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Abstract

Background: Bevacizumab (Bev), as very well known antiangiogenic drug targeting vascular endothelial growth
factor (VEGF), reduce disease progression in malignant gliomas, but without affecting overall survival. The
mechanisms of the resistance to VEGF targeted therapy remains unknown. This study was performed to determine

the molecular and phenotypic changes in glioblastoma cells after chronic Bevacizumab exposure in vitro.

Methods: Glioblastoma U87 cells were chronically exposed (3 months) to Bevacizumab (0.1 mg/ml) in vitro to
develop Bevacizumab adapted (Bev-A) cell line. VEGFR expression was determined with flow cytometry. VEGF
secretion into the medium was assessed with ELISA kit. Migration was determined using standard in vitro assays.

Results: Bev-A cells were found to be unresponsive to Bevacizumab, after three months exposure, and not more
migratory than control cells (p>0.05). Bevacizumab adapted cells showed high levels of VEGF-A, and low
expression levels of VEGF receptor-1 (VEGFR1) and VEGF receptor-2 (VEGFR2), but with no significant
difference with control cells.

Conclusion: Our study analyzing the effect on the resistance, by assessing the cells migration on glioma cells
treated with Bevacizumab for longer period shows non functional significance of autocrine VEGF signaling. The
cells were unresponsive to long term exposure to Bevacizumab. We conclude that in the glioma setting the

resistance to Bevacizumab after long term exposure does not include VEGFA-VEGFR?2 signaling pathway. The
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VEGEF signaling pathway for tumor migration and invasion could be more complicated, with open possibility of
other VEGF, as VEGFC and VEGFD that could be implicated as alternative pro-angiogenic factors leading to

resistance mechanisms from anti-VEGF therapy.
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1. Introduction

Angiogenesis is a key event in the process of tumor growth and dissemination. The well-established role of vascular
endothelial growth factor (VEGF) in tumor angiogenesis has led to the development of therapeutic strategies that
selectively target the VEGF pathway. Anti-angiogenic agents target and inhibits the VEGF itself or the tyrosine
kinase part of the VEGF receptors. The anti-angiogenic therapies target tumor endothelial cells, which are
genetically stable opposite to cancer cells, which are genetically unstable. Because of that feature, it was thought
that the cancer cells are less prone to resistance to anti-angiogenic therapies. Regardless that or the solid tumour
type, in some point of time most of the patients treated with anti-angiogenic therapies will develop resistance to it.
Mechanisms of the resistance include upregulation of alternative proangiogenic factors, protection of the tumor
vasculature either by recruiting proangiogenic proinflammatory cells or by increasing protective pericyte coverage,
and accentuated invasiveness of tumor cells into local tissue to co-opt normal vasculature [1-5]. In addition to these
proposed mechanisms, currently the focus is increased on the mechanisms of direct action of anti-VEGF agents on

cancer cells and tumor adaptation to VEGF inhibition [1, 2].

Several studies, including ours, reported that glioma cells secrete high levels of VEGF and express VEGF receptors.
This data support and are in high correlation with the possibility of the escape signal mechanisms because of
existence of an autocrine loop [6-10]. In this study, we investigated the molecular and phenotypic changes

associated with long time exposure of glioblastoma cells to Bevacizumab in vitro.

We found that chronic exposure of glioblastoma cells to Bevacizumab has no impact on migration in vitro. The
selective inhibition of VEGFR 2, as our laboratory has shown [10] has a clear impact on cell proliferation, apoptosis

and cell morphology, but not on cell migration (suppl.1).

