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Abstract Malignant melanomas are characterized by the
ability of early metastatic dissemination to regional lymph
nodes and the detection of sentinel lymph node metastases
serves as an important prognostic parameter. There is clear
evidence that melanoma cells and stromal cells of tumor
environment can induce lymphangiogenesis, e.g. growth of
lymphatic vessels, and this phenomenon is correlated with
lymph node metastases. Vascular endothelial growth factor
(VEGF) C represents the most potent and well-recognized
lymphangiogenic growth factor secreted in tumor milieu by
melanoma cells and tumor-associated macrophages, how-
ever the mechanism underlying VEGF-C secretion is not
completely understood. We demonstrate that an acidic
extracellular pH promotes the expression of VEGF-C in
A375P melanoma cells and in melanoma cells isolated
from a human spontaneous metastatic lesion, through the
NF-«xB transcription factor. We also demonstrate that
esomeprazole, a proton pump inhibitor which requires
acidosis to be activated, is able to prevent VEGF-C
expression in acidic melanoma cells by interfering with
NF-kB activation. Furthermore, we show that esomepraz-
ole abrogates the enhanced VEGF-C expression in tumor
cells grown in a acidic medium and stimulated by IL-1f.
On the whole, the present study reveals that acidity may be
considered a strong promoter of VEGF-C expression in
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melanoma cells and provides a new pharmacological target
to limit the development of tumor lymphangiogenesis.
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Abbreviations

HIF1-a Hypoxia inducible factor-o
kB Inhibitor of kappa B

IL-1B Interleukin-13

NF-xB Nuclear factor kappa B
PPI Proton pump inhibitor

SLN Sentinel lymph node

siRNA Short interfering RNA

VEGF-A  Vascular endothelial growth factor A
VEGF-C  Vascular endothelial growth factor C

VEGFR-3 Vascular endothelial growth factor receptor-3

Introduction

Dissemination of tumor cells to regional lymph nodes is the
first and most common site of metastasis for various solid
tumors [1] and the extent of lymph node involvement
represents a key determinant for staging and prognosis [2].
Until recently, lymph node colonization by tumor cells is
ascribed to a passive process involving tumor cell spread
throughout preexisting afferent lymphatic vessels. Now, we
know that tumor cells and host inflammatory cells of tumor
environment, mainly tumor-associated macrophages, con-
tribute to lymphatic dissemination through de novo for-
mation of lymphatic capillaries, a phenomenon named
lymphangiogenesis [3-7]. Among members of vascular
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endothelial growth factors (VEGF), the VEGF-C is con-
sidered the most important lymphangiogenic growth factor,
required for embryonic, postnatal lymphatic development
and tumor progression, also, VEGF receptor-3 (VEGFR-3)
is the determinant receptor of VEGF-C and it represents a
marker for lymphatic endothelial cells [8, 9]. Stimulation
of VEGF-C/VEGFR-3 axis increases lymph node metas-
tasis [9—11], while VEGFR-3 antagonists are able to inhibit
lymphangiogenesis of primary tumor and tumor cells dis-
semination through lymphatic vessels [12]. Human tumor
cells, including human melanoma cells release VEGF-C,
that promotes colonization of regional lymph nodes and
metastases outgrowth [13]. Lymphatic mapping and sen-
tinel lymph node (SLN) biopsy is the most important
prognostic factor for patients with intermediate-thickness
melanomas. Recent studies demonstrated that tumor-
induced lymphangiogenesis and increased lymph flow
precede melanoma metastasis [14]. This discovery suggests
that lymphatic vessel growth in sentinel lymph nodes might
be considered a premetastatic niche. Furthermore, Hoshida
et al. [15] showed that VEGF-C induces hyperplasia of
peritumoral lymphatic vessels, increases the flow rate in
lymphatic vessels and increases lymph node metastasis.
Indeed, several papers are showing that peritumoral lym-
phatic vessels are functional, and those at the tumor margin
play the major role in tumor cells lymphatic dissemination
[16]. Although the contribution of lymphatic vessels to
tumor progression has been demonstrated and the role of
VEFG-C is well defined, the mechanism underlying the
induction of VEGF-C in tumor cells remains unclear.

