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ABSTRACT

A method was elaborated for high-yield I2Ã®l-traplabeling of rat colon

carcinoma cells using conjugates of dichlorotriazine aminofluorescein and
bovine serum albumin substituted with either A'-acetylgalactosamine or
A'-acetylglucosamine as vehicles. Fluorescence microscopy revealed that

the ligands accumulated in perinuclear vesicles that were probably lyso-
somes. Monensin inhibited accumulation by 40%, signifying receptor-

mediated endocytosis. Competition experiments revealed that the same
receptor(s) mediated endocytosis of the two neoglycoproteins.

Accumulation of label was greatly enhanced in the absence of serum,
resulting in a labeling efficiency of at least 15 cpm/cell, with no sign of
toxic effects.

At least 75% of the initially accumulated radioactivity resided in the
cells 4 days after labeling. After that the loss of radioactivity was linear
with time and stabilized at 1.1%/day for at least 2 weeks.

Injection of labeled carcinoma cells i.v. into syngeneic rats revealed a
very rapid clearance from the circulation. Isolation of the liver cells 24 h
later revealed that a great proportion of the administered cells or their
remnants had been engulfed by sinusoidal Kupffer and endothelial cells;
the parenchyma) cells contained a smaller proportion of label.

In conclusion, we have developed a technique of labeling colon carci
noma cells with '-'"1and fluorescein utilizing specific lectin-like receptors

for endocytosis. Since the label is trapped intralysosomally, it will also
label Kupffer cells and other members of the reticuloendothelial system
after internalization. These features make the procedure well suited for
studies on the fate of the colon carcinoma cells after administration in vivo.
Since the label is trapped intralysosomally for an extended length of time,
parameters such as the formation of metastasis and elimination by
phagocytosis can readily be determined.

INTRODUCTION

A serious complication associated with colon cancer is the high
frequency of metastasis to the liver. To extravasate, the colon cancer
cell first must interact with cells lining the sinusoidal wall. These cells
include LEG3 and KC. To study this, a precise and simple way of

measuring the arrest of the tumor cells in the liver is mandatory. This
can be done by labeling the tumor cells radioactively and with fluo
rescence to enable both biochemical and morphological studies of the
fate of the tumor cells after administration in vivo. In the past anti
bodies against tumor cell-specific surface antigens have been used to

label these cells. However, a major problem with this technique is the
shedding of plasma membrane resulting in the loss of label. In addi
tion, phagocytosis of tumor cells by KC or other phagocytes will lead
to lysosomal degradation resulting in a rapid loss of isotope from the
site of uptake. This also happens to a variable extent with degradable,
intracellular label such as radiolabeled nucleotides ( 1) or amino acids
(2).

Thus, ordinary labeling methods allow neither precise qualitative
nor quantitative measurements of the fate of tumor cells after in vivo
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administration. A far more stable labeling can be accomplished by
using the proper apparatus of receptor-mediated endocytosis of tumor

cells to internali/e a vehicle ligand carrying the label. By attaching the
label to a nondegradable adduci, the label can be stored permanently
in the lysosomes of the tumor cells or the cells phagocytosing the
tumor cells. We have used this trap-labeling principle to label rat colon

carcinoma cells. These cells may be maintained in monolayer cultures
and retain their ability, upon administration in vivo, to form metastasis
in the liver of syngeneic rats.

In this report we describe the method and efficiency of loading
these colon carcinoma cells permanently with I2SIand a fluorochrome

by utilization of membrane lectins to mediate specific endocytosis.
The labeling efficiency is sufficiently high to enable radioactive de
tection of a very small number of cells, thus increasing the sensitivity
of the system. Furthermore, we show that the distribution of the cells
labeled with this technique can be traced readily at the cellular level
after administration to syngeneic rats.

