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Inhibition of sortilin reduces neuronal and vascular damage
after ischemia/reperfusion through reduced inflammatory and
autophagy actions in retinal Miiller cells

Li Liu, Youde Jiang, Jena J. Steinle

Department of Ophthalmology, Visual and Anatomical Sciences, Wayne State University School of Medicine, Detroit, MI

Purpose: Our goal was to explore whether inhibition of sortilin could protect the retina against ischemia/reperfusion
(I/R) damage, as well as explore whether this inhibition could reduce inflammatory mediators in retinal Miiller cells.
Methods: We used both primary human Miiller cells and a rat Miiller cell line (rMC-1) grown in normal (5§ mM) or high
(25 mM) glucose. Some cells were treated with AF38469, a small-molecule inhibitor of sortilin. We performed western
blotting for the inflammatory mediators, tumor necrosis factor o, and NOD-like receptor protein 3. We also measured
protein levels of lysosome-associated membrane glycoprotein 2 (LAMP2), a marker of autophagy, and cleaved caspase
3, a marker of apoptosis, in the cells. We then tested the actions of eye drops containing AF38469 on mice exposed to
I/R. We assessed neuronal damage at 2 days post-I/R and vascular damage at 10 days post-I/R.

Results: High-glucose culturing conditions significantly increased inflammatory, autophagic, and apoptotic markers in
both primary human Miiller and rat Miiller cells. All markers were reduced by treating the cells with AF38469. AF38469
eye drops also significantly reduced I/R-induced neuronal and vascular damage.

Conclusion: These studies demonstrate that sortilin regulates the inflammatory, autophagic, and apoptotic pathways
in Miiller cells grown in high glucose. Inhibition of sortilin using AF38469 eye drops also reduced I/R-induced retinal
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damage.

Despite decades of research, diabetic retinopathy
remains the leading cause of blindness in working-age adults.
Several potential causative mechanisms have been investi-
gated, with many focusing on inflammation [1,2]. Previous
studies have shown that proneurotrophins (pro—nerve growth
factor [pro-NGF] and pro—brain-derived growth factor) are
linked to inflammation [3,4]. In 2006, a new receptor for the
proneurotrophins was discovered and named sortilin [5].

Sortilin has been linked to over 50 different signaling
pathways [6]. One function of sortilin is as a coreceptor for
pro-NGF with P75NTR to mediate neuronal apoptosis [7].
Sortilin also binds pro—brain-derived growth factor, causing
neuropathic pain [8]. In Parkinson’s disease, sortilin activates
monocytes, increasing inflammation [9], and contributes to
multiple sclerosis through its role in adaptive immunity [10].
Others have suggested that sortilin is an intracellular sorting
protein involved in cellular trafficking [5,11]. In addition
to inflammation, sortilin has been linked to other cellular
actions. During retinal development, sortilin, along with
P75NTR, regulates apoptosis in retinal ganglion cells [12].
Sortilin has also been implicated in the death of inner ear
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neurons [13]. In addition to apoptosis, inhibition of sortilin-
mediated lysosomal degradation and its actions has reduced
progranulin levels in microglial cells [14].

In a model of retinal ischemia, sortilin was localized to
Miiller cells with reduced expression in retinal ganglion cells
[15]. In studies of patients with proliferative diabetic retinop-
athy, significantly increased levels of sortilin were observed
in the retinal lysates of the patients [16,17]. A recent study
showed increased sortilin levels in the human diabetic retina
and in the retina of streptozotocin (STZ)-treated diabetic
mice, an increase associated with the actions of pro-NGF/
P75NTR in diabetic mice for 8 weeks [18].

Based on the literature, we hypothesized that inhibition
of sortilin would protect the retina in an ischemia/reperfusion
(I/R) model. Sortilin would regulate inflammatory and apop-
totic pathways in retinal Miiller cells grown in high glucose.