2. Materials and Methods

2.1 Cell culture and drugs

The U87 cell line (ATCC, Rockville, USA) was maintained in Eagle’s minimal essential medium (EMEM) with
10% fetal calf serum, 2 mM L-glutamine, 100 U/mL Penicillin and 100 mg/mL Streptomycin (Lonza, Verviers,
Belgium). The U87 cells were exposed to a 0.1 mg/ml dose of Bevacizumab for 3 months in vitro to develop the
Bev-A cell line. Bevacizumab (Roche, Paris, France) was diluted with culture medium to working concentrations
before use. Temozolomide (Mylan, SAS, Saint Priest, France), stock solution was prepared in DMSO at the
concentration of 100 mM. SU1498 (EMD Chemicals, San Diego, USA), a selective VEGFR2 tyrosine kinase
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inhibitor [11], was prepared as a stock solution of 30 mM in DMSO, then diluted with culture medium to working

concentrations before use (all from Sigma Aldrich, Saint-Quentin Fallavier, France).

2.2 Cell growth assay

For cell proliferation assay, parental U87 and Bev-A cells were seeded in 24-well plates (30,000 cells/well) and
allowed to attach overnight. The cell viability was then assessed with the MTT assay following Mosmann, 1983
[12], after 24h, 48 and 72h. Briefly, the MTT reagent (thiazolyl blue tetrazolium bromide, Sigma Aldrich, Saint-
Quentin Fallavier, France) was added to cells and optical density of the DMSO-dissolved formazan salts was
measured after 3 hours incubation. The percentage of surviving cells is expressed as the ratio of optical density of
Bev —A cells versus untreated cells (control). For cell sensitivity assay, parental U87 and Bev-A cells were seeded in
24-well plates (30,000 cells/well) and allowed to attach overnight. Cells were then treated for 72 h with different
concentrations of Temozolomide (25, 50, 100, 150, 200 uM) in triplicate wells. The cell viability was then assessed

with the MTT assay as described above.

2.3 Assessment of VEGFA secretion
VEGFA secretion was assessed with the Quantikine ELISA kit for Human VEGFA (R&D Systems, Abingdon, UK).
Parental U87 and Bev-A cells were seeded (3x10° cells/well) in 24-well plates. The VEGF secretion was assessed,

after 48h, in the supernatant following the manufacturer’s instructions.

2.4 Assessment of VEGFR1 and VEGFR2 expression

VEGFR1 and VEGFR2 expressions were assessed at the protein level by flow cytometry. Parental U87 and Bev-A
cells were seeded (3x10° cells/well) in 24-well plates, for 24h. In addition, to determine the effect of Bevacizumab
on VEGFR-1 and VEGFR-2 expression, 0.1 mg/ml was applied for 24h and then cells were harvested with 1 mM
EDTA and adjusted in PBE buffer (PBS containing 0.5% BSA and 2 mM EDTA) to 46106 cells/mL. Phycoerythrin
(PE)-conjugated anti VEGFR1 (clone 49560, R&D systems, Minneapolis, USA) and Alexa Fluor 647-conjugated
anti VEGFR2 (clone HKDR-1, Biolegend, Saint Quentin Yvelines, France) were added for 30 min. PE-conjugated
IgG1l (R&D systems, Minneapolis, USA) and Alexa Fluor 647-conjugated IgG1l (Biolegend, Saint-Quentin-en-
Yvelines, France) were used as negative isotype controls. Cells were washed three times and resuspended in PBE
buffer and 10,000 events were acquired with a BD LSR Il flow cytometer. Results were analyzed using the Cyflogic
sofware (Cyflo, Turku, Finland).

2.5 Assessment of cell migration by Scratch-wound migration assays

Confluent U87 and Bev-A cell monolayers in 24-well plates were used. A scratch-wound was made using a 200 pl
pipette tip. Wounds were photographed at 0, 1, 6, 9 and 24 hours. Tscratch software (CSELab) using Matlab
Compiler was used to measure closure of the wound over time by averaging individual measurement of wound size

for six wells at each time point. Two independent experiments with six replicates per experiment were done.
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2.6 Statistical analyses

Statistical analyses were carried out using the Student’s t-test, with p<0.05 as significant value.

