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PURPOSE. For this study we aimed to understand if retinal pigment epithelial (RPE) cells
express antimicrobial peptide lysozyme as a mechanism to protect the neuroretina from
blood-borne pathogens.
METHODS. The expression of lysozyme in human and mouse RPE cells was examined by
RT-PCR or immune (cyto)histochemistry in cell cultures or retinal sections. RPE cultures
were treated with different concentrations of Pam3CSK4, lipopolysaccharides (LPS),
staphylococcus aureus-derived peptidoglycan (PGN-SA), Poly(I:C), and Poly(dA:dT). The
mRNA expression of lysozyme was examined by qPCR and protein expression by ELISA.
Poly(I:C) was injected into the subretinal space of C57BL/6J mice and eyes were collected
24 hours later and processed for the evaluation of lysozyme expression by confocal
microscopy. Bactericidal activity was measured in ARPE19 cells following LYZ gene dele-
tion using Crispr/Cas9 technology.
RESULTS. The mRNA and protein of lysozyme were detected in mouse and human RPE
cells under normal conditions, although the expression levels were lower than mouse
microglia BV2 or human monocytes THP-1 cells, respectively. Immunohistochemistry
showed punctate lysozyme expression inside RPE cells. Lysozyme was detected by
ELISA in normal RPE lysates, and in live bacteria-treated RPE supernatants. Treatment of
RPE cells with Pam3CSK4, LPS, PGN-SA, and Poly(I:C) enhanced lysozyme expression.
CRISPR/Cas9 deletion of lysozyme impaired bactericidal activity of ARPE19 cells and
reduced their response to LPS and Poly(I:C) stimulation.
CONCLUSIONS. RPE cells constitutively express antimicrobial peptide lysozyme and the
expression is modulated by pathogenic challenges. RPE cells may protect the neuroretina
from blood-borne pathogens by producing antimicrobial peptides, such as lysozyme.

Keywords: innate immunity, antimicrobial peptides, central nervous system (CNS), blood-
retina barrier (BRB), blood-borne pathogens, Crispr/Cas9

The central nervous system (CNS), including the neuronal
retina is segregated from the systemic immune system

by the blood-brain barrier (BBB) or blood-retina barrier
(BRB), which protects the CNS and the retina from invad-
ing pathogens and immune cell in�ltration.1�3 The BBB is
formed by tight junctions (TJs) of CNS vascular endothe-
lial cells; whereas the BRB includes the inner BRB (iBRB;
i.e. TJs between retinal vascular endothelial cells, and the
outer BRB [oBRB]; i.e. the TJs on retinal pigment epithe-
lial [RPE] cells).4,5 In addition to the physical barrier, cells
of the BRB and BBB also produce various immune regu-
latory molecules that can suppress immune cell activa-
tion or induce programmed cell death in activated immune
cells, a phenomenon known as �immunological barrier.�6�8

Together, the physical and immunological barriers of BBB
and BRB ensure that the vital and highly sensitive neurons
are not subject to unwanted in�ammatory insults.

The integrity and permeability of BRB and BBB, however,
are dynamic and can be affected by many factors, including
the gut microbiota, chronic in�ammation, aging, and even
the sleep-wake cycle.9�11 The weakening of the barrier func-
tion, even a short period under physiological conditions,
may put the CNS and retina under threat to blood-borne
pathogens.12 The blood-borne pathogens may penetrate the
BBB or BRB by three routes: transcellular entry, paracellular
route, and infected leukocytes (so-called �Trojan horse�)12
and the weakening of the barrier function may promote
their penetration leading to acute or latent infection. The
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immunological barrier of BBB or BRB is usually viewed as
a mechanism to maintain the immune privilege of the CNS;
it is also a major checkpoint for pathogen entry to the CNS
parenchyma. Cells of the BBB and BRB, including endothe-
lium, astrocyte, and RPE cell express various pattern recog-
nition receptors, such as Toll-like receptors (TLRs), NOD-like
receptors (NLRs), and RIG-like receptors (RLRs).13�15 Activa-
tion of the TLRs or NLRs upon engaging with blood-borne
pathogens can lead to acute in�ammation in the CNS (e.g.
meningitis) or the retina (e.g. retinitis), although in many
cases the response may be suppressed due to the immuno-
logical barrier and pathogens may persist as latent infec-
tions.12

