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Abstract : The aim of the present study was to clarify the morphological changes and location of
the preexisting and neovasculatures, associated with the growth of tumor, by three-dimensional
reconstruction of the distribution of arteries changing with the lapse of days after transplantation
of the VX2 cancer into the rabbit tongue.

Serial sections of the specimens injected with India ink were prepared 3, 7 and 14 days after
transplant. The sections were observed with a light microscopy and photographed. The
micrographs were inputted into a computer as image data. Tumor vessels were then reconstructed
three-dimensionally using image analysis software VoxelView. The morphology and number of
furcations of tumor vessels were examined. The diameter of these vessels were also measured.

In the specimens after 3 days, tumor growth inside the vertical muscle of the tongue, dilatation
and tortuousness of the preexisting capillaries adjacent to the periphery of the tumor were
observed. In the specimens after 7 days, cancer nests formed by the tumor and capillaries invading
the stroma were observed. These capillaries took a basket-mesh-like running course different from
the capillary network in stroma surrounding the tumor, which clearly indicated that they were
neovasculatures. In the specimens after 14 days, dilatations of the dorsal lingual branches and
precapillary arterioles, the reduced number of furcations and precapillary arterioles inside the
tumor nest were observed, accompanied by the neovasculatures. In addition, dilatation and
tortuousness of the preexisting capillaries observed at 3 and 7 days after tumor transplantation
were identified in the surrounding tumor stroma in association with the tumor growth.

It is suggested that the changes of tumor vessels induced by transplanted VX2 cancer into the
tongue will pass through three phases : dilatation, tortuousness of the preexisting vessels and
angiogenesis in order.
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Three-dimensional analysis of tumor vessels in transplanted VX2 tongue cancer.
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Fig. 1. A three-dimensional reconstruction system is shown. A micrograph of a transparent specimen
taken by light microscopy is scanned. The image is then inputted on a computer and the
computer processed three-dimensional image is outputted on a monitor and observed.
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Fig. 2. Daily changes in tumor volume are
shown in logarithmic scale. The tumor
volume increased abruptly at 3 to 14 days
after transplantation of VX2 cancer.

* :p<0.05
Abbreviation : N, nontransplantation group
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Fig. 3. Number of vascular furcations from the
precapillary arterioles to the capillaries is
listed. The number decreased with the
lapse of days, but the number of
furcations of the vessels surrounding the
tumor stroma at 14 days increased more
than this inside the tumor nest.
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Abbreviation : N, nontransplantation group
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Fig. 4. Daily changes in vascular diameter are listed. No change was observed even at 14 days in the
deep lingual artery. The diameter of the dorsal lingual branches and precapillary arterioles
increased at 14 days, but the diameter of the precapillary arterioles surrounding the tumor
stroma at 14 days was thinner than inside the tumor nest. Capillary diameter was thicker even at

3 days. * :p<0.05

Abbreviation : N, nontransplantation group
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Fig. 5. Vascular three-dimensional reconstruction (Nontransplantation group)
a : There were DBs that branched off almost vertically from the DA toward the dorsal tongue.
The branches (arrows) from the DB repeated furcations about 4 times until they reached
capillaries (arrow heads) formed in the endomysium, after passing through the vertical and
transverse muscle of the tongue and the perimysium internum of the longitudinal muscle.
b : Back view of “a”. Vascular networks which are invisible in the front view can be seen.
Abbreviations : DA, deep lingual artery ; DB, dorsal lingual branch
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Fig. 6. Pictures of nontransplanted specimens injected with India ink are shown (a: X 10, b : X 25).
a : The DA (300 m) furcates into DB (110 um) . Precapillary arterioles (arrows, 28 ym) branch off from
the DB and pass through the perimysium internum. Then, capillaries (arrow heads, 4.5ym) branch
off from the precapillary arterioles and run inside the endomysium.

b : Magnified view of “a”
Abbreviations :
V, vertical muscle ; L, longitudinal muscle
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Fig. 7. Vascular three-dimensional reconstruction (3 days after transplantation)
a: The DB can be seen adjacent to the tumor. The capillaries (arrow heads) on the tumor stroma

are dilated.

b : Inner view of “a”. Vascular distribution is not seen in the area with tumor growth (*). Mild
dilatation and tortuousness were found only in the capillaries (arrow heads) which surround the

cancer nest.

¢ : Magnified view of the deep vessel in the area indicated by

* in the picture “b”. Branches

(arrow) from the DB form a capillary network surrounding the cancer nest.

d : Back view of “c”.
Abbreviation: DB, dorsal lingual branch
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Pictures of specimens injected with India ink at 3 days are shown (a: X 10, b : X 25).

a : Positional relationships between the DA (300 ¢m) and the DB (100 zm) are shown.

b : The running direction was similar between the dilated capillaries (double arrow head, 17 ym)

on the tumor stroma and the capillaries (arrow head, 4.5um) distributed in the transverse muscle
of the tongue adjacent to the tumor.
Abbreviations : DA, deep lingual artery ; DB, dorsal lingual branch ; T, tumor
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Fig. 9. Vascular three-dimensional reconstruction ( 7 days after transplantation)
a : The precapillary arterioles (arrow) branching off from the DB repeated furcations several
times, and finally formed a capillary network distributed in the cancer nest. The mean times of
furcations required for the arteries to reach the capillary network surrounding the tumor stroma
after the precapillary arteioles branched off from the DB was 3 times.

b : Back view of “a”.

¢ : A basket-mesh-like capillary network encircling the cancer nest.
d : Back view of “c”. A dense vascular network (arrow) was seen in the cancer nest.
Abbreviations : DA, deep lingual artery ; DB, dorsal lingual branch
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Fig. 10. Pictures of specimens injected with India ink at 7 days are shown (a: X 2.5, b: X 25).
a : There were DBs (100 #m) that were surrounded in the cancer nest.
b : Magnified view of * in the picture “a”. The precapillary arterioles (arrow) formed vascular
networks (arrow heads, 15pm) surrounding the cancer nests.
Abbreviations : DB, dorsal lingual branch ; T, tumor
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Fig. 11. Vascular three-dimensional reconstruction (14 days after transplantation)
a : Penetrating arteries (arrow) , which had branched off from the DB and run inside the tumor
nest.
b : Magnified view of “a”.
¢ : The DB inside the tumor nest was shifted by the tumor, so that they could not run in
perpendicularly to the DA immediately after their furcation and had lost their orientation.
d : Magnified view of “c”. Anastomosis of neovasculatures (arrow heads) to the DB can be seen.
Abbreviations : DA, deep lingual artery ; DB, dorsal lingual branch
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Fig. 12. Pictures of the specimens injected with
India ink at 14 days are shown (a : X
2.5, b: X 10).

a : The DA was dilated to 300um. There
were no vessels in the central necrotic
lesion of the tumor. Leakage of India
ink by infusion pressure occurred due to
increased permeability of tumor vessels
(*). A penetrating artery can be seen in
the tumor nest.

Abbreviations : DA, deep lingual artery ;
PA, penetrating artery ; T, tumor
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