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Purpose: Optic nerve injury (ONI) causes neuroinflammation and neurodegeneration lead-
ing to visual deficits. The response of microglia has emerged as an impactful component of
etiology in neurodegeneration. This study aimed to investigate the effect of SIRT1-mTORC1
signaling pathway in microglia regulation after ONI.

Methods: Cx3Cr1-Cre™8"2/Raptor™" and Cx3Cr1-Cre®®%/Sirt1"" mice were used to delete
Raptor and Sirt] in microglia, respectively. Optic nerve crush (ONC) model was established
to mimic ONIL. PLX5622, a highly specific inhibitor of the colony-stimulating factor 1
receptor (CSF1R), is used to eliminate microglia in optic nerve. Ionized calcium binding
adaptor molecule 1 (Ibal) immunostaining was used to detect microglial activation. Retinal
ganglion cells (RGCs) were quantified by Nissl staining and retinal whole-mount immunos-
taining with RNA-binding protein with multiple splicing (RBPMS). Axonal damage was
valued by transmission electron microscopy (TEM).

Results: Microglial activation emerged on day 3 post ONC and was earlier than RGCs loss
which occurred at day 5 after injury. Depleting microglia with PLX5622 could attenuate the
loss of RGCs and axon damage after ONC. Gain- and loss-of-function studies revealed that
SIRT1 determined the activation of microglia in optic nerve. In addition, microglia-specific
deletion of Raptor resulted in decreased microglial activation. Interestingly, activating
mTORCI1 with CCT007093 could reverse the function of SIRT1 in regulating the process
of microglial activation mediated RGCs loss.

Conclusion: Our study reveals a potential novel mechanism of SIRT1-mTORC1 pathway in
microglia regulation, and indicates a therapeutic potential for the protection of RGCs in
ONL
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Introduction

Diverse pathological states cause degeneration of axons leading to irreversible
vision loss, including ocular hypertension, trauma and optic neuritis."* In these
relative diseases, focal axon injury triggers a propagating axon loss and eventually
neuronal death.’ Therefore, axonal injury is thought to be the critical early event for
RGCs loss. Multiple glial cell types participate in the process of axonal degenera-
tion after optic nerve injury (ONI), including oligodendroglia, astroglia and
microglia.* ® The microglia form a population of resident macrophages within the
retina and optic nerve.®’ In healthy retina, microglia are of vital importance in

maintain the normal structure and functioning of the retina.® Once activated by
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noxious insults, microglia can release inflammatory cyto-
kines, such as TNF-a, IL-1f3 and reactive oxygen species,
which could damage RGCs and promote neurodegenera-
tion, and inappropriate phagocytosis by microglia can
further accelerate RGCs loss.”'® A previous study
has shown that microglial activation can aggravate trauma-
induced RGCs degeneration, which leads to RGCs loss.'!
Thus, regulation of microglial activation enables microglia
to function better as guardians during pathological
processes.'? Besides immune activity, the microglia also
participate in the development and maintenance of neural
networks, as well as in neurovascular unit
homeostasis.”'*'* Noteworthy, genetic ablation and/or
pharmacological blockade of microglia shows neuropro-
tective effect in neurodegenerative diseases.'>'®

Sirtuin 1 (SIRT1), a nicotinamide adenine dinucleotide
(NAD)-dependent deacetylase, deacetylates transcription

histones.'”1®

factors, signaling molecules, and
Resveratrol enhances SIRT1 activity via promoting
NADH oxidation to NAD+ and, possibly, by boosting
SIRT1 NAD+ as
substrate.'® Overexpression of SIRT1 in microglia protects
against AP toxicity through the NF-kB pathway.'® Further