3. Results

3.1 Chronic Bevacizumab exposure does not enhance cells growth or sensitivity

To study the effects of chronic Bevacizumab exposure on glioma cells growth characteristics, the cell viability was
assessed with the MTT assay, after 24h, 48h and 72h, without and with additional 0.1 mg/ml Bevacizumab.
Afterwards the cells were treated with different doses (25, 50, 100, 150, 200 uM) of cytotoxic Temozolomide, for
72h, and the cell viability was than assessed with the MTT assay. There was no difference, neither in growth
characteristics or sensitivity to Temozolomide, between Bevacizumab adapted cells and the control (Figure 1a and
1b).

A B
14 2,5
1,2
= 20 1 ~ g
1,0 1 ¢
1,5
£0.8 1 E
g 2
o 0,6 - Ctrl U87 S0
o y o Q1.0 —o—Ctrl U87
04 - ——Bev-A UST —o—Bev-A U8T
0,5
0,2
0,0 . . : - 0,0 : : .
0 24 48 72 96 0 50 100 150 200
Time (hour) TMZ (M)

Figure 1: a) Effect of chronical Bevacizumab exposure of U87 cells, on cell proliferation (Figure 1la) and
sensitivity (Figure 1b). For cell proliferation assessment, Bevacizumab adapted cells were seeded in 24-well plates
(30,000 cells/well), for 24h, 48h and 72h. Addition of 0.1 mg/ml bevacizumab has no additional impact. b) For cell
sensitivity assessment, Bevacizumab adapted cells were seeded in 24-well plates (30,000 cells/well), incubated
overnight, and treated with different concentrations of temozolomide (25, 50, 100, 150, 200 uM) for 72h. Viability
was assessed by a standard MTT assay. Chronical exposure to bevacizumab has no significant impact on cell

proliferation or sensitivity to Temozolomide. OD550 — optical density at 550 nm. TMZ — temozolomide.

3.2 Glioma cells chronicaly exposed to Bevacizumab secrete high levels of VEGFA

Bevacizumab adapted cells were seeded (3x10° cells/well) in 24-well plates and VEGFA concentration in medium
was assessed 48 hours later. Glioma cells chronicaly exposed to bevacizumab secrete high levels of VEGFA (Figure
2).
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Figure 2: VEGFA concentration of Bevacizumab adapted cell culture vs control in supernatants. Bevacizumab
adapted cells were seeded (3x10° cells/well) in 24-well plates. The VEGFA secretion was assessed after 48h in the
supernatants by ELISA. Data are expressed as ng/mL VEGFA (mean 6 standard deviation, n = 3 wells per

condition). Glioma cells chronically exposed to Bevacizumab secrete high levels of VEGFA.

3.3 Bevacizumab adapted glioma cells express VEGFR1 and VEGFR2
In addition, FACS analysis of glioma cells chronically exposed to Bevacizumab, showed expression of VEGFR1

and VEGFR2 (Figure 3), with no difference between control cells and Bevacizumab adapted cells.

CTRL U87 (n=3) Bev-AUS7 (n=3)

AN ;\.f}\

' i/ \ VEGFR1 B!
/AN [ K\

/AN AN\
) A

A ! ‘/\ﬁ

B AN VEGFR2 / I i

] #X " 1[;[\ \
/ £ \\ A : /} \

Grey: non 1adalied c2is
B2 Isotype Ladabiad cals

» SAERY VECERD pmp—

Red aM-VEGFR1, VEGFR2 or EGR labsiled Calls
Figure 3: Expression of VEGFR1 and VEGFR2 by Bev-A glioma cells. Bev-A cells were incubated with
Phycoerythrin (PE)-conjugated anti VEGFR1 (left panel, red histogram) or with Alexa Fluor 647-conjugated anti
VEGFR2 (right panel, red histogram). PE-conjugated 1gG1 (left panel, blue histogram) and Alexa Fluor 647-
conjugated 1gG1 (right panel, blue histogram) were used as negative isotype controls. Representative histograms of
duplicate experiments are shown. VEGFR1 and VEGFR2 expression was analysed by flow cytometry. Bevacizumab

adapted glioma cells express low levels of VEGFR1 and VEGFR2.
3.4 Chronical glioma cells exposure to Bevacizumab has no impact on cell migration

