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Abstract

AIM: To determine the effect of metastatic hepatoma cells
on lymphangioma-derived endothelium, and to establish
in vitro model systems for assessing metastasis-related
response of lymphatic endothelium.

METHODS: Benign lymphangioma, induced by intraperitoneal
injection of the incomplete Freund’s adjuvant in BALB/c
mice, was embedded in fibrin gel or digested and then
cultured in the conditioned medium derived from hepatoma
H22. Light and electron microscopy, and the transwell migration
assay were used to determine the effect of H22 on tissue
or cell culture. Expressions of Flt-4, c-Fos, proliferating
cell nuclear antigen (PCNA), and inducible nitric oxide
synthase (iNOS) in cultured cells, and content of nitric oxide
in culture medium were also examined.

RESULTS: The embedded lymphangioma pieces gave rise to
array of capillaries, while separated cells from lymphangioma
grew to a cobblestone-like monolayer. H22 activated growth
and migration of the capillaries and cells, induced expressions
of Flt-4, c-Fos, PCNA and iNOS in cultured cells, and significantly
increased the content of NO in the culture medium.

CONCLUSION: Lymphangioma-derived cells keep the
differentiated phenotypes of lymphatic endothelium, and the
models established in this study are feasible for in vitro study
of metastasis-related response of lymphatic endothelium.
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INTRODUCTION

Metastasis of most cancers occurs primarily through the
lymphatic system, and is responsible for the majority of cancer
deaths. But tumor-associated lymphatic system has been
overshadowed by the greater emphasis placed on the blood
vascular system'™. This scenario is changing rapidly after the
identification of lymphangiogenic vascular endothelial growth
factor C13. The traditional view that lymphatic capillaries are
passive participantsin metastasisis currently being challenged,
and recent studies indicate the importance of lymphatic vessel

activation in tumor dissemination®®l,

Better understanding of the lymphatic endothelial properties
and their ateration in cancer may develop anew way to therapeutic
intervention’®™. In vitro experiments have been proven to be
valuable, expeditiousand easy of quantificationin providing initial
information on angiogenesis, apotentialy important oncotherapy
target’®. However such in vitro models have not been well
established for revedling metastasi s-rel ated response of lymphatic
endothdium. Therefore, the aim of our study wasto determinethe
effect of metastatic hepatoma cells on lymphangioma-derived
endothelium, and to establish in vitro mode systemsfor ng
metastasis-rel ated response of lymphatic endothelium.

MATERIALS AND METHODS

Animals and reagents

BALB/c mice of either gender, 2 mo old and weighing 22-25 g,
were provided by Laboratory Animal Research Center, Fourth
Military Medical University (FMMU, Xi’an, China). A mouse
ascitic hepatoma cell line, H22, was obtained from I nstitute of
Digestive Diseases, FMMU. Reagents for in vitro culture of
lymphatic endothelium included incomplete Freund' s adjuvant,
Hanks' balanced salt solution (HBSS), M199 medium and fetal
caf serum (FCS), which were purchased from Gibco Company
(Carlsbad, California, USA), bovine fibrinogen, thrombin,
gelatin, endothelia cell growth supplement (ECGS), heparin,
collagenases | and 11, which were products of Sigma Company
(Saint Louis, Missouri, USA). ThesABC and SABC-APkitsfor
immunohistochemical staining were purchased from Boster
Company (Wuhan, China). Polyclonal anti-FIt-4 antibodies,
monoclonal anti-iNOS antibody, anti-c-Fos antibody, and anti-
PCNA antibody were products of Santa Cruz Company (Santa
Cruz, California, USA). Nitric oxide (NO) detection kit was
purchased from Nanjing Jiancheng Bioengineering Institute
(Nanjing, China). Millicell culture plate inserts (12.0 um) for
transwell cell migration test were purchased from Millipore
Corporation (Billerica, Massachusetts, USA).