study has confirmed that microglial Sirz/ deficiency

affinity for well as acetylated

induces aging- or tau-mediated memory deficits in
mice.” Mammalian target of rapamycin complex 1
(mTORC1) consists of mTOR, mammalian lethal with
SEC13 protein 8 (mLSTS), regulatory-associated protein
of mTOR (raptor) and DEP domain-containing protein 6
(DEPTOR).?! Raptor is a specific member of mTORCI
and implicates in the recruitment process of mTORCI to
lysosome, where it encounters Rheb, a potent mTORC1
activator.”> mTORC1 was previously identified as a target
of SIRTI. Previous study reported that SIRT1 inhibits
S6K1 acetylation, and therefore activates mTORCI1
signaling.”> Moreover, hepatocyte-specific deficiency of
Sirt] enhances mTORCI signaling and exacerbates alco-
holic fatty liver, inflammation, and liver damage in mice.**
Recent study reported that SIRT1 triggers mTORCI sig-
naling in bone development.”> However, the potential role
of SIRT1-mTORCI1 pathway in microglia and neurodegen-
eration disease remains unclear.

In this study, we aim to elucidate the role of SIRTI-
mTORCI] pathway in microglia, especially in ONI induced
neurodegeneration by using tamoxifen-inducible, micro-
glia-specific Sirtl/Raptor knockout mice. Our observations
suggest that SIRT1 determines the activation of microglia
by SIRTI-mTORCI signaling pathway.

Materials and Methods

Reagents and Antibodies

Nissl staining solution (G1036) was purchased from
Servicebio (Wuhan, China). Corn oil was purchased from
Maclin Biochemical (Shanghai, China). CCT007093 was pur-
chased from MedChemExpress USA).
Resveratrol was purchased from Aladdin (Shanghai, China).

(New Jersey,

Optimal cutting temperature compound (OCT) was purchased
from Sakura Finetek (Torrance, USA). Paraformaldehyde
(PFA) was purchased from Biosharp (Hefei, China).
Antibodies: Rabbit anti-Ibal (ab178846) and Rabbit anti
RBPMS (ab152101) were purchased from Abcam
(Cambridge, UK). Mouse anti IL-1p (#12242) were purchased
from Cell Signaling Technology (Boston, USA). Alexa Fluor
594—conjugated goat anti-rabbit IgG (H+L) and Alexa Fluor
488—conjugated goat anti-mouse IgG (H+L) were purchased
from Thermo Fisher Scientific (Waltham, USA).

Animals

All animal feeding and experiments were authorized by the
Institutional Animal Research Committee of Tongji Medical
Center and in accordance with the Guide for the Care and
Use of Laboratory Animals (National Institutes of Health,
Bethesda, MD, USA). The number of animal ethical
approval was 300. Cx3crl-Cre"™ "2, Raptor™™ and SirtI™®
mice were obtained from Jackson Labs. To specifically delete
Raptor in microglia, Raptor *F mice were crossed with
Cx3crl-Cre™ ™ mice to obtain Cx3crl-Cre™ "%/ Raptor ™F
mice. Similarly, Sirt] ¥ were crossed with Cx3crl-Cre®®>
mice to obtain Cx3crl-Cre™™ %/ Sirtl ¥F mice whose floxed
exon 4 of Sirtl was deleted in microglia. Cx3crl-Cre®™ "%/
Raptor ¥ mice and Cx3crl-Cre™ "%/ Sirtl ¥F mice were

under 28 days of tamoxifen pretreatment before experiments.

Optic Nerve Crush (ONC) Mice Model

Mice were anesthetized with sodium pentobarbital (20 mg/kg)
and tissues surrounding the optic nerve were dissected care-
fully in order to expose the optic nerve. The crush site is
around the optic nerve 5 mm behind the globe and crush
time is 3s. N5 self-closing forceps were used to perform
ONC. Then, the mice recovered at 37°C on a warming pad
before returning to cages and time points of sacrificing were
indicated in the text.

Grouping
The sample size was 8 per group. Animals were divided
into the following groups:
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Part 1: Group 0 d (post ONC 0 day); Group 3 d (post
ONC 3 day); Group 5 d (post ONC 5 day); Group 7
d (post ONC 7 day); Group 14 d (post ONC 14 day).

Part 2: Group Vehicle+ONC (treated with standard
chow and ONC); Group PLX+ONC (treated with standard
chow containing PLX5622 and ONC).

Part 3: Group Vehicle (treated with corn oil); Group
Res (treated with resveratrol); Group Vehicle+ONC (trea-
ted with corn oil and ONC); Group Res+tONC (treated
with resveratrol and ONC).

