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Abstract

Intraocular pressure (IOP) is still the main treatment target for glaucoma. Outflow resistance mainly exists at the
trabecular meshwork (TM) outflow pathway, which is responsible for IOP regulation. Changes of TM cellularity
and TM extracellular matrix turnover may play important roles in IOP regulation. In this article, we review basic
anatomy and physiology of the outflow pathway and TM stem cell characteristics regarding the location, isolation,
identification and function. TM stem cells are localized at the insert region of the TM and are label-retaining
in vivo. They can be isolated by side-population cell sorting, cloning culture, or sphere culture. TM stem cells are
multipotent with the ability to home to the TM region and differentiate into TM cells in vivo. Other stem cell types,
such as adipose-derived stem cells, mesenchymal stem cells and induced pluripotent stem cells have been dis-
covered for TM cell differentiation and TM regeneration. We also review glaucomatous animal models, which are
suitable to study stem cell-based therapies for TM regeneration.

Introduction

The conventional pathway, also called the trabecular
meshwork (TM) pathway, of aqueous humor outflow

consists of the TM, Schlemm’s canal (SC), and the aqueous
collector channels. The latest studies have shown that the
conventional pathway accounts for 40%–96% of the total
aqueous humor drainage in humans. This variation is because
the conventional pathway compensates the decreased outflow
of uveoscleral pathway with aging.1,2 The conventional outflow
pathway is a pressure-driven system,3,4 that provides resistance
to aqueous humor and allows bulk flow of aqueous humor to
pass through it driven by the pressure gradient, thus keeps in-
traocular pressure (IOP) in a steady state. Outflow resistance in
the conventional outflow pathway increases with age5,6 and is
higher in primary open-angle glaucomatous eyes.7,8

All current antiglaucoma treatment strategies for reduc-
ing IOP can be classified into 3 categories as follows: (1)
increase outflow through the alternative routes; (2) reduce
aqueous humor production; or (3) shunt aqueous humor away
from the diseased conventional outflow pathway, which also
shunts nutrients away from the eye. None of these therapies
target the conventional route, although the majority of

aqueous humor exits via this route, which makes it an at-
tractive prospect for development of new therapies.

It has been suggested that age- and disease-related decrease of
TM cells, accelerated apoptosis and senescence,9–15 abnormal
extracellular matrix (ECM) accumulation, the presence of cross-
linked actin networks in TM cells16–19 and the trabecular beam
fusion resulting from adhesions between denuded portions of
adjacent trabecular beams20 are associated with an increased
aqueous outflow resistance and concomitant increase of IOP. A
myocilin mutant mouse glaucoma model21,22 demonstrating TM
cell death and IOP elevation emphasizes the TM cell function in
the aqueous outflow. TM cells are phagocytic23 with the ability to
remove potential obstructive debris in the outflow track and are
responsible for ECM degradation and replacement biosynthesis in
the outflow pathway.24 It is reasonable to predict that reduction of
TM cellularity will affect ECM turnover and cause debris accu-
mulation, hence increase outflow resistance in open-angle glau-
coma eyes. Theoretically, repopulation of the TM cells by stem
cells may compensate the decreased cellularity in glaucomatous
eyes and modify the abnormal ECM and promote the ECM
turnover, thus reducing IOP. As juxtacanalicular cells are not
depleted in late stages of glaucoma, replacement of corneoscleral
TM cells might suffice for IOP regulation.9 This is a new
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treatment strategy, by which IOP could be reduced via improving
the conventional outflow pathway.

TM Anatomy and Physiology

Location and shape

The TM is a wedge-shaped lamellar tissue stretched
between the periphery of Descemet’s membrane of the
cornea anteriorly and the scleral spur posteriorly.25 It is
formed by collective tissue beams or lamellae that have a
core of collagenous and elastic fibers and are covered by
flat cells, which rest on a basal lamina. The beams attach
to one another in several layers and form a porous filter-
like structure.

