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Abstract: Malignant ascites is often caused by metastasis of abdominal tumors. We established a model hepa-
tocellular carcinoma metastasis in 64 mice by injection of 5x10° hepatoma H22 cells at six weeks of age. These
mice were divided equally into four groups and 24 hours after inoculation were administered with saline, 20 mg/
kg 17-AAG, 4 mg/kg Cisplatin, or both 17-AAG and Cisplatin, respectively. Ascites was observed after 10 days in
mice administered with saline and the structure of the diaphragm was assessed after 10 days in all animals by
histology and scanning and transmission electron microscopy. Expression of heat shock protein 90 (Hsp90), vas-
cular endothelial growth factor-C (VEGF-C), and lymphatic vessel endothelial hyaluronan receptor 1 (LYVE-1) in the
diaphragm was assessed by immunohistochemistry, RT-PCR and immunoblotting. In comparison to diaphragm tis-
sues collected from control animals, those collected from model animals revealed disordered cellular arrangement
and tumor cells attached to the surface of the diaphragm. These changes were ameliorated by administration of
17-AAG and/or Cisplatin. RT-PCR and immunoblotting revealed that the level of Hsp90, LYVE-1 and VEGF-C mRNA
and protein in the diaphragm of tumor-bearing mice was significantly higher than those in healthy control animals
(P<0.01). Elevated levels of VEGF-C mRNA and HspP9O protein were significantly ameliorated by administration of
17-AAG or Cisplatin (P<0.05), and administration of 17-AAG and Cisplatin in combination further reduced the level
of these proteins in comparison to either of these drugs alone (P<0.05). These observations suggest 17-AAG can
reduce lymphatic metastasis and lymphatic vessel proliferation in diaphragm of mice with malignant ascites.
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Introduction

Malignant ascites is a common complication of
a variety of abdominal carcinomas, accounting
for about 10% of all cases of ascites seen in the
clinic [1-3]. Malignancies have been reported to
cause ascites via a variety of mechanisms.
Metastases can obstruct hepatic veins, caus-
ing portal hypertension and causing accumula-
tion of fluid in the abdominal cavity [4-8]. Al-
ternatively, accumulation of tumor cells on the
peritoneal surface can impair venous and lym-
phatic drainage [9].

In malignant ascites the peritoneal fluid con-
tains high levels of cells and protein [1], indicat-
ing an alteration in vascular permeability. Ve-
ssels of the peritoneal lining of experimental

animals with malignant ascites have enhances
permeability [9], and when cell-free malignant
ascites fluid was transferred into the intraperi-
toneal space of healthy control animals, edema
was observed, indicating that a soluble factor
alters vessel permeability and promotes the
formation of malignant ascites [10], likely vas-
cular permeability factor (VEGF) [11].

Lymphatic vessels of the diaphragm drain peri-
toneal fluid [12], and may represent a method
of metastatic tumor cell transportation. The
diaphragm pleura is reported to contain open-
ings (peritoneal lymphatic stomata) of the peri-
toneal lymphatic capillaries among the meso-
thelial cells of the peritoneum, that serve as the
main route for material absorption in the perito-
neal cavity [13]. Oya et al. injected India ink into
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monkey peritoneal cavity and found the carbon
particles passed through the peritoneal stoma-
ta and then the macula cribriformis, ultimately
to enter the lymphatic capillaries [14]. Shimada
et al. found that the macula cribriformis was
located between peritoneal mesothelial cells
with stomata and subperitoneal lymphatic cap-
illaries. Intraperitoneally-injected latex particl-
es were carried into the diaphragm lymphatic
capillaries via the peritoneal stomata and the
foramina of the macula cribriformis [15]. In the
diaphragm peritoneum, not only tumor cells,
but also macrophages and erythrocytes [14,
15] could pass via the peritoneal stomata and
the macula cribriformis into the lymphatic la-
cunae.