Part 4: Group Sirtl(+/+) [WT mice without treatment];
Group Sirtl (%) [Sirtl (f/wt)Cx3Crlcre(+) mice without treat-
ment]; Group Sirtl(~/-) [Sirtl({/f)Cx3Crlcre(+) mice with-
out treatment]; Group Sirtl(+/+)+ONC [WT mice treated
with ONC]; Group Sirtl (£)+ONC [Sirtl (f/wt)Cx3Cricre(+)
mice treated with ONC]; Group Sirtl(-/-) [Sirtl(flf)
Cx3Crlcre(+) mice treated with ONC].

Part 5: Group Raptor(+/+) [WT mice without treat-
ment]; Group Raptor(£) [Raptor(f/wt)Cx3Crlcre(+) mice
Group Raptor(-/-)  [Raptor(flf)
Cx3Cricre(+) mice without treatment]; Group Raptor
(+/+)+ONC [WT mice treated with ONC]; Group Raptor
(£)+ONC [Raptor(f/wt)Cx3Crlcre(+) mice treated with
ONC]; Group Raptor(-/-) [Raptor(fif)Cx3Cricre(+) mice
treated with ONC].

without  treatment];

Reagents Administration

PLX5622 (PLX) was formulated in standard chow at
1200 mg/kg. Mice were kept on PLX5622 diets for 3
weeks before experiment and maintained on their diets
until sacrifice. Resveratrol (Res) powder was stored at
—20°C and was dissolved in corn oil at 10 mg/mL
before using. Mice were intragastrically administrated
with resveratrol solution and the dosage was 100 mg/
kg once a day. Treatment started at 3 days before ONC
and the duration was 1 week. The concentration of
CCT007093 (CCT) was 10 mg/mL and the storing tem-
perature was —80°C. The dosage was 3.2 mg/kg and
mice were intraperitoneally injected with CCT007093
twice a day. CCTO007093 was used together with

resveratrol.

Tissue Preparation

The eyes and optic nerve were harvested from animals after
sacrifice and were soaked in 4% paraformaldehyde (PFA)
at 4°C.

Paraffin Section
The eyes were postfixed for 24 h in 4% PFA, followed by
paraffin embedding for obtaining 4-um sections.

Frozen Section

After 24 h post-fixation in 4% PFA, optic nerve tissues
were cryoprotected in 30% sucrose for 24 h, followed by
being frozen in OCT on the freezing element of a Leica
CM1950 cryostat microtome in order to acquire 6-um
sections.

Flattening of Mice Retina

After 24 h post-fixation in 4% PFA, the eyes were cut
through the sclera just posterior to the ciliary body. The
lens were removed and eyecups were fixed in 4% PFA for
another 45 min in order to separate retina easily. To make
the retina lay flat, 4 cuts were made toward the optic disc.

Immunofluorescence

Slices of optic nerve and whole retina tissues were per-
meabilized with 0.5% Triton X-100 for 15 min and then
washed 3 times with PBS for 5 min. As for the eye tissue
slices, they were dewaxed in environmentally safe clearing
agent and gradient alcohol, washed with ddH,O and then
soaked in trisodium citrate solution (pH = 6.0) for micro-
wave antigen retrieval in 20 min. After above preparation,
samples were blocked in donkey serum for 1 h at room
temperature and incubated in diluted primary antibodies at
4°C overnight. Finally, these samples were incubated in
diluted secondary antibodies at room temperature for 2
h. The images acquisition of optic nerve and retina slices
were processed under a fluorescence microscope
(OLYMPUS BX51) at 20% magnification. Ibal-positive
area in optic nerve and RBPMS-positive cell number
were quantified by ImageJ and Photoshop respectively.