TM components and their morphological functions
to regulate IOP

The TM consists of 3 regions that differ in structure as
follows: the inner uveal meshwork, the deeper corneoscleral
meshwork, and the juxtacanalicular tissue ( JCT) or cribri-
form region that is localized directly adjacent to the inner
wall of SC endothelium (Fig. 1). From the inner to the
outermost layer, there is a decrease in porosity,25,26 thus the
lamellae of the uveal TM are a filter. The trabecular outflow
resistance resides within the deepest 1/4–1/3 of the TM27

and most of the resistance appears to reside within the JCT
and/or SC endothelium.28,29 The cells lining the lamellae of
the TM play 2 primary roles: secretion of specific enzymes
and ECM, and phagocytosis of debris in the aqueous humor.23

Both functions help maintain aqueous outflow flowing
through open spaces between organized trabecular lamellae.30

Stem Cells in the TM

In addition to the 3 components of the TM in the outflow
facility, there is proof of a fourth region called the insert
zone. The insert zone resides at the Schwalbe’s line and
does not filter aqueous humor into the SC. Several studies
have explored the characteristics of the cell population in
the insert zone. In 1982, Raviola31 identified an unusual cell
population termed Schwalbe’s line cells with distinct ul-
trastructural features different from TM cells. In 1989, Acott
et al.32 found out that there was an increase in TM cell
division after treating organ cultured human anterior seg-
ments with laser trabeculoplasty, and over 60% of the cell
division took place in the nonfiltering proportion of TM.
More direct evidence for the existence of stem cells in the
insert zone of the TM came from immunostaining studies by
Whikehart and McGowan,33,34 demonstrating presence of
stem cell markers in the TM and in the transition zone be-
tween the TM and the corneal endothelial periphery.

It is thus hypothesized that the insert zone is a niche for
cells with adult stem cell-/progenitor cell-like properties that
serve as a reservoir to repopulate cells into the filtering TM
region when injury takes place.35 In the following session,
we will be discussing in more detail about the growing
evidence and techniques of this hypothesis.

Isolation, Cultivation, and Identification
of Trabecular Meshwork Stem Cells

Isolation and cultivation

To isolate and enrich trabecular meshwork stem cells
(TMSCs), several techniques can be applied based on the
properties of stem cells. For example, formation of colonies
is one of the primary characteristics of stem cells. Also, stem
cells have the ability to remove DNA-binding fluorescent
dyes because stem cells express special ATP-binding cassette-
containing pumps.36 Thus stem cells are able to efflux the dyes
and remain unstained or weakly stained forming a side popu-
lation (SP) when analyzed by flow cytometry.36,37 Based on
these principles, there have been different methods to isolate
and culture stem cells from TM region.

We isolated human TMSCs by sorting side-population
(SP) cells using fluorescence-activated cell sorting (FACS)
technique. Using SP cell sorting to purify stem cells was
discovered in 199638 and has been used to isolate many kinds
of adult stem cells. Since there are not enough cells from
human TM tissue for direct SP cell sorting, we39,40 first cul-
tured and passaged cells from human TM in stem cell growth
medium (SCGM) containing multipurpose reduced-serum
media (Opti-MEM) supplemented with 5% fetal bovine se-
rum (FBS), 10 ng/mL epidermal growth factor (EGF),
100 mg/mL bovine pituitary extract, 20mg/mL ascorbic acid,
200 mg/mL calcium chloride, 0.08% chondroitin sulfate, 100
IU/mL penicillin, 100 mg/mL streptomycin, and 50 mg/mL
gentamicin. After 2 to 3 passages, 5 · 105–2 · 106 cells were
incubated at 1 · 106 cells/mL in prewarmed DMEM with 2%
FBS and either 5mg/mL Hoechst 3334241 or 10 mM DyeCycle
Violet (DCV)42 for 100 min at 37�C. A negative control was
performed by preincubation with 50mg/mL verapamil or
25 mg/mL fumitremorgin C for 20 min before Hoechst or
DCV incubation to inhibit Hoechst or DCV dye efflux. After
staining, cells were washed twice in Hank’s balanced salt
solution with 2% FBS and stored on ice and then 2 mg/mL