Parental U87 and Bev-A cell monolayers in 24-well plates were used. The Bev-A cells migrated the same as the

control and covered the same area of the scratch (Figure 4a and 4b).
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Figure 4: Chronical exposure of glioma cells to Bevacizumab has no impact on cell migration. Using the scratch
assay, Bevacizumab adapted cells showed no significant change (p>0.05) in migration compared with control cells,

covering the same area (Figure 4a) and migrating the same (Figure 4b).

4. Discussion

Bevacizumab, is a monoclonal antibody targeting VEGF. It has been used in the treatment of different solid tumors
mostly used in combination with chemotherapy. Bevacizumab has already received regulatory approval and is used
in patients tretament suffering with metastatic colorectal cancer (CRC), non-small cell lung cancer (NSCLC), renal
cell carcinoma (RCC) and metastatic breast cancer (BC) [13].. High rates of radiological responses and an increase
in progression-free survival in both recurrent and newly diagnosed glioblastomas was achieved in clinical studies
with Bevacizumab. However, there is no significant impact on overall [14-18]. Factors influencing response and
resistance to bevacizumab treatment has opened broad new field of biomarkers research[19]. As one of the highly
probable main pathways involved in the development of anti-angiogenic therapy resistance in malignant gliomas has
been the VEGFA pathway itself. VEGFA acts by effecting its main receptor, VEGFR2 on endothelial cells. VEGFA
is highly expressed and secreted in high levels in the neoangiogenesis sites in solid tumors [20]. Still, the
mechanisms of direct action of anti-VEGF agents on cancer cells and tumor adaptation to VEGF inhibition remains
unknown, although many preclinical studies and clinical observations has been done [1,21]. Malignant glioma
cellssecrete VEGF and express VEGFR, raising the possibility of an autocrine loop signaling as probable escape

mechanism that leads to anti-angiogenic resistance [22].

The U87 cell line was selected because the expression of functional VEGFR2 has been reported by different teams,
including ours [8,10,11,22,23]. VEGFR2 mediates almost all of the known cellular responses to VEGF [24].
Published data from our laboratory, has shown clear impact of VEGFR2 inhibition on U87 cell line. Namely, we
detected changes in glioma cells proliferation, apoptosis and morphology and increased impact on the cells
metabolism, assessed by HR MAS spectroscopy, with dramatic increase in lipids, particularly in polyunsaturated
fatty acids (PUFASs) and a decrease in glycerophosphocholine (GPC), after treatment with the selective VEGFR2
inhibitor - SU1498 [10]. The U87 cells treated with SU1498, selective VEGFR?2 inhibitor, showed a clear impact on

