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Abstract

e Based on the neurovascular unit (NVU), neurovascular
coupling functions as a barrier to maintain the
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homeostasis of the microenvironment by regulating the
signaling and metabolic activity of nerve cells and
capillaries. Widely dispersed across the retina, the NVU is
essential to preserving its normal physiological function.
A disturbance in retinal neurovascular homeostasis
produced by a range of factors can result in a variety of
retinal disorders, such as diabetic retinopathy (DR),
glaucoma, retinitis pigmentosa ( RP) and age - related
macular degeneration ( ARMD). The retina also has a
widespread distribution of brain - derived neurotrophic
factor ( BDNF ), which functions to promote neuron
growth and repair damage by binding to its receptor TrkB.
In recent years, BDNF was found to play a protective role
against damage in the early stage of retinal neurovascular
homeostasis imbalance, often known as the
neurodegenerative stage. It also helps to reduce the
production of pro-angiogenic substances of neurological
origin and offers a fresh approach for the early detection
and treatment of associated eye disorders.
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T ,RPE DJRE R A5 | 40 i 40 35 51 5 5 3R 4 T8 3 38 RS,
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Mattern 25" 5T k7 1 BE 35 A (‘sleeping beauty, SB) 2
JE 7 Z 403 i HL 2 LK BDNF 35 [R5 A% 21 00 0 i 2, %% I
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H O AR R S AR, LA BNRYT T4 ARMD I94EH] .
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SC AR RS BDNF 5035 RPE 316 i X #0 ) 57 i
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Xf IR BB T, $d7n RVO it Jig 552 BDNF 520, {5
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P2 B SR IR N ELREVE A CSCR AR F I
SINGEERE

DA 28 00 A8 R OT A B Al A o 28 AR B R B TR AT
PRGBS TS, A28 M SRR S R A A e 0
A IR s e R R 1 PR R A A . SR, NVU 4544 35
Tlifie 5 5 78 AH JCHR S s BT R rh AR AL AS 2 R B , 75
B 2 EATER R ANIER] . BDNF 2 5 0 2 1 & Fa 45
SRATAH IR 1 S A i | I3 ok o 28 DR A el A g
Wi NVU Dy BE R i Al A 400 I RSE45 47 , A ok sl i oh R 7
AH G AR BT B S R T S R YRI5, {H BDNF
FETE R 0 e S P IR ) PR AR L 25 245 XU ey 5



Int Eye Sci, Vol.24, No.2 Feb. 2024
Tel.029-82245172 85205906 Email.1J0.2000@ 163.com

http .//ies.ijo.cn

S, L T HX M RGNS RGEAS R E FISOR 95
o T Jr i s 1 ) W R 3 ) YA T I AL 3 R A [ 8, 1
BDNF A7 SR W AIF 5 9 o DRI g AU o B 22 4 I
AR AR 73, D425 BDNF 7R IR B AT
P AT I T A

SE K

[1] vander Wijk AE, Vogels IMC, van Veen HA, et al. Spatial and
temporal recruitment of the neurovascular unit during development of the
mouse blood—retinal barrier. Tissue Cell, 2018,52.42-50.

[2] Sweeney MD, Kisler K, Montagne A, et al. The role of brain
vasculature in neurodegenerative disorders. Nat Neurosci, 2018,21(10) ;
1318-1331.

[3] Reichenbach A, Bringmann A. Glia of the human retina. Glia,
2020,68(4) .768-796.

(4] FEAEARE P 22 10056 B0 0T 55 0 B L I I 2. [ B IR Bk 2 5
2023,23(3) :353-355.

[5] Miranda M, Morici JF, Zanoni MB, et al. Brain — derived
neurotrophic factor; a key molecule for memory in the healthy and the
pathological brain. Front Cell Neurosci, 2019,13:363.

[6] Dekeyster E, Geeraerts E, Buyens T, et al. Tackling glaucoma from
within the brain: an unfortunate interplay of BDNF and TrkB. PLoS One,
2015,10(11) .e0142067.

[7] Eastlake K, Luis J, Limb GA. Potential of Miiller Glia for retina
neuroprotection. Curr Eye Res, 2020,45(3) ;:339-348.

[8] Guo WT, Stoklund Dittlau K, Van Den Bosch L. Axonal transport
defects and neurodegeneration: molecular mechanisms and therapeutic
implications. Semin Cell Dev Biol, 2020,99.133-150.

[9] Kowianski P, Lietzau G, Czuba E, et al. BDNF; a key factor with
multipotent impact on brain signaling and synaptic plasticity. Cell Mol
Neurobiol, 2018,38(3) :579-593.

[10] Volosin M, Song WY, Almeida RD, et al. Interaction of survival
and death signaling in basal forebrain neurons: roles of neurotrophins and
proneurotrophins. J Neurosci, 2006,26(29) ;7756-7766.

[11] Pandya CD, Kutiyanawalla A, Pillai A. BDNF-TrkB signaling and
neuroprotection in schizophrenia. Asian J Psychiatr, 2013,6(1) ;22-28.
[12] Jain S,Banerjee BD, Ahmed RS, et al. Possible role of oxidative
stress and brain derived neurotrophic factor in triazophos induced
cognitive impairment in rats. Neurochem Res, 2013, 38 ( 10):
2136-2147.

