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PURPOSE. The lysozyme 2 (Lyz2 or LysM) cre mouse is extensively used to achieve genetic
manipulation in myeloid cells and it has been widely employed in retinal research.
However, LysM has been recently described to be expressed in brain neurons and there
is a debate on whether it is also expressed by resident microglia in addition to infiltrating
macrophages.

METHODS. We examined LysM-cre recombination in retinal tissue using a LysM-cre/
tdTomato reporter mouse together with immunolabeling for several retinal cell markers.
We further compared LysM-cre tdTomato recombination with that of Cdh5-cre driver,
which is expressed in both endothelial and hematopoietic cells.

RESULTS. LysM-cre was strongly expressed in most microglia/resident macrophages in
neonatal retinas (P8) and to a lesser extent in microglia of adult retinas. In addition, there
was some neuronal recombination (8 %) of LysM-cre specifically in adult retinal ganglion
cells and amacrine cells. After retinal ischemia-reperfusion injury, LysM-cre was strongly
expressed in microglia/infiltrating macrophages. Cdh5-cre was expressed in endothelial
and myeloid cells of P8 pups retinas. Unexpectedly, Cdh5 showed additional expression
in adult mouse retinal ganglion cells and brain neurons.

CONCLUSIONS. LysM-cre is expressed in macrophages and a subset of microglia together
with a small but significant recombination of LysM-cre in the retinal neurons of adult
mice. Cdh5 also showed some neuronal expression in both retina and brain of adult
mice. These findings should be taken into consideration when interpreting results from
central nervous system research using LysM-cre and Cdh5-cre mice.
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The retina is part of the central nervous system (CNS)
and is considered to be a window to the brain. Many

researchers use the accessibility of the retina and the ease
of in vivo imaging in live animals to study neurovascular
changes in different CNS disorders.1 Like the brain, the retina
is protected by a blood–retina barrier that prevents immune
cell infiltration under normal healthy conditions. There-
fore, the retina is considered an immune-privileged organ.2

While peripheral organs rely on the infiltration of circulat-
ing white blood cells to fight infections, the retina, like the
brain, has its own surveillance immune cells called microglia.
Under steady-state conditions, the eye also contains resi-
dent macrophages mainly in the iris/ciliary body, cornea,
choroid, and along the retinal blood vessels (perivascular
macrophages).3 These resident macrophages as well as the
microglia are believed to originate from yolk sac precur-
sors during embryonic development. This is in contrast to

the macrophages that originate from circulating monocytes
and infiltrate the retina under disease conditions, and thus
are bone marrow-derived.4,5 In recent years, research has
focused on finding markers that can differentiate between
microglia and macrophages with the aim to better under-
stand their differential roles in CNS diseases. Among these
markers, TMEM119 and P2Y12 have been described to
specifically label microglia, thus differentiating them from
macrophages.6,7 Microglia play a major role in the CNS
response to infection or injury, yet studies have identified
an important role of peripherally derived macrophages and
infiltrating myeloid cells under CNS disease conditions.8–11

In this report, we characterize the retinal and brain
expression of two cre promoters that are widely used in
CNS research, lysozyme 2 (or LysM) and cadherin 5 (VE-
cadherin). LysM is widely used to modulate gene expres-
sion in myeloid cells. It encodes lysozyme in mice, an
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antimicrobial enzyme that hydrolyzes the bacterial cell wall
and hence is involved in the innate immune response.12,13

Therefore, LysM-cre mice are commonly used to dissect the
role of myeloid cells in CNS diseases. Several recent retina
studies have used the LysM-cre driver mouse for gene dele-
tion in myeloid cells.14–25 However, the use of LysM-cre mice
to target genes in macrophages versus microglia has been
a topic of major debate. Moreover, it has been reported
recently that the LysM promoter is also expressed in brain
neurons.26–28 On the other hand, the Cdh5 gene encodes
the calcium-dependent cell adhesion molecule, cadherin 5
(VE-cadherin), which is expressed in both endothelial cells
and hematopoietic cells.29 VE-cadherin is a major compo-
nent of the endothelial cell adherens junction and plays
an important role in vascular permeability and angiogen-
esis.30–32 Therefore, Cdh5-cre is widely used for endothelial
gene deletion as well as for lineage tracing studies.33,34

