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Abstract

Disorders of human salivary glands resulting from therapeutic radiation treatment for head and neck cancers or from the
autoimmune disease Sjogren syndrome (SS) frequently result in the reduction or complete loss of saliva secretion. Such
irreversible dysfunction of the salivary glands is due to the impairment of acinar cells, the major glandular cells of protein,
salt secretion, and fluid movement. Availability of primary epithelial cells from human salivary gland tissue is critical for
studying the underlying mechanisms of these irreversible disorders. We applied 2 culture system techniques on human
minor salivary gland epithelial cells (phmSG) and optimized the growth conditions to achieve the maintenance of phmSG
in an acinar-like phenotype. These phmSG cells exhibited progenitor cell markers (keratin 5 and nanog) as well as acinar-
specific markers—namely, a-amylase, cystatin C, TMEMI6A, and NKCCI. Importantly, with an increase of the calcium
concentration in the growth medium, these phmSG cells were further promoted to acinar-like cells in vitro, as indicated
by an increase in AQP5 expression. In addition, these phmSG cells also demonstrated functional calcium mobilization,
formation of epithelial monolayer with high transepithelial electrical resistance (TER), and polarized secretion of a-amylase
secretion after (3-adrenergic receptor stimulation. Taken together, suitable growth conditions have been established to
isolate and support culture of acinar-like cells from the human salivary gland. These primary epithelial cells can be useful for
study of molecular mechanisms involved in regulating the function of acinar cells and in the loss of salivary gland function
in patients.
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periods of time and preservation of the acinar cell function-
ality have not been demonstrated yet (Redman and Quissell
1993). Currently available immortalized human salivary
cell lines, such as the human submandibular gland (HSG)
cell line, are primarily of ductal origin (Shirasuna et al.
1981). When grown on extracellular matrix substrates, HSG
cells can be induced to assume an acinar-like morphology
(Hoffman et al. 1996; Lam et al. 2005). However, these
cells are unable to form polarized monolayers and do not
show transepithelial electrical resistance (TER) (Aframian
et al. 2002; Tran et al. 2005).

Introduction

Salivary glands are exocrine organs that produce saliva, a
fluid composed of electrolytes and proteins, which is criti-
cal for maintenance of oral health and for mastication,
ingestion, and initial digestion of food in the oral cavity
(Miletich 2010). The main types of cells found in salivary
glands are acinar and ductal cells. A major consequence of
salivary gland dysfunction is loss of saliva secretion leading
to dry mouth. Some conditions that lead to salivary dys-
function are Sjogren syndrome (SS), an autoimmune dis-
ease affecting exocrine glands, and radiotherapy for

treatment of head and neck cancer. In both conditions, the
irreversible loss of saliva secretion is associated, at least ini-
tially, with impairment of acinar cell function, caused either
by destruction mediated by lymphocytic infiltration in SS
or by DNA damage caused by irradiation. No adequate
treatments are currently available for either condition.

A major roadblock in delineating the mechanisms under-
lying salivary dysfunction has been the lack of functional
cultures of salivary gland cells. Few studies have reported
the isolation and growth of primary epithelial cells from
explants of salivary gland tissues (Sens et al. 1985; Sabatini
et al. 1991; Okura et al. 1993; Dimitriou et al. 2002).
However, maintenance of the acinar phenotype for long
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Here, we aimed to establish conditions to maintain cul-
tures of primary human minor salivary gland epithelial cells
(referred as phmSG cells hereafter) and to shift them into a
more acinar-like phenotype. Our data demonstrate that cul-
tured phmSG cells express progenitor cell markers (keratin
5 and nanog) as well as several acinar-specific markers
(0-amylase, cystatin C, TMEM16A, and NKCC1). Importantly,
by raising the calcium concentration in the growth medium,
phmSG cells function like acinar cells, as indicated by an
increase in AQP5 expression, and demonstrate receptor-
stimulated calcium mobilization, formation of epithelial
monolayer with expression of the tight-junction protein
Z0-1 with high TER, and polarized secretion of a-amylase
secretion after B-adrenergic receptor stimulation.