METHODS

Diabetic mice: C57TBL/6 mice were purchased from the
Jackson Laboratory (Bar Harbor, ME, USA). Diabetes was
induced as previously done [19]. Glucose levels >250 mg/
dl were considered diabetic. Five control and five diabetic
mice were sacrificed for immunostaining. Mice were allowed
free access to water and food and kept at a constant tempera-
ture for all experiments. Euthanasia was completed by CO,
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overdose and cervical dislocation. All mouse experiments
were approved by the Wayne State University Institutional
Animal Care and Use Committee and adhered to the rules
provided by the Association for Research in Vision and
Ophthalmology.

Human Miiller cells: Human Miiller cells (AcceGen, Fair-
field, NJ) were plated in the ABM-TM133L medium kit
containing their supplemental growth support reagent. While
cells were not subjected to STR analyses, there were no other
cells grown in the same environment during these studies, so
no risk of contamination. Cells were grown in normal (5 mM)
and high glucose (25 mM) conditions for at least 10 days.

Rat Miiller cells: Rat Miiller cells (rMC-1) were plated and
grown in normal (5 mM) and high glucose (25 mM) Dulbec-
co’s modified Eagle’s medium supplemented 5% fetal bovine
serum, 10 pg/ml gentamycin, and 0.25 pg/ml amphotericin
B (Invitrogen, Carlsbad, CA). Cells were grown in normal
and high glucose medium for at least 10 days. A subset of
both primary human Miiller cells and rtMC-1 cells was treated
with AF38469 at a dose of 20 uM for 24 h before cell lysate
collection.

Immunostaining: Two-month-old male and female diabetic
(STZ) C57BL/6 mice and corresponding control mice were
euthanized by CO,, followed by cervical dislocation. After
confirmation of death, the eyes were removed and placed into
4% paraformaldehyde in PBS (137 mM NacCl, 2.7 mM KCI, 10
mM Na HPO,, and 1.8 mM KH,PO,) for 6 h. Whole globes
were transferred to 0.1 M PBS with 30% sucrose overnight for
cryoprotection. The following day, 10-pum cryosections were
collected and stored in —20 °C for further analysis. Slides
were rinsed in PBS and placed into 5% normal goat serum
for 2 h at room temperature to block nonspecific staining,
followed by incubation with rabbit antisortilin (1:400; Abcam,
Cambridge, UK) and mouse antiglutamine synthetase (1:500;
Abcam) overnight at 4 °C. After rising in 0.3% Triton/PBS,
slides were incubated with secondary antibody goat antirabbit
conjugated to Alexa Fluor 555 (1:500; Life Technologies,
Carlsbad, CA) and goat antimouse conjugated to Alexa Fluor
488 (1:500; Life Technologies) overnight at 4 °C. Slides were
then rinsed in PBS, counterstained with DAPI, mounted with
FluorSave Reagent (Calbiochem, San Diego, CA), and exam-
ined on a Leica (Wetzlar, Germany) confocal microscope.

Western blotting: Cell lysates were collected in lysis buffer
containing both protease and phosphatase inhibitors. Equal
amounts of protein were separated using precast Tris-glycine
gels (Invitrogen) and blotted onto nitrocellulose membranes.
After blocking in TBST (10 mM Tris-HCI buffer [pH 8.0],
150 mM NaCl, 0.1% Tween-20) and 5% (w/v) bovine serum
albumin, membranes were treated with antibodies to sortilin
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(ab16640, rabbit 1:500; Abcam), NOD-like receptor protein 3
(NLRP3) (ab263899, rabbit, 1:500; Abcam), tumor necrosis
factor o (TNFa) (ab183218, rabbit, 1:300; Abcam), lysosome-
associated membrane glycoprotein 2 (LAMP2; ab203224,
rabbit 1:500; Abcam), cleaved caspase 3 (MABS835, rabbit
1:1,000; R&D Systems), P7SNTR (ab52987, rabbit, 1:1,000;
Abcam), and beta-actin (Santa Cruz Biotechnology, Santa
Cruz, CA) primary antibodies, followed by incubation with
secondary antibodies tagged with horseradish peroxidase.
Blots were visualized with an Azure C500 machine (Azure
Biosystems, Dublin, CA) via chemiluminescence (Thermo
Scientific, Pittsburgh, PA). Western blot band densities were
measured using Image Studio Lite software.