In this imaging study, we examined the expression of
the LysM and Cdh5 promoters in neonatal and adult mouse
retinas and brains under normal conditions and after reti-
nal ischemia-reperfusion injury using tdTomato (Lys/td)
reporter mice. The tdTomato reporter mouse line allows
for identification of cells expressing the cre recombinase
of choice through the expression of the highly fluorescent
protein, tdTomato, that can be visualized by fluorescence
imaging.35,36

MATERIALS AND METHODS

Generation of Reporter Mice of LysM-cre and
Cdh5-cre

Animal work was performed in accordance with the ARVO
Statement for the Use of Animals in Ophthalmic and Vision
Research and was approved by the institutional animal
care and use committee (Animal Welfare Assurance no.
A3307-01). Reporter tdTomato mouse (Jax stock# 007914)
under a CAG promoter (CMV enhancer, chicken beta-
Actin promoter, and rabbit beta-Globin splice acceptor site)
was used in this study. This mouse has a loxP-flanked
STOP cassette to prevent transcription of the red fluores-
cent protein, tdTomato. When bred to mice expressing cre
recombinase under a certain promoter, the offspring will
have the STOP cassette deleted in the cells expressing cre
resulting in strong red fluorescence. Heterozygous LysM-
cre (Jax stock# 004781) or Cdh5-cre (Jax stock# 006137)
female mice were crossed to tdTomato male reporter mouse
(Jax stock# 007914) to generate LysM/tdTomato (Lys/td) or
Cdh5/tdTomato (Cdh5/td) that express the tdTomato under
LysM-cre and Cdh5-cre, respectively. Sex of the breeding cre
and reporter mice was chosen based on availability in our
colony. Being highly fluorescent, the tdTomato mouse is a
highly sensitive tool to detect cre recombination.

Tissue Collection and Imaging

Neonatal (P8) or adult mice (12–14 weeks old) were
anesthetized with ketamine/xylazine mixture and transcar-
dially perfused with phosphate-buffered saline. Eyeballs,
brain, liver, and spleen were collected and fixed in 4%
paraformaldehyde overnight. Retina flat mounts or cross-
sections were prepared as previously described.25 Immunos-
taining was performed using primary antibodies listed
in the Table as previously described.25 Alexa Fluor 488
and 647 secondary conjugated antibodies were used to

TABLE. Antibody Information

Catalog
Antibody No. Company Dilution Experiment

NeuN MAB377 Millipore, MA 1:200 Immunostaining
Brn3a SC-31984 Santa Cruz, TX 1:200 Immunostaining
anti-TUJ1 801202 BioLegend, CA 1:200 Immunostaining
GFAP Z0334 Dako, CA 1:200 Immunostaining
Iba1 019-19741 Wako, VA 1:200 Immunostaining
P2Y12 AS-55043A Anaspec Inc, CA 1:200 Immunostaining
SMI32 801701 BioLegend, CA 1:200 Immunostaining
ChAT AB144P Millipore, MA 1:200 Immunostaining
CRALBP Sc-28193 Santa Cruz, TX 1:200 Immunostaining
PKCα Sc-208 Santa Cruz, TX 1:200 Immunostaining
Calbindin C9848 Sigma-Aldrich, MO 1:200 Immunostaining

allow for triple labeling. Images were taken using fluores-
cent (Keyence) or confocal (Zeiss LSM 780) microscopy.
As needed, brightness and contrast adjustments were
conducted using Zen blac64k software to reduce back-
ground fluorescence. Videos were created from retina flat
mount Z-stack images (inner to outer side of the retina)
using ImageJ software. Quantification was conducted on
flat mount images using ImageJ software as previously
described.25

Mouse Retinal Ischemia-Reperfusion Injury Model

Adult mice (10 to 12 weeks old) were subjected to retinal
ischemia-reperfusion (IR) injury. The right eye was subjected
to IR injury as previously described, whereas the left eye
served as sham control.25 IR injury was induced by inserting
a needle connected to an elevated saline reservoir into the
anterior chamber to raise the intraocular pressure (IOP) to
110 mm Hg for 60 minutes. The mice were sacrificed at 2, 5,
7, and 10 days after IR injury.

