
Turnover of bone marrow-derived cells in the irradiated mouse
cornea

Introduction

Disturbances of the avascular and highly organized

structure of the cornea secondary to injury or infection

may lead to impaired visual acuity. Indeed, five million

people globally are blind as a result of corneal disease.1

It had been thought that the central and paracentral

regions of the normal cornea were devoid of bone mar-

row (BM)-derived cells, including dendritic cells (DCs)

and macrophages.2,3 However, several recent studies have

demonstrated the presence of populations of BM-derived

cells in the corneal stroma.4–6 Whereas some laboratories

found major histocompatibility complex (MHC) class

II) CD11c+ DCs in the corneal epithelium and anterior

stroma and MHC class II) CD11b+ macrophages in the

posterior stroma,5,7,8 other investigators proposed that

the majority of BM-derived cells throughout the corneal

stroma are CD11b+ CD11c) macrophages4 and have

now concluded that CD11c+ DCs are rare in the normal

mouse cornea.6,9 Although the specific lineage of BM-

derived cells in various layers and regions of the cornea

is still unclear, there is universal agreement that a more

extensive population of these cells is present in the murine

cornea than had been recognized when the presence of

macrophages or DCs in the cornea was considered a

hallmark of active immunopathological changes.
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Summary

In light of an increasing awareness of the presence of bone marrow (BM)-

derived macrophages in the normal cornea and their uncertain role in

corneal diseases, it is important that the turnover rate of these resident

immune cells be established. The baseline density and distribution of

macrophages in the corneal stroma was investigated in Cx3cr1gfp trans-

genic mice in which all monocyte-derived cells express enhanced green

fluorescent protein (eGFP). To quantify turnover, BM-derived cells from

transgenic eGFP mice were transplanted into whole-body irradiated wild-

type recipients. Additionally, wild-type BM-derived cells were injected into

irradiated Cx3cr1+/gfp recipients, creating reverse chimeras. At 2, 4 and

8 weeks post-reconstitution, the number of eGFP+ cells in each corneal

whole mount was calculated using epifluorescence microscopy, immuno-

fluorescence staining and confocal microscopy. The total density of mye-

loid-derived cells in the normal Cx3cr1+/gfp cornea was 366 cells/mm2. In

BM chimeras 2 weeks post-reconstitution, 24% of the myeloid-derived

cells had been replenished and were predominantly located in the anterior

stroma. By 8 weeks post-reconstitution 75% of the myeloid-derived cells

had been replaced and these cells were distributed uniformly throughout

the stroma. All donor eGFP+ cells expressed low to moderate levels of

CD45 and CD11b, with approximately 25% coexpressing major histo-

compatibility complex class II, a phenotype characteristic of previous

descriptions of corneal stromal macrophages. In conclusion, 75% of the

myeloid-derived cells in the mouse corneal stroma are replenished after

8 weeks. These data provide a strong basis for functional investigations of

the role of resident stromal macrophages versus non-haematopoietic cells

using BM chimeric mice in models of corneal inflammation.
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As a result of the increased interest in the role of BM-

derived cells in innate and adaptive immune responses in

the cornea, we sought a better understanding of the turn-

over of these cell populations in this unique tissue micro-

environment. Obtaining data on the recruitment rate and

turnover of macrophages and DCs following whole body

irradiation was an essential prerequisite to the design of

chimera experiments investigating the functional role of

BM-derived cells in models of bacterial keratitis currently

underway in our laboratory. The creation of BM chimeras

has allowed the visualization of donor cells, which are

readily identifiable post-reconstitution because of their

expression of enhanced green fluorescent protein (eGFP)

using in vivo epifluorescent microscopy and ex vivo con-

focal microscopy of the transparent cornea.10,11

In the present study, we sought to provide accurate

quantitative information on the rate of recruitment and

phenotype of donor BM-derived cells in the murine cor-

nea by analysing corneal whole mounts, a method which

provides a more precise means of assessing topographical

distribution. Additionally, the current investigation took

advantage of Cx3cr1+/gfp transgenic mice, as well as the

more traditional eGFP mice, as BM donors. Cx3cr1 is the

sole receptor for the chemokine Cx3cl1 (fractalkine)12,13

and is expressed predominantly by cells of myeloid origin:

namely monocytes, natural killer cells, DCs and macro-

phages, including microglia.13–15 The development of

transgenic mice in which the gene encoding eGFP was

inserted into one or both copies of the Cx3cr1 locus16 has

been a powerful tool in providing novel insights into both

the phenotype and behaviour of blood monocytes

in vivo17,18 and the characterization of resident tissue

macrophages and DCs in situ in a range of tissues.19–22

The present investigation used heterozygous Cx3cr1+/gfp

transgenic mice as a tool to investigate the specific turn-

over of myeloid-derived cells in the naı̈ve cornea. Our

findings revealed that approximately 25% of BM-derived

cells had repopulated the corneal stroma by 2 weeks post-

reconstitution, increasing to 75% by the 8th week post-

reconstitution. The initial migration of eGFP+ cells was

mostly confined to the anterior portion of the stroma.

Materials and methods

Animals

Transgenic heterozygote Cx3cr1+/gfp mice16 which retain a

wild-type copy of the Cx3cr1 receptor were used in the

present study. These mice, on a C57BL/6 background,

were housed at the Animal Resources Centre, Murdoch,

Western Australia and were used to generate baseline

densities of BM-derived stromal macrophages (n = 6).

For BM chimeric experiments, 6- to 12-week-old eGFP

C57BL/6TgN (ACTbEGFP)10sb and Cx3cr1+/gfp

mice were used as donors, with C57BL/6 and Toll-like

receptor-4 double-negative (TLR4)/)) mice as recipients.

At least four animals were used for each time-point (Jack-

son Laboratories; Bar Harbor, ME). The TLR4)/) mice,

kindly provided by Shizao Akira (Research Institute for

Microbial Diseases, Osaka University, Osaka, Japan), were

fully backcrossed to C57BL/6 mice, and age-matched lit-

termates were used as controls. All animals were treated

in accordance with the guidelines provided in the ARVO

Statement for the use of Animals in Ophthalmic and

Vision Research.

Generation of eGFP chimeric mice

Either C57BL/6TgN (ACTbEGFP)10sb or heterozygote

Cx3cr1+/gfp mice were used as donor mice to generate

eGFP BM chimeras. Following euthanasia by CO2 asphyx-

iation, the femurs and tibias were harvested, the distal and

proximal ends of the bones were removed and the shafts

were centrifuged at 9300 g for 30 seconds at 4�. The pellet

was resuspended in 1 ml of sterile red blood cell lysis buf-

fer for 2–3 min. Cells were centrifuged at 290 g for 5 min

at room temperature and washed once using sterile Dul-

becco’s modified Eagles’ medium (DMEM). Recipient

mice received 2 · 600 Gy doses of whole-body irradiation

3 hr apart. Immediately following the second dose, mice

were injected via the tail vein with 200 ll DMEM contain-

ing approximately 5 · 106 bone marrow cells.

Epifluorescence microscopy

Mice were killed by CO2 asphyxiation and positioned in a

three-point stereotactic mouse restrainer. Corneas were

visualized using a high-resolution stereo fluorescence

MZFLIII microscope (Leica Microsystems Inc., Bannock-

burn, IL) and images were captured using a digital camera

(SpotCam RT Slider KE; Diagnostics Instruments, Sterling

Heights, MI). The eGFP+ cells were visualized using a

465 nm laser and low- and high-magnification images of

all corneas were captured using identical exposure times.

Tissue collection and immunostaining

Animals were killed at 2, 4 and 8 weeks post-reconstitu-

tion. Eyes were enucleated and fixed in 4% paraformal-

dehyde and stored at 4� until further processing. Corneas

were dissected free from the eye and radial incisions were

made to produce eight pie-shaped wedges consisting of

limbus/conjunctiva peripherally and central cornea apically

as previously documented.23 Tissue pieces were rehydrated

in phosphate-buffered saline (PBS), incubated in 20 mM

prewarmed ethylenediaminetetraacetic acid tetrasodium

for 30 min at 37�, followed by incubation with a 0�2%

solution of Triton-X in PBS plus 1% bovine serum albu-

min for 5 min at room temperature. For Cx3cr1+/gfp mice,

corneas were double stained with anti-GFP and either
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anti-MHC class II (M5/114; 1/200; Pharmingen, San

Diego, CA), anti-CD45 (1/100; Serotec, Oxford, UK), anti-

CD11b (1/100; Serotec) or anti-CD11c (1/100; Pharmin-

gen). Following overnight incubation with rabbit anti-GFP

(1/200; Chemicon, Temecula, CA) at 4�, tissues were

washed then incubated with Alexa Fluor 488-conjugated

goat anti-rabbit (1/200; Molecular Probes, Eugene, OR)

plus 10% mouse serum for 60 min at room temperature.

