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Isolation and Characterization of Progenitor Cells in
Uninjured, Adult Rat Lacrimal Gland

Marie A. Shatos, Linda Haugaard-Kedstrom, Robin R. Hodges, and Darlene A. Dartt

PURPOSE. The purpose of this study was to investigate the
presence of progenitor cells in the uninjured, adult rat lacrimal
gland (LG).

METHODS. The presence of progenitor cells was examined in LG
sections from male rats using antibodies against selected stem
cell markers and a-smooth muscle actin (SMA), which marks
myoepithelial cells (MECs), by immunofluorescence microsco-
py (IF). Small, immature cells were isolated after digestion of
LG with collagenase and culture in RPMI 1640 for 2 weeks.
Immature cells were examined for expression of stem cell
markers by IF. Immature cell were grown in neuronal,
epithelial, and myoepithelial cell media, and examined by light
morphology and IF using antibodies to markers of different cell
lineages.

RESULTS. In the intact LGs, MECs expressed the stem cell
markers nestin, Musashi 1, ABCG2, Pax6, Chx 10, DN p63, and
Sox 2. All markers colocalized with SMA. Isolated immature
cells contained Ki-67, nestin, Musashi 1, Pax 6, and CHX 10. In
neuronal media, immature cells differentiated and assumed a
neuronal cell morphology expressing neurofilament 200. In
media for human corneal endothelial cells, immature cells
differentiated, assumed cobblestone morphology, and labeled
with the epithelial marker AE1/AE3. In RPMI media immature
cells differentiated into cells with MEC-like morphology, and
expressed the MEC markers SMA, a-actinin, adenylate cyclase
II, and vimentin.

CONCLUSIONS. We conclude that uninjured, adult LG contains
progenitor cells that may be MECs, which can be isolated and
differentiated into multiple lineages. (Invest Ophthalmol Vis

Sci. 2012;53:2749–2759) DOI:10.1167/iovs.11-9025

The lacrimal gland (LG) is an exocrine, tubloacinar gland
that is responsible for most of the aqueous portion of the

tear film. The LG is composed of three major cell types: acinar,
ductal, and myoepithelial cells. Acinar cells, which comprise
about 80% of the gland, synthesize and secrete proteins, as well
as secrete water and electrolytes into the acinar lumen that
empties into the duct system. Smaller ducts coalesce into larger
ducts, eventually leading to the main excretory duct, which
terminates on the ocular surface. Ductal cells line the ducts

and modify the secretory fluid by secreting electrolytes and
water.1

Myoepithelial cells (MECs) have a characteristic stellate
shape with thin processes, which surround the acinar cells.
Based on the presence of a-smooth muscle actin (SMA) in these
cells, it is believed that they contract to squeeze the secretory
products out of the acinar cells and into the ducts.2 In the LG,
investigations have demonstrated that MECs contain M3
muscarinic receptors and the VIP receptors, known as VPAC1
and VPAC2.3,4 Muscarinic receptors are functional, as cholin-
ergic agonists have been shown to stimulate contraction of
MECs.5 Our laboratory recently has been able to culture MECs
from LG, and have demonstrated that the purinergic receptors
P2X7, P2Y1, P2Y11, and P2Y13 also are present.5 The purinergic
receptors are active, as addition of purinergic agonists increase
intracellular [Ca2þ]i.

5,6

Dysfunction of the LG has been demonstrated in a variety of
conditions, including immune-mediated processes, such as
autoimmune diseases, viral infections, organ transplantation,
and injury.7 The mechanisms of the destruction of the LG are
not well understood.8 Regardless of the cause, LG dysfunction
results in aqueous deficient dry eye, which in severe cases can
lead to eye infections, impaired wound healing, and scarring of
the cornea. Thus, repair and/or regeneration of the lacrimal
gland would be advantageous to ocular surface health and
function.