Immunohistochemistry (IHC)

Immunohistochemistry was performed on optic nerve fro-
zen sections. After blocking with 0.05% BSA, sections
were incubated with primary antibodies overnight at 4°C.
Subsequently, sections were washed and incubated with
secondary antibodies for 1 h at room temperature (RT).
Then, sections were washed and incubated with diluted
streptavidin-biotin complex (SABC) at RT for 30 min.
After being washed with PBS, sections were incubated
with Horseradish Peroxidase (HRP) color developing
agent. Finally, sections were washed with ddH,O and
stained with hematoxylin followed by dehydration. IHC
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images were acquired by using light
(OLYMPUS BX53) at 20x magnification.

microscope

Nissl Staining

The eye tissue slices were dewaxed in the same way of
immunofluorescence. After that, the slices were stained
with Nissl staining solution for 5 min, washed by ddH,
O until the water turned colorless and dried at 65°C.
Retina Nissl staining images were acquired by using
light microscope (OLYMPUS BX53) at 20x magnifica-
tion. Retina RGCs number and length were obtained by
Imagel.

Transmission Electron Microscope (TEM)
Imaging

Optic nerve tissue preparation for TEM and imaging pro-
cedure were done according to the previously reported
method.?® Five fields of view in the central optic nerve
and five fields of view in the ventral optic nerve at crush
site were analyzed. Ten high-power images were gener-
ated. Total axons, axons with abnormal myelin, and areas

of fields were calculated by Imagel.

RGC Quantification

For Nissl staining, 5 retina sections were required per
sample. The retina sections were parallel to axis oculi
and contained optic nerve head. 6 images were generated
per section (2 fields of view near optic nerve head, 2 fields
of view in central retina and 2 fields of view in peripheral
retina). Nissl cell in ganglion cell layer (GCL) and length
of GCL were calculated by Image] and mean Nissl cell
number per mm of 5 sections was one sample data. For
retina flattening, 10 images were generated per sample (5
fields of view in central retina and 5 fields of view in
peripheral retina). RBPMs positive cell and areas of fields
were calculated by Imagel.

Statistical Analysis

Data shown represents at least three independent experi-
ments at least. Statistical software Prism9 (GraphPad) was
used for data analysis. Two-tailed ¢ tests or one-way
ANOVA were used to assess differences between 2 or
multiple groups, respectively. Error bars represent mean
+ SEM. For all tests, P-values <0.05 were considered

significant.

Results
Temporal Characteristics of RGCs Loss
and Microglial Activation in ONC Model

We first assessed the cellular responses to optic nerve
injury (ONI). To this end, we subjected the mice to crush
injury which can mimic ONI-inducing neuroinflammation
and neurodegeneration (Figure 1A). After the injury, mice
were sacrificed at different time points (day 0, 3, 5, 7 after
crush) (Figure 1A). Nissl staining was performed in the
retinas of mice, which showed the number of RGCs
decreased significantly on day 5 after the crush injury
(Figure 1B and C). As shown in Figure 1C, RGCs number
declined continuously at day 7 post injury but without
statistical significance. But previous studies have reported
that RGCs loss was progressive post ONC.?”** Given that
neurons, RGCs and displaced amacrine cells (dACs) com-
prise most of the ganglion cell layer (GCL) and microglia
activate, migrate and proliferate towards the GCL post
ONC, Nissl staining may not be specific enough for
RGCs quantification.”?° As RNA-binding protein with
multiple splicing (RBPMS) reliably identifies RGCs,
RGCs were also quantified by RBPMS.*! Although sig-
nificant RGCs loss was observed on day 7 after crush
injury via using RBPMS, the extent of RGCs loss on day
5 after injury was most significant, which was in line with
Nissl staining (Figure 1D and E). To further evaluate
RGCs injury directly, TEM of optic nerve was used to
assess the damage of axons. Previous studies have
reported that RGCs loss precedes the intraretinal axons
clearance and traumatic injury could cause axon loss
directly.>*?* The site selected for TEM analyzing was
0.5 mm post the crush site, and not only the number of
total axons but also the proportion of axons with abnormal
myelin were calculated. As shown in Figure 1F-H, total
axons decreased and axons with abnormal myelin
increased significantly at day 5 post ONC.

