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Abstract

We showed that Parathyroid Hormone-related Peptide (PTHrP) induces
proliferation, migration, survival and chemoresistance via MAPKs and PI3K/AKT
pathways in colorectal cancer (CRC) cells. The objective of this study was to
investigate if PTHrP is also involved in tumor angiogenesis. PTHrP increased
VEGF expression and the number of structures with characteristics of neoformed
vessels in xenografts tumor. Also, PTHrP increased mRNA levels of VEGF, HIF-1a
and MMP-9 via ERK1/2 and PI3K/Akt pathways in Caco-2 and HCT116 cells.
Tumor conditioned media (TCMs) from both cell lines treated with PTHrP increases
the number of cells, the migration and the tube formation in the endothelial HMEC-
1 cells, whereas the neutralizing antibody against VEGF diminished this response.
In contrast, PTHrP by direct treatment only increased ERK1/2 phosphorylation and
the HMEC-1 cells number. These results provide the first evidence related to the
mode of action of PTHrP that leads to its proangiogenic effects in the CRC.
Highlights:

PTHrP has indirect proangiogenic effects in the CRC via VEGF.

PTHrP mediates the interaction of colon tumor cells with the endothelial cells.
PTHrP does not stimulate directly migration neither tube formation of endothelial
cells.

Keywords: PTHrP; colon cancer; tumor angiogenesis; VEGF

Abbreviations: PTHrP: Parathyroid Hormone-related Peptide; CRC: colorectal

cancer; TCMs: tumor conditioned media.
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1. Introduction

Parathyroid hormone-related protein (PTHrP) has a high homology with

parathyroid hormone (PTH) in its N-terminal amino acid sequence, so it activates

the PTH/PTHrP receptor (PTHR1) mimicking the action of this hormone (Nikitovic
et al., 2016). Interestingly, this peptide has wide spread distribution in fetal and
adult tissues with physiologic or pathologic functions through endocrine, paracrine,
autocrine or intracrine signaling (McCauley and Martin, 2012).

With respect to its role in pathologies, PTHrP was initially involved with cancers,
mainly as inductor of hypercalcemia but is also associated with osteoporosis and
osteoarthritis, so this hormone can be keeping in mind to be used in therapy
(Wysolmerski , 2012). Furthermore, recent research indicates that the peptide has
also a critical role in the progression of skeletal metastasis (Zheng et al., 2018) and
other different critical features that massively contributes to malignant behavior of
different cancers such as colorectal cancer (CRC) (McCauley and Martin, 2012;
Hong et al., 2016), CRC is one of the main causes of cancer death in the world
(Siegel et al., 2017) where angiogenesis has a critical role (Battaglin, 2018).

One attractive target in cancer therapy is the process of angiogenesis, which is the
formation of new blood vessels from a pre-existing network of capillaries, because
it allows the supply of oxygen and nutrients to the tumor cells and it contributes to
the metastasis. Thus, it is important for the growth and metastasis of various types
of cancers, such as CRC. The wide process of angiogenesis involves the

activation, proliferation and migration of vascular endothelial cells and a fine
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equilibrium between molecules with pro-angiogenic or anti-angiogenic effects,
which leads to the subsequent reconstruction and formation of vascular structures
(Loizzi et al., 2017; Kong et al., 2017). The loss of this balance affects the
progression of the CRC (Battaglin et al., 2018). A pro-angiogenic factor secreted
by endothelial and tumor cells is the vascular endothelial cell growth factor (VEGF),
which interacts with three subtypes of the vascular endothelial growth factor
receptor (VEGFR), numbered 1, 2 and 3. VEGFR2 mediates a wide range of
VEGF physiological responses in endothelial cells by activating downstream
signaling pathways, such as ERK1/2, c-Src, Akt, endothelial nitric oxide and p38
MAPK (Koch et al., 2011; Greenberg et al., 2008). Despite the use of therapeutic
agents directed to the inhibition of angiogenesis in the treatment of metastatic CRC
(Battaglin et al., 2018), it has been observed the resistance of many patients
leading to the treatment failure and the progression of the disease. Therefore, the
knowledge of the mechanisms involved in angiogenesis is of great importance to
provide new therapeutic alternatives.

In previous studies, we observed that PTHrP activates ERK1/2 and p38 MAPK, as
well as the serine-threonine kinase AKT in the two cell lines from human colon
tumors, Caco-2 and HCT116 cells. In these cells, the hormone increases cell
proliferation and promotes survival under apoptotic conditions via MAPKs and
PI3K/AKT signaling pathways (Lezcano et al., 2013; Martin et al 2014; Calvo et al.,
2014).

In both cell lines the hormone also activates p90 ribosomal S6 kinase (RSK) and
increases cell migration via ERK1/2-RSK but independently of p38 MAPK signaling

4
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pathway (Calvo et al.,, 2017). Recently, we found that PTHrP induces
chemoresistance in Caco-2 and HCT116 cells through mitogenic signaling
pathways such ERK and Akt (Martin et al., 2018). Also, the administration of
PTHrP in HCT 116 xenografts of nude mice, increased the expression of RSK and
others markers related to tumorigenic events (Calvo et al.,, 2017; Martin et al.,
2018).

PTHrP is involved in different types of tumors, however, its precise and direct role
in angiogenesis is controversial and it is not clear (Bakre et al., 2002; Akino et al.,
2000). Furthermore, it is unknown if this hormone is involved in tumor-associated
angiogenesis in the CRC. It is well established that the signaling pathways
regulated by PTHrP in the cell lines derived from CRC and in xenografts of nude
mice may participate in angiogenesis (Xu et al., 2015; Hammoud et al., 2016; Dong
et al., 2017). Therefore, the objective of the present study was to investigate, both
in vitro and in vivo models, whether PTHrP has a role in Tumor-Associated
Angiogenesis and if so, the molecular mechanisms that are involved in this
process. In this work, we hypothesized that PTHrP is an important factor that
stimulates the interaction between the microenvironment endothelial cells and
colon cancer cells mainly through the secretion of pro-angiogenic factors by colon
cancer cells treated with the hormone.

We suppose that tumor angiogenesis is subsequent to this interaction and

therefore it is also facilitated by the hormone.

2. Materials and methods
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2.1. Materials

Human PTHrP (1-34), high glucose Dubelcco’s modified Eagle’s medium (DMEM)
and Trypan blue dye were obtained from Sigma-Aldrich Chemical Co. (St. Louis,
Missouri, USA). Fetal bovine serum (FBS) was from Natocord (Cérdoba,
Argentina). Anti-phopho ERK1/2 and antiCD-31 were from Cell Signaling
Technology (Beverly, Massachusetts, USA). Anti-VEGF, anti-GAPDH, goat anti-
rabbit peroxidase conjugated secondary antibody and goat anti-mouse peroxidase
conjugated secondary antibody were from Santa Cruz Biotechnology (Santa Cruz,
California, USA). Mouse monoclonal antibody against PTH receptor (opossum
kidney) was from BAbCO (Richmond, California). PD 98059 and LY 294002 were
from Calbiochem (San Diego, California, USA). GSK690693 was from Santa Cruz
Biotechnology (Santa Cruz, California, USA). Crystal violet was from MERCK
(Buenos Aires, Argentina). Protein size markers were from Amersham Biosciences
(Piscataway, New Jersey, USA), PVDF (Immobilonpolyvinylidene difluoride)
membranes and ECL chemiluminescence detection kit were from Amersham (Little
Chalfont, Buckinghamshire, England). Geltrex was from Invitrogen (Carlsbad,
California, USA). Transwell filters of polyethylene terephthalate (PET), 8 um pores,
24-well format, were from JETBIOFIL. All other reagents used were of analytical

grade.