The CNS parenchymal cells, such as neurons and astro-
cytes, can produce amyloid precursor proteins (APPs) that
can be enzymatically cleaved into �-amyloid (A�),16 and
accumulation of A� plays an important pathogenic role in
Alzheimer�s disease.16 Interestingly, A� is also an antimicro-
bial peptide and can protect against microbial infection in
mouse and worm models of Alzheimer�s disease.17,18 The
fact that neurons can produce antimicrobial peptides to �ght
against invading pathogens led us to speculate that cells of
the CNS barrier (i.e. BBB and BRB) may also express antimi-
crobial enzymes as a mechanism to protect the CNS from
blood-borne pathogens.

In this study, we investigated the expression and produc-
tion of lysozyme, an antimicrobial enzyme widely produced
by various cells in particular innate immune cells of animals
and humans, in cells of the oBRB (i.e. RPE cells). The
oBRB segregates the neuroretina from the highly vascular-
ized choroid. It also critically contributes to the immune priv-
ilege (IP) of the subretinal space, for example, by produc-
ing various immune checkpoint molecules.8,19 Interestingly,
we found that both human and mouse RPE cells constitu-
tively express lysozyme and their production can be further
enhanced upon infection.

MATERIALS AND METHODS

Animals and Subretinal Injection

Adults C57BL/6J mice between 6 and 8 weeks of age
were purchased from Silaike Jingda Laboratory Animal Co.
Ltd. (Changsha, HN, China) and maintained in a speci�c
pathogen-free (SPF) animal house facility of Central South
University on a 12-hour day/night cycle with free access
to food and water. All experimental protocols concerning
animals in this study were approved by the Animal Welfare
and Ethical Review body of Central South University and the
procedures were carried out in accordance with the Asso-
ciation for Research in Vision and Ophthalmology (ARVO)
Statement for the Use of Animals in Ophthalmic and Vision
Research. Both male and female mice were used in RPE cell
cultures and immunohistochemistry.

The subretinal injection was performed in female
C57BL/6J mice using a protocol described previously.20
Brie�y, mice were anaesthetized by an intraperitoneal injec-
tion of pentobarbital (60 mg/kg; Sigma Aldrich, Shang-
Hai, China), the pupils were dilated with 1% Tropicamide
Phenylephrine (Santen Pharmaceutical Co., Ltd., Osaka,
Japan). A 1.5 µl of Poly(I:C) (1 µg/µl; InvivoGen, San Diego,
CA, USA) was injected into the subretinal space using a 33-
gauge beveled needle (Hamilton Bonaduz AG, Switzerland)
under a surgical microscope. The same volume of PBS was
served as a control.

Cell Culture and Treatment

The human RPE cell line ARPE19 cells and mouse microglia
BV2 cells were cultured in Dulbecco�s Modi�ed Eagle�s
Medium and Ham�s F12 1:1 (DMEM/F12; Gibco, Shanghai,
China) containing 100 U/mL penicillin, 100 µg/mL strepto-
mycin (Thermo Fisher Scienti�c, Shanghai, China), and 10%
fetal bovine serum (FBS; Gibco). The primary mouse RPE
(mRPE) cells were isolated from murine eyes and cultured in
DMEM with 10% FBS as described previously.21 RPE pheno-
type was con�rmed by RPE65 staining. The human mono-
cyte cell line, THP-1 cells were cultured in RPMI (Thermo
Fisher Scienti�c) with 10% fetal calf serum (FCS).

