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Do anti-VEGFs used in the ophthalmic clinic a
cause Miiller glial cell stress?

Check for
updates

Age-related Macular Degeneration (AMD) and Diabetic Retinopathy
(DR) are eye diseases that can lead to vision loss. AMD mainly affects
the elderly and DR individuals of different ages."* Miiller Glial Cells
(MGCs) play a crucial role in the pathogenesis of these diseases, modu-
lating inflammation and angiogenesis.>" Activated MGCs in gliosis over-
express Glial Fibrillary Acid Protein (GFAP) and actively produce
Vascular Endothelial Growth Factor (VEGF), leading to abnormal retinal
angiogenesis and microinflammation.*> To manipulate the main signal-
ing pathway involved in neovascular AMD and DR, anti-VEGF drugs are
used intravitreally in the ophthalmic clinic, including ranibizumab, bev-
acizumab, aflibercept and brolucizumab.! However, little is known
about the impact of anti-VEGF medications on Miiller cells.

In vitro, primary MGC cells, retinal cells in organotypic culture, as
well as human Miiller cells line (MIO-M1) treated with aflibercept, rani-
bizumab, or bevacizumab show time-dependent increased GFAP expres-
sion.®"® Aflibercept and Ranibizumab regulate GFAP positively via
PERK1/2.° In rabbits, ziv-aflibercept, although it does not change the
electroretinogram, increases the expression of GFAP, suggesting retinal
stress caused by the drug.'®

MIO-M1 cells, treated during 24 h with anti-VEGF drugs, show a
reduction of these cells’ metabolism. Additionally, there is an increase
of reactive oxygen species and expression of the pro-inflammatory inter-
leukin IL-B which are apoptosis markers."' Bevacizumab positively regu-
lates the apoptosis of Miiller cells via caspase-3.” Conversely in another
study, aflibercept and ranibizumab in 24 h do not affect cell survival.
Furthermore, mitochondrial and cytoplasmic stress were observed
through HSP60 and HSP90 in MIO-M1 cells.'”

Anti-VEGF drugs are efficient to treat AMD and DR, "' therefore, so
far, through the data available in the literature, we must consider that
Miiller cells can undergo cellular stress, evidenced by the main gliosis
marker, GFAP. In addition, anti-VEGF drugs can disrupt the metabolism
of these cells. It is important at this time that we carry out translational
studies in humans to investigate the points highlighted here. Cohort
studies, considering the long treatment inpatients, show retinal atrophy
and fibrosis,'* which may be related to gliosis and resistance to anti-
VEGFs in some patients with AMD and RD."

We can find different results of MGCs’ gliosis and survival under the
influence of anti-VEGF drugs; this may be related to the particular
molecular mechanism of each drug. Among the anti-VEGF drugs used in
the ophthalmic clinic for AMD and PDR, brolucizumab was not investi-
gated in MGCs. Although we have evidence that anti-VEGF drugs can
lead to gliosis of MGCs, more studies are needed to understand the
mechanisms around this stress. It is essential to understand these mecha-
nisms for a possible improvement of existing drugs and facilitate new
therapeutic interventions with fewer side effects.

https://doi.org/10.1016/j.clinsp.2022.100161
Received 21 November 2022; Accepted 19 December 2022

Conflicts of interest

The authors declare no conflict of interest.

Acknowledgments

R.A.S. and V.M.P.R. were recipients of Coordenacao de Aperfeicoa-
mento de Pessoal de Nivel Superior (CAPES) scholarships. The sponsors
had no role in the design or conduct of this research. L.P.D.S.F. was sup-
ported by the Fundacao de Amparo a Pesquisa do Estado de Sao Paulo
(FAPESP) scholarship.

Rafael André da Silva''2*", Luiz Philipe de Souza Ferreira b
Vinicius Moraes de Paiva Roda'” ¢, José Maria Soares Junior®,
Manuel de Jesus Simées”, Gaio Vinicius Saito Regatieri{2)©

2 Biosciences Graduate Program, Institute of Biosciences, Instituto de
Biociencias, Letras e Ciencias Exatas, Universidade Estadual Paulista
(IBILCE/UNESP), Sao José do Rio Preto, SP, Brazil

Y Structural and Functional Biology Graduate Program, Escola Paulista de
Medicina, Universidade Federal de Sao Paulo (EPM/UNIFESP), Sao Paulo,
SP, Brazil

€ Life Systems Biology Graduate Program, Instituto de Ciéncias Biomédicas,
Universidade de Sao Paulo (ICB/USP), Sao Paulo, SP, Brazil

4 Department of Obstetrics and Gynecology, Faculdade de Medicina,
Universidade de Sao Paulo (FMUSP), Sao Paulo, SP, Brazil

€ Department of Ophthalmology, Escola Paulista de Medicina, Universidade
Federal de Sao Paulo (EPM/UNIFESP), Sao Paulo, SP, Brazil
*Corresponding author.

