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Abstract

Organ-specific colonization of metastatic tumor cells is regulated
through complex interactions of specific adhesion molecules on the tumor

cell surface with organ specific microvascular endothelium. The present

paper shows the real time tumor cell trafficking under the actual blood

flow, which became able to be determined using a new technology,

@tronemission tomography. This technology would be useful to eval
uate the interaction of characteristic tumor cells with various organs in

vivo. High and low metastatic rat mammary adenocarcinoma cell

variants, MTLn3 and MTC, respectively, were labeled with [2-'8F12-
fluoro-2-deoxy-D-glucose in vitro. The labeled cells preferentially accu
mulated In the lungs, in which the disposition was more Intense for
MTLn3 than for MTC cells especially for the first 2â€”iOmm after

injection, apparently reflecting the organ specific Interaction of mets

static tumor cells which may lead to metastasis. Such a short time
change of cell disposition is easily determined in a living animal by
this new technique. Furthermore, sialidase treatment of MTLn3 cells
suppressed the accumulation of these cells in lungs, suggesting that
some sialyl glycoconjugates on the MTLn3 cell surface play an impor

tant role in cell adhesion to lung endothelium. Positron emission
tomography scanning thus enables the noninvasive study of the inter

action ofcharacteristlc tumor cells with specific endothellum in a living
animal.

Introduction

It is well known that metastasis occurs via a series of sequential
events (1, 2). Particularly, tumor cell adhesion to the venular endo
theium in the target organ is thought to be an essential step in
blood-borne metastasis (3). Therefore, noninvasive technique for de
termining real time tumor cell trafficking in vivo is useful for studying
organ specific metastasis. We have developed such a technique using
p@'2 and present it in this paper. PET permits cancer diagnosis and
quantitative measurements of myocardial metabolism and blood flow
in cardiovascular areas in vivo (4â€”6). Cancer diagnosis using
[2-18FJFDG is based on the higher metabolic demand of tumor cells
over normal cells. We used [2-18FIFDG as a labeling agent of cells,
since [2-'8F]FDG taken up by a cell is retained inside the cell due to
metabolic trapping. The labeled cells are thus suitable for the inves
tigation of cellular trafficking. In this study, rat mammary adenocar
cinoma cells labeled with [2-18FJFDG in vitro were injected i.v. into
rats, and their distribution was investigated with a PET scanner

(SHR-2400). The resolution of this scanner (2.7 mm) is higher than
that of any similar equipment used previously.
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Tumor Cell Preparation for PET Study. As the experimental model of

animal metastasis, we used sublines of rat 13762NF mammary adenocarci
noma, namely, MTLn3 cells from spontaneous lung metastasis and MTC cells
established from a locally growing tumor (7, 8). [2-'8F]FDG labeled cells were
prepared by incubation of MTLn3 and MTC cells with [2-'8FJFDG for 30 min
at 37Â°C.After a washing to remove the free [2-18F]FDG,cells were harvested
to obtain a single-cell suspension. The viability of [2-'8FJFDG labeled cells
was determined by dye exclusion and was more than 95% after 2 h incubation
in vitro.

PET Measurement. The cells labeledwith [2-'8FJFDG(3 X 106cells in
0.5 ml Dulbecco's modified Eagle's medium/Ham's F-12 medium) were
injected into 7-week-old female Fischer 344 rats via a tail vein. The emission
scan of PET was started immediately after injection and performed for 1 h.

Tissue radioactivity in the form of coincidence y photons was measured and
converted to Eq/cm3 of tissue volume by calibration.

Biodistaibution of [@lSfl@'fl@@ @fl'T.@or MTC Cells. Rats
(5/group) were given i.v. injections into the tail vein of [2-'8F]FDG labeled
MTLn3 or MTC cells. A given group was sacrificed at 5, 15, 30, and 60 mm
after adiministration of the cells, and the radioactivity associated with organs

and blood was determined in a gamma counter.
Sialidase Treatment of MTLn3 Cells. MTLn3 cells (3 X 106cells/S ml)

were treated with 15 units of neuraminidase from Clostridium perfringens
(Type V; Sigma) for 3 h at 37Â°Cby a modified method of Wu and Ledeen (9).
Removal of sialic acid was confirmed by the binding of cholera toxin
B-fluorescein isothiocyanate to the cells fluoromicroscopically. Then these
sialidase treated cells as well as control cells were labeled with [2-'8F]FDG.
The trafficking of these cells were determined by PET as described above.

Results and Discussion

Metastatic Tumor Cell Trafficking Determined by PET. At first
we determined the biodistribution of free [2-'8F]FDG in rats by PET.
Then high metastatic MTLn3 and low metastatic MTC variant sub
lines derived from rat adenocarcinoma were labeled with [2-'8F]FDG
in vitro and injected into the bloodstream of rats for PET determina
tion. Free [2-'8F]FDG accumulated in the heart, liver, and kidneys,
whereas [2-'8F]FDG labeled cells were localized in the lungs (Fig. 1),
suggesting that the cellular [2-18F]FDG actually indicates the dispo
sition of the cells.