Peritoneal lymphatic stomata are associated
with ascites absorption [16], and failure of ul-
trafiltration during cancer metastasis [17]. The
peritoneum is covered with a continuous layer
of mesothelial cells, and Tsilibary and Wissig
confirmed the existence of peritoneal lymphatic
stomata by electron microscopy [18]. Further Li
et al. found the peritoneal lymphatic stomata to
be involved in the regulation of pathophysiologi-
cal activities in the peritoneal cavity [13].

VEGF-C is a potent regulator of lymphatic ves-
sel formation, inducing proliferation of lymphat-
ic endothelial cells in vitro and lymphatic hyper-
plasia in vivo [19, 20]. VEGF-C was found to be
synthesized by tumor cells that metastasize to
lymph nodes, and is considered a specific ma-
rker for tumor lymphatic vessels [21-23]. Ex-
pression of VEGF has been implicated in gen-
eration of malignant ascites [4, 24]. Lymphatic
vessel endothelial hyaluronan receptor 1 (LYVE-
1) is another marker of lymphatic vessels, ex-
pressed specifically on the basal surface of the
lymphatic endothelium [25, 26]. LYVE-1 trans-
ports hyaluronic acid from the surrounding tis-
sue through lymphatic endothelial cells into the
lymphatic system. Using LYVE-1 as a lymphatic
marker, studies in mice demonstrated that the
production of VEGF-C by tumor cells promoted
lymph angiogenesis and subsequent metasta-
sis to the draining lymph nodes [27].

We established a mouse model of hepatocellu-
lar carcinoma metastasis in which to investi-
gate how tumor cells in ascites affect the struc-
ture and function of the diaphragm. We found
that hepatocellular carcinoma cells attached to
the diaphragm and induced structural changes
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associated with increased expression of VE-
GF-C and LYVE-1.

Allylamino-17-demethoxygeldanamycin (17-AA-
Q) is an inhibitor of Hsp90 Heat shock proteins,
which are chaperones of the folding of many
oncogenic proteins, and crucial for the prolifer-
ation and survival of many cancers [28]. 17-AAG
showed some promise as an anti-cancer thera-
peutic in the clinic [29]. Administration of che-
motherapeutic agents 17-AAG and cisplatin am-
eliorated the pathological changes observed in
the diaphragm.

Materials and methods
Cell culture

The Hepatoma cell line H22 was obtained from
Type 131 Culture Collection of Chinese Aca-
demy of Sciences, and cultured in RPMI 1640
supplemented with 2 mM |-glutamine (Sigma,
St Louis, MO), 100 IU/ml penicillin and 100 nM
Od streptomycin (Life Technologies, Paisley,
UK), and 10% fetal bovine serum (Gibco, Grand
Island, NY) at 37°C under humidified conditions
with 5% CO,,.

Animals

Forty male and forty female BALB/c mice, 6-8
weeks old, weighing 18-22 g, were procured
from the Experimental Animal Center of Hebei
Medical University (Shijiazhuang, China) and
housed in polycarbonate cages with filter tops.
Animals were provided with food and water ad
libitum, and treated in compliance with the
Principles of Laboratory Animal Care formulat-
ed by the National Society for Medical Research
and the Guide for the Care and Use of La-
boratory Animals prepared by the National Aca-
demy of Sciences (National Institutes of Health
Publication No. 80-23, revised 1978). Animals
were housed at 25+2°C, with 50+2% relative
humidity and a photoperiod of 12 h throughout
the study.

Animal inoculation and treatment

Mice were randomly divided into five groups of
16. One group of control animals (CON group)
received intraperitoneal injection of physiologic
saline. Mice in the other 4 groups received
intraperitoneal injection of Hepatoma H22 cell
(1x107 cells/ml, 0.5 ml/mouse) in order to es-
tablish a model of ascites. 24 hours after inoc-
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ulation, 16 mice received injections of Hsp90
inhibitor 17-AAG (20 mg/kg) once every two
days (AAG group). 16 mice received injections
of 4 mg/kg cisplatin once every two days (CIS
group), and 16 mice received injections of 20
mg/kg 17-AAG and 4 mg/kg cisplatin once
every two days, all for 10 days (COM group).