FIG. 1. Illustration of the TM structure. Insert region
(green, nonfilter region) is between the TM and the corneal
endothelium. The TM consists of uveal meshwork (blue),
corneoscleral meshwork (red), and JCT (yellow). JCT,
juxtacanalicular tissue; TM, trabecular meshwork.
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propidium iodide was added to identify nonviable cells im-
mediately before sorting. Cells were analyzed on a flow cyt-
ometer high-speed cell sorter, using 350-nm (for Hoechst
dye) or 405-nm (for DCV dye) excitation. Designated SP cells
showed reduced fluorescence at both blue and red channels
(Fig. 2).

We were also able to isolate the TMSCs by clonal culture.
We cultured either human and mouse TMSCs in SCGM at
100 cells per well of 6-well plates precoated with FNC
Coating Mix (containing fibronectin, collagen and albumin,
AthenaES). Twelve days later, we stained the cells with
0.5% crystal violet solution in 25% methanol and scanned
the plates. Figure 3 shows that both human and mouse
TMSCs have the ability to form colonies.

Gonzalez43 isolated free-floating spheres from human TM
cell primary cultures. Primary TM cells were isolated as
described by Stamer30 and cultured in low glucose Dulbec-

co’s modified Eagle’s medium (DMEM) with l-glutamine
and 110 mg/L sodium pyruvate containing 10% fetal bovine
serum (FBS), 100mM nonessential amino acids, and antibi-
otics at 37�C in a humidified atmosphere of 5% CO2. Free-
floating spheres were maintained in StemSpan� Serum-Free
Expansion Medium and could be expanded in vitro for 3
months. Their proliferative potential was diminished after
culturing for longer periods of time and cryopreservation.

Tay44 isolated TM cells following the method described
by Tripathi45 and digested the TM tissue with 2 mg/mL type I
collagenase in DMEM containing 10% FBS. Cells were
cultured and passaged in low-glucose DMEM containing
10% FBS, 4 mM L-GlutaMAX�, 1 mM sodium pyruvate,
1% nonessential amino acids, and antibiotics. They found
that cells seeded at low densities generated colonies after
14 days, indicating the presence of proliferative cells within
the population. They named the cells as TM-derived me-
senchymal stem cells (TM-MSC). They observed that 0.15%
of seeded TM-MSC were able to form adherent colonies.

Nadri46 cultured the cells in low glucose DMEM sup-
plemented with 20% serum and 200 ng/mL basic-FGF. They
indicated that about 57%–76% of cells at different passages
were able to form colonies.

Cell markers

Several groups have been exploring specific markers for
TM stem cells, or the absence of specific markers for dif-
ferentiated TM cells as to determine the stem cell properties
of TMSCs (Table 1).

In 2006, Gonzalez43 performed microarray studies of
neurospheres isolated from human TM tissue, identified
high expression of two TM markers, MGP (matrix Gla
protein), and CHI3L1(chitinase-3-like-1, also known as
YKL-40, cartilage glycoprotein-39, HC-gp39), which indi-
cated that these free-floating spheres originated from HTM
cells. In addition, nestin, a marker for neural precursor cells,
and leukemia inhibitory factor (LIF), a gene involved in
maintenance of undifferentiated progenitor cells, were de-
tected in high levels in the spheres, suggesting that these
cells possess certain level of stemness.