Preparation of conditioned medium of H22

Hepatoma H22 cells were inoculated into abdominal cavity
of 5 BALB/c mice for passage. To verify the capability of
spontaneous lymphatic metastasis of H22, the generated
carcinomatous ascites was transplanted into hindlimb claw pad
of 10 healthy BALB/c mice and the lymph nodesin groin were
harvested 10 d later for pathol ogica examination. Theconditioned
medium of H22 (H22 CM) was prepared asamixture of sterile
ultrafiltrate of H22 ascitesand M 199 medium at theratio of 1:5,
supplemented with 150 mL/L FCS. The control medium was
M 199 medium supplemented with 150 mL/L FCS.

Induction of lymphangioma

Twenty healthy animalsof BALB/c strainwereintraperitoneally
injected twice, witha15-dinterval, with 200 pL of theemulsified
(1:1 with HBSS) incomplete Freund's adjuvant and killed one
month later. Multicentric and clearly delimited white neoplasm
on the abdominal surface of the diaphragm, varying in size
from 3to 15 mm?, was collected for the following experiments.
Histopathological examination of the tumorsin our preparative
experiment and other previous studies® confirmed that this
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neoplasm was benign lymphangioma.

Tri-dimensional lymphangioma culture

The lymphangioma masses were washed by HBSS, and cut
into 1-mm? pieces. HBSS containing 3 g/L bovine fibrinogen
was added into 48-well culture plates (0.5 mL/well), and fibrin
gd clotting wasinduced by addition of 10 L 50 kU/L thrombin.
A piece of lymphangioma was then placed on gel surface, and
additiona 0.5 mL fibrinogen solution and 10 pL thrombin were
added to embed the tissue. H22 CM was then added into 24
wells (as an experimental group), and the control medium into
another 24 wells (asa control group). The gelswere incubated,
with culture medium changed every other day, at 37 ‘C with
50 mL/L CO,in air, and examined daily under an inverted
microscope. To perform a quantitative analysis, images were
taken every second day under same conditions (in brightness,
contrast, and magnification), and measured by a computer-
assisted image analysis system of Quantimet 570. For electron
microscopy, six gels from each group were fixed two weeks
later with 10 g/L glutaraldehydein 0.1 mol/L sodium phosphate
buffer, post-fixed with 10g/L OsO, ins-callidinebuffer, dehydrated
in graded ethanol, and embedded in Epon. Ultrathin sections
were cut and stained with lead citrate and examined with a
JEM-200EX transmission electron microscope.

Primary cell culture

Lymphangioma masses were mechanically broken, and washed
in M 199 medium, supplemented with 100 kU/L penicillin. The
tissues were then incubated for 30 min at 37 'C in HBSS
containing 0.5 g/L collagenases (1:1 mixture of type | and 11),
and washed with amedium containing 150 mL/L FCSto stop
digestion. Cells were centrifuged at 700 r/min, resuspended in
M 199 medium supplemented with 150 mL/L FCS, and equally
seeded on 10 g/L gelatin-coated cover slipsin a 24-well plate.
To alow cell attachment, the plates were put till for one hour
inanincubator a 37 ‘C with50 mL/L CO.inair. Thenthewdls
were gently washed to removefloating cells, and refilled with
2mL H22 CM (24 wells) or 2 mL control medium (24 wells).
Attached cells were cultured routinely, and examined daily
under a phase-contrast microscope.

Immunocytochemical testing

Six days after primary cell seeding, the cover dlips were fixed
with 40 g/L formaldehydein PBSfor 20 min, with 2 g/L Triton
X-100in PBS, and incubated with 200 mL/L normal goat serum.
Polyclonal anti-Flt-4 antibodies, monoclona anti-iNOSantibody,
anti-PCNA antibody and anti-c-Fos antibody were used asprimary
antibodies, and biotin-labeled goat anti-rabhbit 1gG antibodies as
second antibodies. Streptavidin and biotinylated horseradish
peroxidase complex (SABC) and DAB were used for anti-Ht-4 and
anti-iNOS antibodies, and SABC-AP (akaline phosphatase) and
BCIP/NBT for anti-PCNA and anti-c-Fos antibodies.

Nitric oxide detection

The content of NO in fresh H22 CM and control medium was
indicated by determining thetotal concentration of nitrite/nitrate
by using the colorimetric method, according to the instructions
provided with the NO detection kit. After primary cells were
equally seeded and cultured with 2 mL H22 CM or control
M 199 medium for 48 h, the levelsof NO in the two mediawere
detected again. For an empty control, the two mediawere added
into an empty plate, which wasthen incubated at 37 C for 48 h
before NO detection.

