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PURPOSE. Keratin 8/18 (KRT8/18), paired members of the intermediate filament family,
have shown vital functions in regulating physiological activities more than supporting
the mechanic strength for cells and organelles. However, the KRT8/18 presence in retinal
ganglion cells (RGCs) and functions on neuroprotection in a mouse model of acute ocular
hypertension (AOH) are unknown and worthy of exploration.

METHODS.We identified the existence of KRT8/18 in normal human and mouse retinas and
primary RGCs. KRT8/18 levels were detected after AOH modeling. The adeno-associated
virus (AAV) system was intravitreally used for selective KRT8 knockdown in RGCs. The
histological changes, the loss and dysfunction of RGCs, and the gliosis in retinas were
detected. The markers of cell apoptosis and MAPK pathways were investigated.

RESULTS. KRT8/18 existed in all retinal layers and was highly expressed in RGCs, and they
increased after AOH induction. The KRT8 knockdown in RGCs caused no histopatholog-
ical changes and RGC loss in retinas without AOH modeling. However, after the KRT8
deficiency, AOH significantly promoted the loss of whole retina and inner retina thick-
ness, the reduction, apoptosis, and dysfunction of RGCs, and the glial activation. Besides,
downregulated Bcl-2 and upregulated cleaved-Caspase 3 were found in the AOH retinas
with KRT8 knockdown, which may be caused by the increased phosphorylation level of
MAPK pathways (JNK, p38, and ERK).

CONCLUSIONS. The KRT8 deficiency promoted RGC apoptosis and neurodegeneration by
abnormal activation of MAPK pathways in AOH retinas. Targeting KRT8 may serve as a
novel treatment for saving RCGs from glaucomatous injuries.

Keywords: keratin8, keratin18, retinal ganglion cell (RGC), glaucoma, acute ocular hyper-
tension (AOH), MAPK pathway

Glaucoma, an optical neurodegenerative disease, is the
leading cause of irreversible blindness worldwide.1 The

loss of retinal ganglion cells (RGCs) induced by patho-
logically high intraocular pressure (IOP) is the primary
characteristic of glaucoma, except for some special types
like normal tension glaucoma.1,2 Considerable work has
been done on the mechanisms of RGC damage under high
IOP, including glutamate excitotoxicity, axonal transport fail-
ure, autophagy, endoplasmic reticulum stress, and oxida-
tive stress.3–8 Thus, the complicated molecular basis of RGC
death or survival in response to this mechanical pressure
stimulus has not been fully elucidated.9

Keratin (KRT) is an important member of the inter-
mediate filament family, which helps form a complete
network of cytoskeletal structures.10 Keratin intermediate
filaments require a type I (KRT9-28 and KRT31-40) and a
type II keratin (KRT1-8 and KRT71-86) to form obligate
heterodimers because the single type is unstable and easily
degraded.11 The specific pairings of keratins are expressed

in tissue-, cellular-, differentiation-, and developmentally
dependent manners.12 KRT8 and KRT18 are the major paired
keratins in simple epithelia, such as the liver, intestines, and
pancreas.13 In addition to providing mechanical stress resis-
tance, previous studies have demonstrated that KRT8 exerts
vital nonmechanical functions in the regulation of many
physiological activities, such as cell proliferation, differen-
tiation, apoptosis, autophagy, endoplasmic reticulum (ER)
stress, and signal transduction.14–20 However, few studies
have focused on the expression and role of KRT8/18 in
neurocytes, especially RGCs in the retina. There is also a
vacancy in whether KRT8/18 responds to the stress of ocular
hypertension and regulates the survival and death of RGCs
via nonmechanical functions.

In this study, we identified the existence of KRT8/18 in
the retinas and especially in RGCs, and the protein levels
of KRT8/18 were increased by acute ocular hypertension
(AOH) induction in mouse retinas. Our work demonstrated
that AAV-mediated KRT8 knockdown in RGCs promoted the
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RGC loss and dysfunction, and glial activation caused by
ocular hypertension in a process where the abnormal acti-
vation of mitogen-activated protein kinase (MAPK) pathways
may underlie the mechanism of aggravated RGC apoptosis.

MATERIALS AND METHODS

Human Eye Tissue

The normal tissue of the human retina was obtained from
a deceased healthy donor at the Department of Ophthal-
mology, the Second Affiliated Hospital, Medical College of
Zhejiang University. Acquisitions and experiments involving
human tissue were conducted in accordance with The Code
of Ethics of the World Medical Association (Declaration of
Helsinki) and were approved by the Human Research Ethics
Committee of the Second Affiliated Hospital, Medical College
of Zhejiang University (No. 120211118).