2.2. Xenograft in nude mice
We injected subcutaneously 1 x 10° human colorectal carcinoma HCT116 cells
into the left dorsal flanks of 6-week-old N:NIH(S)_nu mice. The number of mice in
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each group, the dose of PTHrP(1-34) (for treatment group) and its vehicle PBS (for
control group) and the administration scheme were chosen according our previous
studies (Calvo et al., 2017; Martin el al., 2018). The animals were sacrificed and
tumors were removed after 20 days of PTHrP treatment (Wang et al., 2002). All
experiments with animals were approved by a local animal committee for ethics.
One piece of each tumor was immediately frozen in liquid nitrogen and maintained
at -80 °C until the corresponding analysis by real-time quantitative RT-PCR assay
and another piece was fixed with 4% neutral buffered formaldehyde solution for
immunohistochemistry assay. Total RNA from three piece of each tumor was
isolated; following with the RNA quantification, the synthesis of the cDNA and the

PCR reaction carried out in a real-time PCR system.

2.3. Colon cancer cells culture and treatment

The human colon cell lines Caco-2 and HCT 116 (from the American Type Culture
Collection, Manassas, Virginia) were cultured at 37 °C in DMEM that contains 10%
FBS, 1% non-essential acids, 100 Ul/mL penicillin, 200 mg/mL streptomycin and
50 mg/mL gentamycin in a humid atmosphere of 5% CO, in air. We used cells with
80% confluence. Cells were FBS-deprived 24 h for Caco-2 cells and 2 h for HCT
116 cells and then treated with PTHrP (1-34) at different times, using a dose of 10®
M which was chosen in previous studies (Lezcano et al., 2013; Martin et al., 2014;
Calvo et al., 2014). In some experiments, cells were pretreated for 30 min with PD
98059 (an inhibitor of MEK, which is the upstream kinase of ERK1/2), LY 294002
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(an inhibitor of PI3kinase), GSK690693 (an inhibitor of Akt kinase) or with an
equivalent volume of the vehicle of the inhibitors (DMSO) as control. The inhibitors
doses employed were obtained according to previous studies (Lezcano et al.,

2013; Martin et al., 2014; Calvo et al., 2014; Mahfouz et al., 2017).

2.4. Tumor conditioned media (TCMs) preparation

We obtained colon tumor conditioned media (TCMs) from cultured media of Caco-
2 or HCT 116 cells after 24 h incubation with or without 10 M PTHrP (1-34),
always following the same cells/volume ratio. TCMs were collected, centrifuged for
10 min at 10,000 rpm to eliminate cell debris and the supernatants were stored at

—80 °C until assayed. The protein content was measured to normalize the results.

2.5. Endothelial Cell culture, treatment and co-cul  ture

HMEC-1 is an immortalized cell line which retains the morphology, phenotype and
function of normal human microvascular endothelial cells. HMEC-1 cells (from the
American Type Culture Collection, Manassas, Virginia) were cultured at 37 °C in
high glucose DMEM supplemented with 10% FBS, 1% non-essential acids, 100
Ul/mL penicillin, 100 mg/mL streptomycin and 50 mg/mL gentamycin in a humid
atmosphere of 5% CO, in air. We used this experimental model because the
microvascular endothelial cell line is mainly involved in clinically relevant
angiogenesis capillary sprouting in vivo (Folkman, 2006), and the effect of

PTHrP(1-34) on these cells has not yet been studied.
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The treatments were according to the assay. For measuring of endothelial cells
number, HMEC-1 cells were treated with the corresponding TCMs or with
PTHrP(1-34). For endothelial cell migration assay, in some experiments HMEC-1
cells were cultured with DMEM without serum and the corresponding TCMs or the
hormone were used as chemoattractants and in others, endothelial cells were
directly exposed with PTHrP(1-34) and DMEM with serum was used as
chemoattractant. In co-culture experiments, endothelial cells and colon cancer cells
were seeded using transwell filters. Finally, in tube formation assay, HMEC-1 cells
were cultured with the corresponding TCMs or with the hormone which was directly

applied to the cells seeded on geltrex matrix.

2.6. RNA Isolation and cDNA Synthesis

First, we isolate the total RNA from all pieces of the tumor employing the
EasyPure® RNA Kit (TRANS, Beijing, China) and from all samples of colon cancer
cell lines employing the High Pure RNA Isolation Kit (Roche Diagnostics,
Mannheim, Germany) taking into account the manufacturer’s instructions in both
isolations. Then, we synthesize the cDNA using High Capacity cDNA Reverse
Transcription Kits following the manufacturer's instructions (Applied Biosystems,

USA) and we store it at —20 °C for real-time quantitative RT-PCR (QRT-PCR).

2.7. Real-Time Quantitative RT-PCR
The PCR reaction was performed in a real-time PCR system (Applied Biosystems,
model 7500), using SYBR green master mix (No. 4309159, Applied Biosystems)

9
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for PCR reactions according previous works (Calvo et al., 2014). The primers used

were the following: 5 -CACCTCTGGACTTGCCTTTC-3" (forward) and 5'-

GGCTGCATCTCGAGACTTTT-3 (reverse) for HIF-1q; 5-
TGCAGATTATGCGGATCAAACC-3 (forward) and 5-
TGCATTCACATTTGTTGTGCTGTAG-3 (reverse) for VEGEF; 5-
CCTTCACTTTCCTGGGTAAG-3’ (forward) and 5-
CCATTCACGTCGTCCTTATG-3 (reverse) for MMP-9; 5-

ACCACAGTCCATGCCATCA-3 (forward) and 5- TCCACCACCCTGTTGCTGTA-
3’(reverse) for GAPDH. We obtained mRNA levels according to the 272" equation

and with respect to the corresponding control.

2.8. Immunohistochemistry

First, we deparaffinised the paraffin embedded sections and re-hydrated them.
Then, we performed the antigen retrieval using heat and a sodium citrate buffer (10
mM, pH 6) for 15 minutes. The sections were washed with PBS, blocked in 30%
H,O, and incubated with the primary antibody (anti-VEGF or anti-CD31) overnight
at 4°C. We employed ABCAM Detection IHC Kit (ABCAM, Cambridge, MA, USA)
according to the manufacturer's instructions. Finally, the reaction was stopped with
distilled water according to microscopic observation and, counterstained with
hematoxylin, dehydrated, and coverslipped. The slides were visualized using a

light microscope.