Materials and Methods
Human Salivary Gland Tissue and Cell Cultures

Explant culture of human salivary gland biopsy and pri-
mary epithelial culture are described in the Appendix.

Western Blot and Quantitative Real-Time
Polymerase Chain Reaction

Western blotting and quantitative real-time polymerase
chain reaction (PCR) for the expression of cell type—
specific markers are described in the Appendix.

Immunofluorescence and Confocal
Microscopy Imaging

Immunocytostaining and confocal microscopy imaging for
the expression of cell type—specific markers are described
in the Appendix.

Measurement of TER and a-Amylase Activity

phmSG cells were plated at a density of 20 x 10* cells in
0.3 mL keratinocyte growth medium—low calcium, 0.05
mM (KGM-L) in the upper chamber and with 1.0 mL
KGM-L in the lower chamber of a Transwell-COL (0.4 pum
pore size, collagen-coated polyester insert; Corning,
Corning, NY, USA). When the cultures were about 90%
confluent, the culture medium was switched to keratinocyte
growth medium-high calcium, 0.80 mM (KGM-H) for 3 d.
TER measurements were conducted in 3 different locations
in each insert using a Millicells-ERS device (Millipore,
Billerica, MA, USA) following the manufacturer’s proto-
col. Each Transwell insert culture was prepared in triplicate.
The readings from an insert without phmSG cells were used
as a background control and subtracted from the average
measurement from inserts seeded with phmSG cells.

To monitor o-amylase secretion, we plated the phmSG
cells in Transwell inserts. Some of Transwell culture
medium was changed to a KGM without epinephrine and

incubated overnight (desensitization). The phmSG cultures
were then stimulated with either epinephrine (10 uM) or
isoproterenol (1 uM) in KGM-L or KGM-H for 45 min
before collection of medium from the Transwell insert (top
side) and from the microplate well (bottom side). Activity
of o-amylase (mU/mL) was measured using the Amylase
Activity Assay kit (BioVision, Milpitas, CA, USA) follow-
ing the manufacturer’s protocol.

Measurement of Ca** Mobilization and Cell
Volume Change in phmSG Cells

The phmSG cells were incubated with either Fura-2AM
(10 uM; Invitrogen, Carlsbad, CA, USA) in standard extra-
cellular solution (Ong et al. 2012) or Fluo-4AM (5 uM;
Invitrogen) in its growth medium for 30 min at 37 °C. The
cultures were washed twice with phosphate-buffered saline
(PBS), and measurements were conducted in KGM without
calcium. The agonist and antagonist (adenosine triphosphate
[ATP], 100 uM [Sigma, St. Louis, MO, USA] or thapsigar-
gin [Tg], 1 uM [Calbiochem, Billerica, MA, USA]) were
added, followed by the addition of CaCl2 (1 mM). The
Fura-2 signal was recorded using the Olympus IX51 micro-
scope (Olympus, Tokyo, Japan) operated using the Metafluor
imaging software (Molecular Devices, Sunnyvale, CA,
USA) with a Till Photonics-Polychrome V spectrofluorom-
eter (FEI, Hillsboro, OR, USA). The Fluo-4 AM signal was
recorded by Fluostar Omega (BMG Labtech, Ortenberg,
Germany) with the excitation and emission wavelengths set
at 485 and 520 nm, respectively. Cell volume measurements
in phmSG cells were performed as previously described
(Liu et al. 2006).

Statistical Analysis

Results are presented as the mean + standard error (SE).
Statistical significance was determined by Student’s ¢ test or
analysis of variance (ANOVA). P values of less than 0.05
were considered statistically significant.

