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ABSTRACT

This study was designed to screen
potential safe and effective inhibitors of
lymphangiogenesis. Lymphatic endothelial
cells from pig thoracic duct were isolated
and cultured. The control group, 3 endostatin,
and 3 PF-4 experimental groups were tested
for effects on proliferation and distance of
migration of the cultured cells by two methods
(method of the scraping line and MTT assay),
and observations by light, confocal, and
electron microscopy were also made. Total
cells migrating past the scrape line for the
endostatin control group was 28.6x1.2
(mean = standard error) and the 3 endostatin
experimental groups (50ng/ml,100ng/ml, and
150ng/ml), respectively, were 17.5+0.6,
10.5+0.5, and 4.8+0.3 (all p<0.05 cf control).
Migration distance for the endostatin control
group was 381.7+9.67um, and the migration
distance of the 3 endostatin experimental
groups, respectively, were 252.9+5.58,
164.5+7.09, and 91.2+7.98um (all p<0.05).
Cell migration number for the PF-4 control
group was 28.3+1.0 compared with doses of
40ng/ml, 80ng/ml, or 120ng/ml of PF-4,
respectively, were 13.6x0.7, 9.5+0.6, and
4.6+0.4 (all p<0.05 cf control). Migration
distance of cells in PF-4 control group was
419.9+5.87um, and the 3 PF-4 experimental
groups, respectively, were 199.2+8.16,
152.5+7.28, and 104.2+6.70um (all p<0.05 cf
control). The MTT assay confirmed that as
the concentrations of endostatin and PF-4
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were increased, the inhibitory effect was
increased. We conclude that endostatin and
PF-4 are able to inhibit the migration and
proliferation of lymphatic endothelial cells,
and these effects are dose-dependent.

Lymphangiogenesis, the formation of
new lymphatics from pre-existing vessels, is
likely a prerequisite for many physiological
and pathological processes such as embryonic
development, organ transplantation, wound
healing, regeneration of tissue and organs,
and growth and metastasis of tumors. At
present, relatively little is known about the
molecular mechanisms and influencing
factors in lymphangiogenesis (and lymph
vasculogenesis) compared to blood vessel
angiogenesis (and blood vasculogenesis), but
information is steadily accumulating (1).

In addition, research on tumor angiogenesis
has made remarkable progress (2-5), and

the discovery of growth factors and inhibitors
of hemangiogenesis have led to further
discoveries relevant to the field of lymphan-
giogenesis (6). Recently, investigations have
focused on growth factors such as the VEGF
family (7-9) and bFGF (10) for stimulation of
lymphangiogenesis and agents such as anti-
VEGFR-3 for lymphangioinhibition (11).
This study was designed to examine the
potential influence of the hemangiogenesis
inhibitors endostatin and PF-4 on lymphan-
giogenesis in an effort to find a safe, effective,
and practical inhibitor of lymphangiogenesis,
so as to limit local lymphangiogenesis and
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possibly retard the spread of tumors through
the lymphatic system.

MATERIALS AND METHODS

Origin of Lymphatic Endothelial Cells and
Experimental Group

Lymphatic endothelial cells were
obtained from the pig thoracic duct. The
experimental groups were divided into
endostatin groups at control, 50 ng/ml, 100
ng/ml, and 150 ng/ml, and PF-4 groups at
control, 40 ng/ml, 80 ng/ml, and 120 ng/ml.

Isolation, Culture Of Lymphatic Endothelial
Cells (12-18)

Fresh pig thoracic ducts were obtained at
the local abattoir and kept fresh until brought
to the laboratory. To visualize the thoracic
duct, the lymph node in the distal end was
injected with a solution of 1% Evans blue dye
in phosphate buffered saline. The thoracic
duct was dissected and a 10-15cm length was
skeletonized from fat. The distal end was
cannulated with polythene tube, and the duct
was flushed with D-Hanks to remove residual
dye and lymph, and a 0.1% collagenase
(Sigma, Type IA) solution in PBS was
injected through the tube. The thoracic duct
was kept full and placed in a humid state for
10 minutes at 37°C. After incubation, the
collagenase solution was collected and the
duct was flushed with medium. The total cell
suspension was centrifuged at 1,000 rpm for
10 minutes, the supernatant removed, and
the cells suspended in medium supplemented
with 20% fetal calf serum, 100 units/ml
penicillin, 100 pg/ml streptomycin and seeded
on the plate. They were maintained at 37°C
in a humidified incubator with 95% air and
5% CO,. The medium was changed every
two or three days. When the cells reached
confluence and formed a monolayer, subcul-
tures were obtained by digestion of primary
culture with 0.125% trypsin and 0.01%
EDTA (Sigma).
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Identification of Lymphatic Endothelial Cells