There is a large body of evidence for the capacity of
exocrine glands, such as pancreas, salivary, and mammary
glands, to regenerate.9–11 In the parotid, submandibular, and
sublingual glands, ligation of the excretory ducts leads to
atrophy. When the ligation is removed, the glands regenerate
through proliferation of acinar, ductal, and myoepithelial
cells.10,12,13 In the LG, Zoukhri et al. demonstrated that a
single injection of the pro-inflammatory cytokine IL-1 into the
murine LG led to a severe inflammatory response, impaired
release of secretory protein, decreased tear output, and
extensive acinar cell death.14 Within 3–7 days, the LG
regenerated and cell function returned. During this time of
repair, acinar and myoepithelial cells proliferated, restoring
lacrimal gland function. Zoukhri et al. also demonstrated that
progenitor cells that were positive for nestin were proliferat-
ing, and a small population of these cells were identified as
MECs.15 These data suggest that the LG is capable of self-repair
and contains a population of stem/progenitor cells that
proliferate to repair the LG. Recently, You et al. isolated the
progenitor cells from the injured murine LG and identified
them as mesenchymal stem cells.16 They were not able to
isolate progenitor cells from the uninjured murine LG.16

We recently developed a method to culture MECs from
uninjured, adult rat LGs.5 MECs typically take 3–4 weeks to
differentiate. During this time, a number of actively dividing
immature cells were observed growing over the underlying
monolayer. The morphology of these immature cells was
similar to that of stem cells reported in other tissues.17,18 The
purpose of our study was to investigate if progenitor cells were
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present in normal, uninjured LGs, and if they could be isolated,
proliferated, and differentiated into other cell types.

MATERIALS AND METHODS

Materials

Primary antibodies used in this research were anti-mouse a-SMA

(Diagnostic Biosystems, Pleasanton, CA); anti-mouse nestin (Develop-

mental Studies Hybridoma Bank, University of Iowa, Iowa City, IA);

anti-rabbit Musashi 1 and neurofilament-200 (Millipore, Billerica, MA);

and anti-goat DN p63, anti-goat SOX 2, anti-goat PAX 6, anti-goat CHX

10, anti-rabbit ABCG2, anti-rabbit adenylate cyclase II, anti-mouse a-

actinin, normal goat IgG, normal mouse IgG2a and normal rabbit IgG

(Santa Cruz Biotechnology, Inc., Santa Cruz, CA), as well as an antibody

against AE1/AE3, a pan-cytokeratin marker (BD Biosciences, San Jose,

CA), an antibody against vimentin (Sigma Aldrich, St. Louis, MO) and

anti-mouse Ki-67 (Vector Laboratories, Burlingame, CA). We also used

secondary antibodies Cy2 anti-mouse, Cy3 anti-rabbit, and Cy3 anti-

goat (Jackson Immunoresearch Labs, Inc., West Grove, PA); RPMI-1640,

X-VIVO 15, KBM cell culture media and KBM supplements (Lonza,

Walkersville, MD); and corneal endothelial cell medium (a kind gift

from Dr Nancy Joyce, Schepens Eye Research Institute). In addition, we

used fetal bovine serum (Hyclone Laboratories, Logan, UT), EGF

(Peprotech, Rocky Hill, NJ), The neuronal media supplements N2

supplement B (Stem Cell Technologies, Tukwila, WA) and B27

(Invitrogen, Carlsbad, CA). Tissue culture plastics and pipettes were

from VWR International (Radnor, PA) and Fisher Scientific (Pittsburgh,

PA). All reagents, unless otherwise specified were from Sigma-Aldrich

Corp. (St. Louis, MO).

Animals

Male Sprague-Dawley rats weighing between 125 to 150 g (approxi-

mately 6–8 weeks of age) were obtained (Taconic Farms, Germantown,

NY). All procedures used to obtain LGs were in accordance with the

ARVO Statement for the Use of Animals in Ophthalmic and Vision

Research. These protocols were approved by the Schepens Eye

Research Institute Animal Care and Use Committee. Rats were

anesthetized with CO2 for 1 minute and decapitated, and both LGs

were excised.