Normal tissues use glycolysis to generate approximately
10 % of the intracellular ATP, while tumor cells use gly-
colysis to produce more than 50 % of the energy require-
ment, even when there is enough O, to support
mitochondrial function (aerobic glycolysis) [17]. Indeed,
Hypoxia Inducible Factor-a-dependent glycolytic genes are
readily induced in tumor cells exposed to mild hypoxia
(2-3 % 0O,), which is low enough to induce HIF1-o activity
but high enough to support vigorous oxidative phosphor-
ylation. Moreover, large regions of a tumor are often at a
great distance from blood vessels and lymphatic vessels,
and this distance causes low levels of O, tension and
nutrients, and increased levels of waste products [18].
Thus, acidosis represents a metabolic hallmark of tumor
environment either generated by aerobic glycolysis,
anaerobic glycolysis or reduced lymphatic drainage of
waste products [19].

Several studies revealed that a reversed pH gradient is
present across tumor cells plasma membrane, as the
intracellular pH (pHi) ranges from 7.12 to 7.56 and the
extracellular pH (pHe) ranges from 6.2 to 6.9 [20]. The
maintenance of this gradient is due to the presence of ion
transport transmembrane proteins which release protons
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(H") and acidify tumor cell extracellular environment [21—
23]. Now, we know that tumors with acidic environment
are associated with a poorer prognosis [24], resistance to
chemotherapy [25], suppression of cytotoxic lymphocytes
and natural killer cells tumoricidal activity [26]. Tumor
acidity also contributes to tumor cells aggressiveness, by
increasing their mutation rate [27], invasiveness into host
tissues and secondary organ colonization [28, 29]. The
lowest pHe value has been observed near the tumor
periphery, where tumor cells are invading normal tissues
[30]. These phenomena might be also due to hypoxia, often
associated with acidity [31]. However, there is an increased
evidence that extracellular acidity per se contributes to
malignancy of tumor cells. In addition, acidic environment
modifies the expression of VEGF-A, since a transient [32],
but not prolonged [33] exposure to acidosis stimulates NF-
kB-dependent up-regulation of VEGF-A in human tumor
cells. Moreover, 8 h-exposure at pH 5.5 induces in human
endometrial carcinoma cells an alternative splicing of
VEGF-A (VEGFI121) through p38 activation [34].

Here, we show that acidity stimulates VEGF-C expres-
sion and secretion in melanoma cells, through NF-kB
transcription factor. We also demonstrate that esomepraz-
ole, a proton pump inhibitor (PPI) activated by a low pH,
inhibits VEGF-C expression in acidic melanoma cells
through the down regulation of NF-xB, either in the
absence or in the presence of interleukin-1f (IL-1B), a
potent agonist of tumoral VEGF-C. In this study, we used
A375P melanoma line and a primary culture of melanoma
cells isolated from a human metastatic lesion.

Methods
Materials

Unless specified, all reagents were obtained from Sigma.
Antibody were purchased as follows: goat anti-VEGF-
C from Abcam, rabbit anti-NFkB, rabbit anti-IkB, anti-
rabbit IgG-FITC from Santa Cruz Biotechnology; mouse
anti-B-tubulin was from Millipore (05-661); biotinylated
secondary antibody streptavidin-horseradish-peroxidase-
conjugated-HRP (Universal LSAB™Kit/HRP, Rabbit/
Mouse/Goat) were from DAKO; DAPI staining was from
Invitrogen. All products for end point PCR analysis were
purchased from Promega. Recombinant human cytokine
interleukin-1B (IL-1PB) was from PeproTech. siRNA for
NF-kB was purchased from Santa Cruz; Lipofectamine
2000 was from Invitrogen; esomeprazole salt (a PPI) was
donated from Dr. Stefano Fais (National Institute of
Health, Rome). Parthenolide (NF-kB pathway inhibitor)
was from Calbiochem (512732).
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Cell lines and culture conditions