[13 ] Garrido MP, Torres I, Vega M, et al. Angiogenesis in
gynecological cancers: role of neurotrophins. Front Oncol, 2019,9:913.
[14] Mrugacz M, Bryl A, Zorena K. Retinal vascular endothelial cell
dysfunction and neuroretinal degeneration in diabetic patients. J Clin
Med, 2021,10(3) :458.

[15] Duh EJ, Sun JK, Stitt AW. Diabetic retinopathy: current
understanding, mechanisms, and treatment strategies. JCI Insight, 2017,
2(14) :e93751.

[16 ] Garhsfer G, Chua J, Tan BY, et al. Retinal neurovascular
coupling in diabetes. J Clin Med, 2020,9(9) .2829.

[17] Villarroel M, Ciudin A, Herndandez C, et al. Neurodegeneration;
an early event of diabetic retinopathy. World J Diabetes, 2010,1(2) .
57-64.

[18] Taslipinar Uzel AG, UGurlu N, Toklu Y, et al. Relationship
between stages of diabetic retinopathy and levels of brain — derived
neurotrophic factor in aqueous humor and serum. Retina, 2020,40(1) .
121-125.

[19] Jun YH, Kim ST. Brain - derived neurotrophic factor in non —

proliferative diabetic retinopathy with diabetic macular edema. Eur J

Ophthalmol, 2021,31(4) :1915-1919.

[20] Almeida RD, Manadas BJ, Melo CV, et al. Neuroprotection by
BDNF against glutamate — induced apoptotic cell death is mediated by
ERK and PI,” kinase pathways. Cell Death Differ, 2005, 12 (10):
1329-1343.

[21] R, B4, W, %. NLRP3 JAE/MATEBE IR s #L I st
TR A 2 LA ST B BLRI AT ST EBRIRARAS A, 2023,23(8)
1317-1322.

[22] Hu EL, Du H, Shang S, et al. Beta—hydroxybutyrate enhances
BDNF expression by increasing H3K4me3 and decreasing H2AK119ub in
hippocampal neurons. Front Neurosci, 2020,14:591177.

[23] Carretta MD, Barria Y, Borquez K, et al. B—hydroxybutyrate and
hydroxycarboxylic acid receptor 2 agonists activate the AKT, ERK and
AMPK pathways, which are involved in bovine neutrophil chemotaxis. Sci
Rep, 2020,10(1) :12491.

[24] Hu EL, Du H, Zhu XL, et al. Beta—hydroxybutyrate promotes the
expression of BDNF in hippocampal neurons under adequate glucose
supply. Neuroscience, 2018,386:315-325.

[25] Chen SY, Li MH, Sun JG, et al. Human umbilical cord blood—
derived CD133"CD34" cells protect retinal endothelial cells and ganglion
cells in X - irradiated rats through angioprotective and neurotrophic
factors. Front Cell Dev Biol, 2022,10:801302.

[26] Afarid M, Namvar E, Sanie—Jahromi F. Diabetic retinopathy and
BDNF: a review on its molecular basis and clinical applications.
J Ophthalmol, 2020,2020:1602739.

[27] Schmidt N, Schulze J, Warwas DP, et al. Long—term delivery of
brain — derived neurotrophic factor ( BDNF ) from nanoporous silica
nanoparticles improves the survival of spiral ganglion neurons in vitro.
PLoS One, 2018,13(3) :e0194778.

[28] Weinreb RN, Liebmann JM, Cioffi GA, et al. Oral memantine for
the treatment of glaucoma: design and results of 2 randomized, placebo—
controlled, phase 3 studies. Ophthalmology, 2018,125(12) . 1874~1885.
[29] Almasieh M, Levin LA. Neuroprotection in glaucoma: animal
models and clinical trials. Annu Rev Vis Sci, 2017,3.91-120.

[30] Prokosch V, Brockhaus K, Anders F, et al. Elevated intraocular
pressure induces neuron — specific 3 —III - tubulin expression in non -
neuronal vascular cells. Acta Ophthalmol, 2020,98(5) :e617-¢630.
[31] Wareham LK, Calkins DJ. The neurovascular unit in glaucomatous
neurodegeneration. Front Cell Dev Biol, 2020,8.452.

[32] Shpak AA, Guekht AB, Druzhkova TA, et al. Brain — derived
neurotrophic factor in patients with primary open—angle glaucoma and
age-related cataract. Curr Eye Res, 2018,43(2) :224-231.

[33] Dengler—Crish CM, Smith MA, Inman DM, et al. Anterograde
transport blockade precedes deficits in retrograde transport in the visual
projection of the DBA/2] mouse model of glaucoma. Front Neurosci,
2014,8:290.

[34] Ribeiro DE, Miiller HK, Elfving B, et al. Antidepressant —like
effect induced by P2X7 receptor blockade in FSL rats is associated with
BDNF signalling activation. J Psychopharmacol, 2019, 33 ( 11):
1436-1446.