Following further washes with PBS, tissues were incubated

overnight at 4� with monoclonal antibodies (mAbs). The

following day, tissues were incubated with biotinylated

goat anti-rat immunoglobulin G (IgG; 1/100; Amersham

Biosciences, Piscataway, NJ), for 60 min at room tempera-

ture, washed three times then incubated in Streptavidin

Alexa Fluor 568 (1/100; Mol. Probes) for 60 min at room

temperature. Tissues were incubated in DAPI (1/200 in

PBS; Roche Molecular Biochemicals, Mannheim, Ger-

many) for 10 min at room temperature. Stained tissue

whole mounts were placed in aqueous mounting medium

(Thermo Shandon, Pittsburgh, PA) onto glass slides and

coverslips were added. As negative controls, isotype rat

IgG2b was substituted for primary antibodies.

Examination of corneal mounts and quantitative
analysis of stromal myeloid-derived cells

Corneal whole mounts were examined using both conven-

tional epifluorescence microscopy (Olympus, Tokyo,

Japan; DMRBE, Leica, Hawthorn East, Vic., Australia) and

confocal microscopy (Leica TCS SP2). To perform quanti-

tative evaluation of BM-derived cells each wedge-shaped

portion of the corneal whole mount was divided into three

topographical regions, namely the central, paracentral and

peripheral regions.8 Confocal microscopy was used to gen-

erate series of Z-stacks through the entire thickness of the

corneal stroma from the posterior aspect of the basement

membrane to the anterior aspect of the endothelium in 0�5-

lm increments. From these videos, the density of eGFP+

cells was averaged from two samples from each region of

the cornea. To view the anterior–posterior profile of the

corneal stromas, the Z-series were merged then rotated at a

90� angle using LEICA CONFOCAL software. Final image pro-

cessing was performed using ADOBE PHOTOSHOP (version

7�0). To determine the turnover rate of stromal myeloid-

derived cells, the density of donor eGFP+ cells was divided

by the baseline density of myeloid-derived cells in the nor-

mal corneal stroma, established using conventional

Cx3cr1+/gfp mice. Since there were no differences in the

turnover rate observed depending on whether recipients

were TLR4)/) mice or wild-type mice, all data were pooled.

Statistics

Statistical significance was determined with an unpaired

t-test (Prism; Graph Pad Software, San Diego, CA).

P < 0�05 was considered to be significant.

Results

Quantification of the baseline density of
myeloid-derived cells in the corneal stroma

The eGFP+ cells were evident in the stroma of naı̈ve cor-

neas from Cx3cr1+/gfp mice (Fig. 1a–c). Extensive quanti-

fication of eGFP+ cells in Cx3cr1+/gfp mice indicated that

the average density of myeloid-derived cells in the naı̈ve

cornea was 366 cells/mm2 (Fig. 1). Representative images

of Z-stacked corneal samples from each region reveal a

dense network of pleomorphic cells in each region of the

cornea (Fig. 1a–c). There was no significant difference in

the density of eGFP+ cells in the central and peripheral

corneal regions but there was a significant reduction in

the density of cells in the paracentral cornea compared

with the peripheral cornea (P < 0�02; Fig. 1d).

Quantitative analysis of donor BM-derived eGFP+

cells in the mouse cornea

Ex vivo epifluorescence microscopy reveal numerous

eGFP+ cells throughout the entire host cornea at both
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Figure 1. eGFP+ cells in the naı̈ve corneal stroma of Cx3cr1+/gfp mice. Confocal Z-series of corneal whole mounts from the central (a), paracen-

tral (b) and peripheral (c) corneal stroma were used to quantify the density of eGFP+ cells (d). The density of eGFP+ cells in the peripheral cor-

neal stroma was greater than in the paracentral corneal stroma, but not than in the central corneal stroma. n = 6 animals.
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2 weeks (Fig. 2a,b) and 4 weeks post-reconstitution