Journal of Cancer Science and Clinical Therapeutics 148



J Cancer Sci Clin Ther 2019; 3 (3): 143-153 DOI: 10.26502/jcsct.5079029

cell proliferation and cell morphology, but no impact on cell migration (suppl.1). There were no changes in glioma
cells proliferation, apoptosis, morphology and metabolomics, assessed by HR MAS spectroscopy, after 24h
exposure to Bevacizumab [10]. We think that the incomplete neutralization by Bevacizumab and continuously
secreted VEGF, at the glycocalyx cells level could be the reason for this kind of U87 glioma cells behavior. The
VEGF binds to heparan sulfate, by which is retained on the surface of the cells and in the extracellular
matrix [25,26]. Also data shows that the large macromolecules, do not pass through the intact glycocalyx [27]. We
propose the same pattern of persistent VEGF/VEGFR2 signaling, as Bevacizumab is a large macromolecule with
approximate molecular weight of 149 kDa. Alternatively, for melanoma cells, data has been publish supporting the
possibility of the existence of an autocrine loop where cells stimulate their own survival pathways, without the need
for exogenous secreted VEGF as the intracrine VEGF/VEGFR2 signalling is smoothly ongoing [28]. This data
support the possibility of anintracrine loop protected from antibody blockade as Bevacizumab and accessible to TKI,
as SU1498 could be present in U87 glioma cells [29]. The same time exposure of Bevacizumab to glioma U87 cells
carrying the IDH1 mutation, assessed by HR MAS can cause changes in glutamine group metabolites and lipids
assessed and those could be identified as metabolic markers of Bevacizumab treatment. With this data we have
proposed, as the possible mechanism of action of Bevacizumab in IDH1 mutated gliomas, the activation of a
functional tricarboxylic acid cycle that runs in reductive manner, and by that we proposed a new target pathway for
effective treatment of malignant gliomas [30]. As published by our side, the effect of angiogenic therapy on glioma
cells, differs by the type of the angiogenic drug and glioma cell line involved. This study was designed to assess the
molecular and phenotypic changes on U87 cells, after chronical Bevacizumab exposure. We treated the U87 cells
for 90 days with 0.1 mg/ml bevacizumab. The optimal concentration of Bevacizumab needed to neutralize the
secreted VEGFA in vitro, was already assessed by our laboratory. Namely, using ELISA kit assay, we assessed the
24h effect of different concentrations of Bevacizumab (1 ng/ml to 0.25 mg/ml) and we showed that concentration

above 1 pg/ml completely trapped VEGFA in the supernatant [10].

Here we present that chronical exposure of glioma cells to bevacizumab, has no impact on cell proliferation,
sensitivity and migration. Our study shows the absence of effect on migration of chronical Bevacizumab exposure
on glioma cells expressing low levels of VEGFR1 and VEGFR2. The effects of angiogenesis inhibitors are transient
and the tumors sooner or later develop resistance to the therapy. Kunkel et al demonstrated that glioma xenografts
develops infiltrative and invasive growth pattern after 16 days of exposure to anti-VEGF or anti-VEGFR antibodies
[31]. Lucio-Eterovic et al reported that glioblastoma cells develops resistance to antiangiogenic treatment by
upregulation of other proangiogenic factors, especially the matrix metalloproteinase family members [10]. Liu YX
et al, using a quantitative proteomic method has identified more than eighty proteins with significant fold changes,
after 48h exposure to Bevacizumab, inducing migration of U87 and U251 cells [32]. However, the exact mechanism
and the relative mediators of tumor invasion stay currently unknown. It is an urgent need for the exploration of
underlying mechanisms of the drug resistance. The chronical exposure of VEGF inhibitors in vitro, has been poorly
studied. Usually the Bevacizumab effect on the cells resistance is analyzed by Bevacizumab being applied and
studied for the brief time of exposure (48h) in concentrations (> 2,5 mg/mL) that can hardly be reached in patients
[10, 32].
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Colorectal cell lines (HCT116 and SW480), after three months exposure to bevacizumab, has increased VEGFA
secretion and VEGFR1 expression and increased cell migration. After treatment with VEGFRL1 inhibitor, SU5416,
the cells's migration and invasiveness decreased [33]. The chronic exposure of colorectal cancer cells to
Bevacizumab stimulatesalternative pathways that mediate tumour cell migration, throught VEGF-VEGFR1
pathway. VEGFR1 has a very tight ligand binding domain for VEGFA, whereas VEGFR2 has strong tyrosine kinase
activity, the two play different roles in angiogenesis through unique molecular mechanisms, but downstream
signaling of VEGFR1 has not been fully understood mainly due to the mild biological activity of this receptor in

culture [34]. New research data are starting to shed more light on VEGFR1 function and importance.