Treatment with TLR Agonists and dsDNA

ARPE19 or THP-1 cells were seeded in 6-well plates at a
density of 1 × 106cells/ well. After reaching con�uence,
cells were treated with lipopolysaccharide (LPS; 100 ng/mL;
Sigma-Aldrich), Pam3CSK4, staphylococcus aureus-derived
peptidoglycan (PGN-SA), Poly(I:C), or Poly(dA:dT), all from
InvivoGen. Poly(I:C) and Poly(dA:dT) were transfected with
Lipofectamine 2000 (Thermo Fisher Scienti�c) according
to the manufacturer�s instructions. Cells were harvested 24
hours later for total RNA or protein extraction. Pam3CSK4
is a synthetic triacylated lipopeptide (LP) that can bind
TLR2/1 and is used to mimic the acylated amino termi-
nus of bacterial LPs. PGN-SA is a peptidoglycan preparation
from the Gram-positive bacterium S. Aureus and a potent
TLR2 agonist. Poly(I:C) is a synthetic double-stranded RNA
(dsRNA) and Poly(dA:dT) is a synthetic double-stranded
DNA (dsDNA) and they are often used to study immune
response to RNA and DNA virus infections.

Knockout Lysozyme in ARPE19 Cells using
Clustered Regularly Interspaced Short
Palindromic Repeats/Caspase 9

Guide RNA (gRNA)5�-CACCGGAGACAGAAGCACTGATTA-
3� was designed at the MIT Clustered Regularly Inter-
spaced Short Palindromic Repeats/Caspase 9 (CRISPR)
web site (http://crispr.mit.edu). The gRNA oligos (Tsingke,
BeiJing, China) were phosphorylated, annealed, and cloned
into PU6-gRNAcas9puro plasmid (Genepharma, Shanghai,
China). All inserts were veri�ed with Sanger sequencing.
Then, 2 µg PU6-lysozyme-gRNA cas9puro plasmid was
transfected into 2 × 106 ARPE19 cells using Lipofectamine
2000 transfection reagent (Thermo Fisher Scienti�c). Forty-
eight hours after the transfection, cells were selected with
1 µg/mL puromycin (Thermo Fisher Scienti�c) for 5 days.
The qPCR was used to verify lysozyme expression in
CRISPR/Cas9 edited ARPE19 cells. ARPE19 cells transfected
with the vector PU6-gRNAcas9puro plasmid were used as
controls.

Semi-Quantitative Reverse Transcription PCR and
Real-Time qPCR

Total mRNA was extracted from several cultured cells using
the Total RNA Kit II (Omega, Norcross, GA, USA) accord-
ing to the manufacturer�s instructions. Then, 1 µg of total
RNA was used to synthesize cDNA using the PrimeScript RT
Reagent Kit (Vazyme Biotech Co., Nanjing, China). The cDNA
of primary human RPE cells was generously gifted from Dr.
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TABLE. Primer Sequences of Human and Mouse Lysozyme and Beta Actin Genes

Gene Sequence Gene Bank Access No.

Human
LYZ Forward: 5�-ATCAGCCTAGCAAACTGGAT-3� NM_000239.3

Reverse:5�-CTCCACAACCTTGAACATAC-3�

CCL2 Forward: 5�-GAGAGGCTGAGACTAACCCA-3� NM_002982.4
Reverse: 5�-ATCACAGCTTCTTTGGGACAC-3�

VEGFa Forward: 5�-GTTGTGTGTGTGTGAGTGGTTG-3� NM_001025366.3
Reverse: 5�-TTTCTCTTTTCTCTGCCTCCAG-3�

TGFB1 Forward: 5�-CCCAGCATCTGCAAAGCTC-3� NM_000660.7
Reverse: 5�-GTCAATGTACAGCTGCCGCA-3�

THBS1 Forward: 5�-TGCTATCACAACGGAGTTCAGT-3� NM_003246.4
Reverse: 5�-GCAGGACACCTTTTTGCAGATG-3�

IL6 Forward: 5�-CCAGCTATGAACTCCTTCTC-3� NM_000600.5
Reverse: 5�-GCTTGTTCCTCACATCTCTC-3�

IL1B Forward: 5�-AAGCTGATGGCCCTAAACAG -3� NM_000576.3
Reverse: 5�-AGGTGCATCGTGCACATAAG -3�

TNF Forward: 5�-ATGGGCTACAGGCTTGTCACTC-3� NM_ 000594
Reverse: 5�-CTCTTCTGCCTGCTGCACTTTG-3�

ACTB Forward: 5�-ACAGAGCCTCGCCTTTGC-3� NM_001101.3
Reverse: 5�-ATCACGCCCTGGTGCCT-3�

Mouse
Lyz2 Forward: 5�-CCTCTGTAGGTCAGTTC-3� AH001999.2

Reverse: 5�-ATCAACTGGTCTCCTATAA-3�

ACTB Forward: 5�-CCTTCCTTCTTGGGTATG-3� XM_030254057.1
Reverse: 5�-TGTAAAACGCAGCTCAGTAA-3�

Gu.22 Semiquantitative reverse transcription PCR and real-
time PCR was performed using TaKaRa Taq HS Perfect Mix
(Takara Bio, Kusatsu, Japan) and ChamQ Universal SYBR
qPCR Master Mix (Vazyme Biotech), respectively.

The primers used in this study were designed using the
NCBI Primer BLAST system and the primers sequences are
detailed in the Table.

PCR products were con�rmed by agarose gel elec-
trophoresis and melting temperature. The density analysis
was performed by Image J (National Institutes of Health,
Bethesda, MD, USA).

Bacterial Killing Assays

Single colonies of Escherichia coli (E. coli) bacterial strain
DH5� (Transgene, Beijing, China) were picked and grown
overnight at 37°C in Lysogeny Broth (LB) medium (Sangon,
Shanghai, China). The next day, the E. coli cells were diluted
at least 1:50 in fresh LB broth and grown to mid-log phase
(OD600 between 0.4 and 0.6). To assess the bactericidal
activity of ARPE19 cells, 1.8 × 106 of ARPE19 cells were
cultured in 6-well plates in DMEM/F12 medium, E. coli were
added to the well at multiplicity of infection (MOI) 1:1 (1.8
× 106 CFU/mL). The supernatant was collected 4 hours after
the ARPE19 cells/E. coli co-culture. The supernatants were
diluted in sterile ddH2O at 1:106 and plated onto LB agar.
The ARPE19 cells were harvested and re-suspended in PBS
contained 1/1000 Saponin (Sigma-Aldrich) and incubated for
5 minutes at room temperature. The digested cell pellets
were plated onto LB agar. All plates were incubated at 37°C
for 18 hours and CFU/mL were then calculated.

Enzyme-Linked Immunosorbent Assay

The expression of lysozyme in human RPE (ARPE19) cells
and monocytes (THP-1) were measured using the human
lysozyme ELISA kit (CUSABIO, Wuhan, China) according to
the manufacturer�s instructions. In brief, protein lysates were

extracted using RIPA Lysis Buffer (Thermo Fisher Scien-
ti�c) supplemented with cocktails of protease inhibitors
and phosphatase inhibitors. The protein concentration was
determined by BCA assay (Solarbio, Beijing, China). Equal
quantities of protein were loaded into each well of 96 well
plates coated with lysozyme-capturing antibody and incu-
bated at room temperature for 2 hours. After washing, 100
µL of anti-lysozyme antibody conjugated with horseradish
peroxidase (HRP) was added and incubated for 30 minutes
at room temperature, followed by 100 µL of substrate incu-
bation. The plate was read at 450 nm using a microplate
reader (Tecan, Männedorf, Switzerland).