RESULTS

LysM Shows Strong Expression in Retinal
Microglia of Mouse Pups

We crossed LysM-cre mice to floxed tdTomato mice to
generate a LysM-cre/tdTomato (Lys/td) mouse line in which
cells expressing the LysM-cre promoter can be identified by
fluorescent or confocal microscopic imaging of the highly
fluorescent tdTomato protein (Fig. 1A). As expected, and
previously reported, tdTomato was expressed in splenic
macrophages and liver Kupffer cells, which confirmed the
LysM recombination in our Lys/td mice (Supplementary
Fig. S1A).

Examination of P8 retinas from Lys/td mouse pups
showed strong expression of tdTomato protein throughout
the retina flat mount (Fig. 1B, and supplementary video
1). Although the Lys/td retinas displayed a LysM-cre medi-
ated expression of tdTomato, floxed tdTomato mice did
not show any red fluorescence (Fig. 1C). Colocalization
studies showed strong expression of tdTomato in myeloid
cells (microglia/macrophages) with near complete colo-
calization with the general myeloid cell marker, Iba1 on
the retina surface (nerve fiber layer) (Fig. 1D). All the
tdTomato-positive cells were also positive for Iba1, but a
few Iba1-positive cells were negative for tdTomato. Look-
ing at two other layers of the retina (inner plexiform
layer [IPL], and outer plexiform layer [OPL]) using Z-stack
images, all the tdTomato-positive cells were also positive
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FIGURE 1. (A) Diagram showing cre-lox-mediated expression of the tdTomato highly fluorescent protein. The recombination allows for
excision of the STOP codon, thus leading to tdTomato expression under the CAG (CMV enhancer, chicken beta-Actin promoter, and rabbit
beta-Globin splice acceptor site) promoter in cells expressing LysM-cre. (B, C) Flat-mounted retina petals from P8 Lys/td and td/+ mice,
respectively, showing tdTomato expression only in the Lys/td retinas. (D–F) Colocalization of Lys/td expression and Iba1 in the NFL, IPL,
and OPL, respectively. ONH, optic nerve head. Arrows denote colocalization; asterisks show areas of no colocalization. N = 4 per group.
Scale bar: 100 μm.

for Iba1; however, more Iba1-positive cells were nega-
tive for tdTomato compared with the nerve fiber layer
(NFL) (Figs. 1E, 1F). We then performed colabeling with
P2y12, a specific marker for microglia. Immunolabelling
with P2y12 showed a very similar expression pattern to the
Iba1 labelling. Again, tdTomato showed more colocalization
with P2y12 in the NFL (Supplementary Fig. S1B), with less
colocalization in the IPL and OPL (data not shown).

LysM is Expressed in a Subset of Retinal Microglia
as well as Neurons in the Adult Mouse Retina

We next examined the pattern of Lys/td recombination in
the adult mouse retina (12-14 weeks old). There was no
expression of tdTomato in the floxed tdTomato (td/+) adult
mouse retina (Fig. 2A). Unexpectedly, retina cross-section
and flat mount imaging of Lys/td retinas showed expression