We then investigated whether microglia participated in
ONC-induced ONI. Immunofluorescence showed that Ibal-
positive area increased on day 3 after ONC, reached peak
at day 5 post injury and started to decrease 2 days later
(Figure 11 and J) at 0.5 mm post the crush site, which were
not detected at the distal site (data not shown). When micro-
glial cells activate, they change their ramified morphology to
fusiform or ameboid and exaggerate amounts of inflamma-
tory mediators.® Thus, only detecting Ibal is not sufficient to
quantify microglial activation. Previous research reported
that the reactivity of Ibal correlated with the level of CD86
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Figure | Optic nerve crush induces RGCs loss and microglia activation. (A) Optic nerve crush (ONC) paradigm and treatment scheme; (B—E) Retina Nissl staining and
RBPMS immunofluorescence were conducted to assess RGCs loss. Representative images day 0, day 3, day 5, and day 7 after ONC are shown (B and D). Quantification of
RGC:s loss (€ and E) by RGC-counting of time points in B and D after ONC (n = 8 mice per group); (F) TEM examination of axon damage at 0.5 mm behind crush injury site
on day 0 and day 5 post ONC. Normal axon was indicated with arrow (>) and axons with abnormal myelin was indicated with (>>); (G-H) Quantification of axon damage
was conducted by calculating total axons x 103/mm? (G) and proportion of axons with abnormal myelin (H) under conditions of F (n = 8 mice per group); () Ibal+ area in
proximal optic nerve was measured for microglial activation. Representative images of Ibal+ area in on day 0, day 3, day 5, and day 7 post injury; (J) Quantification of Ibal+
area in proximal optic nerve from the results of D (n = 8 mice per group); (K) Both Ibal and CDé8 were used to further evaluate microglial activation on day 5 post ONC.
Co-localization between Ibal and CD68 was indicated with white arrow; (L) Quantification of co-localization between Ibal and CD68 under conditions of K (n = 8 mice per
group). (M) Microglial activation on day 0 and 5 post ONC detected by IL-1pB. Data are presented as the mean + SEM. **P < 0.001, ****P < 0.001.

Journal of Inflammation Research 2021:14 hetps: 6861

Dove:


https://www.dovepress.com
https://www.dovepress.com

Mou et al

Dove

during microglial activation.** Hence, CD68 and IL-1B were
also used to quantify microglia activation. On day 5 post
ONC, the extent of the co-localization between Ibal and
CD68 and the level of IL-1B increased significantly, which
indicated microglial activation (Figure 1K-N). Taken
together, our data suggested that microglial activation started
earlier than RGCs loss after ONC.

Microglial Ablation Attenuated RGCs
Loss After ONC

As the above results indicated that both significant
RGCs loss and microglial activation peak occurred

Vehicle+ONC

PLX+ONC

Vehicle+tONC PLX+ONC

on day 5 after the crush injury, we therefore selected
this time point in all further experiments of this study.
To examine the role of microglia in RGCs loss post
injury, we depleted microglia conditionally with
PLX5622. After ONC, PLX-treated mice represented
microglia absence (Figure 2A and B). And RGCs loss
depleted
(Figure 2C-D). TEM images also revealed that axon

was attenuated when microglia were

damage was less severe in PLX-treated group
(Figure 2E—G). These findings collectively suggested
that microglia as one component at least did take part

in the process of RGCs loss.

B

Ibal+ area in
Optic Nerve

@
S
S

1200 *

number/mm?2
o 3 =
g8 8 3
S 8 8

Rbpms+ cell

3
S
S

-
=]
<

Total axons X 103/mm?
(% of Total axons no.)

Axons with abnormal myelin

Figure 2 Microglial activation participates in RGCs loss after ONC. (A) Representative images of Ibal+ area in proximal optic nerve. Tissue samples were from Vehicle- and
PLX- group after ONC; (B) Quantitative analysis of Ibal+ area under conditions represented in A (n = 8 mice per group); (C and D) Representative RBPMS+

immunofluorescence images (C) of PLX and Vehicle chow-fed mice post injury. Quantification of RGCs loss (D) from the results of C (n = 8 mice per group); (E)
Representative images of axon damage measured by TEM at crush injury site of Vehicle- and PLX- group. Normal axon was indicated with arrow (>) and axons with
abnormal myelin was indicated with (>); (F and G) Quantification of axon damage at crush injury site of Vehicle- and PLX- group (n = 8 mice per group). Data are presented

as the mean + SEM. ***P < 0.001.
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SIRT | Exhibited RGCs Protection via