Immuno�uorescence Staining

Immuno�uorescence staining of mouse eye sections was
conducted using a protocol described previously.23 In brief,
mouse eyes were enucleated and embedded in optimal
cutting temperature compound and stored at -80°C until
use. Serial cryosections (10 µm thick) were prepared with
a cryostat and �xed in 2% paraformaldehyde for 10 minutes.
The samples were blocked with 10% goat serum (Service-
bio Inc., Wuhan, China) in 2% BSA + 0.1% Triton X-100
in PBS for 1 hour at room temperature. The slides were
then incubated overnight with rabbit anti-lysozyme (1:100;
Abcam, Cambridge, UK) and rat anti-CD11b (1:100; Novus
Biologicals, Abingdon, UK) at 4°C. Rabbit IgG was used
as an isotype control to ensure the speci�city of lysozyme
staining. After thorough washes, samples were incubated
with Alexa Fluor 594 goat anti-rabbit IgG and Alexa Fluor
488 goat anti-rat IgG (1:500; Invitrogen, Waltham, MA,
USA) for 1 hour at room temperature. Because lysozyme
is known to be produced predominately by innate immune
cells (e.g. CD11b+ neutrophils and macrophages), we used
CD11b antibody to differentiate ocular lysozyme-expressing
innate immune cells from nonimmune cells. Samples were
imaged using the Zeiss LSM 880 Confocal Microscope (Zeiss,
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Braunschweig, Germany). The �uorescence intensity of
lysozyme in RPE cells from different groups was measured
using the ZEN Lite software (Zeiss). The changes in lysozyme
expression levels in PSB or Poly(I:C) injected mice were
calculated by dividing the �uorescence intensity of each
section from treated eyes with the average �uorescence
intensity of RPE lysozyme from normal eyes.

RPE cells (including ARPE19 and mRPE) and BV2 cells
on coverslips were �xed with pre-cooled methanol for 10
minutes on the ice and blocked with 10% goat serum for 30
minutes at room temperature. The cells were then incubated
with rabbit anti-lysozyme (1:100) and rat anti-CD11b (1:100
for BV2 cells) or mouse anti-RPE65 (1:100; Abcam, for RPE
cells) overnight at 4°C. After thorough washes, samples were
incubated with Alexa Fluor 594 goat anti-rabbit IgG (1:500;
Invitrogen), Alexa Fluor 488 goat anti-mouse IgG (1:500;
Invitrogen), or Alexa �uor 488 goat anti-rat IgG (1:500; Invit-
rogen) for 1 hour at room temperature. Nuclei were stained
with DAPI (Sigma). All samples were imaged using the Zeiss
LSM 880 Confocal Microscope.

Human Tissue

Eyes from human donors were obtained from the Eye Bank
of Wuhan Aier Eye Hospital (Wuhan, China). The study
protocol was in accordance with the Declaration of Helsinki
and the principles set out in the Standard for Eye Bank
issued by Ministry of Health of the People�s Republic of
China for research involving human tissues. The study was
approved by the Ethics Review Committee of Aier Eye Hospi-
tal Group. Four pairs of eyes from donors aged between 51
and 89 years (3 men and 1 woman) died of accident, old
age, colon cancer, or cerebral infarction, respectively, were
used in this study. All donors had no history of eye diseases.
Eyes were collected within 8 hours after death and �xed in
Davidson�s �xative solution (Wuhan Servicebio Technology
Co., Wuhan, China) for at least 24 hours before processing
for histology and immunohistochemistry.

Immunohistochemistry

The �xed human eyeballs were embedded in paraf�n and
the blocks were cut in 5 µm thickness with a microtome as
described previously.24,25 Immunohistochemistry of human
eye sections was conducted using the protocol described by
us previously.24 In brief, human eye sections were deparaf-
�nized, rehydrated, and immersed in sodium citrate buffer
(10 mM sodium citrate, 0.05% Tween 20, and pH 6.0). Anti-
gen retrieval was performed by heating the slides in a pres-
sure cooker for 6 minutes. After unarti�cial cooling, the
sections were processed for immunohistochemistry using
rabbit speci�c HRP/AEC (ABC) Detection IHC Kit (Abcam)
following the manufacturer�s instructions. In brief, sections
were incubated with H2O2 for 15 minutes and followed by
blocking buffer for 30 minutes. The samples were then incu-
bated with anti-lysozyme antibody (1:500; Abcam) overnight
at 4°C. After thorough washes, samples were incubated
with biotinylated goat anti-rabbit IgG(H+L) and streptavidin
peroxidase (Abcam) for 10 minutes at room temperature,
respectively. The color was developed using the AEC Single
Solution substrate (Abcam). Samples were counterstained
with hematoxylin (Solarbio Life Sciences, Beijing, China).