A375P human melanoma, DU-145 human prostate carci-
noma and MCF-7 human breast carcinoma cell lines used
in this study were obtained from American Type Culture
Collection (ATCC, Rockville, MD); the primary cell cul-
ture line SSM2c was obtained from the Laboratory of
Tumor Cell Biology, Core Research Laboratory-Istituto
Toscano Tumori (CRL-ITT, Florence, Italy) [35]. Cells
were cultivated in Dulbecco’s Modified Eagle Medium
(DMEM 4500, GIBCO) supplemented with 10 % foetal
calf serum (FCS, Boerhinger Mannheim, Germany), at
37 °C in a 10 % CO, humidified atmosphere. Cells were
harvested from subconfluent cultures by incubation with a
trypsin—EDTA solution, and propagated every 3 days.
Viability of the cells was determined by trypan blue
exclusion test. Cultures were periodically monitored for
mycoplasma contamination using Chen’s fluorochrome test
[36].

Acidic treatment

Low pH medium was obtained by addition of HCI 1 N in
DMEM 4500 containing 10 % FCS and pH value was
monitored by a pHmeter (Orion PH Meter 520A-1). As pH
value was stable (6.6-6.7), acidified medium was added to
cultures and the seal caps of flasks were tightly closed. pH
of acidified media were verified 2 h later and at the end of
the experiment. Cultures were exposed to the acidified
medium for 4-24 h. In some experiments 1.5-5 pM par-
thenolide or 100 M esomeprazole were added to standard
or acidified media. Treatment with 1,000 U/ml IL1-3 was
performed 2 h before media acidification.

RNA isolation and end point PCR

Total RNA was extracted from cells by using TRI Reagent
(Sigma). The amount and purity of RNA were determined
spectrophotometrically. cDNA synthesis was obtained by
incubating 1 pg of total RNA with 4 U/ul of M-MLV
reverse transcriptase. Aliquots of 5 pl of the cDNA mixture
were used for PCR amplification. The end-point
PCR reactions were carried out in 50 pl of a solution
containing specific primers and 0.1 U/ul of GoTaq Poly-
merase, using a Perkin-Elmer Thermal cycler. The primers
were: VEGF-C forward 5-CCCCACATCTATACACAC
CTCC-3', reverse 5'-TCCGGACTCGACCTCTCGGA
C-3'; GAPDH forward 5-ACCACAGTCCATGCCAT-
CAC-3’, reverse 5'-TCCACCACCCTGTTGCTGTA-3'.
Aliquots of 10 pl of each PCR mixture were applied to a
2 % agarose gel, electrophoresed and visualized. cDNA
products were evaluated on the basis of standard PCR
markers.

Real-time quantitative RT-PCR (qPCR)

Quantitative real time PCR (qPCR) was performed using
the GoTaq® Probe Systems (Promega). Two microgram of
total RNA were used to prepare cDNA using GoScript™
Reverse Transcription System (Promega) according to the
manufacturer’s instructions. The qPCR analysis was car-
ried out in triplicate using an Applied Biosystems 7500
Sequence Detector. The primers were designed according
to published human cDNA sequences in Genbank database,
using the FastPCR software: VEGF-C forward 5'-GAAGG
TGAAGGTCGGAGTC-3' and reverse 5-GAAGATG
GTGATGGGATTTC-3’; VEGFR2 forward 5'-CCAGTCA
GAGACCCACGTTT-3 and reverse 5-AGTCTTTGCCA
TCCTGCTGA-3', VEGFR3 forward 5-TGGTACCG
GCTCAACCTCTC-3' and reverse 5-CACGTTTTTG
CAGTCCAGCA-3', and 18S forward 5'-CGCCGCTAG
AGGTGAAATTCT-3' and reverse 5'-CGAACCTCCG
ACTTTCGTTCT-3'. mRNA was quantified with the AACt
method as described [37]. mRNA levels were normalized
to 18S as an endogenous control.

siRNA transfection

For tumor cell transfections, the siRNA for NFkB was
diluted to a final concentration of 20 nM and cells trans-
fected using Lipofectamine 2000 were incubated in stan-
dard medium for 24 h before they were exposed to low pH.