Immunofluorescence Microscopy (IF) for Tissue
Sections

LGs were fixed in 4% paraformaldehyde in PBS (145 mM NaCl, 7.3 mM

Na2HPO4, and 2.7 mM NaH2PO4 at pH 7.2) and cryopreserved in 30%

sucrose in PBS. Glands were embedded in optimal cutting temperature

embedding compound, and 6 lm sections were cut and placed on

slides. Frozen sections of rat LGs were rinsed with PBS and blocked for

2 hours in buffer containing PBS with 0.2% Triton X-100 and 2% BSA.

Sections were incubated for 2 hours at room temperature in a

humidified chamber or overnight at 48C with primary antibodies

specific for progenitor cells in combination with a-SMA, which

identifies myoepithelial cells. All primary antibodies were used at a

dilution of 1:100 in PBS containing 0.2% BSA. Isotype negative controls

consisted of normal goat IgG, normal mouse IgG2a, and normal rabbit

IgG at dilutions of 1:100. Sections then were rinsed three times with

PBS, after which secondary antibodies (1:300 dilution) were added for

1 hour at room temperature. Sections were rinsed three times in PBS

and coverslips were mounted on the slides using polyvinyl alcohol

(PVA) with 1,4 diazabicyclo[2.2.2]octane (DABCO) to prevent photo-

bleaching. Sections were analyzed for the expression of progenitor cell

markers using a Leica TSC-SPC upright laser scanning confocal

microscope.

Isolation and Growth of Lacrimal Gland Cells

Total gland digestion. LGs were removed and rinsed in PBS

containing antibiotics, finely minced, and subjected to four 20-minute

cycles of digestion in Type I collagenase at 378C. Following each 20-

minute digestion, liberated cells were collected, forced through a 0.4

lm mesh, pelleted and resuspended in 3 mL of RPMI 1640 culture

medium supplemented with 10% fetal bovine serum, 2 mM L-glutamine

and 100 lg/mL penicillin-streptomycin (complete RPMI). The cells

were divided evenly into each well of a 6-well culture plate. Cells were

re-fed with complete RPMI every two days.

Isolation of acini. LGs were minced and incubated at 378C with

collagenase CLSIII (100 U/mL) in Krebs-Ringer bicarbonate buffer with

HEPES (KRB-HEPES, 119 mM NaCl, 4.8 mM KCl, 1.0 mM CaCl2, 1.2 mM

MgSO4, 1.2 mM KH2PO4, 25 MM NaHCO3, 10 mM HEPES, and 5.5 mM

glucose, pH 7.45) plus 0.5% BSA. After incubation, fragments were

triturated, filtered through nylon mesh (150-lm pore size), and

centrifuged at 50 g for 2 minutes. The pellet was washed twice

through KRB-HEPES containing 4% BSA. Following isolation of acini,

they were placed in 6-well culture dishes (5 mg protein per well) and

re-fed with complete RPMI medium every two days.

Growth of Cultured Immature Cells

Cells from the digestion of the entire LG and from acini were grown in

culture initially in complete RPMI medium with 10% FBS. As soon as

round immature cells appeared (approximately 2–4 weeks), RPMI was

diluted gradually with serum-free KBM medium containing the

following supplements: insulin 5 lg/ml; hydrocortisone 0.5 lg/ml;

EGF 10 ng/mL and bovine pituitary extract 25 lg/ml. Cells were grown

first in a mixture of 75% RPMI:25% KBM for two days, then 50%

RPMI:50% KBM for two days, followed by 25% RPMI:75% KBM for two

days and finally in 100% KBM, which maintained the immature cells in

an undifferentiated state.

