
Acta Histochem. Cytochem. 44 (5): 213–221, 2011
doi:10.1267/ahc.11009

© 2011 The Japan Society of Histochemistry and Cytochemistry

Advance Publication  

AHCActa Histochemica et Cytochemica0044-59911347-5800Japan Society of Histochemistry and CytochemistryTokyo, JapanAHC1100910.1267/ahc.11009Regular Article

Transplantation of Bone Marrow-Derived Mesenchymal Stem Cells into the 

Developing Mouse Eye

Eun-Shil Lee1, Song-Hee Yu1, Yu-Jin Jang1, Dong-Youn Hwang2 and Chang-Jin Jeon1

1Department of Biology, College of Natural Sciences, and Brain Science and Engineering Institute, Kyungpook National University, 

Daegu 702–701, South Korea and 2Department of Biomedical Science, College of Life Science, CHA University, Seoul 135–81, 

South Korea

Correspondence to: Prof. Chang-Jin Jeon, Neuroscience Lab.,

Department of Biology, College of Natural Sciences, Kyungpook

National University, 1370 Sankyuk-dong, Daegu 702–701, S. Korea. 

E-mail: cjjeon@knu.ac.kr

?? Received February 11, 2011; accepted July 6, 2011; published online October 6, 2011

© 2011 The Japan Society of Histochemistry andCy-Mesenchymal stem cells (MSCs) have been studied widely for their potential to differentiate

into various lineage cells including neural cells in vitro and in vivo. To investigate the influence

of the developing host environment on the integration and morphological and molecular

differentiation of MSCs, human bone marrow-derived mesenchymal stem cells (BM-MSCs)

were transplanted into the developing mouse retina. Enhanced green fluorescent protein

(GFP)-expressing BM-MSCs were transplanted by intraocular injections into mice, ranging

in ages from 1 day postnatal (PN) to 10 days PN. The survival dates ranged from 7 days

post-transplantation (DPT) to 28DPT, at which time an immunohistochemical analysis was

performed on the eyes. The transplanted BM-MSCs survived and showed morphological

differentiation into neural cells and some processes within the host retina. Some transplanted

cells expressed microtubule associated protein 2 (MAP2ab, marker for mature neural cells)

or glial fibrillary acid protein (GFAP, marker for glial cells) at 5PN 7DPT. In addition, some

transplanted cells integrated into the developing retina. The morphological and molecular

differentiation and integration within the 5PN 7DPT eye was greater than those of other-

aged host eye. The present findings suggest that the age of the host environment can

strongly influence the differentiation and integration of BM-MSCs.

Key words: bone marrow-derived mesenchymal stem cells, retina, transplantation, differentiation,
integration

I. Introduction

Bone marrow-derived mesenchymal stem cells (BM-

MSCs) have the advantages of being easily accessible and

readily available [17, 44]. Unlike embryonic stem cells, BM-

MSCs also have no controversies surrounding them such as

ethical concerns, inflammatory response, and tumorigenesis

[5, 19, 47, 71]. Therefore, BM-MSCs have attracted con-

siderable attention as tools for differentiation into several

mesodermal lineages, including endothelial cells of the blood

vessel, cardiac muscle, and skeletal muscle [21, 41, 53].

Many studies have shown that stem cells derived from a

specific tissue could only differentiate into cells of the tissue

of the origin, but recent studies indicated that stem cells

derived from a specific tissue could also trans-differentiate

into other lineages. Although neural potential in BM-MSCs

was once a matter of controversy [11, 56], it has been

constantly reported that BM-MSCs show some neural and

glial characteristics in vitro and in vivo [2, 4, 8, 9, 30, 33,

51, 66]. BM-MSCs also have the capacity to synthesize

neurotrophic factors, which have the potential to protect

neural cells against degeneration or to replace deficient

neurotransmitters [35, 45, 48, 63].

The retina, which is one of the representative organs

of the central nervous system (CNS), has a well-defined

neuroanatomy with various cell types and a circuitry. In

comparison with other CNS targets, the retina offers

numerous benefits that make it significantly more favorable

for transplantation of stem cells [26, 46]. For this reason,
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numerous studies concerning the transplantation of stem

cells or progenitor/precursor cells have been actively per-

formed on the retina. For example, when brain-derived and

retina-derived stem cells were transplanted into the adult

retina, the cells were gradually integrated into the retinal

layer [13, 47, 59, 60, 68]. Also, the transplanted embryonic

stem cell-derived retinal cells and BM-MSCs that were

incorporated into the retina were able to rescue it from retinal

degeneration [2, 29, 36, 37, 58].