[35] Mkas, WA, BUAL. B a7 00T 4 i 3 0 1A s RS AL X
RETFOCHIRBA A 280 G 1 . [ BRIRARAE, 2020,20(11)
1866-1870.

[36] Domenici L,Origlia N, Falsini B, et al. Rescue of retinal function
by BDNF in a mouse model of glaucoma. PLoS One, 2014,9(12):
el15579.

[37] Hu Y, Cho S, Goldberg JL. Neurotrophic effect of a novel TrkB

219



EfRIEREE
E81E . 029- 82245172

202428 F24% F2H
85205906

http://ies.ijo.cn
BB {578:10.2000@ 163.com

agonist on retinal ganglion cells. Invest Ophthalmol Vis Sei, 2010, 51
(3) :1747-1754.

[38] Carullo G, Federico S, Relitti N, et al. Retinitis pigmentosa and
retinal degenerations: deciphering pathways and targets for drug discovery
and development. ACS Chem Neurosci, 2020,11(15) :2173-2191.
[39] Fernandez—Sanchez L, Albertos— Arranz H, Ortufio — Lizardn 1,
et al. Neuroprotective effects of tauroursodeoxicholic acid involves
vascular and glial changes in retinitis pigmentosa model. Front
Neuroanat, 2022,16:858073.

[40] Kim J, Park JY, Kong JS, et al. Development of 3D printedbruch’s
membrane — mimetic substance for the maturation of retinal pigment
epithelial cells. Int J Mol Sci, 2021,22(3) :1095.

[41] Amendola T, Fiore M, Aloe L. Postnatal changes in nerve growth
factor and brain derived neurotrophic factor levels in the retina, visual
cortex, and geniculate nucleus in rats with retinitis pigmentosa. Neurosci
Lett, 2003,345(1) :37-40.

[42] Azadi S, Johnson LE, Paquet—Durand F, et al. CNTF+BDNF
treatment and neuroprotective pathways in the rdl mouse retina. Brain
Res, 2007,1129(1) :116-129.

[43] Zhang J, Xu D, Ouyang H, et al. Neuroprotective effects of methyl
3, 4 dihydroxybenzoate in a mouse model of retinitis pigmentosa. Exp Eye
Res, 2017,162.86-96.

[44] Pagani L, Manni L, Aloe L. Effects of electroacupuncture on
retinal nerve growth factor and brain — derived neurotrophic factor
expression in a rat model of retinitis pigmentosa. Brain Res, 2006, 1092
(1) :198-206.

[45] Liao DS,Grossi FV, El Mehdi D, et al. Complement C3 inhibitor
pegcetacoplan for geographic atrophy secondary to age —related macular
degeneration: a randomized phase 2 trial. Ophthalmology, 2020, 127
(2):186-195.

[46] Handa JT, Bowes Rickman C, Dick AD, et al. A systems biology

approach towards understanding and treating non — neovascular age —

220

related macular degeneration. Nat Commun, 2019,10( 1) ;3347.

[47] Schultz H, Song Y, Baumann BH, et al. Increased serum proteins
in non—exudative AMD retinas. Exp Eye Res, 2019,186.107686.

[48] Hudson N, Cahill M, Campbell M. Inner blood - retina barrier
involvement in dry age—related macular degeneration (AMD) pathology.
NeuralRegen Res, 2020,15(9) :1656-1657.

[49] Telegina DV, Kolosova NG, Kozhevnikova 0S.
Immunohistochemical localization of NGF, BDNF, and their receptors in
a normal and AMD-like rat retina. BMC Med Genomics, 2019, 12( Suppl
2) :48.

[50] Inanc Tekin M, Sekeroglu MA, Demirtas C, et al. Brain—derived
neurotrophic factor in patients with age—related macular degeneration and
its correlation with retinal layer thicknesses. Invest Ophthalmol Vis Sci,
2018,59(7) :2833-2840.

[51] Arranz—Romera A, Hernandez M, Checa—Casalengua P, et al. A
safe GDNF and GDNF/BDNF controlled delivery system improves
migration in human retinal pigment epithelial cells and survival in retinal
ganglion cells: potential usefulness in degenerative retinal pathologies.
Pharmaceuticals, 2021,14(1) ;50.

[52] Mattern L, Otten K, Miskey C, et al. Molecular and functional
characterization of BDNF-overexpressing human retinal pigment epithelial
cells established by Sleeping beauty transposon—mediated gene transfer.
Int J Mol Sei, 2022,23(21) :12982.

[53] Di Marco S, Riccitelli S, Di Paolo M, et al. Cord blood serum
(CBS) —based eye drops modulate light—induced neurodegeneration in
albino rat retinas. Biomolecules, 2020,10(5) :678.

[54] Li XC, Cao XG, Zhao MW, et al. The changes of irisin and
inflammatory cytokines in the age — related macular degeneration and
retinal vein occlusion. Front Endocrinol, 2022,13.861757.

[55] Kim YY,Flaxel CJ. Factors influencing the visual acuity of chronic
central serous chorioretinopathy. Korean J Ophthalmol, 2011,25(2):
90-97.



