
128

Lymphology 36 (2003) 128-139

THREE-DIMENSIONAL CHANGES IN
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ABSTRACT

Many questions remain regarding the
mechanism of cervical lymph node metastasis
via lymphatic vessels. We report here the
three-dimensional dynamics of the lymphatic
architecture around tumor during growth of
implanted VX2 tongue cancer.

The tongue and the deep cervical lymph
nodes of rabbits were observed at 3, 7 and 10
days after transplantation of VX2 cancer cells
(n=5 in each group). Lymph node metastasis
was confirmed histopathologically. Morpho
logical changes of the collecting lymphatic
vessels and lymphatic capillaries were
observed, and the number and diameter of
these lymphatic vessels were measured within
500 pm around the tumor using the combined
method of 5'-nucleotidase (5'-Nase) staining
and three-dimensional reconstruction imaging.

The VX2 cells were uniformly detected
in cervical lymph nodes ofeach rabbit of the
1O-day group. The number of lymphatic
capillaries and the diameters of collecting
lymphatic vessels around the tumor in the
7- and 1O-day groups were greater than in the
3-day group. These capillaries arose by
sprouting from preexisting lymphatic vessels
and showed a tree-like branching pattern.

We conclude that the dynamics of the
lymphatic architecture around the tumor,
especially the increase in number of capillaries
on preexisting lymphatic vessels outside the

tumor margin, may be associated with lymph
node metastasis.

Metastasis to cervical lymph nodes is
frequently found clinically, which adversely
affects the prognosis for patients with oral
squamous cell carcinomas (1,2). Anatomi
cally, metastasis to the cervical lymph nodes
is established by cancer cell invasion via the
lymphatic vessels. Therefore, it is important
to elucidate the mechanism of cervical lymph
node metastasis to investigate changes in the
microcirculation, especially of the lymphatics,
during the development of cancer.

The 9,10-dimethyI1,2-benzanthracene
acetone-induced tongue carcinoma (3,4), VX2
transplanted tongue carcinoma (5) and
human biopsy specimens of squamous cell
carcinomas of the oral region (6-8) have been
monitored for morphological changes of the
lymphatics around tumor using 5'-nucleotidase
(5'-Nase) staining. Furthermore, lymphangio
genesis within or around tumors has been
reported in recent years, and the correlation
between tumor lymphangiogenesis and
regional lymph node metastasis has received
increased attention (9,10). However, it is
necessary for appreciation of the detailed
morphological changes of lymphatics to
observe the three-dimensional changes of
lymphatic vessels around the tumor in the
development of cancer. Fujimura et al have
studied the three-dimensional lymphatic
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architecture in the normal tongue of the
rabbit using a method that combines 5'-Nase
staining and three-dimensional reconstruc
tion imaging (11).

In this study, we report the three
dimensional dynamics of the lymphatic
architecture during the growth of VX2
tongue cancer in rabbits.

MATERIALS AND METHODS

Animals and Tumor Cells

Japanese white male rabbits (Oriental
Bio Co., Ltd., Japan) (n=15), weighing
2.0-2.5 kg, were used in this study. They were
maintained in a standard environment (room
temperature: 22 ± rc, room humidity:
55 ± 5%) in the vivarium ofIwate Medical
University. The rabbits received a standard
pellet diet with water ad libitum.

We used VX2 cells, which were
transplantable into the rabbit tongue and
readily spread to the regional lymph nodes
(12,13). The VX2 cell line was maintained by
successive transplantations at a position on
the inside of the right leg muscle. Cancer cells
were isolated from the leg muscle under
sterile conditions, fragmented into fine pieces,
filtered through a steel mesh, and suspended
in saline. All experiments were carried out
according to the guidelines of the Animal
Experiment Committee of our Institute.

Animal Experiments

Rabbits were injected with 5xl0 5 VX2
tumor cells in the left lateral border of the
tongue under sodium pentobarbital anes
thesia. They were killed by lethal injection of
sodium pentobarbital at 3, 7 or 10 days after
transplantation (n=5 in each group), and the
tongue and both sides of the deep cervical
lymph nodes of each rabbit were dissected.
The primary tumors on the tongue were
measured using a caliper, and the tumor
volume was calculated according to the

formula a2b12, where a and b were the
shortest and the longest diameter of the
tumor, respectively.