Ischemia/reperfusion: Animals were anesthetized with an
injection of ketamine and xylazine. Once without toe reflex,
a 32-gauge needle attached to an infusion line of sterile saline
was used to pierce the anterior chamber of the eye. Hydro-
static pressure of 80 to 90 mm Hg (TonoPen; Medtronic,
Jacksonville, FL, USA) was maintained for 90 min to induce
retinal ischemia, observed as blanching of the iris and loss of
red reflex [20,21]. After 90 min of infusion, the needle was
withdrawn and intraocular pressure normalized. The contra-
lateral eye was an intra-animal control. After the 90-min
infusion, a subset of mice received eye drops of AF38469 (10
pg/ml in ~2 ul) into both eyes as a treatment. This treatment
was repeated at the same time each day for up to 10 days.

Neuronal and vascular analyses: Two days after expo-
sure to I/R, a subset of each group of mice was sacrificed
for measurements of neuronal thickness, as we have done
previously [22]. Ten-micrometer sections were taken from
throughout the retina. Multiple sections from each animal
were assessed for retinal thickness and cell numbers in the
ganglion cell layer [22,23]. Ten days after I/R exposure, all
remaining mice were sacrificed to measure degenerate capil-
laries, as we have done previously [21,24].

Statistics: Statistics were calculated using Prism 7.0
(GraphPad Software, San Diego, CA). A one-way analysis
of variance with Tukey’s post hoc test was used for data
analyses. P < 0.05 was considered statistically significant.

RESULTS

Sortilin is localized to retinal Miiller cells: The literature
suggested that sortilin is localized in retinal Miiller cells in
diabetic mice [18]. To confirm these findings in our labora-
tory, we also used retinal sections from control and STZ-
treated diabetic mice to localize sortilin in the retina. Figure 1
shows that sortilin (red) colocalized with glutamine synthase
(green), which is a Miiller cell marker.
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Figure 1. Sortilin immunostaining (red) and glutamine synthase (GS, green) in sectioned retinal samples from control and STZ-treated mice.
Sortilin is localized in Miiller cells. N = 5. Scale bar is 50 pm. The right panel is an enlargement of the area of the box in STZ.

Sortilin is increased in retinal Miiller cells grown in high
glucose, which is blocked by AF38469: Since sortilin was
localized in the Miiller cells of diabetic mice, we chose to
grow human Miiller cells (A) and rat Miiller cells (rtMC-1)
in normal and high glucose, treating some cells in each
glucose condition with the sortilin small-molecule inhibitor,
AF38469. Figure 2 shows that sortilin levels were signifi-
cantly increased in Miiller cells from both humans and rats,
and this increase was significantly reduced by AF384609 treat-
ment. AF38469 also reduced sortilin levels in tMC-1 cells
grown in normal glucose but not in the primary human cells.

AF38469 reduces high glucose—induced increases in NLRP3
and TNFo.: We have previously reported that diabetes
increases both NLRP3 and TNFa [23,25]. To test whether
sortilin regulated these pathways in retinal Miiller cells, we
grew human and rMC-1 cells in normal and high glucose and
treated some cells with AF38469. Figure 3 shows that high
glucose increased NLRP3 and TNFa in both cell types, which
were reduced by AF38469 treatment, suggesting that sortilin
regulates these inflammatory pathways in Miiller cells.

P75NTR is regulated by AF38469 in Miiller cells: Sortilin
is known to be a coreceptor with P7SNTR for the proneu-
rotrophins [26]. To test this in Miiller cells, we treated human
and rMC-1 cells with AF38469 to measure P7SNTR. Figure 4
shows that high glucose increased P75SNTR in both cell types.
Treatment with AF38469 reduced P75NTR in these cells.

