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5A 5B

Fig. 5. TEM observations of LE cells in vivo (A) and in vitro (B) demonstration protuberances. A, 25,000X. B,
6,000X

6A 6B

Fig. 6. TEM observations of LE cells in vivo (A) and in vitro (B) demonstrating desmosomes (arrows) located at
Jjunctions of LE cells. A, 30,000X. B, 25,000X.
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TABLE 2
Inhibitive Effects of INF-o. and TIMP-1 on Migration of LE Cells

(Method of Artificial Wound) (Mean = Standard Error)

Groups Migration distance of
control group

experimental group (concentration)

Migration distance of 4

INF-o 4.7+1.2

TIMP-1 3.3+0.8

1.1+0.6 (800 ng/ml) <0.01
0.8+0.4 (1500 ng/ml) <0.01
0.5+0.2 (2000 ng/ml) <0.01
3.1+0.5 (800 ng/ml) NS
3.2+0.4 (1500 ng/ml) NS
3.1+0.6 (2000 ng/ml) NS

P=control group; NS=not significant

TABLE 3
Inhibitive Effects of INF-o. and TIMP-1 on Proliferation of LE Cells

(Method of Artificial Wound) (Mean = Standard Error)

Groups Migration distance of
control group

experimental group (concentration)

Migration distance of P

INF-o 18.3+5.4

TIMP-1 26.4+0.8

3.4x1.1 (800 ng/ml) <0.01
2.3%1.2 (1500 ng/ml) <0.01
1.7+1.5 (2000 ng/ml) <0.01
24.8+1.2 (800 ng/ml) NS
24.3+1.3 (1500 ng/ml) NS
24.7+1.0 (2000 ng/ml) NS

P=control group; NS=not significant

and in vitro are summarized as follows and
in Table 1: 1) The contours of most LE cells
both in vitro and in vitro were elliptic, spindle,
oval or irregular, and frequently a big nucleus
was located in the center (Figs. 4A, B); 2) LE
cells both in vivo and in vitro demonstrated
multiple protuberances with more found in
vivo than in vitro (Figs. 5A, B); 3) There were
many vesicles seen both in vivo and in vitro

Permission granted for single print for individual use.

with higher frequency in vitro; 4) Most
junctions between LE cells were in saddle-like
or linear-like forms in vivo; during early
stages of development, junctions between LE
cells in vitro appeared with many finger-like
junctions which are formed by the protube-
rances. With age, they became linear-like,
saddle-like, or finger-like junctions; 5) As
further development of LE cells progresses in
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TABLE 4

Inhibitory Effects of INF-o. and TIMP-1 on Proliferation of LE Cells (MTT)

Groups OD value (490 nm) P
IFN-o
Control 0.181+0.02
1000 ng/ml 0.146+0.02 NS
2000 ng/ml 0.093+0.01 <0.01
TIMP-1
Control 0.471+0.02
1000 ng/ml 0.464+0.01 NS
2000 ng/ml 0.418+0.02 NS

P=control group; NS=not significant

vitro, desmosomes would be found between
LE cells (Fig. 6A, B).

Cell Migration, Proliferation, and Inhibitory
Assays

Results of the artificial wound assay for
migration and proliferation are summarized
in Tables 2 and 3. The total number of LE
cells migrating from the scrape-wound
margin and the distance which they migrated
were much higher in control than IFN-o
treated one. The decrease in cell growth rate
and rate of migration were dose-dependent.
This indicates that IFN-o exerted an
inhibitory effect on both the growth and
mobility of LE cells. The results were derived
from three separate experiments. TIMP-1
treated groups were not significant.

Results of MTT assays of INF-o are
shown in Table 4. The results agreed well
with the decreased growth rate demonstrated
by the wound assay (above). The decrease
in growth rate of LE cells here was generally
also dose-dependent. The results were
derived from three separate experiments.
Results from TIMP-1 treated groups were
not significant.

Permission granted for single print for individual use.

In Vivo Inhibition Assays

Sixteen days following operation, intra-
dermal injection of Patent blue dye demon-
strated healed (no leak of dye) in the control
and TIMP-1 legs and non-healed (serious
leak) in the leg with IFN-o treatment (Fig. 7).