2.9. Measuring of the number of cells
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2.9.1. Crystal violet staining. A 96-well plate seeded with HMEC-1 cells (20,000
cells/ well) and cultured with the corresponding TCMs or the hormone at 37 °C for
24 h. Cells were washed with PBS, fixed with methanol for 10 min at -20 °C and
stained with 0.1% crystal violet for 30 min at room temperature. Then, we
solubilized the dye that stained the cells with10% acetic acid and measured the
solution absorbance, which is proportional to the number of cells, at 595nm. Each
experiment was carried out with independently obtained TCM.

2.9.2. Trypan blue dye exclusion test. Endothelial cells were washed with PBS,
trypsinized to lift them from the plates and stained with 0.4% of Trypan Blue. We
counted the number of viable cells that excluded the stain in a microscope using a
Neubauer chamber. Each experiment was carried out with independently obtained
TCM.

2.9.3. Resazurin Cell Viability assay. Cell viability was evaluated by Resazurin
Cell Viability Kit (Cell Signaling Technology, Beverly, Massachusetts, USA).
Endothelial cells were plated for triplicate in 96- well plates. After each treatment,
10 ul of the reagent was added on each well followed by 1 hour of incubation at 37
°C. Viable cells retain the ability to reduce resazurin, which is blue and non-
fluorescent, into resorufin, which is red and brightly fluorescent. After the

incubation step, the relative fluorescent units were measured.

2.10. Endothelial cell migration assay
We performed migration assays employing cell culture inserts (8 um pore size). A
total of 20,000 HMEC-1 cells were seeded in medium without FBS in the upper
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chamber (on the top of transwell filters). Then, in some experiments, TCMs
prepared as previously described or PTHrP (10®° M) in FBS free medium was
added to the bottom chambers so that the HMEC-1 cells on the top of transwell
filters migrate towards the lower chamber and to evaluate the indirect or direct
PTHrP effect, respectively. In others studies, to further analyze the direct PTHrP
effect, the medium in filter inserts was replaced by FBS free medium with or
without PTHrP (108 M) and medium containing 5% FBS was added in the lower
chamber. For co-culture assays, Caco-2 or HCT 116 cells (15,000 cells) were
previously plated into the lower chamber, grown for 48 h, serum starved for
another 24 hours followed by the treatment with or without the hormone to induce
secretion of angiogenic factors. Next, the inserts with HMEC-1 cells were placed in
the wells with colon cancer cells. After 16 hours, the endothelial cells were washed
with PBS and fixed using methanol for 10 minutes at -20 °C. This time was
selected according to results of pilot experiments using as a negative control FBS
free medium and as a positive control medium with 5% FBS. We removed with a
cotton swab the cells on the top side of the transwell filters and then stained the
cells on the botton side (migrated cells) with 0.1% crystal violet for 30 min at room
temperature. In some experiments, TCMs were pre-incubated for 2 h at 37 °C prior
to their use in the migration assay with a specific neutralizing antibody directed
against human VEGF (0.1 pg/ml; Santa Cruz) or with an appropriate isotype-
matched control rabbit IgG. The antibody concentration was chosen according to

literature data (Shtivelband et al., 2003). Finally, the cells that have migrated were
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counted using a microscope (2 replicates/ condition, n=3 experiments). Each

experiment was carried out with independently obtained TCM.

2.11. Tube formation assay using geltrex matrix

We employed the tube formation assay using geltrex matrix according to previous
studies (Chim et al., 2011) and to evaluate the ability of endothelial cells to form an
organized tubular network. Growth factor-reduced geltrex basement membrane
matrix was thawed at 4 °C, added to 96well-plates (50 pL/well), and left at 37 °C
for 1 h to allow gelification. Then, 20,000 HMEC-1 cells/well were seeded on
geltrex and incubated with the corresponding TCMs or serum-free medium with or
without PTHrP at 37 °C. After 24 h cells were examined and photographed under
an inverted light microscope at 100x magnification (NIKON Eclipse Ti-S). Tube
formation was quantified by measuring the number of nodes, junctions and
branching points and the total branching length using ImageJ (NIH) program with
the tool to analyze angiogenesis as described Carpentier (Carpentier, 2012).

In some experiments, TCMs were pre-incubated for 2 h at 37 °C and then used in
the geltrex assay with a specific neutralizing antibody directed against human
VEGF (0.1 pg/ml; Santa Cruz) or with an appropriate isotype-matched control
rabbit 1gG. (2 replicates/ condition, n=3 experiments). Each experiment was carried

out with independently obtained TCM.

2.12. Western blot analysis
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We washed the cells with PBS plus 25 mM NaF and 1 mM Na3zVO,, and lysed
them in buffer containing 50 mM Tris—HCI (pH 7.4), 150 mM NaCl, 3 mM KClI, 1
mM EDTA,1% Tween-20, 1% Nonidet P-40, 20 pg/mL aprotinin, 20 pg/mL
leupeptin,1 mM phenylmethylsulfonyl fluoride (PMSF), 25 mM NaF, and 1 mM
NazVO,. The lysates obtained were vortexed for 45 s, and centrifuged at 14 000g
and 4 °C for 15 min to collect the supernatant were we performed the quantification
of the proteins by the Bradford method (Bradford, 1976). Then, we performed
western blot analysis according to the protocol described in our previous studies

(Calvo et al., 2014; Calvo et a., 2017).

2.13. Statistical analysis

Statistical analysis of the data was performed using the Student's test (Snedecor
and Cochran, 1989), and probability values below 0.050 (p <0.050) were
considered significant. The data are expressed as the means = SD of at least three

independent experiments.

3. Results

3.1. PTHrP increases VEGF expression and the number  of structures with
characteristics of neoformed vessels  in xenografts tumor

Several of the signaling pathways that may participate in the regulation of pro-
angiogenic factors (Xu et al., 2015; Hammoud et al., 2016; Dong et al., 2017) are
modulated by PTHrP in cells derived from CRC (Lezcano et al., 2013; Martin et al.,
2014; Calvo et al., 2014; Calvo et al., 2017; Martin et al., 2018). So, to evaluate the
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342

possible role of the hormone in tumor-associated angiogenesis, we initially
investigated the effect of PTHrP in the expression of the angiogenic factor VEGF in
colorectal tumor tissues. RT-gPCR analysis of nude mice xenografts of HCT116
cells exhibited increased levels of mRNA VEGF in tumors treated with PTHrP
respect to the levels observed in control tumor (Figure 1A). Furthermore, we also
observed increased protein levels of VEGF by immunohistochemistry analysis of
these xenografts tumor (Figure 1B ). According to the results showed by others
authors (Domigan et al., 2015; Bhattacharya et al., 2016), the localization of VEGF
was observed near the nuclear membrane and cytoplasmic, suggesting also the
possible involvement of this factor in an intracrine signaling.