Immunocytochemistry of Immature Cells

Undifferentiated, immature cells, either single cells or cells that had

formed spheres, were evaluated by immunofluorescence microscopy

for their expression of various progenitor cell markers. We evaluated

cells grown either in the culture dish following their appearance or on

glass coverslips that were seeded at the time the LG cells were

digested. The same protocol described above for IF of tissue sections

was used in these experiments. Cells and spheres were incubated with

primary antibodies at concentrations of 1:100 in PBS for 2 hours at

room temperature followed by incubation with the appropriate Cy3

secondary antibodies at a dilution of 1:300 in PBS. An Olympus

fluorescence microscope was used to determine expression of

progenitor cell markers in these cells.

Determination of Immature Cell Plasticity

Contaminating cell types were scraped away from the immature cells

and nodules that appeared following lacrimal gland digestion. Cells/

nodules then were trypsinized and placed in three specific medias to

examine their plasticity. The first media was a neuronal medium, which

consisted of X-Vivo medium supplemented with 10% FBS, 20 ng/mL

EGF, 20 ng/mL bFGF, 100 lg/mL N2 neural supplement and 50 lg/mL

B27 neural supplement. The second media consisted of OptMEM-I

supplemented with 8% FBS, 5 ng/mL epidermal growth factor, 20 ng/

nL nerve growth factor, 100 lg/mL pituitary extract, 20 lg/mL ascorbic

acid, 200 lg/mL calcium chloride, 0.08% chondroitin sulfate, and

antibiotic/antimycotic solution diluted 1/100. This media has been

demonstrated to promote corneal endothelial cell growth.19,20 The

third media was RPMI 1640 media supplemented with 10% FBS, 2 mM

l-glutamine and 100 lg/mL streptomycin-penicillin, which promotes

epithelial cell growth.21,22 Cultures were re-fed every second day and

morphology was monitored using an Olympus inverted microscope. IF
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FIGURE 1. Presence of progenitor cell markers in LG. Rat LG sections were analyzed by confocal IF using the progenitor cell markers nestin (A),
Musashi 1 (B), and ABCG2 (C), all shown in red in left column. Sections also were double labeled with the myoepithelial cell marker a-SMA (a sm
mus actin), shown in green in the middle column. Merged images showing colocalization of two markers is shown in the right column. The rabbit
(rab) isotype control is shown in (D). Arrows indicate myoepithelial cells. Magnification 900·, inset 400·.
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FIGURE 2. Presence of progenitor cell markers in LG. Rat LG sections were analyzed by confocal IF using the progenitor cell markers Pax 6 (A), Chx
10 (B), Sox 2 (C) and DN p63 (D), all shown in red in left column. Sections also were double labeled with the myoepithelial cell marker a-SMA (a sm
mus actin), shown in green in the middle column. Merged images showing colocalization of two markers is shown in the right column. Arrows

indicate myoepithelial cells. Magnification 900·, inset 400·.
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was performed on cultures following two weeks of growth in their

respective medias. Cells were evaluated for the neuronal marker

neurofilament-200 at a dilution of 1:1000 in PBS, the epithelial cell

markers AE1/AE3, a pan-cytokeratin marker, and cytokeratin 7 at a

dilution of 1:100 in PBS. The secondary antibody was Cy3 at a dilution

of 1:300 in PBS. Expression of markers was visualized using an

Olympus inverted fluorescence microscope.

RESULTS

Detection of Progenitor Cells in Normal Rat
Lacrimal Gland

Recent reports indicate that stem/progenitor cells appear
transiently in the IL-1 injected mouse LGs until the injury is
resolved.14,15 To determine if progenitor cells are present in
healthy, uninjured LGs, adult rat LGs were examined by
confocal microscopy for proteins that are expressed in stem
cells. One such protein, nestin is a type VI intermediate
filament, which is expressed in dividing cells during early
stages of development in the central nervous system.23 Nestin
was not present in the acinar cells (Fig. 1A). Sections also were
double labeled with an antibody directed against a-SMA as
there is evidence to suggest that myoepithelial cells (which

express a-SMA) may be the source of progenitor cells in the
mammary and lacrimal glands and MECs surround acini.15,24 In
the LG, nestin was colocalized with a-SMA (Fig. 1A).