High expression of VEGF has been correlated with metastasis seeding, and anti-VEGF treatment (bevacizumab) has
clinical effects on tumor metastasis. As it looks like, VEGFR1 might be more important than previously thought,
especially in the underlying mechanism by which VEGF promotes tumor metastasis. Studies on murine models,
shows that anti VEGFR1, but not anti VEGFR2 treatment, can produce inhibitive effects on VEGF-induced tumor
metastasis. These findings demonstrate that the VEGF-VEGFRL1 signaling pathway is crucial for the development
and seeding of tumor metastasis [35]. In the glioma settings the VEGF signaling pathway for tumor migration and
invasion could be even more complicated, as data has open the possibility that VEGFC and VEGFD might act as
alternative pro-angiogenic factors leading to alterantive and escape mechanisms from anti-VEGF therapy [23]. Also,
analysis on LN229 glioma cells, which express VEGFRL, after three weeks bevacizumab treatment (0.25 mg/ml)
has shown no significant effect on VEGFR1 mRNA expression in normoxic conditions. In hypoxic conditions the
VEGFR1 mRNA was 2.5 fold upregulated, but it had no effect on cells proliferation. Althought in this study, it
looks like that the effect of bevacizumab on the expression phenotype of tumor cells might be restricted to certain
cancers, VEGFR2 or cell migration was not assessed [36]. More preclinical studies needs to be done though, to have
more clear data. Our data shows that U87 glioblastoma cells in vitro, secrete high levels of VEGFA and express
VEGFR2.

After chronical exposure to Bevacizumab, cells still secrete high levels of VEGFA, and express not only VEGFR2,
but also VEGFR1. Nevertheless, autocrine VEGF signaling has non functional significance regarding cell migration,

neither after VEGFR2 inhibition (suppl.1), neither after chronic exposure to Bevacizumab.

5. Conclusion

Factors influencing response and resistance to bevacizumab treatment has open new filed by the investigation of
biomarkers in order to understand the complexity of the inner cell pathways. The chronical exposure of VEGF
inhibitors in vitro, has been poorly studied in malignant gliomas setting. We have studied U87 cells adapted to
Bevacizumab, after chronical exposure to the drug (0.1 mg/ml, 90 days). Our study analyzing the effect on the
resistance, by assessing the cells migration is one of the rarest performed on glioma cells treated with Bevacizumab
for such longer time period. Our study shows non functional significance of autocrine VEGFA signaling in
glioblastoma cells regarding migration, after chronic exposure to Bevacizumab. The cells were unresponsive to long

term exposure to Bevacizumab. Based on our broad research work here we conclude that Bevacizumab is thus less
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likely to affect glioma cells due to the therapeutic pressure on the VEGFA autocrine loop regardless the time

exposure. In the glioma setting the resistance to Bevacizumab after long term exposure does not include VEGFA-

VEGFR?2 signaling pathway. The VEGF signaling pathway for tumor migration and invasion could be more

complicated, with open possibility of other VEGF, as VEGFC and VEGFD that might act as alternative pro-

angiogenic factors leading to alternative resistance mechanisms from anti-VEGF therapy.

References

1. Bergers G, Hanahan D. Modes of resistance to anti-angiogenic therapy. Nat Rev Cancer 8 (2008): 592-603.

2. Ellis LM, Hicklin DJ. Pathways mediating resistance to vascular endothelial growth factor-targeted
therapy. Clin Cancer Res 14 (2008): 6371-6375.

3. Shojaei F, Ferrara N. Role of the microenvironment in tumor growth and in refractoriness/resistance to
anti-angiogenic therapies. Drug Resist Update 11 (2008): 219-230.

4. Ebos JM, Lee CR, Kerbel RS. Tumor and host-mediated pathways of resistance and disease progression in
response to antiangiogenic therapy. Clin Cancer Res 15 (2009): 5020-5025.

5. Loges S, Mazzone M, Hohensinner P, et al. Silencing of fueling metastasis with VEGF inhibitors:
antiangiogenesis revisited. Cancer Cell 15 (2009): 167-170.

6. Mentlein R, Forstreuter F, Mehdorn HM, et al. Functional significance of vascular endothelial growth
factor receptor expression on human glioma cells. J Neurooncol 67 (2004): 9-18.