Animals Use and Statement

Male C57BL/6 mice were purchased from the Charles River
Laboratories (Beijing, China) and housed in a temperature-
controlled and pathogen-free facility with free access to
clean water and food. All animal care and experiments were
approved by the Laboratory Animal Ethics Committee of
the Second Affiliated Hospital, Medical College of Zhejiang
University (No. 2022-195) and performed in accordance with
the Association for Research in Vision and Ophthalmology
Statement for the Use of Animals in Ophthalmic and Vision
Research.

AOH Model Induction

The procedure of AOH model induction was similar to our
previous study.21 After general and local anesthetized, mice
(6-8 weeks old) were pupillary dilated by 0.5% tropicamide
phenylephrine eye drops (Santen, Japan). A 33-gauge ster-
ile needle was cannulated into the anterior chamber and
attached to a saline reservoir with a height of 150 cm, real-
izing acute elevation of IOP to 110 mm Hg for 60 minutes.
Then, the needle was removed to allow natural retinal reper-
fusion and the 0.5% levofloxacin antibiotic eye drop (Santen,
Japan) was applied topically. Eyes with endophthalmitis,
intraocular bleeding, cannulation-induced cataracts, or ante-
rior chamber leakage were excluded.

AAV2-Mediated Downregulation of KRT8

The AAV2-hSyn-EGFP-KRT8-shRNA contained a hSyn
neuron-specific promoter to induce the knockdown of
KRT8 in RGCs and was purchased from Genechem Co., Ltd.
(Shanghai, China) as well as the AAV2-hSyn-EGFP-control-
shRNA. The 33-gauge Hamilton microsyringes (Hamilton
Company, Reno, NV, USA) were used for intravitreal injec-
tion. Under anesthesia and pupillary dilation, mice (5 weeks
old) were intravitreally injected with 1.5 μL (3.85 × 1012

v.g./mL) specific AAV2 and divided into two groups named
the shCtrl group and the shKRT8 group. Three weeks after
intravitreal injection, mice underwent anterior chamber
perfusion to induce AOH injury.

Primary RGC Culture

The retina isolated from postnatal day 5 mice were dissected
by microscopes and then dissociated with the papain (16.5
unit/mL) for acquiring single-cell suspensions. For RGC
purification, the suspension was processed through 3-step
panning: (i) incubation in a negative panning plate coated
by the lectin for 30 min (shaken every 15 minutes); (ii) incu-
bation in another lectin-coated dish for 10 minutes; and (iii)
incubation in a positive panning plate coated by anti-mouse-
Thy1.2 antibody (Bio-Rad Laboratories, Hercules, CA, USA)
for 45 minutes (shaken every 15 minutes).21,22 Then, cells
attached to the plate were digested and collected for seed-
ing on glass coverslips coated with mouse Laminin (R&D
Systems, Minneapolis, MN, USA) and Poly-D Lysine (Sigma-
Aldrich, St. Louis, MO, USA), and we cultured RGCs by the
neurobasal medium containing supplemental factors in a
humidified incubator containing 5% CO2 and 95% air at
37°C.21

Hematoxylin and Eosin Staining Analysis

The eyeballs were fixed by Eyeball fixative solution (Haoke,
Hangzhou, China) and embedded in paraffin. Then, 5-μm
sections across the optic nerve were performed hema-
toxylin and eosin (H&E) staining and evaluated through light
microscopy. The standard areas (300 × 300 μm2, approx-
imately 1 mm away from the optic disc) were chosen for
measuring the thickness of the whole retina and sublay-
ers of the retina, including the nerve fiber layer (NFL), the
ganglion cell layer (GCL), the inner plexiform layer (IPL), the
ganglion cell complex (GCC; which is composed of the NFL,
the GCL, and the IPL), the inner nuclear layer (INL), the outer
plexiform layer (OPL), and the outer nuclear layer (ONL)
by Image-Pro Plus 6.0 (MediaCybernetics, Silver Spring, MD,
USA).