Later on, other groups demonstrated that stem cells from
the TM express stem cell markers, but lack markers of dif-
ferentiated TM cells, Schlemm’s canal endothelial (SCE)
cells, fibroblasts, or hematopoietic lineage cells. In 2012, we
identified that human TMSCs expressed stem cell markers
ABCG2, Notch1, OCT-3/4, ankyrin G, and mucin 1, but not

FIG. 2. Isolation of TMSCs as SP cells. SP cells were
isolated by FACS from passage 3 human TM cells (using
DyeCycle Violet Dye; Invitrogen). Cells showing reduc-
tion of both blue (450 nm) and red (>620 nm) are the SP cells
in the frame. Reproduced from Du et al.39 with permission of
the Association for Research in Vision and Ophthalmology.
FACS, fluorescence-activated cell sorting; LP, long pass; SP,
side population; TMSCs, trabecular meshwork stem cells.

FIG. 3. Both hTMSCs- and
mTMSCs-forming colonies. Both
hTMSCs and mTMSCs were cul-
tured in SCGM at 100 cells/well for
12 days. Crystal violet stains cell
colonies. hTMSCs, human TMSCs;
mTMSCs, mouse TMSCs; SCGM,
stem cell growth medium.
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TM cell markers AQP1, MGP, CHI3L1, or TIMP3. Fur-
thermore, passaged TMSCs were a homogeneous population
with more than 95% of the cells positive to CD73, CD90,
CD166, or Bmi1.39 Tay et al.44 identified that stem cells
derived from the TM expressing markers of CD73, CD90,
and CD105 are typically associated with mesenchymal stem
cells. Thus, they named the cells as ‘‘TM-MSC.’’ Further-
more, these TM-MSC were identified as exhibiting low ex-
pression of CD11b (leukocyte marker), CD34 (hematopoietic
stem cell marker), CD45 (pan-hematopoietic marker), and
CD79a (B cell marker).

McGowan et al.34 compared unwounded with wounded
corneas, which were the corneal rims, with the central corneal
part removed by trephination for corneal transplant. They
found that stem cell markers nestin, alkaline phosphatase, and
telomerase were present in the TM and in the TM insert
region of both unwounded and wounded corneas. Additional
stem cell markers, Oct-3/4 and Wnt-1, were found in the
same regions of wounded corneas. This study suggests the
possibility that endogenous TM stem cells can exit the qui-
escent state to repopulate TM cells.

Label-retaining assays

Label-retaining techniques allow in vivo histological de-
tection of stem cell-enriched cell population such as locating
stem cell niches and identifying stem cell status of prolif-
eration or quiescence. Usually a radiolabeled nucleoside
analog such as bromodeoxyuridine (BrdU) is administered

to animals for a certain time (pulse period) and then taken
away for a prolonged period (chase period) before the tis-
sues are examined. BrdU can be incorporated into newly
synthesized DNA of replicating cells. The nuclear label is
diluted with each cell division. Fast-cycling cells are con-
stantly dividing. Consequently, the amount of original label
steadily decreases to the point when the label is no longer
detectable. Conversely, stem cells are slow-cycling in vivo
and divide less frequently. After the chase period, they re-
tain significant amount of the label, and are therefore
identified as label-retaining cells (LCRs).47–49

Acott et al. used [3H]-thymidine pulse-chase protocol to
examine cell proliferation in the TM after laser trabeculo-
plasty in human corneoscleral explant organ cultures.32 There
was a 4-fold increase in cell division in laser-treated explant
and nearly 60% of this cell division was localized to the an-
terior nonfiltering region of the TM where it inserted into the
cornea beneath Schwalbe’s line. Furthermore, 60% of these
labeled cells moved to the burn sites by 14 days after laser
treatment. This study suggested that the labeled cells served as
a source for TM cell renewal and might be stem cells.

Braunger et al.50 identified stem cells in the anterior
chamber angle of the monkey eyes by detecting BrdU long-
term retention. They treated 4 monkeys with BrdU for 4
weeks and found that the number of BrdU-positive cells was
higher at Schwalbe’s line covering the peripheral end of
Descemet’s membrane than in regions of JCT, TM, and
scleral spur. This study characterized in detail the specific in
situ localization of the stem cell niche in TM region.