As the retinal micro-environment and the embryonic-

like environment has to be favorable for the differentiation

and integration of transplanted cells, the developmental stage

in the host retina may be highly significant [37, 49, 59].

During the developmental stages, the various signaling and

other factors involved in the determination of retinal cell

fate and differentiation are actively expressed [1, 20, 60].

Many researchers hypothesize that a specific signaling factor

at a particular developmental stage helps in the effective

differentiation and integration of the transplanted stem cell

into retina. Some groups, using Brazilian opossum pups as

the retinal developing model, developed an approach to

the embryonic-like environment to show the influence of

transplanted cells in the developing host retinal micro-

environment [49, 59]. In the present study, the developing

mouse was selected as the animal model because postnatal

mouse eyes, which are incomplete, have yet to undergo

neural and glial differentiation, as well as vascularization

for functional vision [12, 18]. However, there is no study

until now on the influence of transplanted BM-MSCs on

the developing mouse retinal micro-environment.

The goal of the present study was to investigate the

BM-MSCs’ survival, integration, and differentiation after

transplantation for the first time into the developing mouse

retina. The study promotes the understanding of how the

host micro-environment, which as adjusted differently

following each developmental stage in the retina influences

the differentiation of BM-MSCs. It also provides an infra-

structure study for efficient stem cell transplantation therapy.

II. Materials and Methods

Experimental animals

The guidelines of the National Institute of Health

regarding the Care and Use of Laboratory Animals were

followed in all experimental procedures. The experimental

animals used in this study were mice (C57BL/6J). The day

of birth was designated as postnatal day 1 (1PN). Pups of

ages 1PN (n=60), 5PN (n=60), and 10PN (n=60) were used

in this study. Pups receiving transplantation were allowed

to survive for 7, 14, and 28 days post transplantation (DPT).

Cell culture and labeling

For the experiment, human BM-MSCs (Cat# SV30110,

Cellular Engineering Technologies (CET) Inc., Coralville,

IA, USA) were used. The cells were cultured in a medi-

um containing α-MEM (Invitrogen Corp., Carlsbad, CA,

USA), 10% fetal bovine serum (FBS, Invitrogen), 2 mM

L-Glutamine (Invitrogen), and 1% Antibiotic-Antimycotic

(Invitrogen). We labeled the BM-MSCs with Lenti hCMV-

GFP-IRES Puro (Macrogen Inc., Seoul, Korea) in order to

chase the cell after transplantation. BM-MSCs were infected

with a stock lentivirus concentration of 2×106 infection

units/μl, corresponding to 90 multiplicities of infection

(MOI) for a single cell.

Transplantation of BM-MSCs into the developing retina

Cultured BM-MSCs were collected as spheres within

the culture medium and centrifuged at 400 g for 5 min, after

which the pelleted BM-MSCs were resuspended in Earle’s

balanced salt solution (EBSS, Invitrogen). Animals were

anesthetized with a mixture of ketamine hydrochloride (30–

40 mg/kg) and xylazine (3–6 mg/kg). Pups of ages 1, 5, and

10PN received BM-MSCs. The cells were injected intra-

ocularly through the dorsolateral aspect of the eye using a

30 gauge Hamilton syringe (Hamilton Co., Reno, NV, USA).

One microliter of cell suspension (~50,000 cells/μl) was

slowly injected into the vitreous chamber of the pups. Pups

receiving transplantation were allowed to survive for 7, 14,

and 28DPT. The remaining cells after transplantation were

plated onto a sterile culture dish and visualized with

fluorescence microscopy to verify the viability and green

fluorescent protein (GFP) expression of the transplanted

cells (transfection efficiency >80%, Fig. 1A, B). In vitro,

the percentage of GFP-positive cells decreased gradually to

56% by 28 days after seeding (Fig. 1C). The decrease in

the percentage of GFP-positive cells could be due to over-

proliferation of GFP-negative cells or GFP-positive cells

that did not transfer the GFP-gene into the daughter cells

after cell division.