Western blotting analysis

Cells, washed twice with ice cold PBS containing 1 mM
NazVO,, were lysed in 100 pl of cell lysis buffer con-
taining: 20 mM Tris-HCl (pH 7.4), 150 mM NaCl,
100 mM HEPES, 1 % Triton X-100, 10 mM glycero-
phosphate, 100 uM PMSF, 100 mM AEBSF, 5 mM best-
atin, 2 mM leupeptin, 1 mM pepstatin A, 80 uM of
aprotinin, and 1.5 mM E-64. Supernatants containing equal
amounts of protein (65 pg) in Laemmli buffer were sepa-
rated on 10 % (v/v) SDS-PAGE gel. Fractionated proteins
were transferred from the gel to a PVDF nitrocellulose
membrane. Blots were stained with Ponceau red to ensure
equal loading and complete transfer of proteins and then
blocked with 2.5 % (w/v) BSA in T-TBS (0.1 % (v/v)
Tween 20 in PBS for 1 h at room temperature. Subse-
quently, the membrane was probed with rabbit anti-human
VEGF-C, rabbit anti-human IkB, or mouse anti-human-3
tubulin, diluted 1:1,000 with 2.5 % (w/v) skimmed milk in
T-PBS buffer at 4 °C overnight. After washing in T-PBS
buffer, the membrane was incubated with a HRP-anti-
rabbit (1:16,000) or anti-mouse (1:10,000) secondary
antibody, diluted in 2.5 % (w/v) BSA/T-PBS, for 1 h at
room temperature. After consecutive washing with T-PBS
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the immunoreactive bands were visualized by the ECL
detection system (GE Healthcare).

Immunofluorescence

Tumor cells were cultured on 25-mm coverslips, fixed for
20 min in 4 % paraformaldehyde and then permeabilized
with 0.1 % Triton X-100 solution in PBS. Permeabilized
cells were incubated in blocking solution (PBS supple-
mented with 4 % BSA and 1 % horse serum) and then
incubated overnight at 4 °C with anti-NF-xB antibody.
Cells were washed and then incubated for 1 h using 1:100
goat anti-rabbit IgG-FITC. Cell nuclei were counterstained
with DAPI (1 pg/ml for 30 min). Following two washes in
PBS, coverslips were mounted with propylthiogallate on
glass slides and the cells were observed with an inverted
confocal Nikon Eclipse TE2000 microscope equipped with
a x60S-Fluor oil immersion lens.

Statistical analysis

Densitometric data are expressed as means * standard
errors of the mean (SEM) depicted by vertical bars from
representative experiment of at least three independent
experiments. Statistical analysis of the data was performed
by student’s ¢ test, and p < 0.05 was considered statisti-
cally significant.

Results

Expression of VEGF-C in human melanoma cells
grown in media at a different pH

A375P melanoma cells grown in standard culture condi-
tions reach the confluence at the fourth day of growth and
pH of media changes from 7.4 to 6.8 (Fig. 1, panel A). We
found that mRNA and VEGF-C protein of confluent cells
(pH 6.8 medium) are significantly higher than those of cells
recovered from sparse cultures (pH 7.2 medium) (Fig. 1,
panel B). We also found that VEGF-C expression is
enhanced in tumor cells of sparse cultures when they were
exposed to media collected from confluent melanoma cell
cultures at pH 6.8, (Fig. 1, panel C). To ascertain whether
induction of VEGF-C in A375P melanoma cells was
related to a low pH, and not to agents released by tumor
cells themselves in confluent cultures, we examined whe-
ther media collected from sparse cultures acidified to pH
6.6 and media that have not been exposed to cells acidified
to pH 6.7 may stimulate VEGF-C expression in melanoma
cells. We found that both media stimulate VEFG-C
expression in melanoma cells. These results clearly indi-
cate that acidity per se may promote VEGF-C in A375P
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melanoma cells. Finally, pH response curve (Fig. 1, panel
D) shows that change of pH medium from 7.4 to 6.5 pro-
motes VEGF-C expression in a progressive manner and the
maximum effect on VEGF-C expression occurs at pH 6.8.
pH response curve experiments indicate that acidity does
not modify in melanoma cells the very low level of
expression of VEGF-C receptor 2 and 3 (data not shown).
It is known that VEGF-C binds VEGF-C receptor 3 and
induces tyrosine auto-phosphorylation of VEGF-C receptor
2 and 3 leading to angiogenesis and lymphangiogenesis
[38].