of tdTomato in large round cell bodies in both the ganglion
cell and inner nuclear layers (Figs. 2B, 2C, and supple-
mentary video 2). We next performed colocalization exper-
iments to identify the type of cells expressing tdTomato.
Costaining for the general neuronal marker, neuronal
nuclei (NeuN), showed colocalization with tdTomato indi-
cating that the large round cells expressing tdTomato in
the ganglion cell layer (GCL) and inner nuclear layer
(INL) are neurons (Figs. 2D, 2F). Retina flat mount image
quantification showed expression of tdTomato in 8 ±
1% (mean ± standard error [SE], n = 5) of NeuN-
positive cells (Fig. 2E). As expected, Lys/td showed colo-
calization with Iba1-positive retinal microglia/macrophages
and choroidal macrophages (Figs. 2D, 2G). Quantification
showed that 40 ± 5% (mean ± SE, n = 5) of Iba1-positive
cells showed tdTomato expression in control uninjured
retina flat mounts (Fig. 2E). Lys/td also colocalized
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FIGURE 2. (A) Representative td/+ adult retina flat mount image labeled with Iba1 showing no expression of tdTomato. (B) Ocular cross-
section from Lys/td adult mouse. (C) Cut wing from a Lys/td adult retina flat mount. (D) Lys/td retina flat mount taken at the GCL layer
showing colabeling with NeuN and Iba1. (E) Quantification of the percent of colabeled tdTomato-positive cells from the total number of
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NeuN and Iba1-positive cells. Graph is presented as mean ± SE, N = 5 per group. (F) Retina cross-section showing colocalization of Lys/td
and NeuN. (G) Retina cross-section showing colabeling of Lys/td and Iba1. (H) Retina flat mount image taken at the INL showing colabeling
of Lys/td with parvalbumin and ChAT. (I) Retina cross-section showing colabeling of Lys/td with parvalbumin and ChAT. Arrows denote
colocalization; asterisks showing areas of no colocalization. N = 5. Scale bar: 100 μm.

FIGURE 3. (A) Flat mount colabeling of Lys/td with Iba1 at 48 hours after IR showing increases in double-positive cells that have a round
amoeboid morphology. (B, C) Lys/td colabeling with Iba1 at 5 and 7 days, respectively, after IR showing increases in double-positive cells
that assume an elongated morphology extending along the retina surface from the center to the periphery of the retina. (D) Lys/td co-labeling
with Iba1 at 10 days after IR showing double-positive cells that exhibit elongated processes. N = 2 per group. Scale bar: 100 μm.

with the microglia specific marker P2Y12 (Supplementary
Fig. S1C). In addition, LysM-cre was expressed in perivas-
cular as well as iris/ciliary body cells that were positive
for Iba1 but largely negative for P2Y12 (Supplementary
Figs. S1D-H: S1F is a retina cross-section while the rest are
retina flatmount images).

We further studied the expression of tdTomato in differ-
ent retinal neuronal cell types using flat mount and

cross-section immunolabeling. TdTomato expression in the
ganglion cell layer showed colocalization with the ganglion
cell marker Brn3a (Supplementary Fig. S2A [flat mount], S2B
[cross-section]). Interestingly, there was no colocalization
with the amacrine cell marker, ChAT, in the GCL yet there
was some colocalization with another amacrine cell marker,
parvalbumin, which also marks retinal ganglion cells, RGCs
(Supplementary Fig. S2C). Furthermore, tdTomato was also
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FIGURE 4. (A) Image of P8 Lys/td mouse pup brain showing cerebral cortex and hippocampus. (B) Magnified image of the P8 Lys/td brain
showing colocalization with Iba1. (C) Further magnified inset from the hippocampus showing points of colocalization (arrows); asterisks
showing cells that are only Iba1-positive. (D) Lys/td adult mouse brain cerebral cortex and cerebellum showing expression of tdTomato with
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a stronger expression in the cerebellum. (E) Magnified image showing colabeling with NeuN in cerebellar cortex. (F) Further magnified inset
showing colocalization of tdTomato and NeuN. (G) Adult Lys/td brain striatum image with Iba1 colabeling. (H) Magnified inset showing
colocalization of tdTomato with Iba1 (arrows); asterisks showing area of no colocalization. N = 2. Scale bar: 100 μm.

found in RGC axons as labeled with SMI32 and Tuj1 axonal
markers (Supplementary Fig. S2D).