After 10 days mice were sacrificed by ether. In
each group half the male and half the female
mice were used for histopathological studies,
the remaining animals for biochemical studies.

HE staining

Mice anesthetized by ether were perfused with
4% paraformaldehyde, and the intact dia-
phragms were immediately further fixed with
4% paraformaldehyde for 24 hours, and embed-
ded in paraffin, sectioned at 4 nm, stained with
hematoxylin and eosin (HE) and observed un-
der a light microscope.

Scanning electronic microscopy (SEM)

After perfusion and post-fixation, the diaph-
ragms were then rinsed in PBS for 5 min for 3
times. The samples were treated with 1% Tan-
nin at room temperature (RT) for 30 min, and
then rinsed. The samples were fixed for 1 hour
in 1% osmic acid (0.2 M PBS: 2% osmic acid
1:1), and then rinsed. Samples were dehydrat-
ed in a graded series of ethanol solutions from
50% to 100% ethanol, and then incubated in a
thiobarbituric acid solution for 30 min at 37°C,
and at 4°C overnight. Coated tissue samples
were fixed on mini-plates with silver glue (Ne-
ubauer Chemikalien, Muenster, Germany), and
then further coated with a Sputter Coater coat-
ing device (Bio-Rad, Wadford, UK). The coated
diaphragms were evaluated with an S-3500N
SEM (Hitachi, Japan). Five sections of the pari-
etal surface of the peritoneum were examined
at maghnifications of x100 to x5,000.

Transmission electron microscopy (TEM)

After perfusion and post-fixation, the diaphra-
gms were rinsed in PBS, and fixed in 0.1 mol/I
Na-cacodylate buffer containing 2.5% glutaral-
dehyde in for 2 h at RT. Samples were then sub-
merged in 0.1 M PBS containing 0.1% osmic
acid for 1 h at 4°C, and dehydrated in a graded
series of 40% to 100% ethanol, then propylene
oxide and embedded in epoxy-resin. Embedded
samples were sectioned into 400-500 nm slic-
es with a Reichert Joung Ultracut-E ultramicro-

2608

tome (Heidelberg, Germany), and the sections
were stained with uranyl acetate and lead
citrate, and observed under an EM-109 Zeiss
transmission electron microscope (Jena, Ger-
many).

Immunohistochemical staining

After perfusion and post-fixation, the diaph-
ragm sections (4 ym) were mounted on poly-I-
lysine-coated slides, and slides were deparaf-
finized in xylene. Endogenous peroxidase ac-
tivity was blocked with 3% hydrogen peroxide in
50% methanol for 10 min at RT. Sections were
rehydrated in alcohol, washed with PBS, and
pretreated with 0.01 M citric acid (pH 6.0) for
20 min in a 95°C water bath. After blocking
with 10% normal goat serum in PBS for 20 min
at 37°C, the sections were incubated overnight
at 4°C with rabbit polyclonal anti-mouse Hsp90
(Bioworld Technology, Nanjing, China), rabbit
polyclonal anti-actin (Zhongshan Golden Bridge
Biotechnology, Beijing, China), rabbit polyclonal
anti-LYVE-1 (Bioworld Technology), rabbit poly-
clonal anti-VEGFC (Cell Signaling Technologies,
Danvers, MA). After incubation, the sections
were rinsed with PBS, incubated with biotinyl-
ated goat anti-rabbit 1gG (Zhongshan Golden
Bridge Biotechnology) for 30 min at 37°C, then
incubated with 3,3 radiaminobenzidine chro-
mogen (Zhongshan Golden Bridge Biotechno-
logy) for 5 to 10 min at RT and washed with
distilled water. Finally, the sections were coun-
terstained with hematoxylin for 1 min followed
by dehydration and mounting. Sections used as
negative control were incubated with PBS only
without the primary antibodies.