In view of these results, we then evaluated the expression of CD31 by
immunohistochemistry in HCT116 xenograft tumors treated or not with PTHrP
because this marker is expressed in vascular endothelial cells and it is widely used
to highlight intra-tumoral vessels and the degree of neoangiogenesis (Avdalyan et
al., 2012). This protein shows the vascular status and it marks both neoformed
vessels and normal, preexistent vessels in neoplastic and nonneoplastic tissues
(Gee et al., 2003). So, to avoid mistakes, we choose to asses only CD31 positive
stain of structures with characteristics of neoformed vessels, which correlates with
a more proliferation status of endothelial cells. Both large vessels with hyalinized
walls and inflammatory cells with CD 31 positive stain were not counted. The last
cells can be distinguished from endothelial cells on the basis of morphological
differences. The quantification was performed by counting the number of cells or
structures with characteristics of neoformed vessels which stained positively for
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CD31 in 10 consecutive fields at x200 magnification. We detected that tumors
resulting from subcutaneously implanted HCT 116 cells treated with PTHrP
showed increased the number of cells or structures with characteristics of
neoformed vessels (CD31+, neoformed structures) (Figure 1C). Taken together,

these results suggest the pro-angiogenic effects of PTHrP in xenografts in vivo.

3.2. PTHrP increases mRNA levels of the factors inv  olved in angiogenesis,
VEGF, HIF-1a and MMP-9, in Caco-2 and HCT 116 cell lines.

In view of the results observed in vivo, the next goal was to study if the hormone
also increases mRNA levels of VEGF in the colon cancer Caco-2 and HCT116
cells. According to the results obtained in vivo, RT-gQPCR assays revealed that
MRNA levels of the angiogenic factor VEGF are increased after PTHrP treatment
(10® M) for 20 h in both cell lines (Figure 2). Moreover, the hormone also
increased the mRNA levels of others molecules involved in angiogenesis as HIF-

la and MMP-9 (Figure 2).

3.3. Colon cancer cells exposed to PTHrP increases the number of
endothelial cells.

Tumor angiogenesis is established and maintained by a complex molecular and
cellular crosstalk between tumor cells and endothelial cells. Thus, we employed
HMEC-1 cells, an immortalized cell line of human microvascular endothelial cells,
and TCMs to evaluate the effect on endothelial cells of the factors released from

colon cancer cells exposed to PTHrP and so to test tumor angiogenic potential of
16
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the hormone in vitro. To that end, we first carried out studies to test whether TCMs
from colon cancer cells treated with PTHrP modify the number of endothelial cells.
The evaluation of endothelial cells number by staining with the basic crystal violet
dye revealed that TCMs from colon cancer cells treated with PTHrP for 24 hours
increased the absorbance by 23.2 % (TCMs from PTHrP-treated Caco-2 cells) and
27.4 % (TCMs from PTHrP-treated HCT 116 cells) with respect to cells exposed to
control TCMs (Figure 3A). Also, counting live cells (which are not stained with
trypan blue in a Neubauer chamber) revealed an increase of 53% and 62% in
endothelial cell number after 24 hours of exposure to TCMs from Caco-2 or HCT
116 cells treated with PTHrP, respectively (Figure 3B ). Finally, endothelial cells
treated with TCMs were incubated with resazurin and, upon treatment; the
metabolic capacity of these cells was measured. We found that TCMs from colon
cancer cells treated with PTHrP increase the bioreduction of resazurin, which was
accompanied by a corresponding increment in fluorescent measurement by 49.8 %
(TCMs from PTHrP-treated Caco-2 cells) and 57.3 % (TCMs from PTHrP-treated
HCT 116 cells) with respect to cells exposed to control TCMs (Figure 3C). Taking
together, these results indicate that TCMs from colon cancer cells treated with
PTHrP increases the number of endothelial cells. Based on these findings, then we
studied whether the increased number of HMEC-1 cells occurs from an increased
rate of proliferation or a decreased rate of cell death or both. So we evaluated the
expression of relevant molecular markers associated with apoptosis and
proliferation regulation by Western blot analysis. We observed that TCMs from
CRC cells treated with the hormone increase the protein levels of PCNA
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(proliferating cell nuclear antigen), which is a well-known cell proliferation indicator;
however, the expression levels of poly-ADP ribose polymerase (PARP), which is
an apoptotic marker, did not change (data not shown). Although these results
suggest a proliferative effect, more research is required to confirm this hormonal

action.

3.4. Colon cancer cells exposed to PTHrP enhance th e migration of
endothelial cells.

As during tumor angiogenesis the endothelial cells migrate to generate tumor
vasculature, then we evaluated the migratory properties of HMEC-1 cells using
transwell inserts and TCMs, as is described in materials and methods. Under these
conditions, the endothelial cells were allowed to migrate for 16 h. As shown in
Figure 4A , TCMs collected from colon cancer cells treated with the hormone for 24
h markedly increase the endothelial cells mobility. Similar data were obtained when
the endothelial cells were co-cultured employing transwell inserts with colon cancer
cells which were pre-treated with PTHrP (Figure 4B ). The HMEC-1 cell migration
in the control groups (TCMs or cells without PTHrP treatment, Figure 4A and B,
respectively) is probably due to endogenous expression of proangiogenic

molecules by the colon cancer cells independently of PTHrP treatment.

3.5. Colon cancer cells exposed to PTHrP induce the formation of tube-like

structures in endothelial cells.
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To additionally investigate the PTHrP role in the tumor-associated angiogenesis
process, we employed the tube formation assay using geltrex matrix to evaluate
the capacity of endothelial cells to form an organized tubular network. HMEC-1
cells were seeded on geltrex and they were incubated with the corresponding
TCMs. After 24 hours cells were photographed under an inverted light microscope.
As shown in Figure 5A, TCMs from colon cells treated with PTHrP induced the
formation of tube-like structures in endothelial cells seeded on geltrex and also
formed a net structure composed of connected HMEC-1 cells. The quantification of
the structures from three independent experiments by the Image J program,
demonstrated a remarkable increase in the number of nodes, junctions, branching

points and in the total branching length (Figure 5B ).

3.6. PTHrP promotes tumor angiogenesis mainly throu  gh VEGF

As the number, migration and formation of tube-like structures of HMEC-1 cells
were increased in response to a hormone indirect effect (Caco-2 or HCT 116-
dependent), we presumed that the hormone promotes tumor angiogenesis mainly
through the secretion of proangiogenic factors from stimulated colon cancer cells.
Normally, VEGF would be secreted by cancer cells into the surrounding
environment, acting on endothelial cells to drive their proliferation, survival,
chemotaxis and migration, and leading to tumor angiogenesis (Greenberg et al.,
2008). As PTHrP increases mRNA levels of this angiogenic factor in colon cancer
cells, so we sought to investigate if the hormone has an indirect action on
endothelial cells through VEGF performing studies with a neutralizing antibody
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against VEGF. We evaluated if the response of HMEC-1 cells observed previously
by us is the same or is different when these cells were exposed to TCMs which
were pre-incubated for 2 h at 37 °C with the anti-VEGF antibody or with an
appropriate isotype-matched control rabbit IgG. As shown in Figures 6A , B and C,
anti-VEGF antibody attenuated the stimulatory effects of TCMs on endothelial cells
in vitro. Collectively, these findings indicate that PTHrP increases the expression of
the angiogenic VEGF in Caco-2 and HCT 116 cells, which in turn is secreted to the
culture medium and thus the hormone exerts its effects on endothelial cells in a

colon cancer cells dependent manner.