Low pH stimulates expression of VEGF-C
in melanoma cells through NF-kB activity

The up-regulation of VEGF-C expression induced in
A375P melanoma cells by an acidic medium was inhibited
by the treatment with Parthenolide either at 1.5 or 5 uM
(Fig. 2 panel A). The inhibitory effect of Parthenolide,
either at 1.5 or 5 pM, was also demonstrated in melanoma
cells incubated under normal pH. Moreover, we found that
VEGF-C up-regulation was inhibited in A375P melanoma
cells transfected with p65 NF-kB siRNA and exposed to an
acidic medium (Fig. 2 panel B). These findings suggest
that VEGF-C expression of melanoma cells grown under
normal and, more effectively, low pH is dependent from
NF-kB signaling pathway.

Esomeprazole inhibits VEGF-C expression in acidic
human melanoma cells

In order to establish whether a PPI, might be effective to
abrogate VEGF-C up-regulation induced by acidity, we
choose esomeprazole. Esomeprazole is a common PPI
which is protonated and activated in an acidic medium to
express its pharmacological effects, among those, the
recently described anti-inflammatory special property [39].

For this study, 100 uM esomeprazole was selected in
accordance with PPIs plasma level found in human beings
after intravenous administration of these drugs. Incubation
of human A375P melanoma cells for 24 h in a acidic
medium containing 100 uM esomeprazole does not sig-
nificantly modify their viability (viable cells >95 %) and
pH of the medium (data not shown).

Analysis of intracellular location of NF-xB in melanoma
cells grown under a standard or acidic medium, revealed
that these cells exposed to a standard pH medium (pH 7.4)
express an exclusive labeling in cytoplasm, while cells
exposed to a standard medium acidified to pH 6.7, imme-
diately before its use, show nuclear localization of NF-kB/
p65 subunit with a peak at 6 h after treatment (Fig. 3, panel
A). Interestingly, 100 uM esomeprazole concentration
strongly inhibits NF-kB activation in A375P melanoma
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Fig. 1 Change in VEGF-C expression in A375P human melanoma
cells grown in an acidic medium. a Growth curve and pH of media in
melanoma cell cultures; b VEGF-C mRNA and protein expression of
secreted VEGF-C form in sparse (pH 7.2) and confluent (pH 6.7) cell
cultures, each band was quantified by densitometric analysis. The
corresponding histogram was normalised against GAPDH or f-
tubulin, and expressed as the percentage of increment; ¢ VEGF-C
mRNA expression in melanoma cells of: (i) sparse cultures grown in
an acidic medium collected from confluent cultures, (ii) sparse

cells exposed for 6 h to a reduced pH (pH 6.7) (Fig. 3,
panel B). Importantly we demonstrate that esomeprazole
effectively inhibits VEGF-C expression in acidic mela-
noma cells (Fig. 3, panel C).