Results

Explant Culture of Human Minor
Salivary Gland Tissue

The explant cell outgrowths were seen within 10 d
(Appendix Fig. 1A(a) and (b)) and reached about 80% con-
fluency in 3 wk. We observed 2 populations with differ-
ences in size and morphology in the outgrowth of phmSG
cells. While there were some large cells exhibiting flat
shape (Appendix Fig. 1A(c), arrows), most cells displayed
cobblestone morphology. While the origin of the large cells
is unclear, they decreased after the first passage. Fibroblast-
like cells with spindle morphology were occasionally found
in the initial outgrowth cultures (Appendix Fig. 1A(d), FL)
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The phmSG cells grown in mam-
malian epithelial basal medium
(MEBM) with low [Ca®'] (0.05
mM) displayed large cell sizes with
flat morphology (Appendix Fig. 1B,
#5). Increasing [Ca’'] to 0.8 mM
also induced changes similar to that
seen with KGM-H (Appendix Fig.
1B, #6). In addition, the phmSG
cells frozen for more than 3 mo
were thawed and grown in KGM-L.
The phmSG cells reached around
90% confluency within 3 d
(Appendix Fig. 1C), suggesting that
cell proliferation capacity was pre-
served after the freeze-thaw pro-
cess. Importantly, when maintained
in KGM-L, these cells were suc-
cessfully cultured for over 10
passages.
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Figure |. Gene expression profiles in phmSG cells maintained in different growth
medium. The phmSG cells were maintained in indicated supplemented growth medium
(#1 to #6) for 3 d and the total RNA were isolated for the measurement of CDH, ZOl,
CLDNI, KRT5, AQP5, SLCI2A2, KLKI, KRT19, and VIM transcript by quantitative
real-time reverse transcription (RT)—polymerase chain reaction. The data are from

3 independent experiments with triplicate samples for each transcript measurement.
The relative quantitation of each transcript was calculated (see Appendix), and the
results are presented as fold change (mean * standard error) over each respective gene
transcript measured in the mix control sample, which was generated by pooling an equal
amount of complementary DNA from all 6 samples after RT reaction. The Ct value
(cycle threshold, parenthesis at x-axis) represents each target gene expression level in

the mix sample. *P < 0.05. **P < 0.005.

but were separated from the epithelial cells (Appendix Fig.
1A(d), Epi) during the first passage through treatment with
EDTA.

Two serum-free culture media were evaluated. For KGM
containing 4 (bovine pituitary extract [BPE], human epider-
mal growth factor [hEGF], insulin [INS], and hydrocortisone
[HC)) or 6 (BPE, hEGF, INS, HC, epinephrine, and transfer-
rin) supplements, no apparent difference in morphology was
observed (Appendix Fig. 1B, #1 vs. #3 or #2 vs. #4). Cells
grown in KGM containing 6 supplements exhibited a more
uniform population (#3, #4) compared with those in KGM
with 4 supplements (#1, #2). Since [Ca*] in media alters cell
growth and differentiation (Hennings et al. 1980; Yuspa et al.
1989), we assessed the effect of [Ca*] in the media of phmSG
cultures. Cells maintained in various [Ca®’] media altered
cell morphology and distribution (Appendix Fig. 1B). While
phmSG cells grown in KGM with low [Ca®*] (0.05 mM;
KGM-L) displayed a scattered distribution, cells in high
[Ca®*] (0.8 mM; KGM-H) appeared smaller in size and
aggregated together (Appendix Fig. 1B, #1 vs. #2, or #3
vs. #4).

