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Abstract

AIM To study the angiogenesis induced by
liver cancer with different metastatic
potentials using corneal micropocket model
in nude mice.

METHODS Corneal micropockets were
created in nude mice. Tumor tissues and
liver tissues were implanted into the corneal
micropockets. Angiogenesis was observed
using a digital camera under slit-lamp
biomicroscope, and compared among
different grafts and incision alone. Vascular
responses were recorded in regard to the
range, number and length of new blood
vessels toward the grafts or incisions.
RESULTS Vascular responses induced by
tumor tissues were grea ter than those by
incision alone and liver tissue grafts. LCI-
D20 induced more intensive angiogenesis
than LCI-D35.

CONCLUSION Highly metastatic liver cancer
LCI D20 was more angiogenic than low
metastatic cancer LCI D35 and liver tissue.
Micropocket was a useful model to study
dynamic process of angiogenesis /in vivo.
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INTRODUCTION

Angiogenesis is a tumor growth and metastasis
dependent process. It has been proved that subtype of
tumor with metastatic potential ismoreangiogenic than
non-metastatic one!¥. Corneal micropocket isanideal
model to observethedynamic changein angiogenesisin
vivold. Therefore, thismodel was created in nude mice
to study the angiogenesisinduced by different grafts.

MATERIALS AND METHODS

Materials

Animals: Six-week-old male BALB/c nu/nu mice
wereprovided by Shanghai Pharmaceutical Institute.
The eyes of each mouse were treated with
aureomycin ointment everyday for one week before
operation to prevent any potential infection. A dlit-
light biomicroscope (Wuxi Optical Instrument
Factory, Jiangsu Province, China) was used to
oberve the eyes of mice. Highly metastatic LCI D20
and lowly metastatic LCI D35 human hepatoma
model swere established by orthotopic implantation
of surgical specimensof liver cancer patientsin nude
micel®. In LCI D20 model, metastasis to the lung,
peripheral liver and celiac lym phnodes was found
20 days after transplantation to the liver. Rapid
deterioration and death occurred in nude mice. On
the contrary, in LCI D35 model, 35 days af ter
orthotopic transplantation, no metastatic lesion
appeared, the nude mice sur vived for more than
two months without distant metastasis.

Methods

Operations were performed in aseptic condition
under anesthesiawith 0.06 mL 3% pentobarbital and
0.9% natural solution was used to wash the eyes.
Under an anatomic microscope, the eyeswere fixed
and moved forward by two sutures through the
conjunctiva near cornea. With a modified blade
(Gillette Limited, Shanghai, China), a superficial
incision about 1.5 mm long not through the cornea
was made on the corneal dome near the pupil. A
modified spa tula made from asterilized 27gauge
needle was used to make a 1.5 mm x 0.8mm-
micropocket in the corneal stroma from incision
toward the cornea-sc leral junction. A graft, about
0.1 mmx 0.1 mm x 0.5mm, was put into the bottom of
the micropocket using the modified spatula. The inci-
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sion could be self-closed (Figure 1). Aureomycin
ointment was applied to the operated eyes to
prevent postoperative infection for 3 days. On the
3rd, 5th, 7th, 10 th, 15th and 20th days after
operation, the operated eyes were observed under
dlit-lamp biomicroscopewith their imagesrecorded in
computer via a digital camera (Figures 2, 3).
Angiogenesi sinduced by theimplanted tissueswas defi
ned as those blood vessel s originating at the adjacent
limbal plexus toward the implants. The methods of
guantitative study followed those reported in the
literature®.. Briefly, thecircleof the corneawasevenly
divided into 24 p arts to present the range of
angiogenesis. For example, if therange of angiogenesis
was one-fourth of circle, it was 6. The distance from
the cornea-sclera  junction to the pupil was divided
evenly into 5 parts. The length of blood vessels could
be calculated from one to five. The number of blood
vessel swas counted from the pictures.

RESULTS

The angiogenesis on the cornea of nude mice could
be separated into two phases. In thefirst phase, the
blood vessels originating from the limbal plexus at the
cornea-clerd junction and pointing totheincisoninthe
operated areaswere caused by the surgical manipulations.
If there was no graft, the blood vessels disappeared 3
days after operation. However, the angiogenesison the
fourth day after operationwasdifferentin caseof different
grafts(Tablel). Vascular responsewasdescribedin detall
asfollows.

Table 1 Comparison of angiogenesis among different grafts
and incisi on alone (t test)

LCID20 LCID35 Liver tissues Incision alone P value
=4 (=49 (=49  (©0=9

Angiogenesis

24.00£0.00 11.50+1.29 7.25+0.96 4.50+0.58 <0.01
Number(x+s)  24.75+2.63 16.50+2.98 12.50+1.29 <0.01
Length (x) 5.1 4.4 4.3 >0.05

Range (xs)

Incision alone

On the 1st day after operation, the new blood vessels
devel oped from the limbal plexus and pointed to the
operating site. But on the 2nd day, the number of blood
vessels decreased, and no blood vessel was found on
the cornea on the 3rd day.