Quantitative RT-PCR

The level of Hsp9O, LYVE-1 and VEGFC mRNA in
mouse diaphragms was quantized using the
ABI Fast quantitative PCR 7900HT system
(Applied Biosystems, Grand Island, NY). Briefly,
total RNA was extracted using Trizol (Invitrogen)
according to the manufacturer’s protocol and
cDNA was prepared with 3 ug total RNA using
the reverse transcription system (Promega, Ma-
dison, WI). Equal amounts of cDNA were sub-
jected to PCR, in the presence of SYBR green
dye with the Platinum SYBR Green qPCR Su-
pperMix-UDG kit (Invitrogen) and the PCR with-
out template was used as a negative control.
B-actin mMRNA was used as an internal control.
Hsp90, LYVE-1, VEGFC and B-actin mRNA were
amplified on the same plate. Target gene and
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Figure 1. HE staining of the diaphragm in a mouse model of HCC metastasis-induced ascites. The diaphragms of
healthy 8 weeks old BALB/c mice were isolated and subjected to H&E staining. The epithelial cells of the diaphragm
were closely and regularly arranged with oval nuclei. The lymph-vessel is filled with black ink and the blood vessel
is filled with blood (CON group). In mice that received injection of 1x10° Hepatoma H22 cells at six weeks of age,
ascites was observed after 10 days and in diaphragms cellular arrangement was disordered. Epithelial cells were
cubic with enlarged nuclei and tumor cells were found attached to the surface of the diaphragm. Connective tissue
hyperplasia, and irregular lumens were also observed beneath the epithelial layer, and tumor cells had infiltrated
through the lumen (MDL group). In mice that received injection of 20 mg/kg 17-AAG (AAG group) or 4 mg/kg cispla-
tin (CIS group) 24 h after H22 cell injection, the diaphragms appeared to be healthier than those of the MDL group.
In mice that received both 17-AAG and cisplatin the diaphragms were indistinguishable from healthy control animals

(COM group). All images (200x) are representative images of 3 different experiments.

-actin specific primers were designed using
the Primer Premier 5 software as follows: Hs-
p90 sense: 5-TATTCTGCCTTCCTTGTA-3’, anti-
sense: 5-GTGTGTTTCCTCTTGGGT-3’; 124 bp;
LYVE-1 sense: 5-AGGAGCCCTCTCCTTACTGC-
3, antisense: 5-ACCTGGAAGCCTGTCTCTGA-3’;
174 bp; VEGF-C sense: 5'-CAGTGTCAGGCAGC-
TAACAAG-3’, antisense: 5-GGTCCACAGACATC-
ATGGAA-3’; 143 bp; B-actin sense: 5'-AACAGT-
CCGCCTAGAAGCAC-3’, antisense: 5-CGTTGA-
CATCCGTAAAGACC-3..

PCR was performed in 40 cycles of 5 s at 95°C,
20 sat60°Cand 20 s at 72°C after a 30 s ini-
tial denaturation at 95°C. Each sample was
normalized by using the difference in critical
thresholds (CT) between target gene and [3-
actin. The following equation was used to de-
scribe the result: ATh = ACT