Expression of Epithelial and

Salivary Gland Markers in
phmSG Cells

To characterize the cultured phmSG
cells, we monitored the expression
of acinar and ductal cell-specific
markers. Expression of CDH
(E-cadherin), ZO-1 (ZOl), and
CLDNI (claudin-1) was high in
phmSG cells cultured in all types of
media (Fig. 1). A relatively high
expression level of AQP5 and
SLC1242 (Na'/K'/2CI™ cotransporter, NKCC1), 2 known
markers of acinar cells, was observed in phmSG cells main-
tained in KGM containing 6 supplements with either low
(0.05 mM) or high (0.80 mM) [Ca*"] (Fig. 1, #3 and #4).
Expression levels of vimentin and the ductal cell markers,
KLKI (kallikrein 1) and KRTI19 (keratin 19), were low.
KRT5 (keratin 5), a progenitor cell marker (Knox et al.
2010), showed the highest expression among the transcripts
examined. High expression of SLCI1242, KLKI, KRTI9,
and VIM (vimentin) was detected in phmSG cells grown in
supplemented MEBM (Fig. 1, #5 and #6), suggesting that
ductal characteristics were also enhanced with these media.

Expression of Simple Epithelial and Progenitor
Cell Markers in phmSG Cells

Cytokeratin 18 (K18) exhibited a filamentous structure in
the cellular cytoplasmic region (Appendix Fig. 2A).
Expression of the progenitor cells marker of cytokeratin 5
(KS) displayed filament-like structures and distributed
throughout the cytoplasm in phmSG cells (Appendix Fig.
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2C), and nanog, a transcription fac-
tor of self-renewal marker in stem
cells, was detected in the nucleus of
most phmSG cells (Appendix Fig.
2E-G).

Expression of Salivary Acinar
Marker Proteins in phmSG
Cells

Since phmSG cells grown in
KGM-H medium aggregated to a
cluster pattern (Fig. 2A, #1 and #2),
we investigated if the change of
[Ca®'] in the KGM medium affects
the expression of several cell type—
specific markers. Most of the mark-
ers examined did not show
significant changes in their expres-
sion when [Ca’"] was increased
from 0.05 to 1.8 mM in the medium
(Fig. 2B). Expression levels of
CST3 (cystatin C), ORAIl, and
SLCI12A2 were relatively high and
remained unchanged at all media
tested. Modest levels of expression
were found for o-amylase and
ANOI, which were also unaffected
by calcium changes. The expression
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Figure 2. Gene expression profile of phmSG culture maintained in keratinocyte growth
medium (KGM) containing different [Ca®"]. (A) Phase contrast images of phmSG cultures
grown in the KGM with 0.05 mM (#1) or 0.8 mM (#2) calcium concentration. Bar = 50
pum. (B) Total RNAs were isolated from phmSG cultures grown under KGM containing
indicated [Ca®"] for 3 d prior to total RNA isolation. Total RNAs were subjected to real-
time reverse transcription—polymerase chain reaction. The results were from 3 separate
experiments with triplicate samples for each transcript measurement. Data are shown as
level of expression, which is calculated (as described in the Appendix) to represent the
level of each gene expression and expressed as mean * standard error for each transcript
(AMYIA, AQPS5, CST3, SLCI2AI, ORALI, STIMI, STIM2, TRPCI, ANOI). (*P < 0.05,

for AQP5: 0.05 mM vs. 0.8, 1.2, 1.5, and 1.8 mM calcium concentration, respectively; for
STIMI, STIM2, and TRPCI: 1.2 mM vs. 0.05, 0.25 and 0.8 mM calcium concentration,
respectively). Endogenous GAPDH expression was used to normalize the RNA input, and

levels of STIMI, STIM2, and
TRPCI were enhanced when [Ca’']
was increased from 0.05 mM to 1.2
mM, and the levels seen at 1.5 and 1.8 mM [Ca®'] were
similar to that found at lower [Ca*'] (0.05, 0.25, and 0.8
mM), indicating that their expression is not [Ca*"] depen-
dent, but instead, it is optimal at 1.2 mM [Ca”"]. Expression
of AQPS5 increased in a [Ca®*]-dependent manner in phmSG
cells, with at least a 1.5-fold increase at [Ca®'] >0.05 mM,
and reached a plateau after 0.8 mM. These data demonstrate
that increasing [Ca>"] in KGM promotes 4QP5 expression
in phmSG cells.

