0.4
3.1 Â±1.0

10.7 Â±3.6Uninvolved

liver0.9

Â±0.1
0.9 Â±0.06
1.3 Â±0.4
1.4 Â±0.1

' Macroscopically tumor-free liver taken from the left dorsocaudal lobe.
*Mean Â±SD.

Table 2 Tissue counting data from the lungs of normal and tumor-bearing animals with varying degrees ofmetastatic tumor in the lungs

Time postinjection of
radiolabeled antibody

(days)13710Tumor-bearing

animalsLung

tumor"None1

+2+3+None1

+2+3+None1

+2+3+None1

+2+3+%

injected
dose/glungNDr0.56-0.93

(2)1.20-3.10(4)ND0.25-0.63

(3)ND0.91

(1)0.79-1.11
(3)0.17(1)0.12-0.16(3)0.13-0.19(3)0.16-0.22(2)ND0.02(1)0.02-0.5

(2)0.5(1)Lung/bloodND0.41-0.450.55-1.30ND0.47-0.60ND0.470.56-1.00.680.47-0.850.44-0.620.65-1.23ND0.50.5-0.71.0LIND0.6-0.90.6-1.41.40.9ND1.11.0-2.11.31.0-1.21.01.2-1.5ND1.01.1-1.31.6Normal

animals%

injected
dose/g lungLung/blood1
.97-2.13'' (2)'0.50-0.520.94-1.21

(2)0.7-1.00.28-0.53(4)

0.46-0.510.3-0.5

(4) 0.4-0.5LI1.01.0-1.41.1-1.21.0-1.2

" Tumor involvement in the lungs was based on macroscopic examination; 3+ is extensive lung involvement.
* Animals were given injections of GW-39 tumor in the liver and left cheek pouch 5-7 days prior to the injection of the antibody.
' ND, not determined because there were no animals found at this time with tumor involvement in the lungs as indicated.
rf Range.
' Numbers in parentheses, number of animals.

11n.41
1 2 9 4 S 6 7 8 a 10

DayÂ»Post Injection

Fig. 2. "'I-labeled goat anti-CEA IgG blood clearance data from tumor-
bearing or normal hamsters. X, normal animals; â€¢,tumor-bearing animals. Bars,
SD; n. number of animals per observation.

due to specific localization of the tumorous lungs is unclear,
since tissue counting data do not confirm a high level of activity
in the lungs (Table 3) and normal animals also have a similar
level of activity in the upper chest cavity when the images are
adjusted to the same intensity (not shown).

In order to determine whether or not there was an enhanced
radioantibody uptake in the metastatic lung tumor, animals
were separately given injections of ' "I-labeled anti-CEA anti
body or I25l-labeled normal goat IgG and flash frozen 7 days

later for evaluation by whole-body autoradiography. In all 4 of
the animals given the radiolabeled antibody, tumors located in
the liver and lungs (multiple foci) were visualized (Fig. 4). None
of the animals injected with I25l-labeled irrelevant goat IgG

showed enhanced radioactivity in either the liver or lungs; thus,
specific radioantibody localization was apparent in the lungs by
autoradiography, although unequivocal specific antibody local
ization in tumorous lungs could not be shown by external
scintigraphy or by tissue counting.

DISCUSSION

The radioimmunodetection of tumors in experimental animal
models generally has relied on the demonstration of tumors
transplanted in sites away from the central body cavity, i.e.,
peripheral s.c. sites, i.m. sites in the hind legs, or in the cheek
pouch of hamsters (1-7). In this report, we have implanted a
human colonie tumor, GW-39, in the liver of normal adult
hamsters and have shown that the liver tumors can be imaged
with "'I-labeled anti-CEA antibody without subtraction tech

niques. We are aware of only 3 other reports in which tumors
growing in the internal organs of experimental animals have
been used for radioantibody localization studies. Scheinberg
and Strand (30) have demonstrated imaging of tumors by a
monoclonal anti-viral envelope glycoprotein antibody in the
spleen of mice infected with Rauscher murine erythroleukemic
virus. Hnatovich et al. (31) used a subrenai capsule implant of
a human colonie tumor xenograft for localization studies with
'"In- or I25l-labeled anti-CEA antibody but showed external

imaging of an intrapinnal implanted tumor rather than the
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CPT