The tongues were divided into two parts:
An anterior part for histopathological
examination by hematoxylin and eosin (H-E)
staining and a posterior part for identification
of the lymphatic vessels by 5'-Nase staining.
The deep cervical lymph nodes were observed
histopathologically for confirmation of
metastasis by H-E staining.

Serial Cryosectioning and 5'-Nase Staining

The specimens for 5'-Nase staining were
immersed for 30 minutes in cold 4%
formaldehyde-l % calcium chloride. After
washing in O.IM Tris-maleate buffer (pH 7.2),
they were frozen in hexane (-80D C) cooled by
dry ice. The frozen specimens were then
embedded in 5% carboxymethyl cellulose
(CMC) gel, and immediately frozen in the
same hexane. The frozen specimen in the
CMC block was cut using a cryostat (Bright
Instrument. Co. Ltd., UK) and a cryofilm
transfer kit (Finetec, Japan) devised by
Kawamoto and Shimizu (14). We produced
one hundred of the 10 ()lm) thick serial
cryosections by these methods.

After washing with O.IM Tris-maleate
buffer, sections were incubated for 30 minutes
at 37DC in the 5'-Nase substrate solution (15).
The sections were washed in O.IM Tris
maleate buffer, and incubated in 1%
ammonium sulfide solution for 2 minutes.
The sections were rinsed with distilled water
and then mounted with glycerin.

Three-Dimensional Reconstruction of
Lymphatic Vessels

The three-dimensional reconstruction
from serial sections of 5'-Nase staining was
carried out according to the method devised
by Fujimura et al (11,16). The sections were
observed and input to a computer (Macintosh
G4, Apple Co., USA) as two-dimensional
image data using an optical microscope
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Fig. 1: Change in tumor volume of VX2 tongue cancer after transplantation. Data are presented as mean±SD.

(E800, Nikon, Japan) equipped with a color
chilled 3CCD video camera (C581O,
Hamamatsu Photonics, Japan). The lymphatic
vessels positive for 5'-Nase staining were
extracted from these two-dimensional images,
underwent threshold treatment in the
computer (Photoshop ver. 7.0, Adobe Systems
Inc., USA) and then were reconstructed to
produce three-dimensional images by the
volume-rendering method (VoxBlast ver.
2.3.3, VayTec, USA). A rotation image of the
three-dimensional architecture of lymphatic
vessels around the tumor was produced and
observed from various perspectives.

Number and Diameter of Lymphatic Vessels

We have observed the superior
longitudinal muscles accompanying collecting
lymphatic vessels (SLCL), which are a major
route for lymphatic vessels in the normal
tongue of rabbits (11). In addition, there are
vertical muscles, joined to the SLCL,

accompanying collecting lymphatic vessels
(VL) (11). We observed morphological
changes of the SLCL as well as in lymphatics
joining the SLCL and in lymphatic
capillaries, and measured the number and
diameter of these lymphatic vessels within
500).lm around the tumor. We counted the
number of lymphatic capillaries using
rotation images. The largest diameter of the
SLCL was confirmed on the three-dimen
sional image and then was measured on the
two-dimensional image at this position.

For statistical evaluation of the data, we
used the Mann-Whitney t-test, significance
level of P <0.05 by InStat (ver. 2.03).

RESULTS

Tumor Volume and Histopathological
Findings of VX2 Tumor

The mean volumes of the VX2 tumor
of the 3-, 7- and lO-day groups were
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Fig. 2: Histological section of tongue at 7 days after
transplantation. (H-E staining, XlO). Infiltration of
tumor cells and inflammatory cells. Ep: epithelium;
SLM: superior longitudinal muscles; T: tumor cells.

21.67 ± 7.28 (mm3
), 136.00 ± 36.15 (mm3

),

and 233 ± 28.24 (mm3), respectively. The
mean volume of primary tumors increased
steadily from 3 days after transplantation
(Fig. 1).