Immunofluorescence

After dewaxing and antigen repair, retinal paraffin sections
were blocked with the buffer (phosphate buffer saline [PBS]
containing 5% goat serum, 0.5% BSA, and 0.05% Triton X-
100) at room temperature (RT) for 1 hour. Then, the sections
were incubated with primary antibodies (see Supplemen-
tary Table S1) at 4°C overnight and with species-specific
secondary fluorescent antibodies (see Supplementary Table
S1) at RT for 1 hour. DAPI was used for restaining before
applying coverslips. The fluorescent images were captured
by a Leica DMi8 microscope (Leica Microsystems, Panama).
For RGC immunofluorescence, RGCs were fixed in 4%
paraformaldehyde (PFA) at RT for 15 minutes and perme-
abilized in PBS with 0.5% Triton X-100 at RT for 15 minutes.
The buffer (PBS with 10% goat serum and 0.1% Tween 20)
was used for blocking. The remaining steps were the same
as stated above.

For retinal flat-mounts immunofluorescence, after the
eyes were fixed in 4% PFA for 1 hour at RT, the retinas
were dissected and blocked in PBS containing 5% goat
serum, 0.5% BSA, and 0.5% Triton X-100 for 1 hour at RT.
Then, retinal tissues were incubated with the Brn3a anti-
body at 4°C overnight and with the secondary fluorescent
antibody at RT for 3 hours. Next, the retinas were divided
into four leaves and mounted with microscope slides. The
fluorescent images were taken of the middle and peripheral
areas of the retinal flat-mounts, which were approximately
1000 μm and 1700 μm, respectively, away from the optic disc.
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In addition, the Brn3a-positive cells in a 300 × 300 μm2 field
were counted using ImageJ software (National Institutes of
Health, Bethesda, MD, USA).

Immunohistochemistry

Dewaxed and antigen-repaired retinal paraffin sections were
processed by Endogenous Peroxidase Blocking Solution
(BOSTER, China) in the dark at RT for 10 minutes and
blocked by goat serum at RT for 2 hours. The sections
were incubated with primary antibodies (see Supplemen-
tary Table S1) at 37°C for 2 hours and with species-specific
secondary antibodies (see Supplementary Table S1) at RT
for 25 minutes, followed by staining with DAB Staining Kit
(ZSGB-BIO, China). After redyeing with hematoxylin and
dehydration with graded alcohol, we applied coverslips to
the sections with neutral resin and observed them by a light
microscope.

TUNEL Assay

Dewaxed retinal paraffin sections were processed by 20
μg/mL Proteinase K (Beyotime, China) at 37°C for 30
minutes. One Step TUNEL Apoptosis Assay Kit (Beyotime,
China) was applied according to the instructions. The
sections were incubated with TUNEL test solution at 37°C
for 1 hour and then stained with DAPI. The number of both
TUNEL and DAPI positive cells in the RGCLs was quantitated
under the Leica DMi8 fluorescent microscope.

Transmission Electron Microscope

Separated retinas and optic nerves were fixed in precooled
2.5% glutaraldehyde at 4°C for 24 hours. The fixed retinas
were merged in 1% OsO4 for 1 hour and washed, followed
by the dehydration and spurr embedding, as described previ-
ously.21 Then 50-nm ultrathin sections, acquired via micro-
tome (UC7; Leica Microsystems, Panama), were stained with
uranyl acetate and lead citrate and examined under a trans-
mission electron microscope (TEM; Tecnai G2 Spirit, FEI,
Hillsboro, OR, USA).

Western Blot Analysis

Mouse retinas were isolated after eyeball enucleation and
retinal pigment epithelium (RPE) layers were cleared as
thoroughly as possible. Retina proteins were extracted from
tissues by Protein Extraction Kit (Solarbio, China). Quan-
tified protein samples were subjected to FuturePAGE Gels
(ACE Biotechnology, China) for electrophoresis and trans-
ferred to PVDF membranes (Millipore, Temecula, CA, USA).
After 1 hour blocking at RT by Protein Free Rapid Block-
ing Buffer (YaMei, China), membranes were incubated with
primary antibodies (see Supplementary Table S1) at 4°C
overnight and then with secondary antibodies (see Supple-
mentary Table S1) at RT for 1 hour. The bands were
detected by a Chemiluminescence imaging system (Bio-Rad,
Hercules, CA, USA) and analyzed by ImageJ software. In the
bands where each group contained two independent biolog-
ical repeats, all samples from each group were computed
and randomly matched before the electrophoresis, and the
first sample in each group was normalized to the first one in
the negative control group, and the second sample in each
group was normalized to the second one in the negative
control group.