In the INL, tdTomato showed colocalization with ChAT
and parvalbumin, suggesting that the cells expressing
tdTomato in the INL are amacrine cells (Figs. 2H, 2I).
Immunolabelling for Müller, bipolar, and horizontal cells
markers (CRALBP, PKCα, and calbindin) did not show
colocalization with tdTomato-positive cells (Supplementary
Fig. S2B, E, F). There was also no colocalization with the
astrocyte marker, GFAP (Supplementary Fig. S2F).

LysM is Strongly Expressed in Activated
Microglia/Macrophages After Retinal
Ischemia-Reperfusion Injury

To assess the impact of injury on Lys/td expression,
we subjected Lys/td mice to retinal IR injury. Analy-
sis of retina flat mounts showed numerous Iba1-positive
cells that were also positive for tdTomato. The double-
positive cells displayed a round ameboid morphology at 2
days after IR that coincides with infiltration of peripheral
monocytes/macrophages (Fig. 3A). At 5 and 7 days after
injury, these cells displayed an elongated morphology that
extended radially from the center of the retina toward the
periphery (Figs. 3B, 3C). At 10 days, the double-positive cells
displayed enlarged soma and extended processes (Fig. 3D).

LysM is Expressed in Brain Neurons of Adult Mice
but not Pups

Because we did not see neuronal expression of Lys/td in
retinas from P8 pups, we examined the brains of these pups
to determine the distribution of Lys/td. As we observed in
the retinas, there was no neuronal expression of Lys/td in
brain neurons at P8. However, Lys/td expression strongly
colocalized with Iba1-positive cells (Figs. 4A, 4B, 4C). As
previously reported,26–28 we found strong Lys/td signal in
brain neurons of adult mice (Figs. 4D, 4E, 4F). The signal
was very strong in cerebellar neurons. In addition, Lys/td
was expressed in cortical neurons and to a lesser extent
in hippocampal neurons as detected by NeuN colabeling
(not shown). In addition, there was some colocalization with
Iba1-positive microglia/macrophages (Figs. 4G, 4H).

Cdh5 is Expressed in Endothelial Cells and Some
Myeloid Cells in Neonatal Mouse Retinas

We further crossed floxed tdTomato mice to VE-cadherin
(cadherin 5 or Cdh5) cre mice to generate Cdh5/td mice
(Fig. 5A). Cdh5 is an endothelial specific promoter widely
used to knockout protein expression in endothelial cells
using the cre-lox system. However, it has also been shown
to be expressed in some hematopoietic cells.29 As expected,
Cdh5/td showed strong expression in the superficial vascu-
lar plexus of P8 retinas. The intermediate and deep vascular
plexuses are not yet developed at this age (Figs. 5B, 5C,
supplementary video 3).37 There was also some expression

of Cdh5 in Iba1-positive (Fig. 5C) as well as P2y12-positive
cells (Fig. 5D).

Cdh5 is Expressed in a Subset of Ganglion Cells
in Addition to Endothelial Cells in the Adult
Mouse Retina

We next examined the Cdh5/td recombination in the adult
mouse retina. There was a strong expression of Cdh5/td
in the choriocapillaris and the three layers of retinal blood
vessels as confirmed with lectin colocalization (Figs. 6A, 6B).
To our surprise, Cdh5/td also showed some neuronal expres-
sion as demonstrated by double labeling with NeuN and
Brn3a. However, the pattern was different from the Lys/td
(supplementary video 4). Furthermore, Cdh5/td-positive
neurons were only found in the GCL and were not seen
in the INL (Figs. 6C-6E) as confirmed by flat mount and
cross-section immunolabelling studies. Furthermore, there
was also some expression of Cdh5 in Iba1-positive cells in
the NFL of the adult retina (Fig. 6F).

Cdh5 Expression is Increased in Retinal Vessels
After IR Injury

To examine the effect of retinal ischemia on Cdh5 expres-
sion, we subjected Cdh5/td mice to IR injury and collected
the retinas at 7 days after injury. IR-injured retinas showed
increased expression of Cdh5 in vasculature compared with
the sham retina (Fig. 7A). Furthermore, the vasculature in
the IR retinas exhibited distorted morphology with areas of
vessel clusters and tortuosity, and regions of vascular regres-
sion (Figs. 7B, 7C, supplementary video 5).