Table 1. Markers of Trabecular Meshwork Stem Cells

Studies Detecting methods
Presence/high expression

of cell markers
Absence/low expression

of cell markers

Tay44 Flow cytometry,
immunostaining

CD73, CD90, CD105, CD145 CD11b, CD34, CD45, CD79a

Du et al.39 RT-PCR Immunofluorescent
staining

ABCG2, Notch1, Muc1, AnkG,
CD73, CD90, CD166, Bmi1

AQP1, MGP, CHI3L1,
Myocilin

Kelley et al.35 Immunohistochemistry HIMFG-1 CHI3L1
Gonzalez et al.43 Microarray Nestin, leukemia inhibitory factor,

CHI3L1, matrix Gla protein
McGowan et al.34 Immunostaining Oct-3/4, Wnt-1, Pax-6, Sox2

FIG. 4. BrdU-label retaining cells in mouse TM. Newborn mice were given BrdU labeling by intraperitoneal injection. Twelve
days after the last BrdU injection (A), BrdU+ (Green) cells are at both the TM region (arrowheads) and the insert region (arrows).
Eight weeks after the last BrdU injection (B), BrdU+ (green) cells are limited at the insert region (arrows), and very few are at the TM
region (arrowhead). AQP1 stains TM cells and corneal endothelial cells as red. DAPI stains nuclei as blue. Scale bars, 100mm.
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We peritoneally injected BrdU at 50 mg/g body weight
into wild-type C57BL/6 newborn mice twice a day for
3 days and traced up to 8 weeks after the last injection. We
observed that BrdU-positive cells were at both the TM and
the insert region 12 days after injection, whereas BrdU label-
retaining cells were limited at the insert region 8 weeks after
injection (Fig 4). It confirms that there are label-retaining
stem cells in the TM tissue and the insert region is the niche
of TM stem cells in mouse eyes. This result confirms the
finding by Acott et al32.

Multipotency

Multipotency is one of the characteristics of adult stem
cells. Stem cells are capable of multilineage differentiation
and functional reconstruction of damaged tissues in vivo.51

It has been proven that stem cells from the TM are multi-
potent with the ability to differentiate into various cell types.
We have successfully induced TMSCs to differentiate to a
variety of cell types that either express neural markers
neurofilament, b-tubulin III, GFAP; or keratocyte-specific
markers keratan sulfate and keratocan; or express adipocyte
markers aP2 and leptin.39

Tay44 proved that stem cells derived from the TM, with
gene expression patterns similar to mesenchymal stem cells
derived from other tissues, are capable of differentiation into
adipocytes, osteocytes and chondrocytes. Natri et al46 iso-
lated a stem cell population from the TM region which are
able to differentiate toward mesenchymal and photoreceptor
lineages at different induction conditions. All these studies
have confirmed that there are stem cells in the TM region
and the TM stem cells are multipotent.

Other stem cell sources for TM regeneration

To utilize stem cells to maintain tissue homeostasis, tissue
specific functional cells are needed. So far, several groups
have been exploring the ability of TMSCs, adipose-derived
stem cells (ADSCs), mesenchymal stem cells (MSCs) and
induced pluripotent stem cells (iPS) to differentiate into
functional TM cells.

TMSCs are multipotent with the potential to differentiate
into phagocytic TM cells39 when cultured in the presence of
aqueous humor or in the presence of relatively high con-
centration of serum. Bovine aqueous humor (AH) was col-
lected from enucleated bovine eyes. TM cell differentiation
was induced by culturing TMSCs in three different condi-
tions: 50% AH in SCGM, 100% AH, or DMEM/F12 plus
10% FBS. After 10 days, TMSCs readily differentiated into
TM cells with phagocytic function and expression of TM
markers AQP1, CHI3L1, and TIMP3. This indicates that
TMSCs show the most potential for TM regeneration and
IOP reduction in glaucomatous eyes.