Transwell migration assay
Primary cellsfrom lymphangiomawere cultured to a confluent
monolayer with a complete endothelium growth medium

(M 199 supplemented with 100 mg/L heparin, 30 mg/L ECGS
and 150 mL/L FCS), subjected to serum starvation for 4 h by
switching the culture medium to M 199 medium without growth
factors or serum, trypsinized and suspended (1x10° cellg/L) in
serum-free M199 medium. Transwell migration assays were
performed in Millicell inserts, with 1 g/L gelatin-coated 12 pm
filter membrane, in a 24-well culture plate. H22 CM and the
control medium were added, respectively, into 12 wells of the
plate, and 0.5 mL of suspended cellswas placed in chambers of
the inserts. After 4-h incubation at 37 C, the medium in the
insert chamber was aspirated, and cells on the upper surface of
thefilter membrane were removed with a cotton swab. Cellson
the lower surface were fixed, stained with hematoxylin and
countedin 5 high-power fieldsper chamber under light microscope.

RESULTS

Basic feasibility of the assay

Spontaneous lymphatic metastasis of transplant H22 tumor
was found in all 10 animals as demonstrated by pathol ogical
examination of thegroin lymph nodes (Figure 1). H22 CM could
be easily prepared, and stored for the entire experiments to
ensure the continuity of the different parts of the assay. The
induction of lymphangiomawas & so confirmed to beasimple
and well duplicable procedure, and could provide adequate
original tissuesfor the following experiments.

Figure 1 Metastatic H22 tumor in the groin lymph node (x100).

Effect of H22 CM on lymphangioma culture

Lymphangioma embedded in the fibrin gels gave rise to
capillaries when cultured 3-4 d in both H22 CM and control
M 199 media. Neo-branches of the micro-vessels with obvious
luminawere generated every day. Under the effect of H22 CM,
rather straight capillaries stretching out to the fringe of the gel
were generated, and the number of branching in micro-vessels
increased more rapidly (Figure 2). Transmission electron
microscopy revealed that the ultrastructure of the capillaries
was plasmalemma invagination of asingle cell, or formed by
cytoplasmic flaps joined by overlapping contacts and
specialized tight junction complexes (Figure 3). End-to-end
intercellular contactswererare. No typical Weibel-Palade body
was distinguished in the cytoplasm.

Effect of H22 CM on primary cell activation

Primary cell culture was successfully established on gelatin-
coated cover slips. When cultivated in H22 CM, the cells
proliferated, albeit at alow rate with a doubling time of about
36-60 h, and reached sub-confluence in 6 d. At this stage, the
lymphangioma cells showed appearance like cobbl estone, the
classical morphology of endothelial cells. In contrast, when
cultured in the control M199 medium, the cells showed no
obvious proliferation after attachment. Correspondingly,
immunocytochemical staining for Flt-4, PCNA, and c-Foswere
positivein cells cultured in H22 CM (Figure 4), but negativein
cells cultured in the control medium.
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Figure 2 Tri-dimensional culture of lymphangioma. A: Microphotograph of the capillary network in the fibrin gel (x100); B:
Straight micro-vessels in H22 CM (x200); C: Tortuous micro-vessels in the control medium (x200); D: Growth curves of micro-
vessels in H22 CM (@) and the control medium (O). Data are expressed as means of 24 samples, and error bars represent SE.
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Figure 3 Electron transmission micrographs of the micro-vessel in fibrin gel. A: Lumen formed by cytoplasmic flaps joined by
overlapping contacts (x2 000); B: Tight junction complexes between overlapping contacts (x10 000).
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Figure 4 Primary cell culture with H22 CM and immunocytochemical staining. A: Microphotograph of the confluent cell mono-
layer (x100); B: Positive staining of FIt-4 (nucleus counterstained with hematoxylin, x300); C: Positive staining of PCNA (x400); D:
Positive staining of c-Fos (x400).
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Figure 5 Expression of iNOS in lymphangioma cells and changes of NO level of the media after incubation. A: Positive staining of
iNOS in cells cultured with H22 CM (x400); B: Changes of NO level of the control medium in empty plate (1) or primary culture
plate (2), and H22 CM in empty plate (3) or primary culture plate (4).
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Figure 6 Transwell migration assay. A: Cells on lower surface of the filter membrane of the Millicell insert (x400); B: Migration cell

number in H22 CM (1) and the control medium (2).