MATERIALS AND METHODS

Chemicals. BSA. the neoglycoproteins GalNAc-BSA (16-17 mol GalNAc/
mol BSA) and GlcNAc-BSA (19 mol GlcNAc/mol BSA), 1.3,4,6-tetrachloro-
3<;,6Â«-diphenylglycouril (lodogen). FITC, 4-(2-hydroxyethyl)-l-pipera?.ine-

ethanesulfonic acid, collagena.se, guanidine hydrochloride, Penicillin G (1650
IU/mg), and streptomycin sulfate (750 IU/mg) were purchased from Sigma
Chemical Co., St. Louis. MO. Human serum albumin, tnonensin, and Percoli
were from CRTS (Lille, France). Behring, and Pharmacia Fine Chemicals
(Uppsala, Sweden), respectively. DTAF was a kind gift from Dr. Anthony
deBelder. Pharmacia. I25I was from Amersham (Amersham, Buckinghamshire.

England). Cell culture RPMI 1640, fetal calf serum, and amphotericin B
(CELLect) were purchased from Gibco (Grand Island, NY), HyClone, and
Flow Laboratories (Irvine, Scotland), respectively.

Cells and Animals. The colon carcinoma cell line DHD/KI2 (DHD cells)
derived from a 1,2-dimethylhydra/ine-induced colon adenocarcinoma in BD

IX rats (3) was kindly donated by M. S. Martin (FacultÃ©de MÃ©decine,Dijon,
France). The cells were maintained as monolayer cultures in RPMI 1640
supplied with fetal calf serum (\Qc/t) and antibiotics. Cultivation was carried
out at 37Â°Cin an atmosphere of 100% humidity and 5% CO2.

As a rule the cells were detached and subcultivated or used for in vitro or
in vivo experiments when they had reached confluency. Before detachment
with collagenase the cultures were subjected to 3 washes with a Ca-*-free

buffer (4). Following this pretreatment, which was found to increase the rate
and yield of detachment upon subsequent incubation with collagenase, the
cultures were incubated for 90 min at 37Â°Cwith the buffer containing colla

genase (4). The resulting cell suspension was centrifuged (5 min at 1500 rpm).
The pellet was resuspended in medium and either seeded into culture dishes for
subcultivation or administered to rats.

in vivo experiments were performed with male BD IX rats (Charles River.
Viga, Germany), which were fed a normal diet. The animals weighed approx
imately 225 g when experiments were initiated.

Labeling of Native and Glycosylated BSA with Fluorochrome and '"I.

Conjugation of neoglycoproteins with FITC or DTAF to produce probes for
morphological studies on endocytosis of GalNAc-BSA and GlcNAc-BSA was

carried out by mixing neoglycoprolein (1.34 mg) with FITC or DTAF (116 ug)
dissolved in 0.2 M sodium carbonate/bicarbonate buffer, pH 9.5. Following
overnight incubation at 4Â°Cunreacted fluorophore was removed by eluting the

mixture through a PD-10 column (prepacked Sephadex G-25 column from

Pharmacia).
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DISTRIBUTION OF TRAP-LABELED COLON CANCER CELLS

Labeling with I25I was performed using the mild oxidant lodogen as de

scribed (5). Two hundred nmol of FITC or DTAF dissolved in 20 ul 0.2 M
sodium carbonate/bicarbonate buffer (pH 9.5) were added to lodo-Gen-coated
tubes. Radioiodination was performed by adding Na'25I (60 Bq). An aliquot of

GalNAc-BSA or GlcNAc-BSA ( 1.34 mg dissolved in 167.5 ul H:O and 200 ul

0.2 Msodium carbonate/bicarbonate buffer. pH 9.5) was then added to the tube.
Following a 2-h incubation at 20Â°Cthe labeled conjugates were rid of low

molecular reactants by gel chromatography on PD-10 columns.
Radiolabelingof GalNAc-BSA was brought about by mixing 1.34 mg of the

neoglycoprotein (dissolved in 167.5 ul of distilled water) with 60 Bq of Na'25I

in a glass tube coaled with lodo-Gen and incubated as outlined above. After

transferring the mixture to a tube containing sodium metabisulfite and KI in the
same proportions as described above, the labeled neoglycoprotein was purified
on a PD-10 column eluted with phosphate-buffered saline.