ADSCs can be readily isolated from human adipose tissue
and have multilineage potential to be induced to differ-
entiate into fat, bone, cartilage, and muscle under specific
culture conditions.52 Two groups showed their results on
successfully inducing ADSCs into TM cells at the ARVO
meeting in 2015.53,54

Bone marrow-derived mesenchymal stem cells are mul-
tipotent and have been explored for TM regeneration.55 In
the study by Manuguerra-Gagne et al,55 MSCs were injected
into the anterior chamber of rats with laser-induced glau-

coma. MSC injection induced a rapid return to normal IOP
levels in experimental glaucomatous rats. Injected MSCs
migrated to laser-treated region and restored TM structure
one month after injection. Furthermore, injection of MSC-
conditioned medium generated in low-oxygen condition
also dramatically reduced IOP. This study indicates that
both MSCs and MSC-conditioned medium are effective in
TM regeneration. Further studies are needed for exploring
regenerative mechanisms.

iPS cells are reprogrammed differentiated cells with
characteristics similar to embryonic stem cells.56,57 iPS cells
can be derived from patients’ own dermal fibroblasts that are
easily accessible, making iPS an ideal candidate for auto-
logous cell transplant. iPS cells are able to differentiate into
TM cells after culture on TM cell-derived extracellular
matrix (ECM)58 or co-culture with TM cells.59 The induced
TM cells from iPS fully restored intraocular pressure
homeostatic function in an ex vivo perfused human organ
culture model.58 After co-culturing with human TM cells for
up to 21 days, mouse iPS cells became TM-like cells (iPSC-
TM) resembling cultured human TM cells morphologically.
They also began to express many markers of TM cells while
ceasing to express pluripotency markers such as Nanog,
Oct4, and Sox2. Functionally, these cells developed the
ability to phagocytose particles. Finally, exposure to dex-
amethasone or phorbol 12-myristate acetate caused a dis-
tinct increase in the production and secretion of myocilin
and matrix metalloproteinase-3 by this cell population,
which is the classic behavior characteristic of TM cells.59

These studies indicate the feasibility of inducing other
stem cell types, especially for autologous purpose, into TM
cells for TM regeneration in glaucomatous eyes.

Animal Models for TMSC Transplantation Study

To test if stem cell transplantation could increase both
cellularity and function of the TM in glaucomatous eyes, we
need an appropriate animal model. The model should have
the characteristics of (1) decreased TM cellularity and rel-
atively normal skeletal structure of TM and SC, which can
provide a scaffold for stem cells to attach to; (2) open an-
terior chamber angle, which will allow transplanted cells to
reach the TM tissue; and (3) increased IOP that lasts for a
relatively long period.

One extensively used experimental strategy to make
glaucoma-like animal model is to increase IOP to a level that
preferentially damage retinal ganglion cells. A translimbal
laser photocoagulation model for glaucoma in rats was in-
vented by Levkovitch-Verbin et al.,60 in which IOP was
consistently elevated for 21 days. Since then, laser photoco-
agulation on the anterior segment of the eye has become one
of the most used methods for IOP elevation in mice or rats.61–68

Almost all of those experiments resulted in IOP elevation by
inducing episcleral vein cauterization, which can also cause
nonvascular glaucoma, and severe peripheral anterior synechia,
which is one of the main characteristics of primary angle-
closure glaucoma, as keeping the normal morphology of ante-
rior segment was not essential in those studies.

We69 recently developed a mouse glaucoma model induced
by laser photocoagulation with low energy settings. We
showed that IOP elevation lasted for 6 months with TM cel-
lularity and ECM changes, open anterior chamber angle, loss
of retinal ganglion cell axons, and decreased photopic negative
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response, which mirrored almost all the characteristics of hu-
man open-angle glaucoma. We also elucidated the pathological
changes responsible for the change of outflow and the eleva-
tion of IOP. Previously, we discovered that adult corneal
stromal stem cells have an ability to remodel tissue matrix
in vivo70 and TM stem cells can selectively home to TM region
in vivo.71 We hypothesize that homed TM stem cells, like
corneal stromal stem cells, can remodel tissue matrix in vivo to
promote TM extracellular matrix turnover and maintain TM
homeostasis. We believe that this mouse glaucoma model
could be applied to studies on stem cell-based therapies for
glaucoma to explore if TMSCs can repopulate the TM cellu-
larity and remodel the ECM structure of the conventional
outflow pathway. It could also be applied to studies of re-
generation of retinal ganglion cells and optic nerves in glau-
comatous eyes.