Electroretinography

Mice were performed the full-field electroretinography
(ERG) test under a Ganzfeld Q450C Stimulator (Roland,
Germany). After anesthetization and pupillary dilation,
recording electrodes were placed on the central cornea
surface, and reference electrodes were placed hypodermi-
cally on the central forehead while grounding electrodes
were inserted hypodermically into the tail. For evaluation
of photopic negative response (PhNR), red light stimula-
tion was performed at 0.4 cds/m2 against a royal blue back-
ground of 25 cd/m2 for 2 ms. The curve of PhNR was gener-
ated from the original data in GraphPad Prism 9.0 (Graph-
Pad Software, Inc., San Diego, CA, USA), and the PhNR
amplitude was referred to the electric potential from the
baseline to a trough after the peak of the b wave.

Statistics

All experiments were performed at least three times in each
group. The counts of independent biological replicates were
shown by points in the statistical graphs and numbers in
the figure legends. All data were presented as mean ± stan-
dard deviation (SD) unless indicated otherwise. The differ-
ence analysis was carried out by GraphPad Prism 9.0 using
unpaired 2-tailed Student’s t-test or 1-way analysis of vari-
ance (ANOVA) followed by Bonferroni post hoc test (P <

0.05 was considered statistically significant).

RESULTS

The Expression of KRT8/18 in Retinas and
Primary RGCs

We first examined the expression of KRT8/18 in the retinas
of a normal human and mice by staining the tissue sections
with KRT8/18 and Tuj-1 (a marker of RGCs). As shown
in the immunofluorescent (IF) images (Fig. 1A), we found
that KRT8/18 was expressed almost in the entire layer of
the retina but was relatively more abundant in RGCs where
KRT8/18 and Tuj-1 were colocalized. The results of immuno-
histochemistry staining also demonstrated that KRT8/18 was
highly expressed in the GCL, which was more obvious in
mouse retinas (Fig. 1B). Then, primary RGCs were purified
and cultured from mice, and the expression of KRT8/18 was
confirmed through double staining of Tuj-1 and KRT8/18
(Fig. 1C).

The Upregulation of KRT8/18 Expression by AOH

The expression pattern of KRT8/18 in retinas was investi-
gated at 2 hours, 4 hours, 6 hours, 12 hours, 24 hours, and
72 hours using a mouse model of AOH.23 Before protein
extraction, RPE layers were cleared from collected retinas
to avoid the influence of KRT8/18 in RPE layers.24,25 As a
whole, KRT8/18 expression increased gradually over time,
peaked at approximately 12 hours, and then decreased, as
shown by Western blot (WB) analysis (Figs. 1D, 1E). This
signified that KRT8/18 may be involved in the regulation of
RGC survival against AOH injuries.

AAV-Mediated KRT8 Knockdown in RGCs

For further study, we performed intravitreal injection of
AAV2-hSyn-EGFP-KRT8-shRNA in C57BL/6 mice (5 weeks
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FIGURE 1. The expression of KRT8/18 in normal retinas and AOH retinas. (A) and (C) Representative immunofluorescence images of the
normal human and mouse retinas (scale bar = 50 μm), and primary retinal ganglion cells (scale bar = 10 μm), labeled with DAPI (blue),
Tuj-1 (green), and KRT8/18 (red). (B) Representative immunohistochemistry images of KRT8/18 in normal human and mouse retinas (scale
bar = 50 μm). (D) Western blot bands of KRT8/18 in retinas at different times after the AOH treatment. (E, F) Quantitative analysis of the
protein levels of KRT8 (n = 6) and KRT18 (n = 6), normalized to GADPH. Data were represented as mean ± SD, and analyzed using ANOVA;
*P < 0.05, ***P < 0.01 versus the control group.

old) for AAV-mediated KRT8 knockdown in RGCs. AAV2
contained the neuron-specific promoter Syn1, and its trans-
duction was assessed 3 weeks after injection by co-staining
retinal sections with GFP and Tuj-1, which showed that GFP

was mainly colocalized with Tuj-1 (Supplementary Fig. S1).
The expression level of KRT8/KRT18 in the retinas of the
shKRT8 group was significantly downregulated to approx-
imately 60% of the level in the shCtrl group, as shown



Keratin8 Ameliorates Glaucomatous RGC Injury IOVS | September 2023 | Vol. 64 | No. 12 | Article 1 | 5