E-mail address: rafaels@usp.br (R.A. da Silva).

References

1. Mettu PS, Allingham MJ, Cousins SW. Incomplete response to Anti-VEGF therapy in
neovascular AMD: exploring disease mechanisms and therapeutic opportunities. Prog
Retin Eye Res 2021;82:100906.

2. Uemura A, Fruttiger M, D’Amore PA, De Falco S, Joussen AM, Sennlaub F, et al.
VEGFR1 signaling in retinal angiogenesis and microinflammation. Prog Retin Eye Res
2021;84:100954.

3. Coughlin BA, Feenstra DJ, Mohr S. Miiller cells and diabetic retinopathy. Vis Res
2017;139:93-100.

4. Forrester JV, Kuffova L, Delibegovic M. The role of inflammation in diabetic retinopa-
thy. Front Immunol 2020;11:583687.

5. da Silva RA, Roda VMP, Matsuda M, Siqueira PV, Lustoza-Costa GJ, Wu DC, et al. Cel-
lular components of the idiopathic epiretinal membrane. Graefes Arch Clin Exp Oph-
thalmol 2022;260(5):1435-44.

6. Gaddini L, Varano M, Matteucci A, Mallozzi C, Villa M, Pricci F, et al. Miiller glia acti-
vation by VEGF-antagonizing drugs: an in vitro study on rat primary retinal cultures.
Exp Eye Res 2016;145:158-63.

7. Matsuda M, Krempel PG, Marquezini MV, Sholl-Franco A, Lameu A, Monteiro MLR,
et al. Cellular stress response in human Miiller cells (MIO-M1) after bevacizumab
treatment. Exp Eye Res 2017;60:1-10.

8. Kaempf S, Johnen S, Salz AK, Weinberger A, Walter P, Thumann G. Effects of bevaci-
zumab (Avastin) on retinal cells in organotypic culture. Investig Ophthalmol Vis Sci
2008;49(7):3164-71.

1807-5932/© 2022 HCFMUSP. Published by Elsevier Espafia, S.L.U. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/

4.0/)


http://crossmark.crossref.org/dialog/?doi=10.1016/j.clinsp.2022.100161&domain=pdf
http://orcid.org/0000-0002-8649-1853
http://orcid.org/0000-0002-8649-1853
http://orcid.org/0000-0001-5571-5722
http://orcid.org/0000-0001-5571-5722
http://orcid.org/0000-0001-5571-5722
http://orcid.org/0000-0003-4252-3152
http://orcid.org/0000-0003-4252-3152
http://orcid.org/0000-0003-4252-3152
http://orcid.org/0000-0003-4252-3152
http://orcid.org/0000-0003-4252-3152
http://orcid.org/0000-0003-1511-8696
http://orcid.org/0000-0003-1511-8696
mailto:rafaels@usp.br
http://refhub.elsevier.com/S1807-5932(22)03362-2/sbref0001
http://refhub.elsevier.com/S1807-5932(22)03362-2/sbref0001
http://refhub.elsevier.com/S1807-5932(22)03362-2/sbref0001
http://refhub.elsevier.com/S1807-5932(22)03362-2/sbref0002
http://refhub.elsevier.com/S1807-5932(22)03362-2/sbref0002
http://refhub.elsevier.com/S1807-5932(22)03362-2/sbref0002
http://refhub.elsevier.com/S1807-5932(22)03362-2/sbref0003
http://refhub.elsevier.com/S1807-5932(22)03362-2/sbref0003
http://refhub.elsevier.com/S1807-5932(22)03362-2/sbref0003
http://refhub.elsevier.com/S1807-5932(22)03362-2/sbref0004
http://refhub.elsevier.com/S1807-5932(22)03362-2/sbref0004
http://refhub.elsevier.com/S1807-5932(22)03362-2/sbref0005
http://refhub.elsevier.com/S1807-5932(22)03362-2/sbref0005
http://refhub.elsevier.com/S1807-5932(22)03362-2/sbref0005
http://refhub.elsevier.com/S1807-5932(22)03362-2/sbref0006
http://refhub.elsevier.com/S1807-5932(22)03362-2/sbref0006
http://refhub.elsevier.com/S1807-5932(22)03362-2/sbref0006
http://refhub.elsevier.com/S1807-5932(22)03362-2/sbref0006
http://refhub.elsevier.com/S1807-5932(22)03362-2/sbref0007
http://refhub.elsevier.com/S1807-5932(22)03362-2/sbref0007
http://refhub.elsevier.com/S1807-5932(22)03362-2/sbref0007
http://refhub.elsevier.com/S1807-5932(22)03362-2/sbref0007
http://refhub.elsevier.com/S1807-5932(22)03362-2/sbref0008
http://refhub.elsevier.com/S1807-5932(22)03362-2/sbref0008
http://refhub.elsevier.com/S1807-5932(22)03362-2/sbref0008
https://doi.org/10.1016/j.clinsp.2022.100161
https://doi.org/10.1016/j.clinsp.2022.100161
http://https://www.journals.elsevier.com/clinics