(Fig. 2c,d) with the latter time-point demonstrating a

slightly increased number of eGFP+ cells. In the central

and paracentral regions of the corneal stroma, quantita-

tive analysis confirmed a significant increase in the mean

density of eGFP+ cells at 4 weeks compared to 2 weeks

post-reconstitution (Fig. 3a). There was no significant

increase in the density of donor derived eGFP+ cells in

the peripheral cornea between the 2 and 4 weeks post-

reconstitution. The mean total density (± SD) of donor

eGFP+ cells in the corneas was 89 (± 26) cells/mm2 at

2 weeks, 147 (± 20) cells/mm2 at 4 weeks and 287 (± 39)

cells/mm2 at 8 weeks post-reconstitution (Fig. 3b). Turn-

over rate (calculated by dividing the density of donor

eGFP+ cells by the density of Cx3cr1+/gfp cells present in a

normal cornea) increased significantly from 24% at

2 weeks through 40% at 4 weeks to 78% at 8 weeks post-

reconstitution (Fig. 3c). No eGFP+ cells were observed at

1 week post-reconstitution (data not shown).

‘Reverse’ chimera demonstrating host eGFP+

myeloid-derived cells persist in the cornea 12 weeks
post-reconstitution

To confirm the validity of the chimeras in measuring the

turnover of BM-derived cells in the cornea, we created

‘reverse’ chimeras whereby normal, bone marrow isolated

from C57BL/6 mice was transplanted into irradiated

Cx3cr1+/gfp mice. This allows us to visualize the diminu-

tion of the resident eGFP+ myeloid lineage cell popula-

tions. At 12 weeks following reconstitution (Fig. 4) there

were 80% fewer eGFP+ cells in the cornea than in naı̈ve

Cx3cr1+/gfp mice, suggesting that only 20% of the original

Cx3cr1+ cells had not been replenished in the cornea

since irradiation. This corresponds closely to the 75%

replenishment rate of eGFP+ cells seen in the opposite

version of the BM chimeras. As for the fate of the

remaining 80% of resident myeloid-derived cells, it is not

known whether these cells migrate out of the cornea or

undergo apoptosis in situ during normal homeostatic

conditions.

Immunophenotypic characterization of donor eGFP+

myeloid-derived cells

To confirm the validity of our observations, we sought to

confirm that in both forms of chimeras the cells that

(a) (b)

(c) (d)

Figure 2. Representative in vivo epifluorescent images of eGFP+ cells

in the naı̈ve corneas of eGFP chimeric mice 2 weeks (a, b) and

4 weeks (c, d) post-reconstitution. Low-power images at both time-

points (a, c) reveal numerous eGFP+ cells distributed throughout the

cornea, with intense staining around the limbal border. Higher mag-

nification images of the central cornea at 2 weeks (b) and 4 weeks

(d) post-reconstitution demonstrate a similar density of eGFP+ cells

between the two time-points. Magnification · 32 (a, b) and · 80

(c, d).
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Figure 3. Turnover of eGFP+ cells in the corneal stroma of at 2, 4

and 8 weeks post-reconstitution. In all three anatomical regions of

the cornea, there was a gradual increase in the density of donor

eGFP+ cells in the corneal stroma (a), with the greatest difference in

turnover between 2 and 8 weeks occurring in the central cornea.

Dotted lines depict the normal mean density of eGFP+ cells in the

specific regions of the corneal stroma. The total density of eGFP+

cells throughout the cornea, calculated by pooling all the regions,

clearly illustrates a gradual increase from 2 to 8 weeks (b). The turn-

over rate increased from approximately 25% at 2 weeks to 75% at

8 weeks (c). Each data point represents one animal.
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repopulated the cornea were indeed of myeloid lineage.

Immunostaining of corneal whole mounts confirmed that

all eGFP+ cells expressed low to moderate levels of CD45

(Fig. 5a) and approximately 25% of donor eGFP+ cells

expressed MHC class II (Fig. 5b). Cells that were MHC

class II+ or CD45+ but were eGFP), and so host-derived,

were commonly located in the posterior stroma of the

peripheral cornea (Fig. 5b, arrows). Further immunopheno

typic studies confirmed our previous immunophenotypic

analysis of Cx3cr1 eGFP+ cells in the naı̈ve corneal stroma,

which showed that the majority of these cells are CD45+,

CD11b+, CD169+ and CD68+ and approximately 30% are

MHC class II+, which is consistent with a macrophage phe-

notype (Fig. 5c–e).19 CD11c staining, although performed,

provided unsatisfactory data (not shown). A population of

eGFP+ CD11b) cells was observed in the epithelium of the

peripheral cornea, which represent the well-recognized cor-

neal Langerhans cells (LCs) (Fig. 5c,e).