Radioactivity was measured using a gamma-counter (Auto Gamma Scin

tillation Spectrometer; Packard Instruments. Warrenville. ID. The resulting
specific radioactivities were: l2SI-FITC-GalNAc-BSA and l25I-DTAF-Gal-

NAc-BSA; '"I-FITC-GlcNAc-BSA and l25I-DTAF-GlcNAc-BSA. 270.000-
340,000 cpm/ug: and '2SI-GalNAc-BSA, 10" cpm/ug.

Endocytosis and Accumulation of Labeled Ligands in DHD Cells. Stud
ies on the uptake and degradation of labeled ligand were performed as de
scribed (6). To study kinetics of uptake and excretion of label in DHD cells
after endocytosis of neoglycoproleins conjugated with I25I-DTAF. incubations

with labeled ligands were performed with monolayers of cells subcultivaled in
Leighlon tubes (Coslar, Cambridge. MA). These cultivation vessels were cho
sen because they could be counted directly in the gamma counter without prior
solubilization of the cells. In this manner the same culture could be counted
repeatedly at different time points, which is a great advantage in studies on
kinetics of accumulation and loss of radiolabel. The rate of uptake was studied
by replacing the medium transiently during the time needed for gamma count
ing. After the counting the same medium was replaced. When uptake, as
measured in this manner, leveled off. the conditioned medium was discarded
and replaced with fresh medium without radioactive ligand. The rale of loss of
radioactivity from the cell cultures was determined by removing the medium
and counting at consecutive lime points, adding back fresh medium after each
measurement.

To study morphological aspects of endocytosis of neoglycoproteins, incu
bations were carried out with 100 ug of either 125I-DTAF-GalNAc or 125I-
DTAF-GlcNAc/ml medium. After incubation for 20 h at 37Â°Cthe cells were

washed 3 times with phosphate-buffered saline and fixed with 2% (w/v)

glularaldehyde. Fluorescence micrographs were taken with an Axiophot mi
croscope (Zeiss. Oberkochen. Germany) fitted with fluorescence equipment on
Kodak P 800/1600 film exposed at exposure index 1600.

Halogenated fluorescein. as opposed to native fluorescein, is rather sensitive
even to normal visible light, which may turn the structure into a phototoxic
agent, able lo damage the cells (7). Therefore, exposure to light was avoided
whenever possible in these experiments.

Inhibition Studies. Two types of inhibition studies were carried out: inhi
bition of the endocylic machinery using the drug monensin; and ligand-recep-

tor competition. The protocol for these experiments was as described above,
except from addition of either monensin or excess amounts of unlabeled
neoglycoproteins. In the monensin inhibition experiments incubations with
l25I-DTAF-GalNAc-BSA or '2<;I-DTAF-GlcNAc-BSA were carried out in the

presence of monensin at final concentrations of I. 5. 10. and 20 UM.Non-
radioactive DTAF-GalNAc-BSA and DTAF-GlcNAc-BSA were prepared as

described elsewhere in the text. Results were determined as described above.
These compounds were mixed with trace amounts of radioactive ligands before
addition to cultures.

Hepatocellular Distribution of Trap-labeled DHD Cells. "Hot DHD
cells" for in rirÂ»distribution studies were prepared by incubating 770 |jg of

125I-DTAF-GalNAc-BSA/million cells in a serum-free medium. After 20 h the

medium was removed and the cultures were incubated for another 38 h in fresh
medium to allow the cells to shed loosely attached and rapidly escaping ligand.
The labeled cells were detached by collagenase treatment as described, and
viable cells were administered to rats. Following a random subdivision into
two groups male BD IX rats were anesthetized and received an injection of 0.8
X IO6 DHD cells suspended in 0.5 ml medium through either the portal vein

after an aseptic laparotomy or a tail vein. Blood samples were taken with short
intervals for 18 min immediately after injection by cutting the tail tip. Twenty-

four h after intraportal injections of labeled DHD cells the three main popu
lations of liver cells were isolated as described (4. 8). In brief, a single cell
suspension of whole liver, prepared by perfusion through the portal vein with
collagenase, was subjected to differential centrifugation and density centritu-
gation in Percoli to prepare pure suspensions of parenchymal and nonparen-

chymal cells. The preparation of nonparenchymal cells was fractionated into
pure cultures of LEC and KC by selective substrate adherence, and the differ
ent types of purified cell populations were analyzed for radioactivity in a
gamma-counter.