7. Huang H, Held-Feindt J, Buhl R, et al. Expression of VEGF and its receptors in different brain tumors.
Neurol Res 27 (2005): 371-377.

8. Lucio-Eterovic AK, Piao Y, de Groot JF. Mediators of glioblastoma resistance and invasion during
antivascular endothelial growth factor therapy. Clin Cancer Res 15 (2009): 4589-4599.

9. Chahal M, Xu Y, Lesniak D, et al. MGMT modulates glioblastoma angiogenesis and response to the
tyrosine kinase inhibitor sunitinib. Neuro Oncol 12 (2010): 822-833.

10. Mesti T, Savarin P, Triba MN, et al. Metabolic Impact of Anti-Angiogenic Agents on U87 Glioma Cells
PL0S One 9 (2014): €99198.

11. Francescone R, Scully S, Bentley B, et al. Glioblastoma-derived tumor cells induce vasculogenic mimicry
through Flk-1 protein activation. J Biol Chem 287 (2012): 24821-24831.

12. Mosmann T. Rapid colorimetric assay for cellular growth and survival: application to proliferation and
cytotoxicity assays. J Immunol Methods 65 (1983): 55-63.

13. Ellis LM, Hicklin DJ. VEGF-targeted therapy: mechanisms of anti-tumour activity. Nat Rev Cancer 8
(2008): 579-591.

14. Friedman HS, Prados MD, Wen PY, et al. Bevacizumab alone and in combination with irinotecan in
recurrent glioblastoma. J Clin Oncol 27 (2009): 4733-4740.

15. Cloughesy T. FDA accelerated approval benefits glioblastoma. Lancet Oncol 11 (2010): 1120.

16. Reardon DA, Turner S, Peters KB, et al. A review of VEGF/VEGFR-targeted therapeutics for recurrent

glioblastoma. J Natl Compr Canc Netw 9 (2011): 414-427.

Journal of Cancer Science and Clinical Therapeutics 151



J Cancer Sci Clin Ther 2019; 3 (3): 143-153 DOI: 10.26502/jcsct.5079029

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

31

32.

33.

Henriksson R, Bottomley A, Mason W, et al. Progression-free survival (PFS) and health-related quality of
life (HRQoL) in AVAglio, a phase Il study of bevacizumab (Bv), temozolomide (T), and radiotherapy
(RT) in newly diagnosed glioblastoma (GBM). J Clin Oncol (2013).

Mesti T, Ocvirk J. Malignant gliomas: old and new systemic treatment approaches. Radiol Oncol 50
(2016): 129-138.

Jubb AM, Harris AL. Biomarkers to predict the clinical efficacy of bevacizumab in cancer. Lancet Oncol,
11 (2010): 1172-1183.

Smith NR, Baker D, James NH, et al. Vascular endothelial growth factor receptors VEGFR-2 and VEGFR-
3 are localized primarily to the vasculature in human primary solid cancers. Clin Cancer Res 16 (2010):
3548-3561.

Ellis LM, Hicklin DJ. Resistance to targeted therapies: refining anticancer therapy in the era of molecular
oncology. Clin Cancer Res 15 (2009): 7471-7478.

Knizetova P, Ehrmann J, Hlobilkova A, et al. Autocrine regulation of glioblastoma cell cycle progression,
viability and radioresistance through the VEGF-VEGFR2 (KDR) interplay. Cell Cycle 7 (2008): 2553-
2561.

Grau S, Thorsteinsdottir J, von Baumgarten L, et al. Bevacizumab can induce reactivity to VEGF-C and -D
in human brain and tumour derived endothelial cells. J Neurooncol 104 (2011): 103-112.

Xu C, Wu X, Zhu J. VEGF promotes proliferation of human glioblastoma multiforme stem-like cells
through VEGF receptor 2. ScientificWorldJournal (2013): 417413.