Musashi 1 is an RNA-binding protein that is expressed in
proliferating multipotent neural precursor cells and disappears
in differentiated cells.25 In the uninjured, healthy LG, Musashi 1
appeared throughout the acinar cells in a punctate pattern (Fig.
1B). In addition, Musashi 1 colocalized with a-SMA (Fig. 1B),
indicating that it is present in MECs.

ABCG2 is a member of the ATP binding cassette transport-
ers, which transport molecules across extra- and intracellular
membranes, and is present in a variety of pluripotent stem cells
from various adult sources.26 In the normal, untreated LG,
ABCG2 was present in the lateral membranes of the acinar cells
(Fig. 1C). ABCG2 also is present in MECs as it colocalized with
a-SMA (Fig. 1C). The isotype, negative control is shown in
Figure 1D.

Additional proteins expressed early in development and
in progenitor cells include the transcription factors Pax 6,
Chx 10, Sox 2, and DN p63.27–30 We examined the
expression of these proteins in uninjured, adult LGs. As
shown in Figure 2A, Pax 6 was not seen in acinar cells, but
appeared to be exclusively in MECs, as demonstrated by co-
localization with a-SMA. Similar localization was seen with
Chx 10 (Fig. 2B). Sox 2 was localized to the cytoplasm of

FIGURE 3. Growth of immature cells from rat LG. Rat LG was digested with collagenase and placed into culture. Light micrographs documenting the
appearance of immature cells at Days 0, 1, 30, and 60. Magnification 100·.
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FIGURE 4. Presence of immature cell markers in rat LG progenitor cells. Immature cells from rat LG were isolated and analyzed by IF using
progenitor cell markers Ki67 (A), nestin (B), Musashi 1 (C), Pax 6 (D), and Chx 10 (E), all shown in red in the left column. Cells also were double
labeled with the nuclear marker DAPI, shown in blue. Colocalization of two antibodies is shown in right column. Magnification 200·.
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acinar cells and colocalized with a-SMA (Fig. 2C). DN p63
appeared in a punctate pattern in acinar cells and also was
localized with MECs (Fig. 2D).

The uninjured adult LG appears to contain progenitor cells
that are MECs.

Growth of Immature Cells Isolated from LGs

Most of the progenitor cell markers used in the present study
colocalized with a-SMA, suggesting an MEC location. Since
previously we developed a method to culture rat LG MECs,5

we determined if progenitor cells could be propagated from
the normal LG using methods used to grow MECs. Cells
isolated from the lacrimal gland or acini were placed in
culture as described in the Methods and cell growth was
followed by light microscopy. Immature cells were isolated
consistently using both methods, and the two methods
yielded identical growth of cells. As shown in Figure 3, small
clumps of cells were plated on day 0. On day 1, cells had
attached. After 7–14 days, small, round immature cells
appeared on the surface of the underlying monolayer (data
not shown). By day 30, the small cells had aggregated to form
sphere-like structures. By day 60 the small cells were released
from the aggregates.

Detection of Progenitor Cell Markers in Immature
Cells Isolated from Normal LG

To determine if immature cells in culture are proliferating, the
presence of Ki-67, a nuclear protein present during all stages of
cell division, was determined. As shown in Figure 4A, cells
within the sphere or cells growing from the sphere expressed
Ki-67, indicating these cells are proliferating, a characteristic of
progenitor cells in culture.

Immature cells and spheres of undifferentiated cells also
were analyzed for progenitor cell markers by IF. The progenitor
cell markers, nestin, Musashi 1, Pax 6, and Chx 10, which were
present in MECs in LG sections, also were present in
undifferentiated spheres (Figs. 4B–E).