BM-derived cells repopulating the corneal stroma
migrate through the anterior stroma

The precise mode of entry of BM-derived cells replenish-

ing the resident population in the stroma is unknown.

Therefore, in chimeric tissues, we analysed the Z-profiles

of a large number of Z-series (Fig. 6a–d) and revealed

that at early time-points (i.e. 2 weeks) the majority of

eGFP+ cells were located in the anterior stroma

(Fig. 6a,c), suggesting that the initial wave of migration

of BM-derived cells occurs through the anterior rather

than the posterior stroma. By 8 weeks post-reconstitution,

donor eGFP+ cells became more uniformly distributed

throughout the entire corneal stroma (Fig. 6b,d,e).

Discussion

An increased appreciation that dense networks of macro-

phages and DCs populate the normal mouse cornea has

led to renewed interest in their role in local innate and

adaptive immune responses in this unique tissue micro-

environment that shares characteristics of both mucosa

and skin. To investigate the function of these resident

immune cells in the cornea, a detailed understanding of

their distribution, regional density and turnover rate is

required. In the present study, heterozygous Cx3cr1+/gfp

transgenic mice, in which monocyte-derived cells that

express this chemokine receptor are eGFP+, provide a

powerful tool to investigate macrophage and DC popula-

tions by allowing a combination of intravital microscopy

and ex vivo phenotypic analysis of corneal whole mounts.

Robust quantitative data on the numbers and distribution

of eGFP-expressing cells in situ can be readily obtained in

comparison to the limited sampling provided by conven-

tional histological or frozen sections. The approaches cho-

sen in the present study have demonstrated a relatively

evenly distributed network of monocyte-derived cells in

the resting mouse corneal stroma, which has until now

not been clearly appreciated.24

It is well accepted that circulating monocytes derived

from BM enter peripheral tissues and replenish the resi-

dent tissue macrophage populations.25 The present study

revealed that by 2 weeks post-reconstitution a significant

number of BM-derived cells had commenced repopula-

tion of the central cornea. In the only previous study of

this nature, Nakamura and colleagues reported that the

CD45 MHC Class II 

Merge CD11b eGFP 

(a)

(c) (d) (e)

(b)

Figure 5. Confocal microscopy images of immunostained corneal

whole mounts. All eGFP+ donor cells (green) expressed varying levels

of CD45 (red; colocalized results in yellow). Red only cells are of

host origin (arrow). In major histocompatibility complex (MHC)

class II stained whole mounts (b) approximately 25% of donor

eGFP+ cells were MHC class II+ (yellow), with host MHC class II+

cells (red only) tending to be located in the posterior stroma of the

cornea (b; arrows). The eGFP+ cells in the corneal stroma were

CD11b+ (c–e) whereas the eGFP+ cells observed in the epithelium

were CD11b) and had the characteristic morphology of intraepitheli-

al dendritic cells or Langerhans cells (e; arrows). Scale bars = 40 lm.

cx3cr1+/gfp

(a) (b)

cx3cr1+/gfp //C57bL/6

40·00 µm40·00 µm

Figure 4. Confocal Z-stack of the central corneal stroma of a

‘reverse’ chimeric, namely a Cx3cr1+/gfp, mouse which received non-

eGFP bone marrow from wild-type C57BL/6 mice. Normal density

of eGFP+ resident corneal macrophages in the naı̈ve central corneal

stroma (a) compared to 12 weeks post-reconstitution (b) demon-

strating a diminution in the eGFP+ cell population.
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earliest migration of donor cells into the cornea occurs at