Tissue preparation and immunohistochemistry

Tissue fixation, sectioning and immunohistochemistry

were performed as described previously [59]. Briefly, heads

(pups) and eyes (young mice) were removed and fixed

with 4% paraformaldehyde in 0.1 M phosphate buffer and

then cryoprotected in a series of 10, 20, and 30% sucrose in

0.1 M phosphate buffer. Tissue was embedded (Tissue-Tek;

OCT compound; VWR International, West Chester, PA,

USA), frozen, and sectioned coronally at 20 μm thickness

using a cryostat. Sections were thaw-mounted onto Super-

frost microscope slides (Fisher Scientific, Pittsburgh, PA,

USA) and stored at –20°C until processed. Primary anti-

bodies and concentrations were mouse anti-MAP2ab

antibody (mature neural cell marker, 1:300, Abcam Inc.,

Cambridge, MA, USA), mouse anti-GFAP antibody (glial

cell marker, 1:300, Abcam), and chicken anti-GFP antibody

(to increase fluorescence intensity of GFP, 1:200, Abcam)

were used. For detection by immunofluorescence, the sec-

ondary antibodies used were Cy3 conjugated donkey anti-

mouse (1:200, Jackson ImmunoResearch Labs, West Grove,

PA, USA) and FITC conjugated goat anti-chicken (1:200,

Jackson ImmunoResearch Labs). After immunohistochem-

istry was performed, the cell nuclei were stained with

DAPI (1:500, Sigma, St. Louis, MO, USA). Labeled tissues
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were coverslipped with Vectashield mounting medium

(Vector Labs, Burlingame, CA, USA). Negative controls

were used in parallel during all immunohistologic processing

by the omission of the primary or secondary antibodies. No

antibody labeling was observed in the control experiment.

Data analysis

We compared the retinal tissues with transplanted BM-

MSCs with control retinal tissues, and examined the normal

development of the retina with transplanted BM-MSCs.

Labeled tissues were examined and photographed on Zeiss

Axioplan microscope (Carl Zeiss Meditec Inc., Jena,

Germany) using high power differential interference contrast

(DIC) optics. Images were viewed on a computer monitor

using a Zeiss Plan-Apochromat 100× objective and a Zeiss

AxioCam HRc digital camera.

III. Results

To investigate the ability of the BM-MSCs to survive,

differentiate, and integrate into the mammalian CNS, we

transplanted the cells into the developing mouse eye. BM-

MSCs were transplanted via intraocular injection into host

eyes of 1, 5, and 10PN. Hosts at these ages were selected

based on previous studies that demonstrated significant

survival and differentiation of mouse- and rat-derived neural

progenitor cells (NPCs) transplanted into the eyes of young

postnatal Monodelphis domestica [49, 59]. The 1, 5, and

10PN mouse retinas developmentally corresponded to 12–

14, 20–25, and 34–35PN opossum retinas, respectively,

based on cellular differentiation and lamination patterns [25].

Cellular differentiation: Survival and morphological/

molecular differentiation of the transplanted BM-MSCs 

in the developing mouse eye

Developing mouse retinas with transplanted BM-MSCs

were reliably identified by the presence of GFP expression

cells 1 week after xenotransplantation. Figure 2 illustrates

that the BM-MSCs were capable of surviving in the mouse

eye. Indeed, the transplanted cells survived and were capable

of morphological differentiation. In general, the transplanted

BM-MSCs were observed throughout the posterior seg-

ment of the eye as aggregates and isolated cells at 1, 5, and

10PN. Figure 2A–C show the transplanted BM-MSCs at

1PN 7DPT. Figure 2A shows that some aggregates of BM-

MSCs labeled by GFP morphologically differentiated into

the cell with very long processes. In Figure 2B–C, the trans-

planted BM-MSCs display morphological differentiation

with bidirectional processes.

Figure 2D–G show the transplanted BM-MSCs at 5PN

7DPT. Figure 2D shows that many aggregates of BM-MSCs

in the vitreous body. Figure 2E–F show fusiform and round/

oval cells with long processes with branches, respectively.

Figure 2G shows a multipolar stellate cell with processes

oriented in multiple directions.

Figure 2H–J show the transplanted BM-MSCs at 10PN

7DPT. Figure 2H also shows many aggregates of BM-MSCs

in the vitreous body. Figure 2I and 2J show morphological

differentiation into cell with long processes from the soma.

Among the three groups, the transplanted cells in the

5PN 7DPT show far more morphological differentiation than

other groups.