R.A. daSilvaetal

9.

10.

11.

Di Pierdomenico J, Garcia-Ayuso D, Jiménez-Lopez M, Agudo-Barriuso M, Vidal-Sanz M,
Villegas-Pérez MP. Different ipsi- and contralateral glial responses to anti-vegf and triam-
cinolone intravitreal injections in rats. Investig Ophthalmol Vis Sci 2016;57(8):3533-44.
Ramon D, Shahar J, Massarweh A, Man I, Perlman I, Loewenstein A. Retinal toxicity of
intravitreal injection of Ziv-Aflibercept in Albino Rabbits. Transl Vis Sci Technol
2018;7(6):23.

Céceres-Del-Carpio J, Moustafa MT, Toledo-Corral J, Hamid MA, Atilano SR,
Schneider K, et al. In vitro response and gene expression of human retinal Miiller cells
treated with different anti-VEGF drugs. Exp Eye Res 2020;191:107903.

12.

13.

14.

Clinics 78 (2023) 100161

Shen W, Yau B, Lee SR, Zhu L, Yam M, Gillies MC. Effects of ranibizumab and afliber-
cept on human Miiller cells and photoreceptors under stress conditions. Int J Mol Sci
2017;18(3):533.

Fogli S, Del Re M, Rofi E, Posarelli C, Figus M, Danesi R. Clinical pharmacology of
intravitreal anti-VEGF drugs. Eye 2018;32(6):1010-20.

Rofagha S, Bhisitkul RB, Boyer DS, Sadda SR, Zhang K. SEVEN-UP Study Group.
Seven-year outcomes in ranibizumab-treated patients in ANCHOR, MARINA, and
HORIZON: a multicenter cohort study (SEVEN-UP). Ophthalmology 2013;120
(11):2292-9.


http://refhub.elsevier.com/S1807-5932(22)03362-2/sbref0009
http://refhub.elsevier.com/S1807-5932(22)03362-2/sbref0009
http://refhub.elsevier.com/S1807-5932(22)03362-2/sbref0009
http://refhub.elsevier.com/S1807-5932(22)03362-2/sbref0009
http://refhub.elsevier.com/S1807-5932(22)03362-2/sbref0009
http://refhub.elsevier.com/S1807-5932(22)03362-2/sbref0009
http://refhub.elsevier.com/S1807-5932(22)03362-2/sbref0010
http://refhub.elsevier.com/S1807-5932(22)03362-2/sbref0010
http://refhub.elsevier.com/S1807-5932(22)03362-2/sbref0010
http://refhub.elsevier.com/S1807-5932(22)03362-2/sbref0011
http://refhub.elsevier.com/S1807-5932(22)03362-2/sbref0011
http://refhub.elsevier.com/S1807-5932(22)03362-2/sbref0011
http://refhub.elsevier.com/S1807-5932(22)03362-2/sbref0011
http://refhub.elsevier.com/S1807-5932(22)03362-2/sbref0011
http://refhub.elsevier.com/S1807-5932(22)03362-2/sbref0012
http://refhub.elsevier.com/S1807-5932(22)03362-2/sbref0012
http://refhub.elsevier.com/S1807-5932(22)03362-2/sbref0012
http://refhub.elsevier.com/S1807-5932(22)03362-2/sbref0012
http://refhub.elsevier.com/S1807-5932(22)03362-2/sbref0013
http://refhub.elsevier.com/S1807-5932(22)03362-2/sbref0013
http://refhub.elsevier.com/S1807-5932(22)03362-2/sbref0014
http://refhub.elsevier.com/S1807-5932(22)03362-2/sbref0014
http://refhub.elsevier.com/S1807-5932(22)03362-2/sbref0014
http://refhub.elsevier.com/S1807-5932(22)03362-2/sbref0014

	Do anti-VEGFs used in the ophthalmic clinic cause Müller glial cell stress?
	Conflicts of interest
	Acknowledgments
	References