Immunofluorescence staining for acinar cell markers
such as SLC12A2 and CST3 (Ball 1993) showed a spotty
distribution in the cytoplasmic region of SLCI2A2 in
phmSG cells (Appendix Fig. 3A), with more intense stain-
ing in the plasma membrane among cells with tight contact
regions (arrowheads in Appendix Fig. 3A). CST3 also
stained positively and distributed throughout the cytoplas-
mic region (Appendix Fig. 3B). AQPS5 staining showed
only a few positively stained phmSG cells when grown in
KGM-L (Appendix Fig. 3C), whereas more positive cells
with massive and intense staining were observed in phmSG
cells grown in KGM-H (Appendix Fig. 3D). To monitor if
the acinar cell markers were expressed after a few passages,

its expression level is indicated as an arrow shown on the y-axis.

the phmSG cells grown in either KGM-L or KGM-H were
also stained positively with SLC12A2 and CST3 (Appendix
Fig. 3E, F). Together, these results show that phmSG cells
can maintain phenotypic characteristics after multiple pas-
sages and can be promoted into acinar-like epithelial cells
when cells are grown in KGM-H (Wei et al. 2007; Patel
et al. 2008).

Formation of Tight Monolayers and Polarized
Regulated a-Amylase Secretion in phmSG Cell
Cultures

HSG and phmSG cells were seeded on collagen-coated
Transwell inserts in KGM containing either 4 or 6 supple-
ments in low or high [Ca®'] condition. The phmSG culture
showed increased TER by day 3 and continued to increase
until day 11, while HSG cells did not exhibit any TER (Fig.
3A). Cells in KGM-H showed the fastest rate of TER devel-
opment. While cells in KGM-L with 6 supplements initially
showed a lower rate of TER development on day 3, TER
values for these cells increased to the same extent as those
in KGM-H by day 7. Cells grown in KGM-L with 4
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from both the apical and basal sides
of a phmSG culture (Fig. 4B).
However, when phmSG cells were
first desensitized by incubation
with KGM lacking epinephrine
overnight, a high level of a-amylase
activity was detected in the medium
from the apical (but not the basal)
side of the monolayer without ago-
nist stimulation. Following stimula-
tion by either isoproterenol (ISP) or
epinephrine (Epi), a high level of
a-amylase activity was detected in
the apical media of a phmSG cell
monolayer, with a 20-fold increase
compared with control (Fig. 4C).
No significant difference was found
for a-amylase activity in the basal

Figure 3. Transepithelial electrical resistance (TER) measurement and ZO-| expression
in phmSG cultures. Cells were seeded in Transwell inserts (as described in Materials and
Methods) and maintained under indicated growth medium. (A) TER measurement was
conducted at each indicated time (days after seeding). Three independent experiments

media between nonstimulated and
stimulated conditions. Furthermore,
agonist-induced a-amylase activity
was unaffected by the [Ca®'] in the
media.

with each duplicated samples and 3 separated readings were recorded, converted,
and expressed as a mean * S.E (ochm/cm?). (B) Immunofluorescence staining of ZO- |

in phmSG culture of Transwell insert maintained (day 3) under keratinocyte growth
medium—low (KGM-L; #1) or keratinocyte growth medium-high (KGM-H; #2). DAPI
was for nuclei staining. Image was taken on a confocal microscope with z-stacking
starting from the basal layer toward the apical region. Bar = 50 ym.

supplements also displayed increased TER but at a much
slower rate and did not reach values similar to KGM-L with
6 supplements or in KGM-H at day 11. The tight junction
protein ZO-1 was expressed in cells grown on the Transwell
inserts and maintained in either KGM-L or KGM-H (Fig.
3B). While ZO-1 was loosely distributed in the cytoplasm
of cells grown in KGM-L (day 3; Fig. 3B, #1), cells grown
in KGM-H exhibited a contiguous expression in the plasma
membrane, which showed the formation of mature cell-cell
tight junctions. Shown in y-z-stack view (side view of Fig.
3B, #2), ZO-1 was localized at the basal-lateral region and
toward the apical side of the cells. Together, the initial TER
seemed calcium dependent in the day 3 Transwell insert
culture, but TER showed no significant difference between
KGM-L and KGM-H after 7 d.