LEC were identified by VEGFR-3
(Sigma) and LYVE-1 (AngioBio) (19,20).
The cells were grown on a cover glass to a
confluent monolayer and fixed with 4%
glutaraldehyde in 0.1M sodium cacodylate
buffer, pH 7.2 for 20 min at RT. After PBS
washing, 10% sheep serum was added at
37°C for 30 min and the primary antibody
(VEGFR-3 5pg/ml or LYVE-1 25pg/ml) was
added to incubate at 4°C overnight.
Following PBS washing, the second antibody
(sheep anti rabbit IgG-FITC, 0.1mg/ml) was
used at 37°C for 1 hour. After PBS washing,
the cells were observed under laser scanning
confocal microscope (Zeiss).

Inhibitory Assays

Endostatin and PF-4 were respectively
obtained from Calbiochem and Peprotech.
They were diluted into different concen-
trations in PBS (PBS used alone for control
wells) and were used with the second or third
generation of lymphatic endothelial cells.
The medium used for all assays was DMEM
(Hyclone) supplemented with 20% fetal calf
serum (Gibco), 100 units/ml penicillin, 100pg/ml
streptomycin, and 2 mM L-Glutamine.

Method of the scraping line

Using second passage lymphatic
endothelial cells at confluence, the monolayer
was damaged by removing a portion (about
10mm in width) of the cells using a scraper
(rubber policeman) at the central part of the
plate. The scraped cells were flushed with
D-Hanks. The remaining cells were further
incubated for 12 hours in the absence and
presence of endostatin at 50, 100, or 150
ng/ml or PF-4 at 40, 80, or 120 ng/ml.
Migration of the cells was determined by
measuring the distance from scraped line to
the cells furthest from the scraped line and
counting the cell number in the area after
photographing the monolayer.
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The MTT assay (21-22)

Tetrazolium salt MTT [3-(4,5-
dimethylthiazol -2yl)], 5-diphenyl tetrazolium
bromide) was used to develop a quantitative
colorimetric assay for mammalian cell
survival and proliferation as previously
described. The lymphatic endothelial cells
diluted to a concentration of 5x 10* cells/ml
and 0.1 ml were placed into each well of a
96-well plate. After 24 hours culturing,
endostatin respectively in 300 ng/ml, 500
ng/ml and 700 ng/ml or PF-4 respectively in
900 ng/ml, 1,200 ng/ml, and 1,500 ng/ml, or
control was added to the wells. Following an
additional 24 hours of culturing, 100pl of
0.5 mg/ml MTT was added in each well.

8 wells were used for each concentration,
and each concentration was repeated 8 times.

Electron Microscopic Observation
Transmission electron microscopy

Lymphatic endothelial cells at the second
passage were digested, centrifuged and fixed
in 2.5% glutaraldehyde in 0.1M sodium
cacodylate buffer, pH 7.2 for 2 hours at RT
and postfixed with 1% osmium tetroxide in
0.1M sodium cacodylate buffer (pH 7.2 for
1 hour) at 4°C and then processed for epox
embedding and sectioning for electron
microscopic observation and examined under
JEM-1200EX electron microscope.

Scanning electron microscopy

Lymphatic endothelial cells at the second
passage were grown to confluence on glass
cover slips, fixed in 2.5% glutaraldehyde in
0.1M sodium cacodylate buffer, pH 7.2 for 2
hours at RT and postfixed with 1% osmium
tetroxide in 0.1M sodium cacodylate buffer
(pH 7.2 for 1 hour) at 4°C, rinsed in buffer
and dehydrated in an ethanol series to 100%
and then infiltrated with amyl acetate and
critical point dried using CO, in a critical
point dryer. The critical point dried cover
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slips were coated with gold and examined
using a JEOL JSM-840 scanning electron
microscope.