Cdh5 is Expressed in Brain Neurons of Adult Mice

Because we detected Cdh5 expression in adult retinal
neurons, we wanted to examine if there is neuronal expres-
sion in the adult brain as well. Indeed, Cdh5 showed strong
expression in brain neurons in addition to the endothelial
cells (Figs. 8A, 8B, 8C, 8D). The expression pattern was
different from that of LysM in the adult brain, with a stronger
expression of Cdh5 in the hippocampus and cortical neurons
and no expression in the cerebellum neurons. There was
also some expression in Iba1-positive cells (Fig. 8E).

DISCUSSION

In this report, we characterized LysM-cre recombination in
the mouse retina using the tdTomato reporter mouse. We
show LysM expression in retinal macrophages and subsets
of retinal microglia and neurons. The neuronal expression
was only present in adult retina neurons and was absent in
pup retinas. The neonate retinas also showed many Lys/td-
positive microglia associated with the superficial vascular
plexus. The neuronal expression was evident in the ganglion
and the inner retinal neurons and represented 8% of the
NeuN-positive cells (Fig. 9). We further examined the td
expression under a different promoter, Cdh5-cre, that is
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FIGURE 5. (A) Diagram of Cdh5/td mouse expression of tdTomato in cells expressing Cdh5-cre. (B) Expression of tdTomato in retina petal
of P8 Cdh5/td mouse. A, artery; V, vein; ONH, optic nerve head. Arteries are identified by having fewer branches compared with veins that
have multiple small branches. (C) Expression of Cdh5/td in the NFL, IPL, and OPL and colabeling with lectin and Iba1. (D) Colabeling of
Cdh5/td with P2Y12, a microglia specific marker. N = 4. Scale bar: 100 μm.
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FIGURE 6. (A) Cdh5/td adult mouse ocular cross-section and retina flat mount. (B) Retina cross-section showing colocalization of Cdh5/td
and lectin (arrows). Asterisks showing tdTomato-positive cells that are negative for lectin. (C, D) Retina cross-section showing colabeling
of Cdh5/td and the neuronal markers, NeuN and Brn3a. Arrows point to colocalization in ganglion cells. (E) Images of Cdh5/td retina flat
mount GCL colabeling with Brn3a. (F) Images of Cdh5/td at the NFL, IPL, and OPL colabeled with Iba1. Arrows indicate colocalization.
N = 4. Scale bar: 100 μm.

specific for endothelial and hematopoietic cells. Cdh5/td
showed expression in the retina vessels with some expres-
sion in Iba1-positive microglia/macrophages. Interestingly,
Cdh5/td neuronal expression was also seen in adult but not
pup retinas and it was restricted to retinal ganglion cells
(Fig. 9).

We observed a stronger expression of Lys/td in reti-
nal microglia/macrophages at base line at P8 and in the
adult retinas subjected to IR injury compared with uninjured
adult retinas which only showed 40% expression in Iba1-
positive cells. By P8, the growth of the superficial vascu-
lar plexus is complete, while the intermediate and deep
vascular plexuses are not yet developed, thus the retina is

still undergoing remodeling and maturation.37 At this age,
the retina cells undergo developmental apoptosis which has
been suggested to impart a disease-related gene signature to
microglia cells.38 In line with our data, the increased LysM
expression in microglia from P7 pups compared with adult
retinas has been recently observed using high-throughput
RNA sequencing.38