The PET images and time-activity curves, which were acquired by
correction of photon attenuation during the emission scans, were
obtained to examine whether these two cell lines differ in their
patterns of organ retention. MTLn3 cells accumulated more intensely
in the lungs than MTC cells (Figs. i and 2). Immediately after the
injection of the cells, the ROI value of the lungs began to increase up
to 2â€”iOmin and then decreased, while the ROI value of the liver
gradually increased during the emission scan period. A portion of the
decrease in ROI value in the lungs might be due to the release of FDG
from the cells, since the percentage of release of FDG from these
types of cells in the media was about 28% after a i-h incubation
in vitro.

2573

Materials and Methods

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/54/10/2573/2453392/cr0540102573.pdf by guest on 19 M

ay 2023



PET ANALYSIS OF MEIASTA11C 11JMOR CELL TRAFFICKING

Heart & Lung Liver Kidney

MRI

Free

MTC

Fig. 1. PET images oftumor cell trafficking in vivo.Biodistribution of[2-'8F]FDGlabeled MTb@3cells and MTC cells during first 10 ruin after administration was imaged by PET.
All images show a coronal plane with a slice size of 3 mm. Gradation was corrected to be comparable in each organ. For reference to PET images, magnetic resonance images of lungs,
heart, liver, and kidneys are presented in the top panel. Lower three panels show PET images of free [2-'8F]FDG (upper), [2-'8F]FDG labeled MTLn3 cells (middle), and [2-18FJFDG
labeled MTC cells (lower).

To compare the results of the PET study with those of conventional
methods, we measured the distribution of cellular [2-'8F]FDG in
various tissues in rats after injection with [2-'8FIFDG labeled MTLn3
or MTC cells. Consistent with the data obtained by the PET study, the
radioactivity was mainly recovered from the lungs, and a greater
percentage of the injected dose was found in the lungs of MTLn3-
injected rats than in those of MTC-treated rats (data not shown).
Conventional methods, however, could not tell the real time cell
traffickingjust after administration of the cells, while the difference of
biodistribution between MTLn3 and MTC cells was already observed
within 1 mm after administration by PET.

Taken together, the increased accumulation of MTLn3 in lungs may
reflect the fact that preferential interaction of MTLn3 cells to lung
endothelium causing colonization of MTLn3 cells to the lungs. In fact,
the interaction of MTLn3 cells with cultured lung endothelial cells
was stronger than that of MTC cells in vitro (data not shown). Lungs
are known to trap large particles mechanically, but this is not the case
for MTLn3 accumulation, because the size ofMTLn3 [ii.7 Â±i.5 @m
(SD) in diameter]is smaller than that of MTC (16.6 Â±2.1 sm).

Effect of Sialidase Treatment on Metastatic Tumor Cell Traf
ficking. Next we determined the effect of cellular surface sialic acid
on cell adhesion and trafficking; namely the PET scan was performed
with sialidase treated MTLn3 cells, since sialyl glycoconjugates such
as sialyl@Lexare known as ligands for the selectin family and the

presence of those are known to correlate with tumor metastasis (iO,
ii). The data are shown in Fig. 3. Sialidase treated cells were less
accumulated in the lung compared to nontreated cells, suggesting that
cellular surface sialic acid is important for the recognition of meta
static tumor cells by specific endothelium.

These findings indicate that PET imaging could detect cell traffick
ing in vivo in real time and might show the disposition of specific
cells, of which deposition may be dependent on their surface proper
ties such as types of adhesion molecules. The significance of adhesion
molecules in cancer metastasis has been widely investigated both in
vitro and in vivo (i2â€”i7). For example, CD44, which is known as a
homing receptor on lymphocytes, is reported to be in high concentra
tion on malignant cells; metastatic MTLn3 cells are reported to
express variant CD44 molecules (i8). The present technique enables
to determine the interaction of specific cells to organ specific endo
thelium in vivo. Furthermore, this technique is not invasive and
benefits the data of real time cell trafficking in a living animal. This
new PET technique presented here would open a new field of studies
for the elucidation of tumor metastasis and lymphocyte homing.

Acknowledgments

We thank Takeharu Kakiuchi for technical assistance, Shingo Nishiyama
for the synthesis of [2-'8F]FDG, and Etsuji Yoshikawa and Tsuyoshi Kosugi
for the image processing of PET.

2574

MTLn3 @â€˜

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/54/10/2573/2453392/cr0540102573.pdf by guest on 19 M

ay 2023



PET ANALYSIs OF METASTATIC TUMOR CELL TRAFFICKING

Fig. 2. PET image and time-activity curve of â€˜8Faccumulation in lungs and liver. The accumulation change of 18Fduring emission scanning was determined after injection of
[2-'8FJFDG labeled MTb@3 and MTC cells. a, PET images of lungs and liver; b, time-activity curves based on the ROIs which were corrected for photon attenuation. Tissue
accumulation of â€˜8Flabeled M1'Ln3 cells (closed symbols) and MTC cells (open symbols) is shown: â€¢,0, left lung; t 0, right lung; A, A, liver.
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Fig. 3. Effect of sialidase treatment of tumor
cells on their trafficking in vivo. Biodistribution of
[2-'8F]FDG labeled MTLn3 cells with (upper)
or without (lower) treatment of sialidase as de
scribed in â€œMaterialsand Methods.â€•Each PET
image shows the coronal planes of lungs, liver, and
kidneys.
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