Effect of H22 CM on NO production

Immunostaining showed theexpression of INOSinlymphangioma
cellsafter cultureinH22 CM, and significantly increased content
of NOintheculturemedium (Figure5). In contrast, cellscultured
inthe control M 199 medium did not expressiNOS, and the level
of NO wasrather low in the control medium.

Effect of H22 CM on cell migration

When cultured in the complete medium, the lymphangioma
cells grew to a confluent monolayer in 8-10 d, and showed
specialized cobblestone morphol ogy, which further confirmed
the nature of the cells. In transwell migration assay, the number
of the cells on the lower surface of the filter membrane in H22
CM wassignificantly greater than in control medium (Figure 6).

DISCUSSION

The ascitic hepatoma H22 is a cell line with high potentia of
spontaneous lymphatic metastasig’¥, which was also verified
in our experiments, and has been generally used in various
experimental studies in oncology!4. It is proven to be a
convenient and feasible tumor model for in vitro assessment
on metastasis-related response of lymphatic endothelium.
The difficulty in isolation of lymphatic endothelium,
especially from the animals commonly used in oncological
experiments such as mice and rats, has limited studies on its
reactions in tumorous environments. We used induced
lymphangioma to solve this problem. When cultured in the
fibrin gel, lymphangioma sprouts capillaries with ultrastructure
similar to that of lymphatic vessel§4*®. Moreover, gelatin-
anchorage dependent primary cell culture, and cobblestone
morphology of confluent or subconfluent monolayer, are also
specialized phenotype of lymphatic endothelium617. Finally,
positive expression of Flt-4 (also known asVEGFR-3), amarker
of lymphatic endothelium in proliferation8*?, confirmed the

neture of the endothelium. Thesefindings provethat lymphangioma
is a proper original tissue for in vitro assay on lymphatic
endothelium or lymphangiogenesis.

Despite the possible lymphangiogenic effect of fibrin??,
H22 CM induced afaster formation of capillary network from
lymphangiomain fibrin gels. Moreover, in primary cell culture,
H22 CM showed similar capability to the complete growth
mediumin activating proliferation of lymphatic endothdlial cdlls.
Immunostaining for the common proliferating nuclear marker,
PCNA®Y, and early-response gene signaling factor, c-Fog?,
further confirmed the microscopic findings. Our results accord
with the opinion on lymphatic vessel activation in cancer.

Endogenous NO is one of the key factorsin the control of
dilation of the lymphatic micro-vessel§%24. The expression of
iNOSin cancersisrelated to lymph node metastasi s, iNOS
isalso evenly distributed throughout the cytoplasm of lymphatic
endothelial cells?"#!, Our study demonstrates sustained
expression of iNOS in cultured lymphatic endothelium and
marked increase of NO levelsin the culture medium under the
effect of H22 CM, suggesting that dilation of lymphatics may
be important for cancer invasion and metastasis.

There have been rare assays on lymphatic endothelial cell
migration, which is an important event that initiates and
coordinates lymphangiogenesis®?. Results from our study
suggest that some solublefactorsin H22 CM activate migration
of lymphatic endothelial cellsand tropistic lymphangiogenesis.
The coadjutant model s established in our experiment are useful
for further studies on migration inhibitors.

To our knowledge, this study is the first of its kind that
bridges the gap between in vivo and in vitro studies on
lymphatic endothelium and lymphangiogenesis. Both the
culture medium and gel matrix in the experiment can be
manipulated pharmacologically, which allows us to evaluate
the activity of either soluble or solid-phase lymphangiogenesis
inhibitors. Moreover, this spontaneous lymphatic metastasis
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model of transplant H22 tumor will be helpful to determine
whether inhibition of lymphangiogenesisisaredigtic thergpeutic
strategy for inhibiting tumor dissemination and metastasis.
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