Plasticity of Immature Cells

We next examined whether the immature cells in culture
exhibited plasticity, a known characteristic of progenitor cells.
Immature cells were isolated and placed in neuronal media.
Cells were fed every other day and monitored for morpholog-
ical changes. Within one week, the immature cells began to
assume the morphology of persistent fetal vascular (PFV) cells,
a neuro-retinal cell line. Light micrograph photographs of PFV
cells are shown in Figure 5A, while LG differentiated cells

FIGURE 5. Differentiation of rat LG immature cells in neuronal media. Progenitor cells from retinal cell line (PVF, [A]) and immature cells from LG
(B) were grown in neuronal media for two weeks. Differentiated LG cells were then stained with the neuronal marker neurofilament 200 (NF200). A
sphere of differentiated cells is shown in (C), while an individual cell is shown in (D). Magnification 100· (A, B), 200· (C), and 400· (D).
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grown in neuronal media for 2 weeks are shown in Figure 5B.
The morphology of the LG differentiated cells was similar to
that of the PFV cells. IF of LG progenitor cells in this media was
performed to determine whether these cells expressed any

markers of differentiated neural cells, including neurofilament
200 (NF200) and microtubule-associated protein 5 (MAP5) as
well the astrocyte marker glial fibrillary acidic protein (GFAP).
Many cells expressed NF200 (Fig. 5C) and some cells

FIGURE 6. Differentiation of rat LG immature cells in corneal endothelial cell media. Human corneal endothelial cells (A) and immature cells from
LG (B) were grown in media developed for corneal endothelial cells for two weeks. Differentiated LG immature cells then were stained with the
epithelial cell marker cytokeratin AE1/AE3 (C). Magnification 100· (A, B) and 200· (C).
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developed the distinct morphology of neural cells (Fig. 5D). An
occasional cell expressed MAP5 (data not shown), but no cells
expressed GFAP.

LG immature cells also were placed in media known to
promote growth of corneal endothelial cells.19,20 As a control,
corneal endothelial cells grown in this media assumed the
typical cobblestone morphology (Fig. 6A).16,17 After 2–3 weeks
in culture, LG differentiated cells assumed a cobblestone
morphology similar to corneal endothelial cells (Fig. 6B). The
LG differentiated cells stained positively for the pan-cytokeratin
marker AE1/AE3, which also is expressed in corneal endothe-
lial cells (Fig. 6C).31

Finally, LG immature cells were grown in complete RPMI, a

media that promotes the growth of epithelial cells. Cells that

differentiated in this media were elongated and many had

ruffled edges, characteristics of epithelial cells (Fig. 7A). In

addition, these cells expressed proteins that are present in LG

MECs, including the a-SMA (Fig. 7B), adenylate cyclase II (Fig.

7C), a-actinin (Fig. 7D), and vimentin (Fig. 7E).5 Incubation of

cells with the isotype control showed no staining (Fig. 7F).

Immature cells isolated from uninjured, adult rat LGs appear

to be progenitor cells, as they express progenitor cell markers

and differentiate into multiple cell lineages.

FIGURE 7. Differentiation of rat LG immature cells in epithelial cell media. Immature cells from LG (A) were grown in RPMI media, which selects for
epithelial cells for two weeks. Differentiated LG cells then were stained with the markers for LG myoepithelial cells a-SMA (a sm mus actin, [B]),
adenylate cyclase II (C), a-actinin (D), and vimentin (E). Rabbit (rab) isotype control is shown in (F). Magnification 400·.
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DISCUSSION

Tissue regeneration and self-repair is inherent to most tissues
to replace defective cells so that healing and normal function
can occur. A rapidly evolving area of research has described the
presence of stem/progenitor cells in non-diseased, uninjured
adult tissues. Progenitor cells from adult tissues are capable of
self-renewal through asymmetric division, and simultaneously
can generate committed progenitor cells and transient
amplifying cells. The latter continue to differentiate into
tissue-specific cell types that maintain the tissue population
of cells. The adult progenitor cells also can function in disease
or injury to replace damaged or dead cells.