Tg-MYOCY437H mouse model might also be appropriate for
testing stem cell-based therapies. It is a transgenic mouse
model of open-angle glaucoma induced by Y437H MYOC
mutation.22,72 Tg-MYOCY437H mouse demonstrates signifi-
cant elevation of IOP starting at 3 months of age with open
iridocorneal angle and normal morphology of anterior
chamber structure. No abnormalities in the iris, cornea, and
lens were revealed in Tg-MYOCY437H mouse. Tg-MYOCY437H

mouse also presents retinal ganglion cell death and axonal
degeneration, which closely resembles the phenotypes seen in
patients with primary open-angle glaucoma (POAG) caused
by the Y437H MYOC mutation. Significant loss of TM cells
was demonstrated in 12-month-old Tg-MYOCY437H mice,
which is associated with endoplasmic reticulum stress-
induced apoptotic pathway.

Active transforming growth factor-b2 (TGF-b2) is marketly
increased in the aqueous humor of eyes with high IOP in
POAG patients.73 Connective tissue growth factor (CTGF) is
a TGF-b2 target gene with high constitutive TM expression.74

Junglas and the team74 induced a mouse glaucoma model with
IOP elevation by either adenoviral-mediated or transgenic
CTGF overexpression in the mouse eyes. There is increase of
actin stress fibers in the TM cells and increase of TM fibro-
nectin and a-SMA in the TM of the CTGF-overexpressing
glaucoma mice. This might be another appropriate animal
model for studying stem cell-based therapies.

Stem Cell Transplantation into TM Region

To verify if TMSCs have the ability to home to TM and
survive after transplantation, we labeled human TMSCs and
fibroblasts with fluorescent membrane dye DiO and injected
them into normal mouse anterior chambers.71 We found that
injected human TMSCs localized primarily in the TM, re-
maining viable in the tissue at least 4 months. Within 1
week, some of the injected TMSCs began to express TM
cell marker CHI3L1. Meanwhile, fibroblasts injected into
mouse anterior chamber distributed in the corneal endo-
thelium, lens epithelium, iris, and TM without expression of
CHI3L1. Little apoptosis was detected in injected TM tissue
and IOP was not elevated during the experiment. We did not
detect any CD45-positive cells after TMSC transplantation.
Together with our previous study, we proved that (1) TMSC
can be isolated from TM and expanded in vitro, (2) TMSC
can home to TM and differentiate into TM cells in vivo, and
(3) TMSC anterior chamber transplantation does not cause
inflammation. All of these are the essential requirements for

using TMSC transplantation to repopulate TM cells and
restore TM function in glaucomatous eyes. Transplanting of
TMSCs into the abovementioned animal glaucoma models
is an essential step for verifying the feasibility of stem cell-
based therapy for glaucoma, which is ongoing.

Summary

POAG is one of the most prevalent types of glaucoma and
presents as elevated IOP, retinal ganglion cell death, and
axonal degeneration. Decreased cellularity in TM, which is
demonstrated in glaucomatous eyes, is thought to be asso-
ciated with IOP elevation, and thus, loss of retinal ganglion
cells. TMSCs have been identified in vivo, isolated in vitro,
and characterized as capable of regenerating TM cells and
homing to the TM region after anterior chamber transplan-
tation. Appropriate animal models, which mirror the main
phenotypes of POAG, are currently available. Now, it is
possible to verify if stem cell-based therapy is an applicable
strategy for treating glaucoma by evaluating the ability of
TMSCs and other types of stem cells such as ADSCs and
iPS cells to repopulate TM cells and restore TM function in
these animal models.
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