LysM-cre has been reported before to be expressed
in 30% of retinal microglia.18 This is also the case with
microglia in other parts of the CNS such cortex, cerebel-
lum, hippocampus, and spinal cord which showed 30%
to 40% recombination efficacy of LysM-cre.39 In adult reti-
nas, we found that LysM/tdTomato was expressed in 40%
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FIGURE 7. (A) Representative Cdh5/td adult flat mounts of sham- and IR-injured retinas collected 7 days after injury. IR-injured retinas
showing stronger expression of Cdh5/td as compared with shams. (B) Magnified images showing distorted vessel network after injury with
vessel clusters (arrows) and regions of reduced vessel density (asterisks). (C) Higher magnification image of IR-injured retina showing some
tortuous vessels. N = 3. Scale bar: 100 μm.

of Iba1-positive cells under normal conditions. It should
be taken into consideration that Iba1 is not an exclusive
marker for microglia, and some of the Iba1-positive cells
are likely to be macrophages. Under normal conditions,
macrophages are present in the eye mainly in the iris/ciliary
body, cornea, choroid, and along the retinal vessels (perivas-

cular macrophages).3 Indeed, we found strong expression
of tdTomato in Iba1-positive cells in the ciliary body and
perivascular macrophages and these cells were largely nega-
tive for the microglia marker P2y12.

The retinal IR injury model has been shown to stimu-
late the infiltration of peripheral blood-borne myeloid cells
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FIGURE 8. (A) Sagittal section image of the cerebellum of Cdh5/td adult brain showing weak expression of tdTomato. (B) Sagittal section
image of Cdh5/td adult brain hippocampus area showing strong expression of tdTomato. (C) Sagittal section image of Cdh5/td adult
brain prefrontal cortex showing strong expression of tdTomato. (D) Magnified images of the Cdh5/td adult brain hippocampus with NeuN
colabeling. (E) Image of the Cdh5/td adult brain striatum with Iba1 colabeling. Arrows point to colocalization with Iba1-positive cells.
N = 2. Scale bar: 100 μm.

into the retina.40 Therefore, we used this model to exam-
ine Lys/td expression in infiltrating myeloid cells. The acti-
vated Lys/td and Iba1 double-positive cells attained differ-
ent morphology at different time points after IR. The cells
were ameboid early on at 2 days after injury and displayed
enlarged soma and extended processes at day 10. At days 5
and 7 postinjury, these infiltrating monocytes/macrophages
appeared to associate with GCL nerve fibers, suggesting
that they were engulfing dying neurons.41,42 Interestingly,
Cdh5/td IR retinas did not show strong expression of td
in microglia/macrophages but rather the vascular expres-

sion was augmented. The IR injury seemed to increase
the Cdh5 promoter activity leading to a stronger tdTomato
signal in the vasculature. The vessels showed a distorted
and tortuous morphology similar to the clinical pheno-
type seen with retinal vascular occlusion. In line with this,
increased expression of Cdh5 in the vasculature after injury
has been previously reported in the heart and the brain
as well.43,44 The increased Cdh5 expression after ischemic
injury could be related to the barrier disruption. The signif-
icance of this increase in Cdh5 expression is yet to be
elucidated.
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FIGURE 9. (A) Diagram summarizing the expression of LysM-cre in adult uninjured mouse retina. (B) Color-coded depth Z-stack projection
of Lys/td adult mouse retina flat mount image showing neuronal expression of tdTomato in RGCs (orange) and INL neurons (turquoise)
in addition to microglia/macrophages (green and pink). (C) Diagram summarizing the expression of Cdh5-cre in adult uninjured mouse
retina. (D) Color-coded depth Z-stack projection of Cdh5/td adult mouse retina flat mount image showing expression of tdTomato in RGCs
(orange) in addition to blood vessels (endothelium, visible across the color spectrum). Diagrams were created using Servier medical art
https://smart.servier.com/.

The LysM promoter has been reported to be expressed in
mouse brain and spinal cord neurons.26–28 More specifically,
it has been shown to be expressed in motor cortex neurons
and their axons, as well as in neurons of the hippocam-
pus, and the molecular and Purkinje cell layers of the cere-
bellum where it colocalized with parvalbumin, a marker of
GABA-ergic interneurons.26–28 In the retina, Lys/td colocal-
ized with parvalbumin, which marks some ganglion as well
as some amacrine cells. In addition to its antimicrobial and
immune modulatory effects,13 lysozyme has been shown to
play a role in Alzheimer’s disease by clearing β-amyloid
aggregates.45 Lysozyme has also been recently shown to be
involved in neuropathic pain.46 These diverse actions could
explain the purpose of LysM expression by adult neurons.