Liver tissues

On the 7th day after operation, the blood vessels
reached the implants, which were the peak of
angiogenesisinduced by liver tissues. Itsrange was
7.25. Itsaverage length and number were 4.4 and 12.
5 respectively. On the following days, the size of
grafts was decreased, with the length and number
of new blood vessels reduced aswell.

Junciion of ¢cornea and conjuncliva

Incision on cornea

Pupil

Boundary of micropocket

Incision on the comea

Grafis

Junetion of ~———_
cornea and conjunctiva

Boundary of micropocket

Figure 1 Schematic description of the establishment of corneal
micropocket.

Figure 2 Angiogenesis induced by LCI D35 in corneal micropocket
in nude mice.
A: 4th day; B: 7th day; C: 10th day; D: 13th day.

Figure 3 Angiogenesis induced by LCI D20 in corneal ?micropocket
in nude mice.
A: 4th day; B: 7th day; C: 10th day; D: 13th day.

LCI D35 tumor tissues

On the 7th day after operation, the blood vessels
reached the tumor implants. The tumor was larger
than that when it was implanted. The range of an-
giogenesis was 11.5, and the average length and
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number of new blood vessels were 4.4 and 16.5
respectively.

LCI D20 tumor tissues

Onthethird day after operation, the blood vessels
reached the tumor implants. On the 7th day, the
blood vessels were penetrating to the tumor
tissues with the tumor implants enlarged. On the
15th day, the blood vessels originating from the
counterpart of the operative limbal plexus could
be found. The range was 24, the average length
and number of blood vesselswere 5.1 and 24.75
respectively. Thetumor graft was 2-3 timeslarger
thanitsoriginal size. Hemorrhagic necros isoften
was presented at the central part of the tumor.
The sizes of blood vessels were obviously bigger
than those of others.

DISCUSSION

The human hepatoma metastatic model LCI D20 and
LCI D35 were good tools for the study of metastasis.
We have observed that the LCI D20 tumor was ruddier
than LCI D35 tumor, and thereweremore blood vessdl's
in LCI D20, suggesting LCI D20 is more angiogenic
than LCl D35.

To study angiogenesis in vivo, we established a
corneal micropocket model in nude mice to show the
angiogenicreactioninduced by human hepatomatissues
in vivo. Because in vivo study can dynamically
demongtrateangiogenesis, itismorereliablethaninvitro
study.

It was demonstrated that the blood vessels on
corneainduced by incision alone disappeared 3 days
after operation, which was considered as a normal
blood vessel reaction caused by trauma. Liver graft
induced mild reaction on the cornea of nude mice,
which was greater than incision alone. It may result
from the slight difference in their histological
compatibility between thedonor miceand recipient mice
in our corneal micropocket model. Folkman et al

also reported the rejection caused by xenogenic
implantation in the corneal micropocket model!?.
However, theangiogenesisinduced by xenogenictissue
implantation and tumor tissues were very different.
Tumor angiogenesi swas more potent and durable than
others, and the grafts grew rapidly instead of
disappearing in case of liver grafts.

Our experiment also indicated that tumor tissues
with different metastatic potentials had different
angiogenecities. LCI D20 induced ardatively stronger
angiogenesisthan LCI D35 did. In addition, the growth
rate of LCI D20 tumor was greater than that of LCI
D35. A pesk of angiogenesiswasobserved in LCI D35
implants. Our hypothesisisthat proliferation of tumor
was balanced by apoptosis dueto lack of enough blood
supply. However, no pesk of angiogenesiswasfoundin
LCl D20 gréfts, indicating angiogenesisinduced by LCI
D20 becamemoreintensveat theend of theobservation
period.

In preparation of the corneal micropocket model
in nude mice, the depth of incision into the cornea, the
size of micropocketsand graftsarevitally important for
SuCCESS.

Observation of dynamic changesin angiogenesis
shown by our model isvery helpful for screening anti-
angiogenic drugsor other anti-tumor drugs.

REFERENCES

1 Folkman J. Tumor angiogenesis. In: Holland JF, Bast RC, Morton
DL, Frei E, Kufe DW,Weichselbaum RR, eds. Cancer medicine,
4th Edition. Baltimore, Maryland: Williams & Wilkens, 1996:
181-204

2 Gimbrone MA, Cotran RS, Leapman SB, Folkman J. Tumor growth
and neovascularization: an experimental model using the rabbit
cornea. J Natl Cancer Inst, 1974;52:413-419

3 HeB, Liu KD, Tang ZY, Xue Q. Different mutation and expres-
sion patternsin LCI D20 and LCI D35 models. Chinese Hepatology,
1997;5:245-246

4 Sun FX, Tang ZY, Liu KD, Ye SL, Xue Q, Gao DM, Ma ZC.
Establishment of a metastatic model of human hepatocellular
carcinoma in nude mice via orthotopic implantation of histologi-
cally intact tissues. Int J Cancer, 1996;66:1-5

5 Voest EE, Kenyon BM, O'Reilly MS, Truitt G, D’Amato RJ,
Folkman J. Inhibition of angiogenesisin vivo by interleukin 12. J Nat!
Cancer Inst, 1995;87:581-586

Edited by WANG Xian-Lin