Statistical Analysis

All data were obtained by three
independent experiments and the results
shown as mean =+ standard error. Statistical
significance was calculated using Sigma Stat
software.

RESULTS

Morphological Characteristics of Lymphatic
Endothelial Cells

After 24 hours in culture, in the primary
passage, lymphatic endothelial cells typically
formed a small clump consisting of 5-6 cells
(Fig. 1). After 2-3 weeks in culture, the cells
grew to near confluence with most of the cells
demonstrating a uniform cobblestone
appearance characteristic of endothelial cells
and demonstrating contact inhibition (Fig. 2).
Under the inverted microscope, lymphatic
endothelial cells were flat, elongated or
polygonal shape. The sizes of the cells were
different. The nucleus was oval, and the
nucleus area was more prominent than the
non-nucleus area. Under SEM, confluent
lymphatic endothelial cells showed a
continuous sheet of cells growing in a
monolayer (Fig. 3). There were finger-like
protuberances between the cells, and the
cell surface was prominent. Under TEM,
during early stage of development of
lymphatic endothelial cells, there were many
long protuberances from the cells (Fig. 4).
As lymphatic endothelial cells further
developed, junctions occurred between the
cells. Some structures similar to desmosomes
were found (Fig. 5), and the nucleus was
large. The immunofluorencence studies
demonstrated the presence of VEGFR-3 and
LYVE-1 on the cell surface of confluent
cultures (Figs. 6,7).
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Fig. 1. Isolated clump of lymphatic endothelial cells after 12-24 hours (arrows), X100.

Fig. 2. Lymphatic endothelial cells form a confluent monolayer at 2-3 weeks, X100.

Fig. 3. SEM observation of the porcine lymphatic endothelial cells, X1200.

Fig. 4. TEM observation of the porcine lymphatic endothelial cells, X5000.

Fig. 5. TEM observation of the junction similar to the desmosome between endothelial cells (arrows), X60000
Fig. 6. The lymphatic endothelial cells following immunohistochemical staining with VEGFR-3, X200.

Fig. 7. The lymphatic endothelial cells following immunohistochemical staining with LYVE-1, X200.

Fig. 8. Migration of the lymphatic endothelial cells in control group and 50 ng/ml, 100 ng/ml, 150 ng/ml endostatin
treated groups, X100.

Fig. 9: Migration of the lymphatic endothelial cells in control group and 40 ng/ml, 80 ng/ml, 120 ng/ml PF-4 treated
groups, X100.
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TABLE 1

Inhibitory Effect of Endostatin on Proliferation and Migration of
Lymphatic Endothelial Cells (mean + standard error)

control 50 ng/ml 100 ng/ml 150 ng/ml
cell number 28.6+1.2 17.5+0.6 10.5+0.5 4.8+0.3
migration 381.7+9.66 252.9+5.58 164.5+7.09 91.2+7.98
distance (pm)
p value <0.05 <0.05 <0.05

TABLE 2

Inhibitory Effect of Endostatin on Lymphatic Endothelial Cells (MTT)
(mean = standard error)

control 300 ng/ml 500 ng/ml 700 ng/ml
OD value 0.17+0.101 0.14+0.022 0.15+0.007 0.12:0.006
p value <0.05 <0.05 <0.05
Inhibitory Effect of Agents on Lymphatic DISCUSSION
Endothelial Cells
Endostatin was isolated from serum of

The cell number and migration distance EOMA by O’Reilly and Folkman in 1997 (5).
for the lymphatic endothelial cells which It is a 20 kD C-terminal fragment of collagen
passed through the scraping line were XVIIL It functions as a specific inhibitor of
significantly lowered by endostatin (Table 1, endothelial cell proliferation and angiogenesis,
Fig. 8) and PF-4 (Table 3, Fig. 9). This however, the mechanism is incompletely
inhibitory action on proliferation of understood. Possible mechanisms include
lymphatic endothelial cell was at a dose- blocking signal conduction of FGF and
dependent fashion. At 50 ng/ml endostatin or inhibiting migration (23); down-regulating
40 ng/ml PF-4, few cells were dead while at Bcl-2,Bcl-x1 and promoting apoptosis of
150 ng/ml endostatin or 120 ng/ml PF-4, endothelial cells (24) among others. In this
many lymphatic endothelial cells became study, we found that it strongly inhibits
round, disconnected, floating and dead. The proliferation and migration of LEC, in a
MTT assay also showed a dose-dependent dose-dependent manner. The mechanism(s)
anti-proliferative response of the lymphatic of action of endostatin on LECs may be the
endothelial cells to endostatin (Table 2) and same as on endothelium of blood vessels.
PF-4 (Table 4). PF-4 belongs to C-X-C chemokine family
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TABLE 3