FIGURE 2. AAV-mediated reduction of KRT8 level in retinas. (A) and (L)Western blot bands of KRT8, KRT18, cleaved-Caspase 3, and Bcl-2
in retinas after AAV injection. (B, C) and (M, N) Quantitative analysis of the protein levels of KRT8, KRT18, cleaved-Caspase 3, and Bcl-2
normalized to GADPH (n = 6 or 8). (D) Representative immunofluorescence images of retinas after AAV injection, labeled with DAPI (blue),
Tuj-1 (green), and KRT8/18 (red). Scale bar = 50 μm. (E) Representative H&E staining images of retinas after AAV injection. Scale bar =
100 μm. (F, G) Quantitative analysis of the thickness of the whole retina and retinal sublayers after AAV injection through H&E staining
images (n = 3). (H) Quantitative analysis of the Brn3a-positive RGC counts in the middle and peripheral areas of retinal flat-mounts (n =
4). (I) Representative immunofluorescence images of retinal flat-mounts after AAV injection, labeled with Brn3a (red). Scale bar = 100 μm.
(J) Ultrastructural observation of retinal RGCs after AAV injection via TEM (n = nuclei; m = mitochondria; and red square = the area of
each inset). Scale bar = 5 μm. (K) Representative TUNEL staining images of retinas after AAV injection. Data were represented as mean ±
SD, and analyzed using Student’s t-test; nsP > 0.05, ****P < 0.0001 versus the shCtrl group.

in the WB analysis (Figs. 2A–C). The weakened IF inten-
sity of KRT8/18 in IF staining also illustrated the success
of AAV-mediated KRT8 knockdown in RGCs (Fig. 2D). We
also found no significant difference in the retinal structure,
and the thickness of the whole retina and retinal sublayers,
including the NFL & GCL, the IPL, the GCC, the INL, the
OPL, and the ONL (Figs. 2E–G, Supplementary Fig. S2A).
Moreover, we compared the RGC counts in the middle and
periphery areas of the retinal flat-mounts stained with the
Brn3a (a specific marker of RGCs). The results showed that
the numbers of Brn3a-positive RGCs were not reduced after

the KRT8 knockdown without AOH treatment (Figs. 2H–I).
Regular cell nuclear and mitochondrial morphology could be
observed in ultrastructural features of RGCs in both groups
via TEM analysis (Fig. 2J). In addition, almost no TUNEL-
positive cells were observed in either group of retinas (Fig.
2K). We also detected the expression of cleaved-Caspase 3
and Bcl-2 and found that there was no significant difference
between the two groups (Figs. 2L–N). These results illus-
trated that AAV-mediated KRT8 knockdown did not cause
histological or cytological abnormalities in the retina or the
loss of RGCs under normal circumstances.
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FIGURE 3. Keratin8 knockdown induced severer damage to RGCs in AOH retinas. (A) Schematic of the timeline and treatments of AAV
intravitreal injection, AOH induction, and subsequent experiments. Note: Some used graphic materials are from the website of Figdraw.
(B) Representative H&E staining images of retinas in different groups after AOH. Scale bar = 100 μm. (C, D) Quantitative analysis of the
thickness of the whole retina and sublayers of the retinas after AAV injection through H&E staining images (n = 3). (E) Schematic of the
middle and perpheiry areas of the retinal flat-mounts for the RGC counting. (F) Quantitative analysis of the Brn3a-positive RGC counts in
the middle and peripheral areas of retinal flat-mounts (n = 4). (G) Representative immunofluorescence images of retinal flat-mounts in
different groups after AOH, labeled with Brn3a (red). Scale bar = 100 μm. (H) Ultrastructural changes of RGC somas and axons in different
groups after AOH. N = nuclei; m = mitochondria; red arrow = swollen or ruptured mitochondria; double red arrow = demyelination; red
square = the area of each inset. Scale bar = 5 μm or 2 μm. (I) The representative curve of the PhNR of retinas in different groups after
AOH. The pentagrams and the dotted lines marked the area between the baseline and the peak of PhNR. (J) Quantitative analysis of the
PhNR amplitude in different groups after AOH (n = 5). Data were represented as mean ± SD, and analyzed using ANOVA; *P < 0.05, **P <

0.001, ***P < 0.001, ****P < 0.0001 versus the control group; #P < 0.05, ##P < 0.01, ####P < 0.0001 versus the shCtrl + AOH group.