Fig. 3. External scintigraphy of hamsters transplanted with GW-39 tumor in the liver (a and c) and a normal hamster (b). Animals were imaged 7 days after
injection of '-"I-labeled goat anti-CEA antibody on an Omega 500 scintillation camera. Images for animals in a and b were adjusted identically for the level of
background activity and image intensity. A mirror-image of the scintigraphs is shown so that the animal's left side is the same as the viewer's left. Image c was

intensified to a level 2.5 times higher than images a and b to improve the resolution of areas that had high concentrations of activity. CPT, CP, cheek pouch tumor;
LvT, liver tumor; bid, bladder: Lu, lungs. Tissue counting data derived from these animals are given in Table 3.

Table 3 Percentage of injected dose per gram tissue and localization indices for animals shown in Fig. 3

TissueCheek

pouchtumorLiver
tumorIncision

site includingmuscleand
skinLiverSpleenKidneyLungsBloodMuscleFig.

3fl%

injected
dose/g1.35(0.415)Â°9.51

(0.183)0.53
(0.232)0.060.450.150.12(1+)*0.140.13LI2.355.434.021.213.281.191.051.001.13%

injected
dose/g0.280.290.250.531.04Not

determinedFig.

3*LI1.151.291.041.191.00Not

determinedFig.

3c%

injected
dose/g2.76

(0.062)0.67(0.132)0.21

(0.401)0.070.160.200.22

(3+)0.340.10LI5.424.571.001.001.551.341.051.001.07

" Numbers in parentheses, weights of tumors.
'' Values in parentheses, extent of lung metastasis graded according to macroscopic appearance.

tumor in the subrenal capsule. Recently, Shah et al. (32) have
described the localization of human breast and colon tumor
cells in the spleen of athymic mice but did not compare the
imaging of intrasplenic tumors to other tumor sites. Although
the spleen and subrenal capsule are more centrally located than
the peripheral sites commonly used in RAID studies, the kidney
and spleen are somewhat removed from the area of major blood
pool activity in the liver. This is apparent from the study by
Shah et al. (32), where external imaging visualized the splenic
tumor in the abdomen away from the intense activity in the
lower chest and upper abdomen around the lungs, heart, and
liver. Since most human tumors do not metastasize to the
kidneys or spleen, the GW-39 colonie tumor growing in the
liver, with the resulting lung mÃ©tastases,is more similar to the
behavior of this tumor in humans, and therefore may represent
a better model for investigating tumor imaging and therapeutic
protocols.

As we have reported earlier (33), the ability to image tumors
is dependent on the concentration of activity in the tumor in
comparison to the surrounding tissues rather than tumor size.
In the 2 examples shown in this report, the liver tumors were
similar in size (0.183 and 0.132 g), but the tumor that was well
defined and located on the surface of the liver was more clearly
imaged than the tumor that was embedded more deeply within
the organ. The tissue counting data confirmed a higher per
centage of antibody and a higher tumor/nontumor ratio for the
tumor that was more clearly imaged. In addition, despite the
extensive spread of tumor to the lungs in several animals, we
were unable to unequivocally demonstrate tumor in the lungs
by tissue counting or external scintigraphy, despite confirma
tion by whole-body autoradiography. This observation suggests