The tumor proliferated and infiltrated
within the muscle of the transplanted side but
not into the opposite side. In the 3-day group,
tumor cells lodged in the muscle layer into
which cells had been transplanted. In the
7-day group, tumor margin showed a cord
like invasion into muscle bundles. The tumor
proliferated and infiltrated within vertical
and transverse muscles but not into the upper
longitudinal muscles or the submucosal
lamina propria under the epithelium of the
tongue. The area of the tumor was greater
than in the 3-day group. In the tumor stroma,
there were thick blood capillaries and chronic
inflammatory cell infiltrates (Fig. 2). In the

muscle layer of the tumor periphery, muscles
were slightly compressed by the growing
tumor. In these muscles, there were dorsal
branches of the deep lingual artery and veins
that were compressed by muscles with growth
of tumor. In the 10-day group, the area of
tumor was greater than that in the 7-day
group but there was no difference in findings
around the tumor in the 7-day group.

Lymph Node Metastasis of VX2 Tumor

Although the hyperplasia of paracortical
areas and the cellular reaction in the deep
cervical lymph nodes were confirmed in the
3- and 7-day groups, lymph node metastasis
of VX2 cells was not confirmed by histo
pathological examination. However, VX2
cells were observed in the deep cervical
lymph nodes of all rabbits in the 10-day
group (Fig. 3).

Distribution and Three-Dimensional
Architecture of Lymphatic Vessels Around
Tumor

5'-Nase-positive lymphatic vessels were
not observed in the tumor area but instead in
the musculature surrounding the tumor,
where VX2 cells did not invade (Fig. 4). In
the 3-day group, collecting lymphatic and
lymphatic vessels existed in the muscle layer
around the tumor (Fig. 5a,b). Specifically,
there was SLCL in a border between the
upper longitudinal muscle and the transverse
muscle, and there were VL and lymphatic
capillaries joined to the VL in the
endomysium of the vertical muscle around
the tumor (Fig. 5c,d). The mean of the
numbers of lymphatic capillaries was
8.2 ± 1.0, and the mean of the diameters of
the SLCL was 75.0 ± 12.9 pm.

In the 7-day group, the VL and SLCL
within 50 to 100 pm outside of the muscle
bundles invaded by VX2 cells were pressed to
the side of the septum, to the dorsum of the
tongue more than in the 3-day group (Fig.
6a,b). There were a few lymphatic capillaries
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Fig. 3: Histological section of the deep cervical lymph node at 10 days after transplantation. (H-E staining, a: X4,
b: XlO). T: tumor cells.

less than 100 pm from the tumor periphery.
In the range of 100 to 300 pm outside of the
tumor periphery, lymphatic capillaries in the
endomysium were observed on the VL and
the location where the VL joined the SLCL

(Fig. 6c,d). The mean number of lymphatic
capillaries was 12.0 ± 2.8, which was
increased significantly more than in the 3-day
group (Fig. 7a). The mean diameter of the
SLCL was 105.0 ± 23.5 pm, which was
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Fig. 4: Two-dimensional images of lymphatic vessels around tumor at 10 days after transplantation. (5'-Nase
staining, a: X2, b: X4); arrow: SLCL; T: tumor.

significantly larger than in the 3-day group
(Fig. 7b). The largest diameter was located
where the VL joined the SLCL.

In the 10-day group, the VL and SLCL
within SO to 100 ).lm outside of the muscle
bundles invaded by VX2 cells were pressed
intensely to the side of septum and to the
dorsal side more than in the 7-day group,
respectively. There were a few lymphatic
capillaries closer than 100 ).lm from the tumor
periphery, as in the 7-day group. In the range

of 100 to 300 ).lm outside of the tumor
periphery, lymphatic capillaries, about 30 to
50).lm long, were seen on the VL (Fig. 8a,b).
The mean number of these capillaries was
16.0 ± 2.8, which was increased significantly
more than in the 3-day group (Fig. 70). These
capillaries had no consistent pattern of
branching and showed a tree-like branching
pattern rather than a network pattern (Fig.
8c,d). The mean diameter of the SLCL was
118.0 ± 15.3 ).lm, which was significantly
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Fig. 5: Three-dimensional lymphatic architecture around tumor at 3 days after transplantation. (a, b: Xl, c, d: X4).
Lymphatic capillary (arrow); T: tumor; Bar: 500 pm.

larger than in the 3-day group (Fig. 7b). The
part of the SLCL that VL joined had the
largest diameter, as in the 7-day group. There
were no significance differences between the
mean numbers and diameters of the 10-day
group compared with the 7-day group.