Keratin8 Knockdown Led to More Severe Injuries
in RGCs After AOH

To investigate the role of KRT8 in RGCs under glaucoma-
tous injuries, mice were treated with anterior perfusion 3
weeks after AAV injection and applied to other experiments
24 hours after AOH induction (Fig. 3A). The elevation of

KRT8 expression was reversed by AAV-mediated interfer-
ence (Supplementary Fig. S3). Through H&E staining, AOH
in the shKRT8 group was found to induce a more severe
decrease in the thickness of the whole retina, the NFL &
GCL, the IPL and the GCC, compared with the shCtrl group
(see Figs. 3C, 3D, Supplementary Fig. S2B). Meanwhile, the
immunofluorescence of retinal flat-mounts showed that the
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FIGURE 4. Keratin8 knockdown promoted RGC apoptosis and glial cell activation after AOH induction. (A) Representative TUNEL staining
images in different groups after AOH. White arrow = cells with positive TUNEL staining in the GCL; and white square = cells with positive
TUNEL staining in the INL. (B) Quantitative analysis of the cell number with positive TUNEL staining (n = 6). (C, D) and (K) Western
blot bands of KRT8, KRT18, Tuj-1, cleaved-Caspase 3, Bcl-2, Vimentin, and Iba-1 of retinas in different groups after AOH. (E-I) and (L, M)
Quantitative analysis of the protein levels of KRT8, KRT18, Tuj-1, cleaved-Caspase 3, Bcl-2, Vimentin, and Iba-1, normalized to GADPH (n
= 4 or 6). (J) and (N) Representative immunofluorescence images of retinas, labeled with DAPI (blue), Tuj-1 (green), and Caspase 3, or
Vimentin (Red). White arrow = typical RGCs with staining of Tuj-1 and Caspase 3. Scale bar = 50 μm. Data were represented as mean ±
SD, and analyzed using ANOVA; nsP > 0.05; *P < 0.05, ***P < 0.001, ****P < 0.0001 versus the control group; #P < 0.01, ##P < 0.01, ####P <

0.0001 versus the shCtrl + AOH group.

RGCs counts were markedly decreased after AOH treatment,
and the KRT8 deficiency caused more loss of RGCs in the
shKRT8 + AOH group than the shCtrl + AOH group (Figs.
3E–G). Ultrastructural changes were also examined through
TEM images (Fig. 3H). After AOH, the nuclei and mitochon-
dria in RGC somas began to lose their normal shape and

structure. However, the shKRT8 group showed more classi-
cal characteristics of cellular apoptosis, where the nucleus
was shrunken and fragmented along with denser chromatin
distributed against the nuclear envelope. In addition to soma
formation, the demyelination and mitochondrial destruction
of RGC axons were exacerbated. Next, we examined the
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FIGURE 5. Keratin8 knockdown promoted the activation of MAPK pathways after AOH induction. (A) Western blot bands of p-JNK, JNK,
p-p38, p38, p-ERK, ERK, and c-Jun of retinas in different groups after AOH. (B-E) Quantitative analysis of the protein levels of p-JNK, p38,
p-ERK, and c-Jun, normalized to their unphosphorylated proteins or GADPH (n = 4). (F) Representative immunofluorescence images of
retinas, labeled with DAPI (blue), Tuj-1 (green), and p-JNK (red).White arrow = typical RGCs with staining of Tuj-1 and p-JNK. Scale bar =
50 μm. (G) Schematic of the mechanism of KRT8 in the RGC apoptosis under AOH. The red arrows represent the final change under the
condition of the KRT8 knockdown. Data were represented as mean ± SD, and analyzed using ANOVA; *P < 0.05, **P < 0.01,***P < 0.001,
****P < 0.0001 versus the control group; ##P < 0.01, ####P < 0.0001 versus the shCtrl + AOH group.

severity of RGC function loss via the detection of the PhNR
(representing the generalized activity of RGCs and their
axons) of the light-adapted ERG.26–28 The PhNR amplitude in
the shKRT8 group (79.7 ± 4.97 μV) was significantly lower
than that in the shCtrl group (45.6 ± 9.15 μV), as shown
in Figures 3I–J. Besides, we found the amplitude of a-wave
and b-wave had a wide range and no significant statistical
difference were found among the three groups. These results
indicated that AAV-mediated KRT8 knockdown in RGCs led
to more severe injuries in RGCs after AOH, inducing worse
visual function.