In the present study we demonstrated that adult progenitor
cells can be isolated and propagated from adult, non-diseased,
uninjured lacrimal gland. Using a battery of stem cell markers
and transcription factors, we identified the MECs as the
progenitor cells. Markers of progenitor cells labeled MECs in
LG sections as well as immature cells in culture. Our study is in
agreement with those of Zoukhri et al., who also found that
MECs could be a progenitor cell in the mouse lacrimal gland.14

The progenitor cells isolated by Zoukhri et al. also could be
stained with the same markers used in the present study.14 In
contrast, however, in mouse lacrimal gland Zoukhri et al. were
unable to isolate progenitor cells from uninjured LG, but
needed to inject IL-1, which caused massive cell loss in the
LG.14 There are two potential reasons for the difference
between the two studies, use of different culture media and
use of different species. First, Zoukhri et al. used DMEM to
culture the LG cells,14 whereas we used RPMI and then
gradually changed the media to KBM. Second, Zoukhri et al.
used mouse instead of rat lacrimal gland.14 Either of these
explanations is possible.

The isolation of progenitor cells was reliable and robust.
Progenitor cells were isolated from collagenase-digested glands
as well as isolated acini. In addition progenitor cells were
obtained from every gland used.

In the present study, we found that most myoepithelial cells
were identified by the progenitor cell markers used. Stem cells
are expected to represent a small population of cells. It is
possible that we identified a population of cells that were more
differentiated than stem cells, but still capable of plasticity, and
thus were more prevalent. In that case, the more immature
cells may be in a niche provided by the MECs and not the MECs
themselves. In this context You et al. found that a population of
mesenchymal cells functioned as stem cells to repair the LG
after injury.16 A second possibility for the large population of
progenitor cells could be the rapid time-course of repair
demonstrated by the IL-1 injected murine LG. One injection of
IL-1 caused a massive destruction of the LG that repaired in 2–3
days.14 In contrast in the ligated duct model of salivary gland
repair, it takes 2–3 weeks for damage to injure the gland and
repair to occur.32–34 A large population of progenitor cells
would be needed for the lacrimal gland repair. No data are
available to discriminate between these possibilities.

Stem cells have been identified in the other exocrine
tissues. In parotid, submandibular and sublingual salivary
glands, ductal ligation damages the gland, which is repaired
by a population of cells that reside in the ductal compart-
ment.10,12,13 These stem cells repair the three main cell types
of the salivary gland, the acinar, ductal, and myoepithelial cells.
Sialospheres (analogous to neurospheres), composed of
salivary gland stem cells, also can repair the damaged gland.35

In the mouse mammary gland duct (luminal) cells also appear
to function as stem cells.36 The duct cells are able to give rise
to three different cell types, acinar, ductal, and myoepithelial,
whereas myoepithelial cells only give rise to myoepithelial
cells. Thus, to date, the LG appears to be different than the

salivary and mammary glands, as either MECs (the present
study) or mesenchymal cells (You et al.16) function as the
progenitor cells in the LG.

One important characteristic of progenitor cells is that they
exhibit plasticity and can differentiate into multiple cell types.
In the present study, we cultured the LG progenitor cells in
three different types of media. The cells differentiated into
MECs in RPMI, epithelial cells in corneal endothelial cell
medium, and neuronal cells in neuronal media supplemented
X-Vivo. In the study by You et al., the mouse LG progenitor
cells differentiated into one other cell type, adipocytes, when
cultured in adipogenic media.16 Thus, isolated LG progenitor
cells are plastic.

In conclusion, the uninjured, non-diseased, adult rat LG
contains progenitor cells that can be isolated and propagated,
and these cells can differentiate into three different cell types.
The progenitor cells could be MECs or the MECs could provide
a progenitor cell niche.
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