Antibodies directed against MAP2ab and GFAP were

used to determine whether the transplanted BM-MSCs

expressed differentiated markers within the environment of

the eye. A subpopulation of GFP-expressing BM-MSCs

was clearly found to co-express MAP2ab (Fig. 3A–C) and

GFAP (Fig. 3D–I). However, GFP-expressing BM-MSCs

cells which showed morphological differentiation did not

co-express with MAP2ab and GFAP. In immunostaining

patterns of MAP2ab, only the cell cytoplasm was clearly

stained, while cell nucleus and dendrites were lightly stained

[10, 34, 54, 55].

Since the number of GFP-expressing BM-MSCs was

decreased after 7DPT, only a few cells which showed very

limited cellular differentiation were observed in the vitreous

chamber and retina.

Fig. 1. The transduction efficiency of lentiviral vector in the bone marrow-derived mesenchymal stem cells. (A) Merged image of the GFP-

positive cells and DAPI staining of the bone marrow-derived mesenchymal stem cells. (B) Superimposition of images of (A) and differential

interference contrast optic image. Arrowheads indicate cells that are GFP-negative. (C) The graph shows the percentage of the total number of

GFP-positive human bone marrow-derived mesenchymal stem cells during the culture. The percentage of GFP-positive cells gradually

decreased between days 7 and 28. There was statistically significant difference among the three group means as determined by one-way

ANOVA test (P<0.05). Results are mean±SEM. Bar=100 µm.
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Integration of the transplanted BM-MSCs in the developing 

mouse eye

Figure 4 shows the integration of transplanted BM-

MSCs into the developing mouse retina. Figure 4A–E

illustrate the transplanted BM-MSCs at 5PN 7DPT retina

while Figure 4F–G illustrate those at 10PN 7DPT. A modest

level of integration of BM-MSCs into the host retinas was

observed at 5PN 7DPT, while very low levels of integration

were observed at other stages. In Figure 4A–C, the trans-

planted cells were located in the ganglion cell layer (GCL).

These cells had processes with various types of somas. In

Figure 4D–G, the integration and morphological differenti-

ation were very limited in the GCL. In this study, the

integrated cells were found only in the GCL and not others.

In addition, no cells were fully integrated within the neural

retina at 1PN 7DPT.

Figure 5 shows the most effective transplantation stage

of transplanted BM-MSCs in the eye. The differentiation

and integration of transplanted BM-MSCs occurred mainly

at 5PN. Figure 5A shows an average of morphologically

differentiated GFP-positive cells (6.1% (±3) at 1PN 7DPT,

22.7% (±7.2) at 5PN 7DPT, and 13.6% (±4.3) at 10PN

7DPT). Figure 5B shows the average of molecularly differ-

entiated GFP-positive cells. Especially, after 7 days under

transplantation at 5PN, an average of 28.2% (±4.8) of the

cells were MAP2ab-positive, and 30.5% (±5) were GFAP-

positive in the GFP-labeled transplanted cells. There was

no statistically significant difference between the two

groups. This result contrasts sharply with that of other stages

in the ability of BM-MSCs to differentiate and integrate

into neural and glial cells. Figure 5C shows an average of

integrated GFP-positive cells (0.8% (±0.7) at 1PN 7DPT,

Fig. 2. Morphological differentiation of the trans-

planted bone marrow-derived mesenchymal stem

cells. (A) The transplanted cells morphologically

differentiated into the cell with long processes

in the vitreous body. (B, C) The transplanted

cells illustrate the morphological differentiation

into the cells with the bidirectional dendrites in

the vitreous body. (D, H) Many transplanted

cells illustrate the morphological differentiation

into the cell with quite a number of processes in

the vitreous body. (E, F) The transplanted

cells illustrate the morphological differentiation

into the cells with branched processes in the

vitreous body. (G) The transplanted cell

morphologically differentiated into the multipo-

lar cell in the vitreous body. (I) The transplanted

cell illustrates the morphological differentiation

into the cells with long dendrite-like neural shape

in the vitreous body. (J) The transplanted cell

morphologically differentiated into the cell with

long branched process from the soma. (A–C)

1PN 7DPT, (D–G) 5PN 7DPT, (H–J) 10PN

7DPT. Bars=50 µm (A, D, H), 20 µm (B, C, E–

G, I, J).

Fig. 3. Molecular differentiation of transplanted bone marrow-derived mesenchymal stem cells. Bone marrow-derived mesenchymal stem

cells grafted at 5PN 7DPT: constitutive GFP expression (A, D, G), primary antibodies/Cy3 immunoreactivity (MAP2ab (B), and GFAP (E, H))

and merged images (C, F, I). Arrowheads indicate GFP-positive cells that co-express MAP2ab or GFAP. Asterisks indicate morphologically

differentiated cells that are not immunoreactive for antibody against MAP2ab or GFAP. Bar=20 µm.