target gene target gene

ACTBTget. The mRNA levels of each sample were

then compared using the expression 244CT,

Immunoblotting

To examine level of Hsp90, LYVE-1 and VEGFC
in the diaphragm, isolated tissue samples were
washed twice with cold PBS and lyzed on ice in
RIPA lysis buffer (50 mM Tris, 150 mM NacCl,
1% Triton X-100, 1 mM EDTA, pH 7.5) with Halt™
protease & phosphatase inhibitor cocktail (Th-
ermo, Rockford, IL) for 30 min. The suspension
was centrifuged for 10 min at 4,000 g at 4°C,
and the protein concentration of supernatants
was determined with a BCA kit (Pierce, Roc-
kford, IL). The loading buffer containing 100
mM Tris/HCI (pH 6.8), 4% SDS, 20% glycerin,
10% ktamercaptoethanol and 0.2% bromophe-
nol blue was added, and samples were then
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denatured at 95°C for 10 min. 20 pg of protein
was loaded in each well and separated in 10%
SDS polyacrylamide electrophoresis gels. The
proteins were transferred onto nitrocellulose
membranes (Bio-Rad, Hercules, CA). The mem-
branes were blocked with 5% fat-free milk at
37°C for 1 h, and incubated with rabbit poly-
clonal rabbit anti-Hsp90, LYVE-1, VEGF-C (San-
ta Cruz Biotechnology, Dallas, Texas) for 2 h at
37°C. After thorough washing, the sections we-
re incubated with goat anti-rabbit HRP and goat
anti-mouse HRP (Pierce), respectively, for 45
min followed by extensive washes (1-2 h). Spe-
cific antibody-antigen complexes were detected
using the ECL Western blot detection kit (Pie-
rce). The extent of blot staining was recorded in
the linear range of detection and quantified to
indicate the level of specific induction by sc-
anning laser densitometry. Protein expression
was quantified by densitometry with Gel pro
3.0 image software (Media Cybernetics, Silver-
spring, MD).

Statistical analysis

Data were expressed as mean + SD and ANOVA
analyses were performed using SPSS 13.0 sta-
tistical software.

Results

HCC metastasis induces anatomical changes
in diaphragm structure

A mouse model of HCC metastasis-induced
ascites was established by injection of 5x10°
hepatoma H22 cells into the peritoneal cavities
of mice. Within seven days ascites was ob-
served. The abdomen of mice was swollen, and

Int J Clin Exp Pathol 2016;9(2):2606-2615
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Figure 2. Scanning and transmission electron microscopy reveal the ultrastructure of the diaphragm in a mouse
model of malignant ascites. The diaphragms of healthy 8 weeks old BALB/c mice were isolated and subjected to
Scanning electron microscopy, SEM (x1000) and transmission electron microscopy, TEM (x5000) (CON group). In
mice that received injection of 1x10° Hepatoma H22 cells at six weeks of age (MDL group), cells were irregularly
arranged, increased hyperplasia of connective tissue was observed, and tumor cells were attached to the surface
of the diaphragm. Cribriporals were more prevalent and increased in diameter. In mice that received injection of 20
mg/kg 17-AAG (AAG group), or 4 mg/kg cisplatin (CIS group) or both (COM group) 24 h after H22 cell injection, the
diaphragms resembled those in the CON group. Images are representative of 2 different experiments.
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Figure 3. Hsp90, Lyve-1 and Vegfc protein distribution in the diaphragms in a mouse model of malignant ascites.
The diaphragms of healthy 8 weeks old BALB/c mice were isolated and subjected to immunostaining for Hsp90 (A),
LYVE-1 (B) and VEGFC (C). The brown color indicates positive staining. All images (200x) are representative images
of 3 different experiments. Staining density was quantified (D). N, control animals (CON); M, model animals (MDL);
C, animals administered Cisplatin (CIS); 17AAG, animals administered 17AAG (AAG); 17AAG + C, animals adminis-
tered 17AAG + Cisplatin (COM).