Keratin8 Knockdown Promoted RGC Apoptosis
and Glial Cell Activation After AOH

Here, we focused on whether KRT8 knockdown contributed
to RGC apoptosis in AOH retinas. TUNEL assays showed that

there were almost few TUNEL-positive cells in control reti-
nas, but the numbers of TUNEL-positive cells in the GCL
and INL were increased after AOH, which was significantly
greater in the shKRT8 group than in the shCtrl group (Figs.
4A, 4B). According to the results of WB, the AAV-mediated
KRT8 knockdown caused lower expression levels of KRT8,
KRT18, Tuj-1, and Bcl-2 but a higher expression level of
cleaved-Caspase 3 in AOH retinas (Figs. 4C–I). Additionally,
as indicated by the immunofluorescence results, the density
of Caspase 3 in the GCL, especially in RGCs, was signif-
icantly upregulated (Fig. 4J). These results indicated that
KRT8 knockdown seriously promoted the apoptosis of RGCs
under AOH injury.

Interestingly, we also found more severe activation of
glial cells in the retinas of the shKRT8 group with AOH,
indicating the degree of neuroinflammation.29,30 The expres-
sion of Vimentin (a marker of Müller cells) and Iba-1 (a
marker of microglia), was significantly enhanced (Figs. 4K–
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M), which was consistent with more obvious morphologic
alterations and more numbers of glial cells observed in IF
images stained with Vimentin or Iba-1 in the shKRT8 + AOH
group (Fig. 4N, Supplementary Fig. S4).

MAPK Pathway Activation in RGCs With Keratin8
Knockdown After AOH

Then, we examined whether the reduction in KRT8 regu-
lated the MAPK pathways, including c-Jun N-terminal kinase
(JNK), p38 MAPK, and extracellular signal-regulated protein
kinase (ERK). As shown in WB analysis, the expression of
p-JNK, p-p38, and c-Jun (a downstream effector protein of
MAPK pathways) was upregulated but not p-ERK in the reti-
nas of the shCtrl + AOH group compared with the control
group (Figs. 5A–E). However, the knockdown of KRT8 signif-
icantly induced more protein phosphorylation of p38, JNK,
and ERK and more expression of c-Jun than in the shCtrl
group with AOH (Figs. 5A–E). We also observed stronger
IF signaling of p-JNK in RGCs of the shKRT8 group with
AOH (Fig. 5F). Thus, abnormal MAPK pathway activation
may underlie the mechanism of aggravated damage in RGCs
with KRT8 knockdown under AOH.

DISCUSSION

In this study, we verified the distribution of KRT8/18 in the
retina and RGCs were the most abundantly expressed cells in
retinas (except for the RPE), and we found their expressions
increased in the mouse AOH model. Furthermore, by selec-
tively knockdown of KRT8 in RGCs, we demonstrated the
key role of KRT8 in RGC resistance to ocular hypertension
in a process involved in the activation of MAPK pathways.
The findings provide new insights and directions into the
mechanisms of RGC damage in glaucoma.

Keratins are well-known markers of epithelial cells and
have a cell-specific expression pattern that distinguishes
different epithelial cell types.10–12 Interestingly, KRT8 was
found to be present in olfactory neurons and other classes of
olfactory epithelial cells, although the presence of keratins
was once thought unusual in normal developing or mature
neurons of mammals.31–33 Here, we considered that the exis-
tence of KRT8/18 in retinas and the relatively high abun-
dance in RGCs may be correlated with the origin of retinas
in that the inner layer of the optic cup produces the reti-
nal neuroepithelium layer, whereas the outer layer forms the
RPE layer.34

The preservation of KRT8/18 in RCGs through the devel-
opmental process may be meaningful for responding to
intraocular mechanical stresses, such as the pathological IOP
elevation in glaucoma. The AOH model, also known as the
retinal ischemia-reperfusion (IR) model, is a widely used and
ideal model to simulate the pathogenesis of acute primary
angle-closure glaucoma which leads to the IR injury and
then RGC loss after sudden and acute IOP elevation. 21,23,35,36

Through our examination after AOH induction, the expres-
sion of KRT8 was first upregulated and peaked at approxi-
mately 12 hours or 24 hours, and our previous study found
that TUNEL-positive staining of RGCs began to be observed
at 24 hours, which seemed to be in parallel with the down-
regulation of KRT8/18.21 Indeed, the remodeling and degra-
dation of cytoskeleton proteins are involved in the apopto-
sis process, and type I keratins including KRT18, not type
II, serve as the major caspase substrates, whose caspase-

generated fragments are used as biomarkers for cancer and
liver injury.11,13,37

AAV is commonly used to deliver transgenes to
RGCs.36,38–41 Nieuwenhuis et al. compared the gene delivery
of AAV2 with five promoters, and they found the strongest
expression of EGFP in the retina driven by hSyn promoters,
as well as almost exclusive transgene expression in RGCs.42

We also generated neuron-specific knockdown of KRT8 in
mouse retinas via intravitreal injection of AAV2 with the
hSyn promoter.39,43 Under normal conditions, the knock-
down of KRT8 did not induce RGC apoptosis and ultrastruc-
tural changes, which indicated that KRT8 is not indispens-
able to nonstressful RGCs.