Fig. 4. Integration of transplanted bone marrow-derived mesenchymal stem cells. (A) GFP-expressing cells integrated throughout the 5PN

7DPT host retina. (B, C) Higher magnification view of the boxed area in (A). Merged image of differential interference contrast micrograph,

DAPI, and GFP staining pictures of the bone marrow-derived mesenchymal stem cells in ganglion cell layer. Asterisks indicate GFP-positive

cell bodies. (D, E) The transplanted cells integrated into the ganglion cell layer at 5PN 7DPT retina. (F, G) The transplanted cell integrated into

the ganglion cell layer at 10PN 7DPT retina. Bar=20 µm.
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Fig. 3

Fig. 4
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19.8% (±4.8) at 5PN 7DPT, and 6.6% (±3.3) at 10PN 7DPT).

These results indicate that the host micro-environment,

which is differently adjusted at various developmental

stages, controls the differentiation and integration of BM-

MSCs efficiently.

IV. Discussion

Our findings demonstrated that intraocularly injected

BM-MSCs were localized in the vitreous chamber and GCL

in the retina. These cells were morphologically and molec-

ularly differentiated into neural and glial cells in the

developing mouse retina. Although most of the injected BM-

MSCs were found in the vitreous chamber, some cells had

passed through the inner limiting membrane and integrated

into the GCL.

Several studies proved that BM-MSCs have the

capacity to differentiate into neurons and glia [2, 4, 9, 26,

30, 33, 51, 65], and they also have been shown to be able

to respond to neural impulse by electrophysiological

responses [64]. Furthermore, the competence of these cells

as neurons has been proved through the secretion of

neurotrophic growth factors [33, 42, 45, 59]. For reasons of

trans-differentiation, BM-MSCs have wide application in

treating retinal disorders and for functional recovery of

damaged retinal cells [2, 58]. Nonetheless, the facts in our

research that only a few transplanted cells were discovered

in the GCL indicate that the capabilities of BM-MSCs are

limited in terms of both migration and integration. It is

generally assumed that BM-MSCs are incapable of pene-

trating the inner limiting membrane formed by Müller glia

[28] and that their ability to trans-differentiate is more

influenced by the host micro-environment under the dam-

aged retina compared to normal retina [20, 28, 40, 71].

In our study, many xenotransplanted BM-MSCs were

discovered in the vitreous chamber. Also, the survival and

differentiation of these cells into neural and glial cells in

the developing retina appeared to be extensive. Previous

studies have shown that TGF-β, FGF, and EGF, which act

to promote survival and differentiation of retina, were

observed in the vitreous fluid [3, 7, 43]. The proteomic

analysis of MSC indicated that MSCs include growth factor

receptors such as TGF-β, FGF, and EGF. These receptors

have the ability to initiate the intracellular signaling cascade

related to neural differentiation, such as Wnt, Notch/delta,

and TGF-β [32, 38, 61, 62]. Although the evidence is still

lacking for the age-dependent expression profile of ocular

growth factors or cytokines in the vitreous fluid, the VIGF,

IGF-1, and GH related to neovascularization and develop-

ment of the eye were decreased in rat vitreous fluid in

proportion to advancing postnatal age [3, 6, 39]. As many

ocular growth factors related to eye development exist in

the vitreous chamber, it is not beyond the bounds of

possibility that BM-MSCs are trans-differentiated into neural

and glial cells in the vitreous chamber.

In comparison with BM-MSCs, the transplanted

mBPCs (murine brain progenitor cells), mRPCs (murine

retinal progenitor cells), and AHPC (adult rat hippocampal

progenitor cells) by intraocular injection were better mor-

phologically integrated into the several cell layers of the

retina in the developing stage [42, 49, 50, 52, 59]. Notably,

the transplanted mBPCs in the retina showed molecular

differentiation into markers such as MAP2, calretinin, and

recoverin that are used to identify neural cells. In addition,

these transplanted cells were morphologically differentiated

into ganglion, amacrine, bipolar, and horizontal cells.

Although the transplanted BM-MSCs morphologically dif-

ferentiated and expressed neural and glial cell markers, their

Fig. 5. Bar graphs showing the percentage of differentiated and integrated GFP-positive human bone marrow-derived mesenchymal stem cells.