Statistical Analysis

All experiments were performed in triplicate. The statisti-
cal analysis of the results was performed using Graphpad

FIGURE 1. Lysozyme mRNA expression in human and mouse
RPE cells. Total RNAs were extracted from human or mouse
RPE cells and processed for conventional RT-PCR (A) or qRT-PCR
(B, C). Human monocytes THP-1 and mouse microglia BV2 cells
were used as positive control cell respectively. (A) Images of agarose
gel electrophoresis of PCR products of lysozyme and gapdh genes.
(B, C) Real-time RT-PCR showing lysozyme mRNA expression in
human RPE and THP-1 cells (B) and mouse RPE and BV2 cells
(C). Mean – SD, **P < 0.001, 1-way ANOVA with Tukey�s multiple
comparison�s tests (B) and unpaired Student t-tests (C).

Prism software (version 8; Graphpad, San Diego, CA). Data
were presented as mean – SD. The difference between the
two groups was compared using the unpaired Student t-
test. One-way or 2-way ANOVA was used when comparing
multiple groups. Any P < 0.05 was considered as statistically
signi�cant.

RESULTS

Lysozyme Expression in RPE Cells In Vitro

Semiquantitative reverse transcription PCRs detected mRNA
of the lysozyme gene (Lyz in humans) in primary human RPE
and ARPE19 line cells (Fig. 1A). Real-time qPCR showed that
the expression levels of Lyz in RPE cells were signi�cantly
lower than the human macrophage cell line THP-1 cells
(Fig. 1B). The mouse form of lysozyme (lyz2) was also
detected in primary RPE cells from C57BL/6J mice (see
Fig. 1A). The expression levels of Lyz2 mRNA in mRPE was
lower than that in mouse microglial cell line BV2 cells by
qPCR (Fig. 1C).

Confocal microscopy of immunolabeled RPE cells
showed multiple punctate lysozyme immunoreactivities in
the cytoplasm of ARPE19 cells (Fig. 2A) and mouse primary
RPE cells (Fig. 2B). Punctate lysozyme staining was also
observed in BV2 cells although diffused staining was more
frequently observed (Fig. 2C). To understand if lysozyme
can be released from RPE cells to the supernatants, we
conducted ELISA in the supernatants as well as cell lysates.
Interestingly, lysozyme was detected in the lysates of
ARPE19 and THP-1 cells but not in their supernatants
(Fig. 2E), suggesting that the majority of lysozyme produced
by RPE and THP-1 cells remain in the cytosol under normal
culture conditions. The level of lysozyme was higher in THP-
1 than ARPE19 cells (see Fig. 2E).

Lysozyme Expression in RPE Cells In Vivo

Confocal microscopy of mouse eye sections revealed strong
lysozyme expression in the RPE and choroidal cells, includ-
ing CD11b+ cells (arrows in Fig. 3A). Lysozyme was
also detected in mouse corneal epithelial cells (Fig. 3B).
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FIGURE 2. Lysozyme expression in RPE cultures. (A�D) Cultured human ARPE19 cells (A) and mouse primary RPE cells (B) were stained
for RPE65 (green) and lysozyme (red) and imaged by confocal microscopy. (C) Mouse BV2 cells were used as a positive control and were
stained for CD11b (green) and lysozyme (red). (D) Isotype control staining of ARPE19 cells. (E) Lysozyme levels in the cell lysates and
the supernatants of human RPE cells (ARPE19) and monocytes (THP-1) measured by ELISA. Mean – SD, *P < 0.05. Two-way ANOVA with
Sidak�s multiple comparison�s tests.

Isotype control staining did not show any immunoreactivity
(Fig. 3C). Immunohistochemistry of human eyes showed
strong immunoreactivity of lysozyme in RPE and choroidal
cells (Fig. 3D) and the staining pattern was similar to that in
the mouse eyes (see Fig. 3A). Lysozyme was also detected
in a small number of retinal cells in the outer nuclear layer
(ONL; arrow in Fig. 3A), inner nuclear layer (INL), and inner
plexiform layer (IPL; arrow in Fig. 3A), including small blood
vessels (arrowheads in Fig. 3E). In addition, corneal epithe-
lial cells, in particular, the basal cells (Fig. 3F) and ciliary
body pigment epithelial cells (Fig. 3G) were strongly posi-
tive for lysozyme. Isotype control staining did not show any
immunoreactivity (Fig. 3H).