Sortilin regulates LAMP?2 and cleaved caspase 3 in retinal
Miiller cells: Sortilin has been linked to autophagic proteins
and apoptosis in other systems [6,7]. To investigate this in
our system, human and rMC-1 cells grown in normal and
high glucose alone and treated with AF38469 were collected,
and levels of LAMP2 and cleaved caspase 3 were measured.
Figure 5 shows that both LAMP2 (A, B) and cleaved caspase
3 (C, D) were increased in the Miiller cells grown in high
glucose. Both proteins were reduced by AF38469 treatment
in both cell types.

Inhibition of sortilin reduces neuronal and vascular damage
associated with ischemia/reperfusion: Cell data suggested
that inhibition of sortilin would protect the retina. To test this
in vivo, we employed the I/R model, where you get neuronal
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Figure 2. Sortilin protein levels in human Miiller cells (A) and rat Miiller cells (rMC-1, B) grown in normal glucose (NG) or high glucose
(HG) and treated with AF38469. *p < 0.05 versus NG, #p < 0.05 versus HG, assessed by one-way analysis of variance. n = 4.
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Figure 3. Inflammatory mediators in Muller cells. NLRP3 (A) and TNFa (B) levels in human Miiller cells and rat Miiller cells (C, D) grown
in normal glucose (NG) and high glucose (HG) alone and treated with AF38469. *p < 0.05 versus NG, #p < 0.05 versus HG, assessed using

a one-way analysis of variance. n = 4.

data at 2 days post-I/R and vascular changes at 10 days significantly reduced neuronal thickness and cell numbers
post-I/R. Mice were exposed to I/R for 90 min. At that time, in the ganglion cell layer. In mice exposed to I/R and treated
the first eye drop of AF38469 (10 pg/ml) was applied. Mice with AF38469 eye drops for 2 days, neuronal thickness and
were then treated daily at the same time with the AF38469 cell numbers were significantly increased compared to I/R
eye drops for up to 10 days. Figure 6A-C shows that I/R alone. Figure 6D-E shows that I/R significantly increased the

A. B
B75 - PISNTR *% & & ~
§actin ——— Aastin & p—
e
1.5 oy Y 5 *
2 * ES
02 zZ<
~< a0 # nd 10 #
a ge
=
3% 53
28 os o5 05
5= Sa
o. T + T [ 00
]
2 2 2 H

NG-AF
HG-AF
NG+AF
HG+AF

Figure 4. P75 levels in Muller cells. p7SNTR protein levels in human Miiller cells (A) and rat Miiller cells (B) grown in normal glucose (NG)
or high glucose (HG) and treated with AF38469. *p < 0.05 versus NG, #p < 0.05 versus HG assessed using a one-way analysis of variance.

n=4.

362



Molecular Vision 2025; 31:359-366 <http:/www.molvis.org/molvis/v31/359>

Lamp2 v
BACN  o————
8_ 20
2 I
g 10
2f os
5
@ (X
5w = "
< <
) o
z ¢§ T
= I
Caspase 3 o
Bactin e - -
2 s *
© ~
23 oa
35 #
§= 03
T 02
58
o« o4
F] 0.0
W ™
< £ <
v T ¥
4 U] Y
2 -

© 2025 Molecular Vision

Lamp2  wee = g -

B- pactin  w—— ——

20
: 15
1.0

0.5

Ratio of Lamp 2 to
B actin (A.U.)