RESULTS

Uptake and degradation of GalNAc-BSA and GlcNAc-BS A labeled
with either I25I-FITC or I25I-DTAF were measured in cultures of
DHD cells after an incubation period of 20 h at 37Â°C.125I-DTAF

conjugates exhibited both higher uptake and lower release of low-
molecular-weight degradation products, as compared with '2?iI-FITC

conjugates (Fig. lo). Therefore DTAF was used as an adduci in the
experiments to follow. While only 4.1% of endocytosed I25I-DTAF-
GlcNAc-BSA were recovered in the medium as acid-soluble I25I-

labeled degradation product, the corresponding figure for directly
labeled l25I-GalNAc-BSA was 37.4% (Fig. \h). Endocytosis of non-
glycosylated I2SI-DTAF-BSA was negligible, showing that conjuga

tion to the fluorochrome/>ÃT.ve>did not result in uptake. Unconjugated

DTAF alone did not accumulate in cells as judged by examination in
the fluorescence microscope.

Excess amounts of either DTAF-GlcNAc or DTAF-GalNAc inhib
ited equally well uptake of '2<il-labeled trace amounts of the same

ligands (Fig. 2) except the lowest concentrations in which increasing
the ligand concentration unexpectedly augmented the proportion of
ligand taken up by the cells: about a 40% increase with unlabeled
DTAF-GlcNAc-BSA at a concentration of 0.24 UM;and about a 10%
increase with unlabeled DTAF-GalNAc-BSA at the same concentra
tion. Incubation in serum-free medium enhanced the uptake of ligands

more than 100% compared to normal medium containing 10% fetal
calf serum (Fig. 3a).

The endocytosis inhibitor monensin (20 UM)inhibited the uptake of
l25I-DTAF-GalNAc-BSA and l25I-DTAF-GlcNAc-BSA by 36-40%
(Fig. 3/7). Lowering the temperature from 37 to 4Â°Cduring incubation
of the cells with 125I-DTAF-GalNAc/GlcNAc-BSA resulted in a 97%

reduced uptake. Attempts to saturate the uptake mechanism were

l25I-DTAF-GlcNAc-BSA

l25I-F!TC-GlcNAc-BSA

125I-DTAF-GalNAc-BSA

l2iI-FITC-GalNAc-BSA

l25I-GalNAc-BSA

1.V5

10 20 30 0 10 20 30 40
Radioactivity Radioactivity

(% of total) (% of endocytosed)
Fig. I. Cultures of DHD cells were incubated for 20 h at 37Â°Cwith the I2sl-labeled

ligands. In u. radioactivity associated with the cells <Hg>and acid-soluble radioactivity in
the medium {_), which represents low-molecular-weight degradation products are ex
pressed as percentages (numbers w/V/iwcolumn*} of total added radioactivity. In h. release
of degradation products to the medium is expressed as percentages (/mm/wry vrii/im
cnlumns] of endocytosed (cell-associated + acid soluble) radioactivity. Results are means
of duplicate experiments.
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O 0.24 2.38 23.80
[DTAF-conjugated neoglycoprotein]

Fig. 2. Cultured DHD cells were incubated with trace amounts of l:5l-DTAF-GlcNAc-
BSA (D) and '--M-DTAF-GalNAc-BSA (H) in the presence of increasing concentrations
of DTAF-GalNAc-BSA (a) or DTAF-GlcNAc-BSA (/>>for 20 h at 37Â°C.Cell-associated

radioactivity is expressed as percentage (numbers above columns} of control (absence of
unlabeled ligand). Excess amounts of either DTAF-GlcNAc or DTAF-GalNAc inhibited
equally well uptakes of either of the two '-^l-labeled truce ligands except the lowest

concentrations in which the uptake increased with increasing concentrations of the inhib
itors. Results are means of duplicate experiments.

unsuccessful even at ligand concentrations as high as 23.8 UM(Fig.
3c). Because of a shortage of ligands we could not perform the
experiments required to determine the saturation concentration.