Inflammatory cytokines, such as TNFo and IL- 1§ stimulate
VEGF-C expression in human vascular endothelial cells
mainly through NF-xB activation [40-42], and represent
suitable promoters of VEGF-C also in melanoma cells. We
found that TNFa and, in a more evident way, IL-1[ stimulate
VEGF-C mRNA in A375P melanoma cells, and this promo-
tion was inhibited by the NF-«xB inhibitor Parthenolide (data

cultures grown in acidified sparse culture medium, and (iii) sparse
cultures grown in acidified medium that have not been exposed to
cells (each band was quantified by densitometric analysis, the
corresponding histogram was normalised against GAPDH and
expressed as the percentage of increment); d quantitative real-time
PCR of VEGF-C expression in melanoma cells incubated for 24 h in
unexposed media at different pH. Values presented are mean = SEM
of three independent experiments. Asterisk indicates p < 0.05

not shown). Figure 3, panel D indicates that the IL-1f-stim-
ualted expression of VEGF-C was inhibited in melanoma cells
that were incubated with in an acidic medium containing
esomeprazole. Esomeprazole, on the other hand, does not
abrogate VEGF-C up-regulation induced by IL-1 when
tumor cells were incubated in a standard medium (pH 7.4),
because esomeprazole activation necessitates an acidic envi-
ronment. These results indicate that esomeprazole may inhibit
VEGF-C expression in A375P melanoma cells stimulated by
inflammatory cytokines, only in case acidity takes part to the
environmental changes.
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Fig. 2 Change in VEGF-C expression in A375P melanoma cells
exposed to an acidic medium in the presence of parthenolide (1.5 or
5 uM). a Inhibition by parthenolide of VEGF-C mRNA expression in
acidic melanoma cells; b inhibition by siRNA for NF-xB of VEGF-C
mRNA expression in acidic melanoma cells. In box of the figure, a
representative blot of NF-kB protein expression in A375P melanoma

Esomeprazole, reduces VEGF-C expression in human
melanoma cells freshly isolated from a metastatic
human melanoma lesion

We demonstrated that acidity stimulates VEGF-C expression
in human melanoma cells collected from a spontaneous
metastatic lesion and esomeprazole blocked it. Also in pri-
mary human melanoma, Parthenolide inhibits VEGF-C
expression promoted by low pH (Fig. 4, panel A). As we
found in A375P melanoma line, we demonstrate that
esomeprazole abolishes VEGF-C expression induced by
acidity through NF-xB signaling (Fig. 4 panel C, D). Indeed,
esomeprazole stimulates, in these primary tumor cells, the
expression of the well known inhibitor IKB (Fig. 4 panel B).
In addition, esomeprazole, abolishes the up-regulation of
VEGEF-C expression in tumor cells grown in a acidic medium
containing IL-1B. On the whole, esomeprazole exerts an
effective anti-VEGF-C activity also in melanoma cells of a
primary culture derived from a spontaneous metastatic lesion.

Acidity and VEGF-C expression in breast and prostate
carcinoma cells

Figure 5 indicates that the effect of low pH on VEGF-C
expression is not limited to melanoma cells, indeed acidi-
fied media stimulate VEGF-C expression in some carci-
noma cells, e.g. DU145 prostate carcinoma cells and MCF-
7 breast carcinoma cells.
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cells grown in acidic medium transfected with siRNA for NF-kB or
scramble. mRNA expression was quantified by densitometric anal-
ysis, the corresponding histogram was normalised against GAPDH
and expressed as the percentage of increment. Values presented are
mean = SEM of three independent experiments. Asterisk indicates
p <0.05

Discussion

Skin malignant melanoma primarily metastasizes to lymph
nodes and the detection of sentinel lymph node metastases
is considered as an important prognostic parameter [1, 2]. It
is well known that melanoma cells can promote growth of
lymphatic vessels, mainly at the tumor-stroma interface
and the size of peritumoral lymphatic vessels has been
indicated as the most important factor that contributes to
lymph node metastasis [16]. Some typical structural fea-
tures of lymphatic vessels, such as a large diameter, a
discontinuous layer of basement membrane and absence in
small lymphatic vessels of pericytes or vascular smooth
muscle cells, make them more accessible for intravasation
by tumor cells. Thus the so-called “lymphangiogenic
switch” is crucial for tumor cell fate [3, 7]. A potent tumor
lymphangiogenesis growth factor is the VEGF-C, which is
also indispensable for embryonic lymphangiogenesis [43].