3.7. PTHrP increases mRNA levels of VEGF, HIF-1 a and MMP-9 in Caco-2 and

HCT 116 cell lines via ERK1/2 and PI3K/AKT signalin g pathways.

In previous studies, we obtained evidence that the hormone increases the
proliferation, migration, survival and chemoresistance via MAPKs and PISK/AKT
signaling pathways in the colon cancer Caco-2 cells and HCT116 cells (Lezcano et
al., 2013; Martin et al., 2014; Calvo et al., 2014; Calvo et al., 2017; Martin et al.,
2018). ERK1/2 and AKT are central proteins in many cellular pathways leading to
angiogenesis (Xu et al., 2015; Dong et al., 2017). So, to investigate the relation
between ERK 1/2 MAPK and PI3K/AKT signaling pathways triggered by PTHrP
and the tumor associated-angiogenesis process, colon cancer cells were
pretreated with PD 98059 (20 uM) (an inhibitor of the upstream kinase of ERK1/2,

MEK), LY294002 (50 puM) (an inhibitor of PI3K) or GSK 690693 (0.1 pM) (an
20



458

459

460

461

462

463

464

465

466

467

468

469

470

471

472

473

474

475

476

477

478

479

480

inhibitor of AKT kinase) and then treated with PTHrP followed by RT-qgPCR
analysis. As shown in Figure 7A, ERK1/2 and PI3K/AKT inhibitors reversed the
increase of MRNA levels of VEGF, HIF-1a and MMP-9 in Caco-2 and HCT 116 cell
lines exposed to PTHrP. Taken together, these results suggest that the effect of
PTHrP on the expression of these proangiogenic factors is dependent on ERK 1/2
and PI3K/AKT pathways.

Then, to determine if ERK1/2 and AKT mediate the angiogenic potential of colon
cancer cells induced by PTHrP, we employed TCMs from colon cancer cells
pretreated for 30 min with PD 98059, LY 294002 or GSK 690693, to inhibit ERK
1/2 and AKT activity, following with the incubation with PTHrP for 24 hours as
described in materials and methods. The inhibition of ERK1/2 and PI3K/AKT
signaling pathways in colon cancer cells abrogated the stimulatory effects of Caco-
2 and HCT 116 cells on HMEC-1 migration (Figure 7B ). Taken together, these
results suggest that the activation of Akt and ERK1/2 by PTHrP in both cell lines is
an early and upstream event leading to the induction of VEGF expression and

subsequent angiogenic behavior of HMEC-1 cells mediated by secreted VEGF.

3.8. PTHrP by direct treatment increases the phosph  orylation of ERK1/2 and
the cells number but not stimulates migration neith er tube formation of

endothelial cells

Results showed that TCMs from colon cancer cells exposed to PTHrP induce an
increase in the number of cells, migration and the formation of tube-like structures

in HMEC-1 cells. In order to verify if PTHrP also exerts direct effects (colon cancer
21



481

482

483

484

485

486

487

488

489

490

491

492

493

494

495

496

497

498

499

500

501

502

503

cells-independent) on endothelial cell angiogenic behavior, HMEC-1 cells were
exposed directly to PTHrP and the cell number, migration and tube formation of
these cells were assessed. First, lysates from HMEC-1 cells was tested for the
presence of PTH/PTHrP receptor, PTHR1. Western blot analysis showed the
presence of a PTH binding component of 90 KDa which is the size for the mature
PTHR1 (Kaufmann et al., 1994) (Figure 8A ). Then, we investigate if the hormone
is able to activate MAP kinase signaling in endothelial cells, studying the
phosphorylation of ERK1/2. So, HMEC-1 cells were exposed with PTHrP (10° M)
for different times and then western blot analyses were performed with an antibody
that recognizes the active form of the ERK1/2. As shown in Figure 8B, PTHrP
increased the phosphorylation on tyrosine residue of ERK1/2 at 1 hour of treatment
but no effects were observed for longer periods. Then, we added the hormone
directly to the endothelial cells and then we evaluated the number of HMEC-1 cells
by three different methods: crystal violet staining, Trypan blue dye exclusion assay
and resazurin reagent. Also, we evaluated their migratory properties using
transwell inserts and the formation of tube-like structures employing tube formation
assay using geltrex matrix. By staining the cell with the basic crystal violet dye we
observed that the treatment with the hormone for 24 hours at a dose of 107 and
10® M increased the absorbance by 27% and 42% respectively with respect to
untreated cells (Figure 8C ). Counting live cells that are not stained with trypan blue
in a Neubauer chamber revealed that PTHrP at a dose of 107 and 10® M for 24
hours of treatment also increase endothelial cell number by 44% and 60%
respectively with respect to untreated cells (Figure 8C). Furthermore, we found
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that PTHrP at a dose of 10® M for 24 hours of treatment increase the bioreduction
of resazurin, which was accompanied by a corresponding increment in fluorescent
measurement by 27 % with respect to cells exposed to control (Figure 8C). This
endothelial cells response to PTHrP was completely reversed in the presence of
the ERK1/2 inhibitor (data not shown). Taken together, these results indicate that
PTHrP by direct action increases the number of endothelial cells. PTHrP added
directly to the cells increased the protein levels of PCNA but did not promote
PARP-degradation (data not shown); these findings suggest that the hormone has
a proliferative effect but more research is required to confirm this hormonal action.
Despite this PTHrP effect on cell accumulation, we found that the hormone (108 M)
directly added to the cells or as chemoattractant did not modify migration of HMEC-
1 cells (Figure 8D ). Moreover, direct treatment with PTHrP (107 - 10® M) for 24
hours did not stimulate the tube formation of endothelial cells (Figure 8E). Neither
was observed when HMEC-1 cells were exposed with the hormone for 48 hours
(data not shown). Overall, these results suggest that PTHrP exerts its effects on
endothelial cell angiogenic behavior through a colon cancer cells-dependent

manner.

4. Discussion

CRC is one of the main causes of death for cancer in the world (Siegelet al., 2017).
At the time of diagnosis several patients have metastatic CRC (mCRC) and

approximately half of those who have undergone surgery for CRC at an early stage
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will develop mCRC (Young et al., 2014). Despite improvements in treatments for
MCRC, there are still deficiencies and it is necessary more efficient and tolerable
alternatives in mCRC therapy.