Neufeld G, Cohen T, Gengrinovitch S, et al. Vascular endothelial growth factor (VEGF) and its receptors.
FASEB J 13 (1999): 9-22.

Robinson CJ, Stringer SE. The splice variants of vascular endothelial growth factor (VEGF) and their
receptors. J Cell Sci 114 (2001): 853-865.

Vink H, Duling BR. Capillary endothelial surface layer selectively reduces plasma solute distribution
volume. Am J Physiol Heart Circ Physiol 278 (2000): H285-H289.

Adamcic U, Skowronski K, Peters C, et al. The effect of bevacizumab on human malignant melanoma cells
with functional VEGF/VEGFR2 autocrine and intracrine signaling loops. Neoplasia 14 (2012): 612-623.
Mesti T, Savarin P, Triba MN, et al. Metabolic Impact of Anti-Angiogenic Agents on U87 Glioma Cells.
PL0oS ONE 9 (2014): €99198.

Mesti T, Bouchemal N, Banissi C, et al. Nuclear magnetic resonance metabolic fingerprint of bevacizumab
in mutant IDH1 glioma cells. Radiol Oncol 52 (2018): 392-398.

Kunkel P, Ulbricht U, Bohlen P, et al. Inhibition of glioma angiogenesis and growth in vivo by systemic
treatment with a monoclonal antibody against vascular endothelial growth factor receptor-2. Cancer Res 61
(2001): 6624-6628.

Liu YX, Zhou JN, Liu KH, et al. CIRP regulates BEV-induced cell migration in gliomas. Cancer Manag
Res 11 (2019): 2015-2025.

Fan F, Samuel S, Gaur P, et al. Chronic exposure of colorectal cancer cells to bevacizumab promotes

compensatory pathways that mediate tumour cell migration. Br J Cancer 104 (2011): 1270-1277.

Journal of Cancer Science and Clinical Therapeutics 152



J Cancer Sci Clin Ther 2019; 3 (3): 143-153 DOI: 10.26502/jcsct.5079029

34. Shibuya M. Differential Roles of Vascular Endothelial Growth Factor Receptor-1 and Receptor-2 in
Angiogenesis. Journal of Biochemistry and Molecular Biology. September 39 (2006): 469-478.

35. Wenbo Liu, Jiying Xu, Mingming Wang, et al. Tumor-derived vascular endothelial growth factor (VEGF)-
A facilitates tumor metastasis through the VEGF-VEGFRL1 signaling pathway. International Journal of
Oncology 39 (2011): 1213-1220.

36. Schneider K, Weyerbrock A, Doostkam S, et al. Lack of evidence for PIGF mediating the tumor resistance

after anti-angiogenic therapy in malignant gliomas. J Neurooncol 121 (2015): 269-278.

Citation: Mesti T, Banissi C, Cemazar M, Carpentier AF, Ocvirk J. Chronic Exposure of Glioblastoma
Cells to Bevacizumab has no Effect on VEGF-VEGFR2 Signaling and Cell Migration. Journal of Cancer
Science and Clinical Therapeutics: 3 (2019): 143-153.

@ ® This article is an open access article distributed under the terms and conditions of the
Creative Commons Attribution (CC-BY) license 4.0

Journal of Cancer Science and Clinical Therapeutics 153


http://creativecommons.org/licenses/by/4.0/

	Abstract
	Keywords
	Introduction
	Materials and Methods
	Cell culture and drugs
	Cell growth assay
	Assessment of VEGFA secretion
	Assessment of VEGFR1 and VEGFR2 expression
	Assessment of cell migration by Scratch-wound migration assays
	Statistical analyses

	Results
	Chronic Bevacizumab exposure does not enhance cells growth or sensitivity
	Glioma cells chronicaly exposed to Bevacizumab secrete high levels of VEGFA
	Bevacizumab adapted glioma cells express VEGFR1 and VEGFR2
	Chronical glioma cells exposure to Bevacizumab has no impact on cell migration

	Discussion
	Conclusion
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Citation