that a critical concentration of antibody and a critical mass may
be required before a tumor is imaged by our instrumentation;
thus, we anticipate that as we investigate this model further,
there may be difficulty in imaging small foci of tumor in the
liver or lungs without the aid of methods for subtracting or
reducing background activity. Another explanation for our in
ability to detect tumor in the lungs is the possibility that the
metastatic lung lesions do not express CEA uniformly. The
tumor nodules in the lung are independent colonies that
measured no more than 2 mm3 and therefore may represent
groups of cloned GW-39 cells. Autoradiographic analysis of
GW-39 tumors grown i.m. in the hind leg or s.c. has shown
that radiolabeled antibody is not concentrated in all cells evenly
(29); thus, there may be distinct antigenic differences in the
colonies of cells within the GW-39 tumor. Indeed, the work on
cloning murine tumors such as the B16 melanoma (34) has
shown that tumors are mixtures of cell types that express unique
characteristics apart from other cells in the parental tumor. In
fact, characteristics such as increased metastatic ability of cer
tain populations within the parental tumor have been shown to
be masked when tumors are serially transplanted s.c. (35). We
are currently investigating by immunohistochemical and auto-
radiographic techniques the expression of CEA and radioanti-
body accumulation in tumors transplanted in the liver and
tumors in metastatic sites. These studies should contribute to
our overall understanding of whether tumor heterogeneity or
other factors such as differences in accessibility to the antibody
or antibody protein dose influence tumor localization.

Although the injection of the GW-39 tumor suspension into
the liver resulted in the spread of the tumor to the lungs, we
did not observe metastatic spread to the lungs or other organs
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Fig. 4. Whole-body autoradiography of hamsters
bearing GW-39 liver tumor transplants. Animals were
given injections of u*l-labeled goat anti-CEA antibody
(a) or '"Â¡-labeled normal goat IgG (ft) and then were
sacrificed 7 days later (14 days after transplantation
of the tumor). Micrometastatic tumor nodules are
apparent in the lungs (I in of the animal given radio-
labeled antibody (a) in addition to the liver tumor
(LvT). The stomach (s) also had a high level of activity
in a. Animals given '"l-labeled normal IgG did not

show any region of enhanced activity in serial sections
through 4 animals. One section of one animal is shown
in />with the liver I/ >>and lungs marked.

in animals given injections of GW-39 into the spleen; in addi
tion, lateral spread to other lobes of the liver was not observed
consistently. This pattern of metastatic spread and the very
rapid formation of lung mÃ©tastasessuggest that injection of
GW-39 into the liver gives the tumor cells greater access to the
circulation; indeed, injection of GW-39 via the saphenous vein
has yielded lung tumors in 15 of 20 animals examined after 2
wk,4 but there is no metastatic spread when tumor is implanted

i.m. Since the blood supply from the spleen goes to the liver
first via the splenic vein, we did not expect to see a high
frequency of lung metastasis in animals given splenic implants;
however, we expected to find a higher incidence of liver mÃ©tas
tases from the splenic implants than the one case observed.
Perhaps maintaining the animals for longer periods of time will
improve our detection of liver metastasis from splenic grafts.

Human tumor xenografts implanted s.c. or injected i.v. have
been shown to metastasize only occasionally in athymic mice,
but this generally occurs with tumors that are either poorly
differentiated (21) or have undergone genetic transformation

(17-18). Recently, Kerbel et al. (36) have shown a higher
incidence of metastatic tumor growth of human tumor xeno
grafts in athymic mice after in vitro incubation of tumor cells
in the lungs of syngeneic mice. This result suggests that human
tumor xenografts may have subpopulations of cells that are
more highly metastatic than are other cells, similar to the mouse
tumor models such as the B16 mouse tumor (34). Goldenberg
(37) found that the injection of GW-77, a human colonie tumor
xenograft similar in histopathology to GW-39, metastasized to
the lungs of hamsters in 70% of the animals given an i.e.
implant. Since GW-77 and GW-39 are signet ring carcinomas
that have a human karyotype (38), the ability of this tumor to
spread and grow unabated in unconditioned hamsters is not
understood.

In conclusion, this model may serve not only as a means for
evaluating radioantibody imaging and antibody-directed thera
peutic agents but also for studying the biology of human tumor
mÃ©tastaseswithin a normal adult animal host.
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