Apoptotic Assays

Hoechst staining demonstrated that
treatment of LE with IFN-a induced
apoptosis. In general, the IFN-o. group
displayed apoptotic bodies while none were
seen in the control (Fig. §). Apoptotic cells
were also observed in the IFN-o treatment
group by Caspase-3 staining (Fig. 9). TIMP-1
had little effect on inducing apoptosis of LE
cells by either method (data not shown).

DISCUSSION

Interferon was first described by Isaacs
and Lindenmana in 1957 (12). After many
years of research, further classifications of
IFN-0, IFN-o. and IFN-o have been
developed. In the IFN-o family, there are at
least 20 members with IFN-o A and IFN-a. D
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Fig. 7: In vivo inhibitory assay demonstrating leakage (lack of healing) of blue dye from the root of the limb
Jollowing intradermal injection into the dorsum of this IFN-o. limb

Fig. 8: Hoechst staining of LE cells in control (A) and IFN-o. (1500 ng/ml) treated groups demonstrating apoptosis
(arrows indicate the apoptotic bodies). A and B, 200X.

most common in humans. The main also in a dose-dependent manner. Further-
biological functions are anti-proliferation of more, it promoted apoptosis of LE cells as
cells, and anti-virus and immune response reflected in the significant increase in number
(13-14). Clinically, interferon has been widely of free floating and detached cells (data not
applied for treatment of tumors (15). IFN-o shown).

may induce apoptosis in human dermal Tissue inhibitors of metalloproteinases
microvascular endothelial cells (16-17) and (TIMPS) are a family of endogenous

inhibit angiogenesis (18-19). The current inhibitors that regulate activation and activity
study has shown that IFN-o could effectively of MMPs. They have been shown in animal
inhibit proliferation and migration of LE cells models to be capable of the inhibition of

Permission granted for single print for individual use.
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Fig. 9: Caspase-3 staining demonstrating apoptotic cells in the IFN-o. experimental group. (arrows indicate

apoptotic cells). 400X.

tumor cell invasion and metastasis. TIMPs
may also be involved in other diseases such as
arthritis and periodontal disease. TIMP-1 is a
184 amino acid glycoprotein of 28.5 kDa (20-
21) which preferentially binds and inhibits
MMP-1 through interaction with the catalytic
domain of the MMP protein. TIMP-2 is a 194
amino acid glycoprotein of 21 kDa with 43%
and 44% homology to TIMP-1 and TIMP-3
respectively. TIMP-2 inhibits the activity of
all active MMPs and regulates MMP-2 (Kda-
5nM). As with TIMP-1, TIMP-2 has been
shown to have erythroid-potentiating activity
and cell growth-promoting activity. TIMP-3
is present in the eye, binds tightly to the
extracellular matrix, and has been shown to
inhibit TNF-a converting enzyme (22). A
mutation in TIMP-3 is found in Sorsby’s
fundus dystrophy, a dominantly-inherited
form of blindness (22). TIMP-4 blocks the
activities of several matrix metalloproteinases
(MMPs) implicated in the arthritic cartilage
erosion.

We have studied the influences of a
series of angiogenesis inhibitors on lymphan-
giogenesis, including endostatin, PF-4,

Permission granted for single print for individual use.

angiostatin, thalidomide, IFN-o. and TIMP-1.
The results have shown that endostatin, PF-4;
angiostatin, thalidomide and IFN-o can
inhibit the proliferation and migration of LE
cells and were dose-dependent. The mecha-
nism of action may be by inducing apoptosis
of LE cells. According to our current
research, TIMP-1 could not inhibit growth
and proliferation of LE cells, and it had little
effect on inducing apoptosis of LE cells. This
confirms that the different angiogenesis
inhibitors have different effects on lymphan-
giogenesis. The reasons and mechanisms are
not clear and need further study.

Cancer cells metastasize to distant sites
through either venous or lymphatic channels
or both. In view of the importance of lympha-
tic vessels in spread of cancers, development
and application of drugs against lymphan-
giogenesis, in addition to hemangiogenesis,
may further improve the efficiency of
inhibition of the spread of tumor through the
lymphatic system. The study of inhibition of
lymphangiogenesis targeted to LE cells may
provide new understanding and strategies for
cancer therapy.
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