Recently we obtained evidence that PTHrP in HCT 116 xenografts of nude mice
increased the expression of markers related to tumorigenic events and it positively
modulates RSK, ERK1/2, p38 MAPK and PI3K/AKT signaling pathways in cell lines
from human colorectal adenocarcinoma. The hormone also increases cell
proliferation, promotes cell cycle progression, enhances cell migration, induces
chemoresistance and has a protective effect in conditions of apoptosis by the
regulation of these signaling pathways (Lezcano et al., 2013; Martin et al., 2014,
Calvo et al., 2014; Calvo et al., 2017; Martin et al., 2018). We think that other
possible PTHrP action mode on cells derived from CRC is through the release of
bioactive factors induced by the hormone which facilitate tumor growth. The
successful tumor growth and establishment of metastasis relies on angiogenesis
(Ronca et al.,, 2017). Several studies have been carried out to elucidate the
process of angiogenesis, studying its role in the growth of the primary tumor and
the metastasis; they provided promising results and allowed the development of
proangiogenic inhibitors such as bevacizumab (a humanized antibody against
VEGF) used in combination with chemotherapy for the treatment of tumors such as
MCRC (Sanchez-Gundin et al., 2018). However, due to the generation of
resistance, it is important to review and continue with the investigation of this

process and its regulation to outline new alternative therapies for cancer.
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Within the vasculature, endothelial cells produce PTHrP, while there are different
reports regarding the expression of the PTH/PTHrP receptor. Rian and
collaborators (Rian et al., 1994) showed for the first time that PTHrP, but not the
PTH/PTHrP receptor, is produced by human endothelial cells. As smooth muscle
cells express PTH/PTHrP receptors (Funk et al., 2002), these investigators
suggest that the hormone produced by endothelial cells may has a paracrine action
on these muscle cells (Diamond et al., 2006), however, they cannot rule out an
autocrine effect of PTHrP.

Curiously, there are controversial results about the effects of PTHrP on
angiogenesis. Despite several works suggested that the peptide has a role in this
process, the data are contradictory (Akino et al., 2000; Bakre et al., 2002). So,
further research is needed to establish if PTHrP may stimulate or not tumor
angiogenesis.

An inhibitory role of PTHrP on angiogenesis was first found by Bakre and
collaborators (Bakre et al., 2002). They observed that the hormone inhibits tumor-
associated angiogenesis in prostate tumors (Bakre et al.,, 2002). Consistent with
the inhibitory effect, the impact of the expression pattern of PTHrP on hair growth
also suggest an inhibitory role in the angiogenesis (Diamond et al., 2006; Skrok et
al., 2015). Furthermore, Deckers and collaborators showed that the treatment with
the hormone significantly decreased VEGF levels in a model of osteoblast
differentiation (Deckers et al., 2000).

In the other hand, other authors demonstrated that PTHrP rapidly and transiently
stimulates the expression of VEGF in osteoblasts (Esbrit et al., 2000; de Gortazar
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et al.,, 2006; Alonso et al., 2011), suggesting a role of the hormone as an
angiogenesis stimulator. Esbrit and collaborators also observed that CMs from
osteoblastic cells treated with the hormone increase the growth of bovine aortic
endothelial cells (BAEC) (Esbrit et al., 2000). Subsequent reports indicated that
PTHrP stimulated bone angiogenesis mainly by its effects on osteoclasts
(Cackowski et al.,, 2010; Zhu et al.,, 2013). A stimulatory effect of PTHrP on
angiogenesis was also reported by Akino and collaborators (Akino et al., 2000).
They observed that rat pituitary malignant tumor cells, mGH3, that overexpress
PTHrP compared to original GH3 cells, show hypervascularization in xenografts in
vivo. Moreover, they reported that PTHrP increased capillary formation by BAECs
endothelial cells (Akino et al., 2000). Another reported role of PTHrP in the
regulation of angiogenesis is important in the prostate cancer (Park and McCauley,
2012). The hormone can induce the expression of IL8, an angiogenic factor, in
PCa prostate cancer cells by an intracrine manner independent of its classical
nuclear localization sequence (Gujral et al., 2001). In addition, prostate cancer-
derived PTHrP has a pro-angiogenic role indirectly, by stimulating of different
angiogenic factors in bone marrow stromal cells (BMSCs) (Liao et al., 2008) and
increasing the recruitment and angiogenic potential of the bone marrow-derived
cells, CD11b*Gr1" cells (Park et al., 2013). There is also a link between PTHrP and
VEGF in breast cancer bone metastasis. The hormone modulates breast tumor cell
angiogenesis by the regulation of expression levels of critical factors such as
VEGF (Isowa et al., 2010), factor VIII (Li et al., 2011), and the connective tissue
growth factor (CTGF/CCN2) (Shimo et al., 2006).
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Contradictory data may due to the diverse interactions in the microenvironment
where there are different target cells of PTHrP. The differences in the expression of
the PTHR1 receptor in endothelial cells may also contribute. Although, it is unclear
if PTHrP can directly inhibit or stimulate endothelial cells, in most reports, the
hormone has a role in tumor angiogenesis as a key mediator for communication
and interactions between cancer cells and the microenvironment by stimulating the
production of a number of angiogenic factors. Moreover, different fragments of
PTHrP may have differing effects on endothelial cells.

In this study, we investigated, for the first time, the roles of PTHrP(1-34) on tumor
angiogenesis using colon cancer and endothelial cells and a mouse model. We
observed that PTHrP treatment increases both mRNA and protein levels of the pro-
angiogenic factor VEGF and the number of structures with characteristics of
neoformed vessels in HCT 116 xenografts tumor. Other authors showed a
correlation between PTHrP and key markers of angiogenesis process in human
tumors such as human prostate cancer and clear cell renal cell carcinoma (Liao et
al.,, 2008; Feng et al., 2013). These previous results provide support for the
potential clinical relevance of our observations. Studies with biopsies of CRC
patients are necessary to perform to evaluate the significance of our work.

The hormone also increases the mRNA levels of VEGF and others factors involved
in angiogenesis, HIF-1a and MMP-9, in Caco-2 and HCT 116 cell lines. The use of
specific inhibitors of ERK1/2, PI3K, and Akt suggest that these signaling pathways
participate in this response to PTHrP (1-34). Despite pharmacological inhibitors
can be useful tools to explore the involvement of signaling pathways in cellular
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responses to a given hormone, the limitations and off-target effects of employed
inhibitors need to be carefully considered in the interpretation of experimental data.
Therefore, further researches are required to support the involvement of these
signaling pathways in this cellular response to PTHrP.

TCM from cultured media of Caco-2 and HCT 116 cells treated with the hormone
markedly increased the number and the migration of HMEC-1 endothelial cells.
Similar data were obtained using co-culture assays. In addition, TCM from colon
cancer cells exposed to PTHrP induced the formation of tube-like structures in
endothelial cells. Studies with a neutralizing antibody against VEGF diminished the
response of endothelial cells exposed to TCMs suggesting that this response is
associated with enhanced production of VEGF.