Down-Regulating Microglial Activation

As SIRT1 was implicated in AP induced microglial activa-
tion, we assumed that SIRT1 could regulate microglia
activation in ONI. Firstly, we examined the cellular
responses to resveratrol in adult wildtype C57BL/6J
mice. There were no differences of microglial activation
and RGCs number between Res and Vehicle group
(Figure 3A-D). However, under ONC lesion, Res dam-
pened microglial activation and RGCs loss (Figure 3E-J).
In addition, less severe axon damage was observed in Res-
treated mice (Figure 3K—M).

To confirm these results, Cx3crl-Cret®%/ Sire 1P
mice were used to genetically reduce levels of micro-
glial Sirtl. Microglial Sirtl deficiency did not influence
microglial activation and RGCs number without injury
(Figure 3N-Q). Interestingly, when the crush injury
happened, more severe microglial activation and
RGCs loss were observed in microglial Sirt/ deficiency
mice (Figure 3R-W). However, TEM images revealed
that more severe axon loss was not observed in micro-
glial Sirtl deficiency mice (data not shown). Given that
ONC is severe trauma and Sirtl is protective, the
results of TEM were not opposite to previous results.
Therefore, these findings revealed that SIRT1 could
attenuate RGCs loss by inhibiting microglial activation
post ONC.

mTORCI Deficiency Reduced RGCs
Loss Through Blocking Microglial

Activation

mTORCI is a key component in sensing nutrients, growth
factors, and cellular energy, inhibiting autophagy and sti-
mulating cell growth. Therefore, we needed to establish
the effects of mTORCI in microglial activation. We
obtained Cx3crl-Cre®™%/Raptor™™ mice to genetically
reduce mTORC1 in microglia without altering other
mTOR complexes. Microglial mTORCI1 deficiency had
no effect on microglial activation and RGCs number with-
out ONC (Figure 4A-D). However, microglial activation
and RGCs loss decreased after ONC in Raptor knockout
mice (Figure 4E-J). As shown in Figure 4K-M, TEM
images revealed similar results. Taken together, these find-
ings indicated that microglial mMTORCI deficiency reduced
RGC loss by exerting an inhibitory effect on microglial

activation.

SIRTI-mTORCI Signaling Pathway
Implicated in Microglia-Mediated RGCs
Loss After ONC

Since previous studies reported that mTORC1 was one
downstream substrate of SIRT1, whether SIRT1 regulates
microglia activation via mTORCI remained unclear.
CCTO007093 was used in Res-treated mice. As shown in
Figure 5A-D, CCT had no effect on microglial activation
and RGCs number without ONC. CCT-treatment reversed
the effect of Res on microglial activation, and RGCs
in CCT-treated mice ONC
(Figure 5E-J). Consistently, axon damage became worse
subjected to CCT
(Figure SK—M). These results collectively indicated that
mTORCI served as a substrate of SIRT1 and its activation
could reverse the benefits of SIRT1 after ONC.

number is less after

when Res-treated mice were

Discussion
This study demonstrated that depletion of microglia could
delay RGCs damage and loss at early ONI. The SIRT1-
mTORCI pathway determined microglia activation, there-
fore attenuated RGCs damage and promoted RGCs survival.
These results suggest that SIRT1-mTORCI1 pathway could
be considered as a research target for microglia regulation
and ONI relative diseases.

Microglia are principal innate immune cells of myeloid
origin in the retina and optic nerve, and therefore monitor
in various ocular

and regulate neuroinflammation

diseases.®> ONI triggers microglia to turn into surveillance

mode, and migrate to injury sites.*®

Although early micro-
glial responses encompass reparative elements to remove
pathogenic factors, this protective state cannot sustain over
prolonged periods. Experimental evidence suggests that
chronic release of proinflammatory cytokines and reactive
oxygen species from microglia may cause progressive
neurodegeneration. Recently, a colony stimulating factor
1 receptor (CSF1R) inhibitor, PLX5622, was developed to
deplete >95% of all microglia in the central nervous
system.37 In Alzheimer’s disease (AD), several groups
have identified that PLX5622 could improve cognition in
3xTg-AD, APP-PSI and 5xFAD mice
model.***! In traumatic brain injury (TBI), recent studies
also have reported that PLX5622 treatment limited TBI-
associated neuropathology.“z’43 All these data suggested
that depletion of microglia with PLX5622 could be bene-

ficial in neurodegeneration.