appetite, weight, activity, and response to stim- larly arranged with oval nuclei (Figure 1A), the
uli were reduced. Whilst tissues collected from cellular arrangement of the diaphragms of mice
control animals revealed that the epithelial administered H22 cells was disordered. Epi-
cells of the diaphragm were closely and regu- thelial cells were cubic with enlarged nuclei and
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Figure 4. Hsp90, LYVE-1 and VEGF-C mRNA and protein content of the diaphragm in a mouse model of malignant as-
cites. The diaphragms of healthy 8 week old BALB/c mice were isolated and the level of Hsp90, LYVE-1 and VEGF-C
mRNA and protein was assessed by RT-PCR (A) and immunoblotting (B). For RT-PCR B-actin was used as an internal
control. In comparison to healthy control animals, the level of Hsp9O, LYVE-1 and VEGF-C mRNA was higher in mice
administered 1x10° Hepatoma H22 cells at six weeks of age (*P<0.05), however these elevated levels of VEGF-C
and Hsp90 mRNA were significantly ameliorated by administration of 17-AAG (#P<0.05). In comparison to healthy
control animals, the level of Hsp90, LYVE-1 and VEGF-C protein were higher in mice administered 1x10° Hepatoma
H22 cells at six weeks of age (*P<0.05), however the elevated levels of all three proteins were significantly amelio-
rated by administration of 17-AAG or Cisplatin (P<0.05), and administration of 17-AAG and Cisplatin in combination
further reduced the level of these proteins in comparison to either of these drugs alone (P<0.05). Data represent 3
independent experiments with SD. N, control animals; M, model animals; C, animals administered Cisplatin; 17AAG,
animals administered 17AAG; 17AAG + C, animals administered 17AAg + Cisplatin.

tumor cells were found attached to the surface Diaphragm cell expression of Hsp90, LYVE-
of the diaphragm. Connective tissue hyperpla- 1 and VEGF-C were upregulated in a mouse
sia, and irregular lumens were also observed model of malignant ascites, but ameliorated
beneath the epithelial layer, and tumor cells by administration of 17-AAG and/or cisplatin
were observed to have infiltrated through the
lumen (Figure 1B). In mice which received 20 The level of Hsp9O, LYVE-1 and VEGFC expres-
mg/kg Hsp9O0 inhibitor 17-AAG or 4 mg/kg cis- sion in diaphragms was assessed by immuno-
platin 24 hours following infusion of H22 cells, histochemical staining (Figure 3). In compari-
then every two days for 10 days (AAG and CIS son to the mice in CON group, increased levels
group, respectively) (Figure 1C and 1D, respec- of Hsp90 and VEGF-C were observed in speci-
tively), the cellular arrangement of the dia- mens from MDL group mice (Figure 3). LYVE-1-
phragms were observed to be much better than positive lymphatic vessels were observed in
that in MDL groups. In mice which received the diaphragms of mice in each group. LYVE-1
both 17-AAG and cisplatin (COM group), the dia- expression was lower in the normal lymphatic
phragms were indistinguishable from healthy endothelial cells and diaphragm epithelial cells
control animals (Figure 1E). than in specimens from tumor-bearing mice.
Strong LYVE-1 staining was observed in the
SEM and TEM of diaphragm tissues confirmed cytoplasm of tumor cells, however LYVE-1 stain-
the results of histological analysis (Figure 2). In ing was significantly decreased in the tumor
the diaphragms of MDL group mice diaphragm cells of mice treated with 17-AAG (Figure 3).
muscle mesothelial cells were irregularly ar-
ranged, increased hyperplasia of connective RT-PCR and immunoblotting revealed that the
tissue was observed, and tumor cells were level of Hsp90, LYVE-1 and VEGF-C mRNA and
found to be attached to the surface of the dia- protein in the diaphragm of tumor-bearing mice
phragm. Cribriporals were more prevalent and was significantly higher than that in healthy
increased in diameter. In the AAG, CIS and COM control animals (P<0.01). However these ele-
groups, the mesothelial cells resembled those vated levels of VEGF-C mRNA and Hsp90 mRNA
seen in healthy control animals (Figure 2). were significantly ameliorated by administra-
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tion of 17-AAG (P<0.05). In comparison to he-
althy control animals, the level of Hsp9O, LYVE-
1 and VEGF-C protein were higher in tumor-
bearing mice (P<0.05), however these elevated
levels of all three proteins were significantly
ameliorated by administration of 17-AAG or
Cisplatin (P<0.05), and administration of 17-
AAG and Cisplatin in combination further re-
duced the level of these proteins in comparison
to either of these drugs alone (P<0.05) (Figure
4).