Fluorescence microscopy of DHD cells after incubation with I25I-
DTAF-GalNAc-BSA or 12SI-DTAF-GlcNAc-BSA indicated an intra-

cellular, punctate accumulation of ligand particularly around the nu
cleus (Fig. 4,4). Small areas of the monolayers were sometimes
observed not to accumulate stain (Fig. 4B).

A maximum of 28-30% of 12SI-DTAF-GalNAc-BSA and I25I-

DTAF-GlcNAc-BSA was associated with the cells after about 24 h of

incubation (Fig. 5) Studies of the sescernation of the label for an
extended period showed that at least 75% resided in the cells 4 days
after labeling. The loss of radioactivity was linear with time and after
4 days occurred at a rate of 1.1%/day. The uptake of the control.
I25I-DTAF-BSA, amounted to 13-17% of the maximum of the other

ligands after 24 h. and then it decreased quickly and stabilized at
6-10% of the maximum of the other ligands.

Experiments were performed to determine the elimination of DHD
cells from the blood and the distribution of DHD cells to the different
liver cell populations after i.v. administration. DHD cells labeled with
l2?iI-DTAF-GalNAc-BSA were injected either i.v. in the tail vein or

intraportally. Monitoring of blood samples showed for the cells that
were i.v. injected in the tail vein a fast initial decline of radioactivity
in the circulation (Fig. 6). After about 1 min the rate of disappearance
of radioactivity leveled off. The intraportally injected DHD cells
exhibited a constant low level in the blood, suggesting immediate
arrest in liver.

Twenty-four h after the intraportal injections the liver cells were

dispersed by collagenase perfusion, and isolated cells were prepared
by centritugation and selective attachment, as detailed in "Materials
and Methods." Radioactivity measurement revealed that the popula

tions of parenchymal cells, KC, and LEG after intraportal adminis
tration contained 3.4, 11.5, and 4.4%, respectively, of the injected dose

(Fig. 7). About 50-60% of the administered radioactivity was recov

ered in the nondissociated liver tissue remaining after dispersion with
collagenase.

DISCUSSION

Studies of metastasis tend to ignore the fact that the process of
metastasis is a dynamic, changing series of events. Moreover, the fate
of most of the tumor cells that enter the circulation has been poorly
studied. To ease investigation of dynamics of metastasis as well as the
elimination of the blood-borne tumor cells, we developed a method of

labeling DHD colon carcinoma cells permanently by endocytosis of a
nondegradable ligand that would survive the redistribution from DHD
cells to the reticuloendothelial system. By labeling ligands with both
'â€¢5Iand fluorescein we found both a biochemical and a morphological

way of detecting the cells and their remnants.
A natural way of introducing the label was to use the proper appa

ratus of endocytosis of the DHD cells. Since membrane lectins are
present in human colon carcinoma cells (9-11) and binding to
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Fig. 3. Uptake of '-'l-DTAF-GalNAc-BSA Q and '-M-DTAF-GIcNAc-BSA A in
DHD cells was measured after incubation for 20 h at 37Â°Cas a function of the percentage

of fetal calf scrum in the medium (</) and in the presence of increasing concentrations of
monensin (/>). Following the same protocol DHD cells were incubated with trace amounts
of 125I-DTAF-GalNAc-BSA and increasing concentrations of DTAF-GalNAc-BSA (O) or
'-5I-DTAF-GlcNAc-BSA and increasing concentrations of DTAF-GlcNAc-BSA (â€¢)(r).