Regulation of Lysozyme Expression in RPE Cells

To understand how lysozyme expression in RPE cells is regu-
lated under in�ammatory conditions, we treated ARPE19
cells with different pattern recognition receptors (PRRs)
agonists, including LPS (TLR4), Pam3CSK (TLR2/TLR1),
PGN-SA (TLR2), Poly(I:C), and Poly(dA:dT). Real-time qPCR
showed that low concentrations of LPS (0.1 µg/mL) and
PNG-SA (1 and 5 µg/mL) signi�cantly increased lysozyme
mRNA expression but the effect was not dose-dependent
(Figs. 4A, 4C). Pam3CSK (1, 2, and 4 µg/mL) dose-
dependently increased lysozyme mRNA expression in RPE
cells (Fig. 4B). Naked Poly(I:C), which is recognized by
endosome TLR3, induced 1.7 to approximately 2.3-fold
increase in lysozyme mRNA expression at the concentra-
tions of 2.5 and 5 µg/mL (Fig. 4D). Poly(I:C) transfected
with Lipofectamine 2000, which is sensed by RIG-I/MDA-5,
dose-dependently upregulated lysozyme expression and 7.5
µg/mL of transfected Poly(I:C) resulted in a 10-fold increase
in lysozyme mRNA (Fig. 4E). When the synthesized dsDNA,
Poly(dA:dT) was transfected into RPE cells, a 1.5-fold upreg-
ulation of lysozyme mRNA was observed at the dose of 10
µg/mL (Fig. 4F). Our results suggest that the expression of

lysozyme in RPE cells is regulated by TLRs and RIG-I/MDA-5
signaling pathways.

Because Poly(I:C)/Lipo showed the strongest effects on
lysozyme mRNA expression in RPE cells, we further exam-
ined its effects on lysozyme protein expression. Signif-
icantly higher levels of lysozyme were detected in the
cell lysate of Poly(I:C) and Poly(I:C)/Lipo treated ARPE19
cells compared to that of control cells by ELISA (Fig. 5A).
Lysozyme was not detected in the supernatants of ARPE19
even after Poly(I:C)/Lipo treatment (data not shown). Low
levels of lysozyme (4.82 – 0.68 ng/mL) were detected in
the supernatants of ARPE19 cells after challenging with live
bacteria for 8 hours. The Poly(I:C)/Lipo treatment signi�-
cantly increased both the intracellular and secreted form
of lysozyme in THP-1 cells (Fig. 5B). Subretinal injection
of Poly(I:C) into normal C57BL/6J mice induced CD11b+

cell in�ltration (arrows in Fig. 5D). Interestingly, in�ltrat-
ing CD11b+ cells were also observed in the RPE layer and
the outer retina in PBS injected eyes (Fig. 5E), suggesting
a nonspeci�c response to injection-mediated trauma. Both
in�ltrating CD11b+ cells and RPE cells expressed lysozyme
(see Fig. 5D). The �uorescence intensity of lysozyme in
RPE cells was signi�cantly increased in subretinal injected
eyes compared to naïve eyes (see Figs. 5C�F) and the incre-
ment was more pronounced in Poly(I:C) injected eyes (see
Fig. 5F).

Effect of Lysozyme Knockout on ARPE19 Cell
Bactericidal Function

To understand the role of lysozyme in RPE innate
defense function, we deleted LYZ gene in ARPE19 cells
using CRISPR/Cas9 technology. An 80% reduction in Lyz
mRNA expression was observed in RPE cells following
CRISPR/Cas9 gene editing (Lyz KO) compared to vector-
treated cells (Fig. 6A). When ARPE19 cells were challenged

Downloaded from iovs.arvojournals.org on 06/23/2021