Our results identify for the first time acidity as a positive
regulator of mRNA and protein VEGF-C synthesis in
melanoma cells and thereby implicate low pH in the con-
trol of lymphangiogenesis. The results further suggest that
NF-kB signaling plays a role in the up-regulation of
VEGF-C in acidic melanoma cells. VEGF-C gene pro-
moter contains conserved putative binding site for NF-kB
and no TATA box [41], and different authors [44-46]
demonstrated that acidic pH activates NF-kB, which is
important to up-regulate IL-8 production in granulocytes
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Fig. 3 Inhibition by esomeprazole (100 uM) of NF-kB-dependent
up-regulation of VEGF-C mRNA expression in acidic A375P
melanoma cells. a Double immunofiuorescence analysis of NF-kB/
p65 nuclear traslocation in melanoma cells exposed to an acidic
medium for 4, 6 and 18 h (NF-kB/p65 green, DAPI blue); the
columns represent the percentage of cells expressing nuclear NF-kB.
b Double immunofluorescence analysis of melanoma cells exposed
for 6 h to an acidic medium and treated with esomeprazole (NF-kB/
p65 green, DAPI blue), the columns represent the percentage of cells

[47]. Bellocq et al. [48] have also demonstrated that NF-xB
is involved in extracellular pH-mediated up-regulation of
inducible nitric oxide synthase.

expressing nuclear NF-kB. ¢ Inhibition by esomeprazole of VEGF-C
mRNA expression in acidic melanoma cells. d Inhibition by
esomeprazole of VEGF-C mRNA expression in acidic melanoma
cells treated with IL1-B. mRNA expression was quantified by
densitometric analysis, the corresponding histogram was normalised
against GAPDH and expressed as the percentage of increment. Values
presented are mean £ SEM of at least three independent experiments.
Asterisk indicates p < 0.05. (Color figure online)

In order to find a drug to control VEGF-C up-regulation
by acidosis, we tested whether esomeprazole, a vacuolar
H+-ATPase (V-ATPase) inhibitor, might be effective [47].

@ Springer



964 Clin Exp Metastasis (2013) 30:957-967

Fig. 4 Inhibition of NF-kB- A 200 ) B 200 -
dependent up-regulation of * w %
VEGF-C mRNA in acidic o £
primary culture of melanoma. g 5 150 1 3 3 150 |
a Inhibition by parthenolide Lo €L
5 uM of VEGF-C mRNA in e 2§
. =] 100 4 100 4
melanoma cells grown in an g S 2%
acidic medium. b IkB protein = o e *
expression in acidic melanoma E £ so. 3 50 .
cells treated with esomeprazole
(100 uM) for 24 h; c inhibition
by esomeprazole of VEGF-C 0 o L . _
mRNA of acidic melanoma -~ —
cells. d Inhibition by e — e B e e
esomeprazole of NF-«xB- GAPDH = 2 :
dependent up-regulation of P-tubulin TSN St St S
VEGF-C mRNA in melanoma Acidic medium — 4+ — + Acidic medium — 4 — 4
cells treated with IL1 and/or an 2
acidic media for 24 h. mRNA Parthenolide 5uM  — — 4+ + Esomeprazole — — + +
and protein expression were
quantified by densitometric
analysis, the corresponding c D 200
histogram was normalised 200

against GAPDH or B-tubulin

and expressed as the percentage 150
. 150
of increment. Values presented
are mean = SEM of at least
100 -

three independent experiments.
Asterisk indicates p < 0.05

100

Densitometric Units
(% of control)