transgenic
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Figure 3 SIRT| reduces RGCs loss by microglia inhibition. (A) Representative images of Ibal+ area in proximal optic nerve of Vehicle- and Res- group without ONC; (B)
Quantitative analysis of Ibal+ area in proximal optic nerve under conditions represented in A (n = 8 mice per group); (C) Representative images of retina Nissl| staining of
Vehicle- and Res- group without crush injury; (D) Quantitative analysis of RGCs loss of the 2 groups in C (n = 8 mice per group); (E-H) Activation of Sirtl inhibited
Microglial activation (E and H). Co-localization between Ibal and CD68 was indicated with white arrow. Quantitative analysis of Ibal+ area (F) and co-localization between
Ibal and CD68 (G) under conditions represented in E (n = 8 mice per group); ()RBPMs+ cell in retina was counted for examining RGCs loss. Representative images of
RBPMs+ cell in retina of Vehicle- and Res- group after crush injury; (J) Quantification of RGCs loss by counting RBPMs+ cell in retinas from Vehicle- and Res- group after
ONC (n = 8 mice per group); (K) Representative TEM images of axon damage at 0.5 mm behind crush injury site of Vehicle- and Res- group after crush injury. Normal axon
was indicated with arrow (>) and axons with abnormal myelin was indicated with (>); (L and M) Quantification of axon damage of the two groups in K post crush (n = 8
mice per group); (N-Q) Microglia Sirt| deficiency did not influence microglial activation and RGCs number without injury (N and P). Quantification of microglial activation
(O) and RGC number (Q) under conditions in N and P (n = 8/genotype); (R-W) Microglial Sirtl deficiency increased RGCs (V) loss via aggravating microglial activation
(R and U). Co-localization between Ibal and CD68 was indicated with white arrow. Quantification of microglial activation (S and T) and RGCs loss (W) from the results of
R and V (n = 8/genotype). Data are presented as the mean + SEM. *P < 0.05, ***P < 0.001, ****P < 0.0001.

In order to investigate the role of microglia in ONI, we =~ We believe that at early ONI, depletion of microglia is
performed optic nerve crush lesions on adult C57BL/6J  beneficial for RGCs loss delay. However, a previous study
mice. Interestingly, we found that the microglial activation  reported that eliminating microglia with PLX5622 could
was earlier than RGCs soma loss after lesion. Depletion of not rescue RGCs degeneration on 7 to 21 days after
microglia with PLX5622 could partially rescue RGCs loss.  lesion.** We speculated that the different outcome is due
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Figure 4 Microglial mTORCI deficiency attenuates RGCs loss via microglial activation inhibition. (A) Representative images of Ibal+ area in proximal optic nerve of RaptorF/F,
Cx3Cr1-Cre™™/ Raptor™ T and Cx3Crl-Cre®c%/ Raptor”" mice without injury; (B) Quantification of Ibal+ area under conditions represented in A (n = 8/genotype); (C)
Representative images of retina Niss! staining of Raptor™", Cx3Cr1-Cre¥"% Raptor™™ and Cx3Cr1-Cre®c%/ Raptor™" mice without injury; (D) Quantitative analysis of RGCs
loss from the results of C (n = 8/genotype); (E-H) Genetically reducing mTORCI in microglia reduced RGCs loss after ONC by inhibiting microglial activation (E and H). Co-
localization between Ibal and CD68 was indicated with white arrow. Quantification of Ibal+ area (F), and co-localization between Ibal and CDé8 (G) from the results of E (n =
8/genotype); (I) Representative images of RBPMs+ cell in retinas of Raptor”", Cx3Cr1-Cre®™c "%/ Raptor™ T and Cx3Cr1-Cre¥"%/ Raptor”" mice; (J) Quantification of RGCs loss
by counting RBPMs cell in retinas under conditions represented in | (n = 8/genotype); (K—M) Representative TEM images reveal that mTORCI deficiency attenuated axons
damage (K). Normal axon was indicated with arrow (>) and axons with abnormal myelin was indicated with (>>). Quantification of axon damage (L and M) under conditions
represented in K (n = 8/genotype). Data are presented as the mean + SEM. **P < 0.001, ***P < 0.0001.
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Figure 5 SIRTI-mTORCI axis is involved in microglia-mediated RGCs loss. (A-D) Res (A) and CCT (C) administration had no effect on microglial activation and RGCs
number without ONC. Quantification of Ibal+ area (B) and RGC number (D) under conditions represented in A and C (n = 8 mice per group); (E-J) mTORCI activation
induced by CCT could reverse the effect of sirt| on inhibiting microglial activation (E and H) and reducing RGCs loss (I and J) post injury. Co-localization between Ibal and
CDé68 was indicated with white arrow. Quantification of Ibal+ area (F), co-localization between Ibal and CDé8 (G), and RGCs number (J) (n = 8 mice per group). (K-M)
Representative images of TEM (K) and quantification (L and M) of axon damage at 0.5 mm behind crush injury site. Normal axon was indicated with arrow (>) and axons
with abnormal myelin was indicated with () (n = 8 mice per group). Data are presented as the mean * SEM.¥**P < 0.0001.