GFP-positive human bone marrow-derived mesenchymal stem cells intraocularly injected in the 1PN/5PN/10PN mouse retinas. One week after

transplantation, transplanted cells showed morphological and phenotypic differentiation and integration into retina. (A) Quantification of mor-

phologically differentiated GFP-positive human bone marrow derived-mesenchymal stem cells in vitreous and retina. There was statistically

significant difference among the three group means as determined by one-way ANOVA test (P<0.05). (B) Quantification of GFP-positive

human bone marrow derived-mesenchymal stem cells co-expressing MAP2ab or GFAP in vitreous and retina one week after intraocular trans-

plantation. The asterisks indicate no statistically significant difference between GFP-positive cells co-expressing MAP2ab and GFP-positive

cells co-expressing GFAP at the same postnatal age. (C) Quantification of integrated GFP-positive human bone marrow derived-mesenchymal

stem cells into retina. There was statistically significant difference among the three groups as determined by one-way ANOVA test (P<0.05).

Results are mean±SEM. Percentage of differentiated or integrated cells calculated as the number of differentiated or integrated cells that

expressed GFP, divided by total number of surviving GFP-positive transplanted cells ×100.
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integration was limited to the GCL and vitreous body; they

did not integrate into the inner nuclear layer (INL) and outer

nuclear layer (ONL). As BM-MSCs were narrowly capable

of integrating into the retina, we suggest that BM-MSCs

are more restrictive for various retinal diseases than other

stem/progenitor cells.

It is interesting to note that the transplanted BM-MSCs

at 5PN showed a better morphological and molecular

differentiation and integration than those at 1 and 10PN.

During the retinal development stage, diverse neurotrophins,

molecules, and signal pathways are involved in the survival

and differentiation of specific retinal cells. For example,

BDNF and NT-3 were found to facilitate the differentiation

and integration of cells in the developing chick retina [15,

16]. In addition, CNTF regulates the genesis of Müller glia

and the differentiation of photoreceptor in the postnatal

mouse retina [22, 24, 31, 67]. These retinal micro-

environments in the developing stage encourage the trans-

planted cells to integrate and differentiate better in the host

retina. In light of this advantage, many groups have made

attempts to transplant stem/progenitor cells at the develop-

mental stage [37, 49, 57, 59]. Early postnatal development

in the mouse during the first 3 weeks after birth is comparable

with the retinal development in the third-trimester in humans

[14]. Therefore, the mouse eye in early postnatal period

undergoes great changes [69, 70]. Six9, a homeobox gene

related to differentiation and Math5, an essential gene for

ganglion cell development and differentiation are highly

expressed at 1 and 5PN, whereas their expressions are

decreased at 10PN. The micro-environment of the 5PN

mouse retina is at its peak of differentiation for the amacrine,

bipolar, Müller glia cells, and rod photoreceptors compared

to that of 1PN [12, 18]. Among several genes involved in

the differentiation into INL such as Mash1, Hes1, Hesr2,

and Notch1, particularly Math3, which is related to the

transcription factor for amacrine cell, is higher at 5PN than

other-aged eyes [18, 23, 27]. Thus, it is assumed that these

various factors involved in the differentiation of retina cells

can influence the differentiation and integration of the

transplanted BM-MSCs into the developing retina. There-

fore, our research suggests that the host micro-environment

at 5PN in the mouse eye should have better specific

characters or strength of signal for the differentiation and

integration of BM-MSCs than other stages in the present

study.

Our results also obviously show not only that the

BM-MSCs were capable of survival after xenotransplan-

tation but also that the transplanted hosts had no evidence

of immunosuppression. Given the results of the other

xenotransplantation experiments, the outcome of our

experiment may be attributable to the relative purity of

the cultured BM-MSCs, which lack donor bone marrow

antigen-presenting cells and passenger leukocyte induced

transplant rejection [59].

In summary, we have shown that developing mouse

eyes can incorporate BM-MSCs in the vitreous chamber and

GCL. These cells can differentiate morphologically and

molecularly to the recipient retinas. However, BM-MSCs

have limited potential compared to other progenitor cells.

We found that the best age for transplantation of BM-MSCs

into the host eye in the mouse was 5PN. Regarding the

effective migration, integration and differentiation into the

host retina, the particular ontogenetic stage at which the

stem/progenitor cells are, as well as the kind of cells and

the micro-environment of the host retina, have a decisive

effect on retinal cell replacement or repair by transplantation.

Future studies are needed to elucidate the molecular

mechanism at 5PN mouse retina for this effect.
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