(5]
(=1

0

VEGF-C VEGF-C

Densitometric Units
(% of control)
(5]
o ©

Acidic medium _— + — + Acidic medium
Esomeprazole - - + + Esomeprazole
IL-1p
A 2,5 B 16
c c *
2 = 0 14-
-l -
n 2 ]
= u 124
= =
€ 15 £ 19
8 ]
: S o
v 14 3 6 - x
2 >
" = 4 4
< 051 5
o & 27
0 - 0
pH of media 7.4 6.7 pHof media 7.4 71 67
Fig. 5 VEGF-C expression in breast and prostate carcinoma cells carcinoma cells incubated for 24 h at pH 7.4, 7.1 and 6.7. Values

grown in an acidic medium. a Quantitative real time PCR (qPCR) of presented are mean + SEM of at least two independent experiments.
VEGF-C mRNA of MCF-7 breast carcinoma cells incubated for 24 h Asterisk indicates p < 0.05
at pH 7.4 and 6.7; b qPCR of VEGF-C mRNA of DUI145 prostate

@ Springer



Clin Exp Metastasis (2013) 30:957-967

965

We demonstrated that esopremazole, without modifying
pH, abrogates NF-«kB activation and VEGF-C expression in
acidic A375P melanoma cells. In addition, melanoma cells
isolated from a spontaneous metastatic lesion express a
higher amount of VEGF-C when grown in low pH and
esomeprazole abolishes this effect. Esomeprazole, acti-
vated by an acidic medium, was also effective to reduce
VEGEF-C expression in tumor cells exposed to IL-1f. IL-13
has been found to be a strong promoter of melanoma
VEGF-C expression through NF-kB pathway. It is known
that acidosis and a chronic inflammatory reaction are often
associated in tumors. IL-1f stimulation of VEGF-C
expression was showed in human lung fibroblasts and
vascular endothelial cells [40].

Our findings also indicate that esomeprazole inhibits
VEGF-C expression in melanoma cells isolated from a
human metastatic lesion. It is possible that during a long-
stay in culture, tumor cells may acquire or loose some
special characters becoming different from those freshly
isolated from a spontaneous tumors. Thus, it is important to
confirm every findings using primary cultures to increase
their translational significance.

Esomeprazole as vacuolar H+-ATPase (V-ATPase)
inhibitor is used extensively to suppress gastric acidity,
however V-ATPase is expressed also in the plasma membrane
of several tumor cells [49-53], including A375 melanoma
cells [54]. De Milito et al. [51] demonstrated that this type of
drugs is activated in the mildly acidic extracellular space of
tumors, and used at a non-toxic dose, have been shown to
suppress the growth of human melanoma in nude mice [55].
Moreover, omeprazole the racemate form, from which the R-
and S-isomers (esomeprazole) can be isolated, potentiates the
growth-retard effect of cisplatin on human melanomas,
probably facilitating the intracellular uptake of the chemo-
therapeutic drug [56]. Recent studies have elucidated that this
type of PPIs can exert anti-inflammatory effects unrelated to
the inhibition of gastric acid production [57]. Some non gas-
tric cells, like neutrophils and endothelial cells, express
V-type H+-ATPases that may pump proton ions into the
extracellular space, where a low extracellular pH stimulates
the release of IL-1f by human monocytes [58]. In accordance
with our findings, Handa et al. [59] observed that omeprazole
and lansoprazole blocked IL-8 production in human umbilical
endothelial cells, possibly by interfering with NF-xB path-
way. Hashioka et al. [39] proved that these PPIs significantly
reduced TNF-o secretion by stimulated monocytic THP-1
cells in a concentration dependent manner.

On the whole, our results identify acidity as a positive
regulator of VEGF-C expression and secretion in mela-
noma cells via NF-kB activation and thereby implicate pH
of tumor environment as lymphangiogenesis controller.
Indeed, we proved that acidity is also affective in

promoting VEGF-C expression in breast and prostate car-
cinoma cells.

Our data further suggest that esomeprazole abolishes
VEGF-C expression when tumor cells are exposed to
acidity or both acidity and IL-1p. Thus, we may speculate
that to inhibit lymphangiogenesis and interfere with met-
astatic dissemination through lymphatic vessels, might be
considered new therapeutic strategies able to regulate
acidity and inflammatory cytokines.
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