around 4 weeks post-reconstitution.11 A number of possi-

ble explanations exist for the difference between the two

studies. First, different methods were used to detect eGFP

fluorescence. Second, lead-shielding in the previous study

may have protected the corneas from the potentially

harmful local effects of X-irradiation; however, it should

be noted that X-irradiation at the dose chosen targets

cells which are actively dividing, and there is no evidence

that macrophages in the cornea actively divide in normal

resting conditions. There is a single report of a small pop-

ulation of slow-cycling BrdU+ Langerhans cells in the rat

basal limbal epithelium around the corneal margin but

not in the corneal epithelium, but it is likely that these

represent the only actively proliferating BM-derived cells

in the cornea.26 In the absence of evidence that corneal

macrophages divide in situ, we suggest that these resident

cells, similar to the radioresistant microglia of the retina,

remain unaffected by X-irradiation in the absence of lead

shielding. Previous investigations of the turnover of resi-

dent macrophages/microglia in the retina and uveal tract

did not lead-shield the eyes or heads of recipient

mice.27,28 The last point to consider in comparing our

data with that of Nakamura et al.11 is that to quantify

eGFP+ cells, these investigators analysed in vivo images of

the eye. This analysis has inherent problems because of

the limited focal depth, which makes resolution of indi-

vidual eGFP+ cells throughout the entire thickness and

width of the convex cornea difficult. By contrast, the

present study allowed regional comparison by confocal

optical sectioning of the entire corneal thickness in

ex vivo flattened corneal whole mounts, a far more reli-

able method of accurately quantifying donor cell numbers

throughout the various anatomical zones of the host

cornea.

The turnover rate of BM-derived cells in the cornea

reported here is relatively fast compared to other non-

lymphoid tissues such as lung, liver and brain, which

exhibit a turnover of less than 5% by 4 weeks.29 Not sur-

prisingly, the turnover rate in the cornea is slower than

that in lymphoid tissues, for example the spleen, in which

macrophages exhibit 90% turnover by 4 weeks.29,30 The

faster turnover rate of eGFP+ cells in the peripheral cor-

nea compared to the central zone of the cornea is most

likely a reflection of the proximity to the vascular limbus,

where all haematogenously derived cells extravasate from

limbal vessels to enter the avascular cornea and where

egressing cells enter the lymphatic system.31

In support of previous studies our data confirm that

donor eGFP+ cells entering the host cornea were of hae-

matopoietic origin (CD45+).11,32 Furthermore, the use of

Cx3cr1 transgenic mice confirmed the myeloid origin of

these cells. Approximately 25% of donor eGFP+ cells

expressed MHC class II, a pattern that closely matches that

described in the naı̈ve cornea,6,19 suggesting not only that

there is no specific activation of the cornea as the result of

irradiation but also that the donor BM-derived cells adopt

a phenotype similar to the resident host corneal macro-

phage populations. The eGFP+ cells in the stroma

expressed CD11b, which is consistent with a macrophage

phenotype, whereas the few eGFP+ cells in the peripheral

corneal epithelium were MHC class II+ CD11b), which is

a DC phenotype.8,19 There was no evidence of CD11c

staining in the corneal epithelium or stroma in the present

study, a technical limitation experienced by other labora-

tories that has prevented the definitive characterization of

DCs in corneal whole mounts.4,6,19,33

The observation that the initial recruitment of eGFP+

cells in the naı̈ve cornea occurred through the anterior

corneal stroma was surprising and novel. This pattern

may reflect the well-described different arrangements of

collagen lamellae in the anterior and posterior stromas

(the lamellae in the mid and posterior stroma being

arranged orthogonally compared to an oblique orienta-

tion with undulating pattern in the anterior stroma)34–39

or the embryological development of the corneal stroma

from two distinct evolutionary components.40 In birds,

fish, reptiles and amphibians, collagen bundles gradually
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Figure 6. Immigration of eGFP+ cells occurs through the anterior stroma of the cornea. Rotation of the Z-series (a) reveals eGFP+ donor cells

confined mostly to the anterior stroma (c; Z-profile of a) at 2 weeks post-reconstitution. This contrasts with the uniform distribution of eGFP+

cells 8 weeks post-reconstitution (d; Z-profile of b). Quantification of the percentage of cells in the anterior stroma at 2, 4 and 8 weeks post-

reconstitution showed significantly more eGFP+ donor cells in the anterior stroma at 2 weeks (P < 0�0001). n = 10 at 2 weeks, n = 7 at 4 weeks

and n = 4 at 8 weeks. Ant, anterior stroma; Post, posterior stroma.
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turn clockwise in the anterior stroma but remain unrotat-

ed in the posterior stroma.41–43 A study of the ultrastruc-

tural organization of human corneal keratocytes suggested

that a gradual clockwise shift is also seen in the anterior

stroma.36 The physical environment, and possibly the

extracellular matrix, may therefore favour the centripetal

migration of newly recruited donor eGFP+ cells into these

anterior layers. The superficial location of limbal vessels,

where haematogenous cells originate, is also likely to

strongly influence this pattern.

The establishment of the dynamics of myeloid-derived

cell turnover in the corneas of whole-body irradiated mice

will allow us to carefully select appropriate time-points in

BM chimeras to compare the function of macro-

phages with non-haematopoietic cells in experimental

models of keratitis.
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