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MACROPHAGES AND CARCINOMA CELLS MIGRATE AT THE
SAME PACE TO THE LYMPH NODES

D. Verhoeven, N. Buyssens

Department of Pathology, University of Antwerp, Belgium

To provide semiquantitative insight
into the rate of migration of tumor cells
to regional lymph nodes, we compared
the transport of India ink loaded macro-
phages with Walker 256 (W256) carcin-
oma cells. In brief, W256 carcinoma cell
fragments of 25mm® were implanted sub-
cutaneously on both sides of the lower
back at a distance of 2.5cm from the
draining inguinal lymph nodes on either
side in 26 female Sprague-Dawley (S-D)
rats (Fig. 14). From day 0, two rats were
sacrificed at 1/2h, 12h, 24h, 36h, 48h, and
- daily thereafter until day 10. The inguinal
lymph nodes on both sides, the tumor
implants and the tissue in between were
excised, fixed en bloc, and examined by
light microscopy to observe the daily ad-
vance of the tumor cells to the regional
lymph nodes (Fig. 1B).

A similar study was performed after
instilling 50ul of India ink on both sides
of the lower back in 26 other female S-D
rats. The carbon particles were consid-
ered a marker for migrating histiocytes
and traced by light microscopy by staining
the nuclei with Kernechtrot. This method
leaves the cytoplasm free of stain such
that carbon particles within could be
more easily recognized. The presence of
small particles was confirmed by trans-
mission electron microscopy.

FINDINGS
A. Tumor migration

From day 1 onward, the tumor im-
plant site was edematous and infiltrated
by a small number of macrophages. At
day 2, the first malignant cells were seen
in sector 2 (Fig. 1B), a distance of 1lmm
from the main tumor mass. At the same
time, isolated or small groups of morpho-
logically intact tumor cells, some showing
mitoses, were first detected in draining
lymphatics more than 2cm from the im-
planted tumor (sector 4; Fig. 1B) and also
in the marginal sinus of one groin lymph
node. Many dilated lymphatic vessels
were observed in the vicinity of the im-
plants. At day 7 the draining groin nodes
were filled with large groups of tumor
cells in the marginal sinuses extending
into the trabecular sinuses. At day 10 the
invaded lymph nodes were largely re-
placed (1/2 or 2/3) by tumor cells pri-
marily located in the sinuses with only
local infiltration of the trabeculae. Exami-
nation of serial sections demonstrated
that from 24h after implantation up to
day 10 the main tumor mass was uniform-
ly surrounded by isolated tumor cells and
that detachment occurred continuously.
Although the original size tumor mea-
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Fig. la. Lymphatic drainage areas of the individual anterior (A) and posterior
(P) inguinal lymph node. Tumor cells or India ink was implanted on the low
back as shown approximately 2.5cm from the regional groin nodes. 1b. Scheme
showing the sampling technique of the implants, the inguinal lymph nodes, and
the draining tissue between them subjected to light microscopy.

sured 2.5cm at day 10, the metastatic tion became more prominent and numer-
transport was irregular as summarized in ous macrophages containing carbon parti-
Table 1. cles surrounded the black ink "mass" and
could be traced in sector 3 at a distance
B. Macrophage migration of 3.5mm from the main black blob. At
day 3 isolated macrophages were present
At day 1 the site of India ink place- in dilated lymphatic vessels (sector 4) and
ment was surrounded by a moderate in- detectable in the marginal and trabecular
flammatory reaction. At day 2 this reac- sinuses of the inguinal lymph nodes.

Permission granted for single print for individual use.
Reproduction not permitted without the permission of Journal LYMPHOLOGY .



143

Table 1
Comparison of migration pattern (time sequence) of India ink loaded macro-
phages, and of Walker 256 (W256) carcinoma cells to regional inguinal lymph
nodes. The first digit (numerator) is the number of involved lymph nodes, the
second (denominator) the number of examined lymph nodes. The two adjacent
lymph nodes of one side are counted together as one

Time h 12h 24h 36h 48h 3d

h-hour
d-day

4d Sd 64 7d 8 94 10d

Ink (50ul) 0/4 0/4 0/4 0/4 0/4

3/4 2/4 4[4 4/4 4[4 4[4 4/4 4/4

W256 (125mg)  0/4 0/4 0/4 0/4 1/4

0/4 3/4 3/4 1/4 4/4 1/4 2/4 3[4

From day 5 until day 10 more than 200
macrophages with carbon particles were
consistently counted in each lymph node
section. As summarized in Table 1, the
presence of macrophages was constant
and maximal from day 5 onward.

COMMENT

The comparative transport dynamics
of Walker 256 carcinoma cells and of ma-
crophages show that they migrate at a
similar pace and are able to reach within
3 days draining lymph nodes 2.5cm away.
Nonetheless, macrophages seem to be-
have more regularly than tumor cells.
That macrophages are attracted by the
inflammatory stimulus of India ink is self-
evident, but once these mononuclear cells
have phagocytosed the carbon particles
the chemo-attraction ceases. Cell trans-
port rate to regional lymph nodes is influ-
enced by augmented lymph flow second-
ary to local inflammation. Because both
macrophages and detached tumor cells lie
free in the interstitium, the mechanism of
being carried along by the lymph stream
probably accounts for a similar transport
rate for each cell type. It is possible that

active cell motion is also involved in mi-
gration toward regional nodes.

The metastatic process has been char-
acterized as a cascade of events, one of
which includes the transport migration
rate of cells (1). Our findings support that
the rate of displacement of tumor cells in
a rapidly growing experimental tumor
with high metastatic potential is similar to
the migration rate of macrophages in re-
sponse to an inflammatory reaction.
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