Although VE-cadherin is generally thought to be
expressed in endothelial and hematopoietic cells, another
calcium-dependent cell adhesion molecule, N-cadherin, is
expressed in neurons and mediates neuronal cell-cell inter-
action.47 In line with our data, VE-cadherin has also been
shown to be expressed in brain neurons.48 The expression
of LysM and Cdh5 in ganglion cells highlight the diversity of
these neurons and their ability to modify their gene expres-
sion in the adult retina.

Retinas of LysM-cre and Cdh5-cre reporter mice have
been studied before with no specific reporting of neuronal
expression.14,17–21,24 However, most of the previous stud-

ies were conducted on pups. One interesting article that
used both LysM-cre and Cdh5-cre mice crossed to floxed
tdTomato mice showed a very similar expression pattern to
our study.19 Cdh5-td was present in round, neuron-like cells
in the GCL in addition to vessels, whereas LysM-cre showed
neuron-like positive cells in the GCL and INL. The authors
did colocalization studies for F4/80 and concluded that
the LysM-cre-positive cells are of myeloid/hematopoietic
origin. However, they did not perform colocalization exper-
iments with neuronal markers and the study was not aimed
to specifically characterize these mice. Similarly, another
article using LysMeYFP mice also showed enhanced yellow
fluorescent protein (eYFP) expression in round cells at
the GCL and INL at steady state but the authors did not
perform colabeling studies.49 In our hands, Lys/td-positive
microglia/macrophages showed a ramified morphology.
This suggested to us that the round cells that lacked
processes were neurons, which we confirmed with colo-
calization studies using different neuronal markers. Another
study using LysMeYFP reporter mouse showed expression of
eYFP in neuron-like cells in the GCL and INL but again cola-
beling with neuronal markers was not performed.24

In conclusion, this article provides important information
to the scientific community regarding the use of LysM-cre
and Cdh5-cre mice in retina research. Based on our findings,
LysM is highly expressed in microglia of neonatal retinas. In

https://smart.servier.com/
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adult retinas, LysM is expressed in a subset of microglia and
in infiltrating macrophages responding to ischemic injury.
Cdh5 is expressed in the vascular endothelium and some
microglia/macrophages. There is some neuronal recombi-
nation of LysM and Cdh5 in adult retinas that should be
considered when interpreting results from retina studies
using LysM-cre or Cdh5-cre knockout mouse line. Genes
of infiltrating immune cells after retinal injury can be effi-
ciently targeted using the LysM-cre mouse line provided
that small neuronal recombination is taken into consid-
eration. CX3CR1, another promoter that is widely used
to target protein expression in microglia/nonparenchymal
macrophages, has also been shown to be expressed in
brain neurons.50 Therefore, there is a need for new cre-
recombinase promoters that can specifically target microglia
as well as macrophage populations in the retina to better
dissect the role of these cells under healthy and diseased
conditions.
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SUPPLEMENTARY MATERIALS

SUPPLEMENTARY VIDEO S1. LysM/td P8 retina flat
mount (Z-stack images from the inner to the outer
side of the retina).
SUPPLEMENTARY VIDEO S2. LysM/td adult retina flat
mount (Z-stack images from the inner to the outer
side of the retina).
SUPPLEMENTARY VIDEO S3. Cdh5/td P8 retina flat
mount (Z-stack images from the inner to the outer
side of the retina).
SUPPLEMENTARY VIDEO S4. Cdh5/td adult retina flat
mount (Z-stack images from the inner to the outer
side of the retina).
SUPPLEMENTARY VIDEO S5. Cdh5/td adult retina -
7 days IR (Z-stack images from the inner to the
outer side of the retina).

http://neullab.com/html/data.html