Herein we employed two CRC cell lines with phenotypic differences (Caco-2 cells
and HCT116 cells) with the aim to evaluate whether their response to PTHrP are
similar or different in these two types of tumor intestinal cells. It is known that
mutations in KRAS and PIK3CA genes are reflected in the HCT116 cell line (KRAS
and PIK3CA mutant) but not in Caco-2 cell line (KRAS and PIK3CA WT)
(Botchkina et al., 2009). In other hand, it has been reported that the mutations of
APC gene is very frequent in several CRC cell lines as Caco-2 (APC mutant),
however, this mutation is not present in HCT116 cell line (APC WT) (llyas et al.,
1997). Although mutations of KRAS, PIK3CA and APC correlate with VEGF
expression and angiogenesis (Yeh et al., 2017; Chen et al., 2018; Lai et al., 2015;
Zhang et al., 2003; Baudino et al., 2002; Yekkala and Baudino, 2007), the fact that
both cell lines have similar response to PTHrP support the idea about that the
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induction of tumor angiogenesis by PTHrP is independent of these mutation
statuses.

In conclusion, the studies carried out in this work show, for the first time, that
PTHrP signaling stimulates the production of VEGF in colon cancer cells which
acts in the tumor microenvironment promoting the angiogenesis. These results
agree with the hypothesis that PTHrP mediates the communication between colon
cancer cells and the endothelial cells by stimulating the production of angiogenic
factors.

In the other hand, PTHrP by direct treatment only increased the phosphorylation of
ERK1/2 and the cells number but not stimulated the migration neither tube
formation of HMEC-1 cells and these findings rule out a proangiogenic effect of the
hormone by its direct action on these endothelial cells and also indicate that PTHrP
alone is not enough to regulate tumor angiogenesis.

Taken together, these results provide new insights of colon tumor cell behavior
induced by PTHrP (1-34); also, this work provides the first evidence related to the
paracrine/autocrine mode of action of PTHrP (1-34) that leads to its proangiogenic
effects in the CRC which is indirect and involves the interaction of colon tumor cells
with the microenvironment endothelial cells.

The elucidation of the indirect regulation of the hormone on this process is very
important and of great interest for the understanding of the different roles of PTHrP
in the colon cancer and its relationship with the angiogenesis. Further researches
are required to evaluate the possible role of the other PTHrP fragments in the
CRC, and if the hormone also acts in an intracrine manner.
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Legends

Figure 1. PTHrP increases mRNA levels and the expre ssion of VEGF and the
number of structures with characteristics of neofor med vessels in vivo. HCT
116 xenograft tumors removed from nude mice were analyzed by: (A) RT-gPCR to
evaluate the levels of mMRNA VEGF in tumors treated with PTHrP respect to the
levels observed in tumor treated with PBS. Bar graphs represent the mRNA levels
of VEGF of three independent experiments; means + s.d. are given. *P < 0.05 with
respect to the corresponding control. We obtained the ACT according the following
equation: ACT = CT of the gene of interest — CT GAPDH and mRNA levels

according to the 272¢7

equation and with respect to the corresponding control. (B)
Immunohistochemistry. Tumor sections were stained with anti-VEGF antibody.
Images (400X) are from tumor treated with PTHrP (right) and tumor untreated
(left). Arrow indicates localization of VEGF near the nuclear membrane. (C)
Immunohistochemistry. Tumor sections were stained with anti-CD31 antibody.

Images (200X) are from tumor treated with PTHrP (right) and tumor untreated

(Ieft).
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Figure 2. PTHrP increases mRNA levels of the factor s involved in

angiogenesis, VEGF, HIF-1 a and MMP-9, in Caco-2 and HCT 116 cell lines.

Colon cancer cells were treated with or without PTHrP 10® M for 3 and 20 h and
the mRNA levels of these pro-angiogenic factors were analyzed by quantitative
real-time RT-PCR (RT-gPCR) as described in Materials and methods. Bar graphs
represent the mRNA levels of VEGF, HIF-1a and MMP-9 of three independent
experiments; means * s.d. are given. *P < 0.05 with respect to the corresponding

control.

Figure 3. Colon cancer cells exposed to PTHrP incre ases the number of

endothelial cells. (A) Crystal violet staining. A 96-well plate were seeded with
HMEC-1 cells (20,000 cells/ well) and cultured with the corresponding TCMs at 37
°C for 24 h. Then, the number of viable cells was determined by Crystal violet
staining as described in materials and methods. Results were expressed as
percentage relative to control of three independent measurements performed in
triplicate. *P <0.05 with respect to the corresponding control. (B) Trypan blue dye

exclusion. Cell counts were performed in a Neubauer chamber by means of
trypan blue dye exclusion. The effects of each treatment have been compared with
the control. The data shown are the average of cell number respect to control of
three independent experiments. *P <0.05 with respect to the corresponding control.
(C) Resazurin assay. The number of viable cells was determined by Resazurin

staining. Results were expressed as percentage relative to control of three
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independent measurements performed in triplicate. **P <0.01 with respect to the

corresponding control.

Figure 4. Colon cancer cells exposed to PTHrP enhan ce the migration of

endothelial cells. We evaluated the migratory properties of HMEC-1 cells using
transwell inserts and: (A) TCMs as chemoattractant. A total of 20,000 HMEC-1
cells were seeded in medium without FBS in the upper chamber (on the top of
transwell filters). Then, TCMs prepared as previously described in Materials and
methods were added to the bottom chambers. After 16 h, HMEC-1 cells were fixed
with methanol and stained with violet crystal. (B) Co-culture assays. Caco-2 and
HCT 116 cells were plated into the lower chamber, grown for 48 h, serum starved
for another 24 hours followed by the treatment with or without PTHrP. Then, a total
of 20,000 HMEC-1 cells were seeded in medium without FBS in the upper
chamber (on the top of transwell filters). After 16 h, HMEC-1 cells were fixed with
methanol and stained with violet crystal. (C) The migrated cells were counted, and
the quantification of the results expressed as percentage of migrated cells relative
to control is shown. Data are representative of three independent experiments

performed in triplicate. *P < 0.05.

Figure 5. TCMs from colon cancer cells exposed to P  THrP induce the
formation of tube-like structures in endothelial ce lls. A 96-well plate was
coated with cold geltrex 50 puL/well and incubated at 37 °C to solidify the geltrex.
HMEC-1 cells (20,000 cells/well)were seeded on geltrex-precoated wells and
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cultured with the corresponding TCMs at 37 °C for 24 h. Cells were photographed
under an inverted light microscope. (A) Representative photomicrographs of tube-
like formations by HMEC-1 cells are shown (100x). (B) Tube formation was
guantified by using Angiogenesis Analyzer for ImageJ (NIH) by measuring the
number of nodes, junctions and branching points and the total branching length.
Data are representative of three independent experiments performed in triplicate.

*P < 0.05.