However, this study further found that apoptotic changes
were significantly aggravated by KRT8 downregulation in
RGCs after AOH treatment, resulting in a more serious
decrease in visual function assessed by PhNR in ERG. On
the other hand, more severe activation of Müller cells and
microglia reflected the elevated level of apoptotic RGCs to
some extent, which promoted retinal neuroinflammation. It
has been demonstrated that keratins can be involved in the
regulation of apoptosis through several mechanisms.44 For
example, KRT8 and KRT18 allow simple epithelial cells to
resist TNF-induced death by binding the cytoplasmic domain
of TNFR2.45 It is worth noting that KRT8 is a substrate
of various stress-activated protein kinases (SAPKs), includ-
ing JNK, p38, and ERK, and the deletion of KRT8 or the
inhibition of KRT8 phosphorylation sites can result in the
dysregulated activation of other substrates (such as c-Jun)
of SAPKs.14,20,46–48

In fact, the SAPKs of JNK, p38 MAPK, and ERK belong
to the MAPK family of serine/threonine protein kinases,
which can transduce environmental stress signals into regu-
lated gene expression.49 Abundant studies have shown that
MAPK pathways play essential roles in the pathogenesis of
glaucomatous RGC apoptosis.3,9,50,51 It is generally accepted
that the activation of JNK and p38 via phosphorylation
is a proapoptotic signal. The administration of inhibitors
blocking JNK or p38 activity can protect against RGC
death induced by acute or chronic ocular hypertension.52–56

c-Jun was expressed in a pattern parallel with glaucomatous
injury, whereas its deficiency protected RGC somas from
ocular hypertensive injury.57 In contrast, ERK1/2 activation
is generally neuroprotective in glaucoma and other neurode-
generative diseases.3,50,58,59 The level of p-ERK1/2 was found
to be downregulated in ocular hypertension conditions.43

Our results also found a significant increase in p-JNK and p-
p38 levels and a decrease in p-ERK levels, which accounted
for RGC apoptosis in the shCtrl + AOH group. However,
under high IOP conditions, AAV-mediated KRT8 knockdown
significantly exacerbated RGC injuries by increasing the
phosphorylation levels of JNK and p38 and upregulating the
expression level of c-Jun compared to those in the shCtrl +
AOH group. The downregulation of p-ERK by high IOP was
also reversed by KRT8 knockdown, which was contradic-
tory to the final outcoming of aggravated apoptosis or more
loss of RGCs. The explanation may be that the proapop-
totic effect of KRT8 deficiency is likely to be multifactorial
and may also involve increasing Fas receptors on the cell
surface, as noted in KRT8-null hepatocytes, and promoting
TNF-induced death.17,45 Besides, the over-elevation of p-ERK
can result in the activation of the NF-κB signaling path-
way, and its blockage alleviates the inflammatory response,
including gliosis.60–62 Thus, the severer activated and prolif-
erated Müller cells and microglia in the shKRT8 + AOH
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group may contribute to the increased p-ERK level in whole
retinas, which underlies the mechanism of the neuroprotec-
tion effect of the ERK inhibitor under ocular hypertensive
injury or axotomy of the optic nerve.63–66 Here, we hypoth-
esized that KRT8 may at least serve as a sponge of activated
SAPKs in RGCs and that the deletion of KRT8 can lead to the
abnormal activation of MAPK pathways and then the down-
stream apoptotic cascade under AOH stress in glaucoma.
However, the role of KRT8 is needed to be further verified in
primary RGCs under pressure combined with the treatment
of oxygen-glucose deprivation in vitro, and whether other
regulatory mechanisms are involved in the neuroprotective
function of KRT should be investigated in the future.

In summary, this study provided the first evidence of the
existence of KRT8/18 in RGCs.Our results demonstrated that
the KRT8 reduction leads to excessive phosphorylated JNK,
p38, and ERK of MAPK pathways and thereby induces down-
stream proapoptotic events to promote RGC death under
glaucomatous stress in ocular hypertension (Fig. 5G). There-
fore, we suggest that KRT8 is a novel neuroprotective target
in glaucoma and warrants further investigation into deeper
regulatory mechanisms.
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