to several reasons. Firstly, our results suggested that at
early stage of injury (5 days or less), depletion of micro-
glia could protect axonal loss. Hilla and colleagues exam-
ined the function of microglia for a longer period.
Secondly, microglia communicate with RGCs by secreting
factors. A representative example of a microglia-RGCs
interaction is the fractalkine and its G protein coupled
receptor CX3CR1.%%¢ We speculated that at different

lesion stages, the microglia-RGCs interaction is dynamic.
Finally, a recent study reported that genetic ablation of
microglia protects RGCs against NMDA injury. They
proved that TNFa (secreted by microglia) and its receptor
on RGCs is the key cytotoxic factor for microglia-RGCs
interaction.*” However, undergoing a longer injury period,
for example 7 to 21 days after ONI, the secretion of TNFa
might be different.
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SIRT1 protects against neurodegeneration by suppres-
sion of microglia activation, and mainly through HMGB1/
NF-«kB/IL-1f inflammation signal pathway.?*® The mam-
malian target of rapamycin (mTOR) signaling pathway
serves as a central regulator of cell metabolism, and
mTOR complex 1 (mTORCI1) is composed of mTOR
and Raptor. As a regulatory protein, Raptor determines
the stability and function of mTORCI.** Molecular
mechanism studies have identified that SIRT1 negatively
regulates mTORCI1 signaling mainly through two path-
ways. Ghosh and colleagues have reported that SIRTI
mTORC1 through the TSC1/2
complex.’® Furthermore, Hong and members reported
that inhibition of SIRT1 could induce p70 ribosomal S6
kinase (S6K1) acetylation and inhibit mTORC1-dependent
S6K1 phosphorylation.? In this study, we found that

negatively regulates

microglia specific Sirt/ knockout could induce more
microglia activation and aggravate RGCs degeneration.
Inhibition of mTORC1 with specific Raptor knockout
could reduce microglia activation, in addition, activation
of mTORC1 with CCT could partially rescue the outcome
induced by SIRT1. These results are the first identified
evidence of SIRT1-mTORCI signaling in innate immune
cells which was independent of the canonical HMGB1/
NF-xB/IL-1p inflammation signal pathway. Further studies
should identify the role of SIRT1-mTORCI signaling in
long-term effect of microglia regulation and neuroprotec-
tion. Besides, we should investigate the molecular path-
way to define how SIRT1 regulates mTORCI signaling in
microglia.

Conclusion

Our findings identify a novel treatment strategy for RGCs
loss induced by ONI mice model. The SIRT1-mTORCI
signaling serves as a potential target in microglia regula-
tion and neuroprotection. These findings provide a novel
target for ONI relative gene therapy.
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