Results are means of duplicate experiments.
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DISTRIBUTION OF TRAP LABELED COLON CANCER CELLS

Fig. 4. DHD cells were incubated for 20 h at 37Â°Cin the presence of I25I-DTAF-

GalNAc-BSA. Inlracellular accumulation of fluorescent ligand can be observed in peri-
nuclear vesicles (A). Arrows, the nucleus. Smaller areas of the monolayer did not accu
mulate stain (H, right). Htir, 50 urn
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Fig. 5. DHD cells were incubated with either '-5I-DTAF-GalNAc-BSA O, '"I-
DTAF-GlcNAc-BSA (A), or 125I-DTAF-BSA ( Â»). and the amount of cell-associated

ligand was measured every S h. When the uptake leveled off after 32 h dÃ¬tislieilverticil!
line), the ligand was removed and the rate of sescernation wjs found by measuring the
remaining amount of radioactive ligand in the cells at different time points.

membrane lectins may result in endocytosis of the bound ligand (12,
13), we substituted the two neoglycoproteins GlcNAc-BSA and Gal-
NAc-BSA with either I25I-FITC or I25I-DTAF and measured the
uptake ot'label in cultured DHD cells. Ligands substituted with DTAF

gave both higher uptake and less degradation than those substituted
with FITC. Endocytosis of l25I-DTAF-GlcNAc-BSA was associated

with a much lower release of degradation products, as compared with
uptake of directly labeled ligand (Fig. 1). This suggests intralysosomal
entrapment of I25I-DTAF. The finding that uptake was essentially the
same whether GalNAc-BSA was labeled directly with I25I or indi
rectly with I25I-DTAF. along with the observation that unconjugated

DTAF was not taken up, suggests that substitution of the neoglyco-

protein with DTAF does not interfere with the mechanism of uptake.
Conversely, since substitution of native nonglycosylated BSA with
I25I-DTAF did not result in uptake, we conclude that the accumulation
observed with l25I-DTAF-labeled neoglycoproteins is mediated by

membrane lectins recognizing terminal glucosyl and galactosyl resi
dues. Because these receptors have the same ligand specificity as
membrane lectins found in human colon carcinoma cells and tissue
sections (9-11 ), we believe that results obtained in our animal model

may reflect the human pathological condition.
Fluorescence microscopy revealed that both DTAF-GalNAc-BSA

and DTAF-GlcNAc-BSA were accumulated in small, discrete, vesi
cle-like structures that are probably lysosomes since the localization

was predominantly perinuclear (Fig. 44 ). The pattern of uptake was
the same for both ligands. Small areas (proportion not estimated) in
the cultures did not accumulate stain (Fig. 4ÃŸ).This in vitro obser
vation may reflect the in situ heterogeneity in lectin expression of
tumor cells reported by others (14). Although it has been reported that
expression of surface lectins on tumor cells is related to their meta-
static potential. (15-17), it is not known whether the GalNAc-BSA-
and GlcNAc-BSA-specific lectins on DHD cells reflect the metastatic

potential of these cells.
The endocytic nature of the uptake was studied using monensin, a

carboxylic ionophore that has been reported to mediate the exchange
of monovalent cations. This leads to increased pH in endocytic ves
icles, which in turn results in a halted receptor recycling ( 18, 19). The
finding that monensin inhibited the uptake indicates a receptor-medi
ated endocytic process. Lowering the incubation temperature to 4Â°C

nearly blocked the cellular accumulation of ligand suggesting that the
uptake is an active, energy-dependent, endocytic process. The exten
sive uptake of ligand observed at 37Â°Cmay be explained by a rapid

recycling of the receptors.

S
Jf 4
O' 3

2
io

Time (min)
15 20

Fig. 6. DHD cells labeled with 125I-DTAF-GalNAc-BSA were injected either i.V. (D)

in the tail vein or intraportally â€¢¿�in syngeneic BD IX rats. Blood samples were taken
continuously from the tail vein, and radioactivity, representing DHD cells in blood
(firtlinate. X 10'). was measured as a function of time (abscissa).

LEG PC
Fig. 7. Twenty-four h after injection of DHD cells labeled with 'â€¢'M-DTAF-GalNAc-

BSA. rat liver cells were isolated as described in "Materials and Methods." and the

radioactivity was measured for each cell population. PC, parenchymal cells.
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DHD cells exhibit a large capacity of endocytosis of 125I-DTAF-
GalNAc-BSA and l2sI-DTAF-GlcNAc-BSA. This conclusion is based

on the findings that (a) endocytosis of these substances could not be
saturated at concentrations of ligand as high as 23.8 UM( l mg/ml) and
that (h) the cellular uptake depends on the concentration of the DTAF-

neoglycoproteins (Fig. 3r). These findings are in accordance with
similar experiments done with Lewis lung carcinoma cells except that
saturation of endocytosis was obtained with only 0.5 ing/ml of fluo-
resceinated Glc-BSA (12).