Discussion

In order to investigate the role of the diaphragm
in malignant ascites, we established a mouse
model of hepatocellular carcinoma metastasis.
We found numerous stomata in the diaphragm
pleura, anterior costal pleura and the mediasti-
nal pleura in mice. The diaphragm pleura were
covered with two different types of mesothelial
cells: one small and round and the other large
and flat. Macula cribriformis have been ob-
served in the diaphragm pleura of the monkey,
rat, and mouse in SEM studies [14, 15]. We
found macula cribriformis between the meso-
thelial cells with stomata and the lymphatic
lacunae. Macula cribriformis of the foramina
were larger than those of the mesothelial sto-
mata and appeared to correspond to those
areas lacking collagen fibers. These results
indicated that the foramina of the macula crib-
riformis also form short channels between the
pleural cavity and the lymphatic lacunae or
between the pleural mesothelial cells and the
lymphatic lacunae. The diaphragm lymphatic
vessels are densely distributed and form a
multi-layered, crossed network with great ab-
sorption functionality. Li et al. found that in
ascites fluid, granular materials, microbes and
cancer cells can enter diaphragm lymphatic
vessels through the peritoneal lymphatic sto-
mata [30]. The diaphragm lymphatic vessels
represent an important part of the peritoneal
lymph system and are the primary route of
absorption from the peritoneal cavity [31]. In
this study, we observed that tumor cells entered
the diaphragm lymphatic vessels through peri-
toneal lymphatic stomata.

We found that malignant ascites was associat-
ed with increased expression of VEGF-C and
LYVE-1 mRNA and protein and lymphatic vessel
proliferation in the diaphragm. VEGF-C, a key
regulator of lymphangiogenesis and angiogen-
esis has previously been found to be overex-
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pressed in cancer tissues [32], and was found
to be a more accurate marker of lymph node
metastasis than chest computed tomography
in non-small cell lung carcinoma [33]. Overe-
xpression of VEGF-C was also associated with
pathological features of esophageal squamous
cell carcinoma [34] including depth of tumor
invasion, cancer stage, lymph node metasta-
sis and lymphatic or venous invasion [34-37].
VEGF-C binds and activates Vascular endothe-
lial growth factor receptor-3 (VEGFR-3) which is
mainly expressed on lymphatic endothelial ce-
lls, and activation of VEGFR-3 contributes to
the expansion of lymphatic vessels in tumors
and tumor cell migration to lymphatic vessels
[22].

In seminomatous testicular cancer cells in-
creased LYVE-1 levels correlated with increased
lymphangiogenesis [38]. LYVE-1 is also expre-
ssesd in lymphatic endothelial cells and medi-
ates Fibroblast growth factor-2 (FGF2)-positive
tumor cell recruitment to lymphatic vessels
[39]. Our observations implicate these two mol-
ecules in the process by which tumor cells pass
though the diaphragm pleura.

We also observed increased levels of Hsp90 in
the diaphragms of mice with malignant ascites,
and administration of Hsp9O inhibitor 17-AAG
restored order to the diaphragm, reducing the
size of peritoneal pores, and reduced the levels
of VEGF-C, LYVE-1 and Hsp9O detected in the
diaphragm. Administration of 17-AAG and Cis-
platin in combination further reduced the level
of these proteins in comparison to either of
these drugs alone. These observations suggest
reduced lymph metastasis and lymphatic ves-
sel proliferation in the tumor tissue.

In conclusion, we found that in a mouse model
of HCC metastasis, malignant ascites could in-
duce remarkable structural changes in the dia-
phragm. The epithelial cells were disordered
and higher levels of Hsp90, a marker of tumor
cells, and VEGF-C and LYVE-1, markers of lym-
phangiogenesis were detected in the diaph-
ragm. Inhibition of Hsp90 with 17-AAG signifi-
cantly corrected these pathological changes
and reduced expression of LYVE-1 and VEGF-C
suggesting that this drug represents a promis-
ing therapeutic for the inhibition of lymphatic
metastasis.
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