DISCUSSION

This report presents a three-dimensional
image of lymphatic architecture around the
tumor during growth of VX2 tongue cancer
in rabbits.

The SLCL evaluated in this study is one
of the main routes of lymphatic vessels in the
normal tongue of the rabbit (11). The SLCL

runs in the front and back direction between
the superior longitudinal muscle and the
transverse muscle and forms a ladder-like
network (11). VX2 tongue cancer infiltrates
these muscles and destroys lymphatic vessels
within them. In this study, we observed
morphological changes of lymphatic vessels
around the tumor. The number of lymphatic
capillaries around the tumor in 7- and lO-day
groups increased more than in 3-day group.
Lymphatic capillaries arose by sprouting
from preexisting lymphatic vessels, the VL,
on the normal muscle bundles within
100-300 JIm outside of the tumor periphery.
These capillaries showed a tree-like
branching pattern.
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Fig. 7: Number of lymphatic capillaries and diameter of ULCL. a: Number of lymphatic capillaries; b: diameter of
ULCL (mean±SD).

newly formed from preexisting lymphatic
vessels in normal tissue outside the tumor
margin before cancer cell invasion,
Furthermore, it appears that the LCL, VL,

and lymphatic capillaries are routes of
metastasis to the cervical lymph nodes.

The distribution and architecture of
lymphatic capillaries in the normal tongue of
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Fig. 8: The three-dimensional lymphatic architecture around tumor at 10 days after transplantation. (a, b: X2, c, d:
X4). Lymphatic capillary (arrow); T: tumor; Bar: 500 pm.

the golden hamster are morphologically
different between the dorsal and the
sublingual side of the lamina propria (25).
Blind end lymphatic capillaries, which arise
from the lymphatic capillary network in the
lamina propria enter into the papilla of the
lamina propria. In contrast, lymphatic
capillaries in the sublingual surface form a
hexagonal network, with no blind end
lymphatic capillaries arising from this
network. These results suggest that the
lymphatic architecture depends on the
peripheral structure (25). On the other hand,
VX2 cancer cells infiltrate in a cord-like
fashion the peripheral normal tissue, and the
margin of the tumor is irregular. However,

the blind ends of lymphatic capillaries neither
enter the irregular margin of the tumor nor
form the lymphatic capillary network around
the tumor. There is little distribution of
lymphatic vessels closer than 100 ).lm around
the tumor. In addition, blood vessels form a
network around the tumor, but lymphatic
vessels do not. We hypothesize that
lymphatic vessels have particular
characteristics in pathological conditions but
are not affiliates of blood vessels.

Lymphatic vessels have a functional role
in maintaining homeostasis of the interstitial
fluid (26). Some authors report enlarged
lymphatic capillaries during the growth of
cancer cells in 9,10-dimethyll,2-
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benzanthracene acetone-induced tongue
carcinoma (4), VX2 transplanted tongue
cancer (5), and human biopsy specimens of
squamous cell carcinomas of the oral region
(8). Ogawa has reported that the transport of
substances especially via intracellular
endothelial spaces and pinocytotic vesicles
increases with progression of tumor in
lymphatic capillaries surrounding the tumor
(27). The mean diameters of the SLCL in the
7- and 10-day groups are significantly larger
than in the 3-day group. The largest diameter
of the SLCL is located where the VL joins the
SLCL. These findings suggest that the
diameters of collecting lymphatics are
enlarged by increased lymph flow.

Metastasis to the deep cervical lymph
nodes in the VX2 tongue cancer model began
during 7 and 14 days after transplantation
(28). In this study, lymph node metastasis
was confirmed in the lO-day group. At that
time, the number of lymphatic capillaries
around the tumor was increased. These
results suggest that an increased number of
lymphatic capillaries increases the likelihood
of cancer cell invasion into the lymphatics.

In conclusion, our results suggest that the
dynamics of the lymphatic architecture
around the tumor, especially the increased
number of capillaries from preexisting lym
phatic vessels outside of the tumor margin, is
associated with lymph node metastasis.
Interestingly, He et al have recently reported
that inhibition of the VEGFR-3 signaling can
block tumor lymphangiogenesis and suppress
lymph node metastasis (29). Further studies
are required to clarify the dynamics of the
lymphatic architecture around the tumor by
administering anticancer agents.
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