The observation that unlabeled DTAF-GalNAc-BSA and DTAF-
GlcNAc-BSA inhibited uptake of both '-"T-DTAF-GalNAc-BSA and

'25I-DTAF-GlcNAc-BSA indicates that the two neoglycoproteins are

recognized by the same receptor (Fig. 2). A higher percentage of the
ligands was taken up when the concentration of the nonradioactive
ligands increased from 0 to 0.24 UM.Similar ligand stimulation of
receptor-mediated endocytosis of hyaluronan by liver endothelial cells

has been reported earlier (20).
Since this method of trap labeling of DHD cells was developed to

facilitate a simple and sensitive way to determine the fate of the cells
after in vivo administration, it is imperative that the amount of label
accumulated per cell be as high as possible. The more radioactivity
there is per cell, the fewer cells are needed for the administration and
the better is the chance to avoid cell-cell interactions among tumor

cells. This is important when mimicking the in vivo situation of
metastasis in which only a few cells or aggregates of cells are released
at the same time (21). In light of this fact, it was of great interest to
find that the uptake was increased by 100% by omitting serum from
the medium (as compared to using the normal medium containing
10% serum). The mechanism for this inhibiting effect of serum on
endocytosis is unclear. Labeling under optimal conditions may result
in a single DHD cell radioactivity of more than 15 cpm, with no signs
of toxic effects on the cells. Thus, this method is sufficiently effective
to study the fate of a very small number of DHD cells.

The majority of DHD cells injected into either the tail vein or the
portal vein was immediately eliminated from the circulation. Whereas
the amount of nonadherent DHD cells (or radioactive remnants from
the DHD cells) in the blood was constant after the intraportal injection
of DHD cells suggesting an immediate arrest in the liver, this value
after an i.v. injection of DHD cells was higher for the first 50 s before
it decreased to approximately the same level (Fig. 6). This may
indicate that the capillary network of the lungs does not represent the
same good soil as the sinusoids of the liver for metastasis to this organ.

Using trypsin to release the DHD cells from the dishes, other
investigators (22) have reported that the cells are taken up by the liver
after i.v. administration. However, these results must be viewed in
light of reports claiming that trypsin treatment of cells may lead to
rapid hepatic sequestration (23). Therefore, it is highly probable that
trypsin treatment per se creates surface structures that act as hepatic
homing receptors for DHD cells as well. On the basis of these obser-.

valions we chose to dislodge the DHD cells from the dishes by
treatment with collagenase, which has been reported not to give he
patic elimination (24). Thereby, the native constituents of the DHD
cell surface proper would determine the in vivo fate of the DHD cells.

The fate of administered DHD cells may be one or more of the
following: (a) killing by phagocytosis; (b) killing by extracellular
lysis; and (c) survival and formation of metastasis. These events are
difficult to study using DHD cells labeled with techniques devised
thus far. At variance from these techniques our method results in both
permanently labeled DHD cells and a stable redistribution of label to
phagocytic cells. Since the method allows incorporation of very high
amounts of radioactivity per cell, it facilitates detection of small
numbers of DHD cells and their organ preferences in the early phase
of metastasis. Moreover, since the trap label will be transferred from

the DHD cells to cells of the reticuloendothelial system upon phago
cytosis or extracellular lysis, the cellular site of elimination of the
DHD cells can also be readily demonstrated. In the present study we
found that 24 h after intraportal administration of '-^I-DTAF-labeled

DHD cells, radioactivity was recovered mainly in liver with 11.5% in
KC, 4.4% in LEG, and 3.4% in parenchyma! cells. Radioactivity in
KC reflects phagocytosed DHD cells, whereas radioactivity in LEG
most likely represents uptake of lysosomes from lysed DHD cells.
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