0.0

< E
o o
z ¢ T ¢
2 -
Caspase 3 - el
D. T ——
~m
Q
s 0.8
gy
32 *
og o6
3c
sE 04
23 #
;u 0.2
o
o
E‘ 0.0 o
-4 (L) (L) L
3 <z <
9 Y
= I

Figure 5. Autophagy and apoptotic markers in Muller cells. LAMP2 (A) and cleaved caspase 3 (C) levels in human Miiller cells and rat
Miiller cells (B, D, respectively) grown in normal glucose (NG) and high glucose (HG) alone and treated with AF38469. *p < 0.05 versus
NG, #p < 0.05 versus HG, assessed using a one-way analysis of variance. n = 4.

degeneration of retinal capillaries at 10 days. Treatment with
AF38469 eye drops significantly reduced the loss of retinal
capillaries in the retina. These data suggest that inhibition of
sortilin could protect the retina against acute damage.

DISCUSSION

We and others have previously reported that I/R is an effec-
tive way to observe neuronal and vascular damage due to
retinal stress [20,27,28]. In these studies, we used the I/R
model to investigate the effectiveness of sortilin inhibition
against retinal damage. We found that daily administration of
AF38469, a small-molecule inhibitor of sortilin, significantly
improved retinal thickness and cell numbers in the ganglion
cell layer. It also reduced the number of degenerate capil-
laries, suggesting that AF38469 protected the retina against
I/R-induced damage. Our findings on reduced neuronal
damage agree with the literature in acute diabetic models
using a different sortilin inhibitor [18].

Since we found that AF38469 was effective against I/R-
induced injury, we wanted to determine potential mechanisms
by which sortilin mediated retinal damage. Previous work has
shown that sortilin is primarily expressed in retinal Miiller
cells [18], a finding that we confirmed in our studies. Using
both primary human Miiller and a rat Miiller cell line, we
showed that high glucose culturing conditions significantly
increased inflammatory mediators, which were reduced
by AF38469. These findings agree with the literature on

Parkinson’s disease, showing that sortilin activated mono-
cytes to increase inflammation [9]. In multiple sclerosis,
sortilin contributed to inflammation through its role in adap-
tive immunity. In addition to inflammatory markers, we
also found that high glucose increased markers of apoptosis
and autophagy in both human and rat Miiller cells. When
these cells were treated with AF38469, both apoptotic and
autophagy markers were significantly reduced. These find-
ings on autophagy agree with studies in hippocampal neurons
treated with amyloid B1-42, showing that sortilin contributed
to the elimination of clustrin protein by targeting it into lyso-
somes [29]. Sortilin also regulates macrophage accumulation
of cholesterol by lysosomal degradation [30]. Due to its role in
regulating the proneurotrophins, sortilin can increase apop-
tosis. We found that inhibition of sortilin reduced the cleavage
of caspase 3. This matches findings in retinal ganglion cells
[12] and inner ear neurons [13].

While our studies showed the effectiveness of AF38469
in reducing sortilin in the retina, further studies are needed to
examine the penetration and concentration of AF38469 after
eye drop application. We also need to examine the chronic
effects of sortilin inhibition in the diabetic retina, as well as
AF384609 side effects on other organs.

In conclusion, we found that a small-molecule inhibitor
of sortilin, AF38469, reduced retinal neuronal and vascular
damage in response to I/R injury. Sortilin is primarily
expressed in retinal Miller cells. Treatment of primary
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Figure 6. Neuronal and vascular analyses after exposure to ischemia/reperfusion (I/R). Mice are untreated (ctrl), exposed to I/R only (IR),
treated with AF38469 only (AF38469), or exposed to I/R and treated with AF38469 eye drops. A. A representative image of neuronal
changes. B. Number of cells in the ganglion cell layer. C. Retinal thickness. D. A representative image of the vascular changes showing
degenerate capillaries. E. Counts of acellular capillaries. n =15 in all groups. *p < 0.05 versus Ctrl, #p < 0.05 versus IR only, as measured by
one-way analysis of variance, followed by Tukey’s test. Data are mean + SEM. Scale bar for neuronal analyses is 50 um.

human Miiller cells or a rat Miller cell line with AF38469
significantly reduced high glucose—induced increases in
inflammatory, autophagy, and apoptotic markers. Further
studies are needed on the use of AF38469 as a therapeutic

for retinal damage.
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