Figure 6. PTHrP promotes tumor angiogenesis mainly through VEGF. (A)
Measuring of the cell number. HMEC-1 cells were cultured at 37 °C for 24 h with
the corresponding TCMs which were pre-incubated for 2 h at 37 °C with a specific
neutralizing antibody directed against human VEGF or with an appropriate isotype-
matched control rabbit IgG. Then, the number of viable cells was determined by
Crystal violet staining, Trypan blue dye exclusion and Resazurin assays as
described in materials and methods. Results were expressed as percentage
relative to control of three independent measurements performed in triplicate. *P
<0.05, **P <0.01 with respect to the corresponding control. (B) Transwell
migration assay. A total of 20,000 HMEC-1 cells were seeded in medium without
FBS in the upper chamber (on the top of transwell filters). Samples of TCMs
prepared as previously described in Materials and methods were pre-incubated for
2 h at 37 °C with an specific neutralizing antibody directed against human VEGF
(0.1 pg/ml). Appropriate isotype-matched control rabbit IgG were included. Then,
TCMs were added to the bottom chambers. After 16 h, cells were fixed with
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methanol and stained with violet crystal. The migrated cells were counted, and the
guantification of the results expressed as percentage of migrated cells relative to
control is shown. Data are representative of three independent experiments
performed in triplicate. *P < 0.05. (C) Tube formation assay. A 96-well plate was
coated with cold geltrex50 pL/well and incubated at 37 °C to solidify the geltrex.
TCMs were pre-incubated for 2 h at 37 °C with an specific neutralizing antibody
directed against human VEGF or with an appropriate isotype-matched control
rabbit 19G. Then, HMEC-1 cells (20,000 cells/well) were seeded on geltrex-
precoated wells and cultured with the corresponding TCMs at 37 °C for 24 h. Cells
were photographed under an inverted light microscope. Representative

photomicrographs of tube-like formations by HMEC-1 cells are shown (100x).

Figure 7. PTHrP increases mRNA levels of VEGF, HIF- 1la and MMP-9 in Caco-
2 and HCT 116 cell lines via ERK1/2 and PISK/AKT si gnaling pathways. (A)

Colon cancer cells were pre-incubated for 30 min with PD 98059 (20 upM),
LY294002 (50 uM) or GSK 690693 (50 uM) and then exposed to PTHrP 1078 M for
20 h followed by RT-gPCR analysis as described in Materials and methods. Bar
graphs represent the mRNA levels of VEGF, HIF-la and MMP-9 of three
independent experiments; means * s.d. are given. *P < 0.05 with respect to the
corresponding control. (B) Transwell migration assay. A total of 20,000 HMEC-1
cells were seeded in medium without FBS in the upper chamber (on the top of
transwell filters). Then, TCMs prepared from colon cancer cell lines treated or not
with PTHrP either alone or combined with the corresponding inhibitors were added
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to the bottom chambers. After 16 h, cells were fixed with methanol and stained with
violet crystal. The migrated cells were counted, and representative photographs of

three independent experiments performed in triplicate are shown.

Figure 8. Role direct of PTHrP in endothelial cells. (A)  Western blot analysis of
HMEC-1 cell lysates was carried out using an anti-PTHR1 antibody. The
membranes were stripped and reblotted with anti-GAPDH antibody to ensure the
equivalence of protein loading. Caco-2 and HCT 116 cell lines were used as
positive control. A representative immunoblot is shown. (B) Time course of PTHrP-
induced phosphorylation of ERK 1/2 in endothelial cells. HMEC-1 cells were
treated with PTHrP (1078 M) for different time intervals. Whole cell proteins were
extracted and Western blot was done using specific anti-MAPKs antibodies. The
membranes were stripped and re-blotted with anti-GAPDH antibody to ensure the
equivalence of protein content among the different experimental conditions. A
representative immunoblot and the quantification by scanning densitometry of
three independent experiments are shown; means+S.D. are given. *P<0.05 with
respect to the control. (C) Measuring of the cells number. HMEC-1 cells were
cultured with PTHrP (107 - 10® M) at 37 °C for 24 hours. Then, the number of
viable cells was determined by Crystal violet staining, Trypan blue dye exclusion
and Resazurin assays as described in materials and methods. Results were
expressed as percentage relative to control of three independent measurements
performed in triplicate. *P <0.05 with respect to the corresponding control. (D)
Transwell migration assay. We evaluated the migratory properties of HMEC-1
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cells using transwell inserts and PTHrP as chemoattractant or directly applied to
the cells in top panel and bottom panels, respectively. A total of 20,000 HMEC-1
cells were seeded in medium without FBS in the upper chamber (on the top of
transwell filters). Then, in some experiments, PTHrP was added to the bottom
chambers in PBS free medium as possible chemoattractant using FBS free
medium as a negative control. In others experiments the medium in filter inserts
was replaced by FBS free medium with or without PTHrP (10°® M) and medium
containing 5% FBS was added in the lower chamber. After 16 h, HMEC-1 cells
were fixed with methanol and stained with violet crystal. The migrated cells were
counted, and representative photographs of three independent experiments
performed in triplicate are shown. (E) Tube formation assay using geltrex matrix
and the hormone directly applied to the cells to evaluate the formation of tube-like
structures. A 96-well plate was coated with cold geltrex 50 puL/well and incubated at
37 °C to solidify the geltrex. HMEC-1 cells (20,000 cells/well) were seeded on
geltrex-precoated wells and treated with PTHrP (10”7 - 10® M) in SFB-free medium
at 37 °C for 24 h. We used medium without FBS without PTHrP and TCM from
HCT116 cells treated with PTHrP as control negative and positive, respectively.
Cells were photographed under an inverted light microscope. Representative

photomicrographs of tube-like formations by HMEC-1 cells are shown (100x).
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CCEPTED MANUSCRIP
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Figure 7 B



ACCEPTED MANUSCRIPT

A B

Econtrol
OPTHrP
(10" moliL)

1,6

KDa P-ERK1/2 St s S v
-
%, GAPDH s s N’ % i
. o,

GAPDH [ PTHP -+ - s -+ Eog
%o,

[}
HMEC-1 Caco-2 HCT 116 1 " 2am 0
1 5 24 h
c _ - 5 = 2
s © 160 5 x < O 160 r §§12°
o E 120 TE 120 o€ 80
28 g 28 s 28
[} € o @ o 40
2+ 40 S+ 40 e
°% o £% o g8 o4 ;
g g ' T a Control PTHIP PTHP 9 & Control  PTHrP  PTHrP
<3 Control P(T1';5P P(T1';5P ©8 (107 (0* I § (107 (10®
mollL)  moliL) molll)  mollL) moliL)  mol/L)
D
Negative PTHrP
control(0%SFB) (10 mol/L)
endothelial cells
8 um pore
membrane
PTHrP (10 moliL)
Positive control PTHrP
(5%SFB) (10 mol/L)

endothelial cells+PTHrP (10™ moliL)
8 um pore membrane

5%SFB

E Negative PTHrP PTHIP Positive control
control(0%SFB) (107 moliL) (10 moliL)

Figure 8



Highlights:

PTHrP has indirect proangiogenic effects in the CRC via VEGF.

PTHrP mediates the interaction of colon tumor cells with the endothelial cells.
PTHrP does not stimulate directly migration neither tube formation of endothelial

cells.