Inhibitory Effect of PF-4 on Proliferation and Migration of
Lymphatic Endothelial Cells (mean *+ standard error)

control 40 ng/ml 80 ng/ml 120 ng/ml
cell number 28.3+0.99 13.6+0.71 9.5+0.57 4.6+0.40
migration 4.4+0.06 2.1+0.09 1.6+0.08 1.1+0.07
distance (pm)
p value <0.05 <0.05 <0.05

TABLE 4
Inhibitory Effect of PF-4 on Lymphatic Endothelial Cells (MTT)

(mean = standard error)

control 900 ng/ml 1200 ng/ml 1500 ng/ml
OD value 0.1720.015 0.10+0.006 0.090.012 0.07+0.022
p value <0.05 <0.05 <0.05
(25).This family also includes interleukin-8 endothelial cell proliferation, migration, and
(IL-8), B-thromboglobulin, neutrophil- angiogenesis in vitro and in vivo (28-29).
activating protein, interferon-inducing In addition, PF-4 reduces tumor growth in
protein10 (IP-10), and melanocyte growth- vivo (30,31). Intralesional injection in mice
stimulating activity. PF-4 is a 7.8-kD of recombinant human PF-4 inhibited
protein of 70 amino acid length (26). It melanoma cell or HCT 116 colon carcinoma
shares homologies in particular with cell growth by an angiogenesis-dependent
B-thromboglobulin and IL-8 of 51% and mechanism. Furthermore, virally transduced
31%, respectively. The crystal structure of rat glioma cells with a secretable PF-4 cDNA
human PF-4 has been solved to a resolution grew slowly in vivo and only formed
of 2.4A by molecular replacement (27).The hypovascular tumors. This indicates that the
N-terminal residues form antiparallel 3-sheet vasculature is the prime target for PF-4.
like structures. A encircles the PF-4 molecule In addition, PF-4 is targeted in vivo to endo-
presenting multiple potential sites for thelial cells that undergo active angiogenesis
heparin binding. (32). PF-4 may also be important as a
PF-4 exhibits biological activity for physiological regulator of FGF activity.
several cell types including megakaryocytes, Indeed, platelets release during activation an
leukocytes, lymphocytes, and endothelial inhibitor of FGF-2 activity (33), and it has
cells. It has been shown that PF-4 inhibits been shown that this inhibitor is identical to
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PF-4. Thus, PF-4 may counteract excessive
angiogenic factor activity at sites of platelet
activation.

The mechanism of PF-4 action is
incompletely understood. Sato et al (34) have
reported that PF-4 inhibits binding of FGF-2
to low-affinity proteoglycans. In agreement
with the latter observation, Luster et al (35)
showed that the IP-10 chemokine is
associated with cell surface proteoglycans
and that IP-10 binding can be composed by
PF-4. In addition, a common heparan sulfate
binding site may also be shared with
histidine-rich glycoprotein (HRGP) as this
molecule, like PF-4, displaces FGF-2 from the
extracellular matrix (36). Furthermore,
Gengrinowith et al (37) reported that VEGF
binding to endothelial cell VEGF receptors
was inhibited by PF-4. Gupta (29) showed
that PF-4 intervenes at a specific point in
the cell cycle by blocking the progression of
endothelial cells in S-phase.

In this study, we found that PF-4
reduced the cell number and the migration
distance of experimental groups in a dose-
dependent manner. Due to the similarities
(albeit with substantial differences) of
structure and function between blood vessels
and lymphatics, a similar mechanism of
action for the anti-proliferation effects may
nonetheless be operating.

These in vitro experiments on endostatin
and PF-4 demonstrate dose-dependant
anti-proliferative effects on porcine LECs
and should form the basis for well-designed
studies to further explore possible
mechanisms and efficacy in in vivo models.
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