One distinct feature of salivary acinar cells is the secre-
tion of a-amylase in response to stimulation of adrenergic
receptors (Putney 1986). Western blotting confirmed the
expression of a-amylase protein in phmSG cultures from 2
SS patients (#3090 and #3202) but not in HSG or HEK cells
or in primary fibroblasts isolated from the salivary gland of
a SS patient (#3202) (Fig. 4A). We also examined the capac-
ity of the cells to secrete a-amylase in a polarized manner
by plating phmSG cells on Transwell inserts through stimu-
lation with adrenergic agonists. Nonstimulated levels of
a-amylase activity were undetectable in the media obtained

Volume Regulation and
Agonist-Stimulated Calcium
Mobilization in phmSG
Cells

Until now, no study has examined agonist-induced [Ca2+]i
(intracellular free calcium concentration) changes in pri-
mary salivary gland cells. Stimulation with Tg, a potent
inhibitor of the sarco/endoplasmic reticulum calcium-
ATPase (SERCA) pump, promoted an initial sharp transient
increase of [Ca’ ] corresponding to a calcium release from
the ER-Ca*" stores. When 1 mM CaCl, was added to the
external medium, a second rise in [Ca® ] was observed pri-
marily due to the influx of Ca®" into the cells (Fig. 5A).
Similar changes in [Ca2+]i were observed when ATP, an
agonist of purinergic receptors, was used (Fig. 5B).

Stimulation with carbachol (CChol) in calcium-free
medium showed a biphasic response with an initial tran-
sient elevation of [Ca2+]A showing intracellular calcium
release and a sustained extracellular calcium influx follow-
ing CaCl, addition (Fig. 5C). The degree of CChol-induced
[Ca2+] changes occurred in a dose-dependent manner, with
hlgher concentrations of CChol producing higher levels of
[Ca%]i changes, which suggests a direct relationship
between calcium release and subsequent influx with the
degree of CChol stimulation.

Aquaporins (AQPs) play a critical role in mediating
water permeability and regulatory volume changes acinar
cells (Okura et al. 1993; Redman and Quissell 1993; Liu
et al. 2006). When phmSG cells maintained in KGM-L
were exposed to hypotonic solution (HTS), a sudden inflow
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of water into cells occurred mainly
through water channel proteins,
which in this assay was detected as
an increase in cell volume (Fig.
5D). This was followed by a recov-
ery phase whereby the cell volume
decreased to preswelling levels due
to the activation of ion channels and
transporters that mediate effluxes of
K', CI', and HZO, resulting in cell
shrinkage (a process known as regu-
latory volume decrease [RVD]) (Liu
et al. 2006).

Discussion

Studies of human salivary gland
physiology and pathology have been
hampered by the inability to obtain
long-term primary cultures of sali-
vary gland cells that preserve pheno-
type and function. Acinar salivary
cells are especially important, as
they are the primary water, salt, and
protein secreting cells. A key
requirement for salivary secretion is
the polarized arrangement of secre-
tory components to achieve secre-
tion via the apical region. Another
critical process is the receptor-medi-
ated Ca”" signaling mechanisms for
fluid secretion and cAMP signaling
for protein secretion. Salivary acinar
cells possess specific proteins that
are involved in fluid and protein
secretion.

Numerous studies have attempted
to develop a suitable culture system
for primary acinar cell cultures
(Lamey et al. 1984; Sens et al. 1985;
Oliver et al. 1987; Kurth et al. 1989;
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Figure 4. Expression and secretion of a-amylase in phmSG cultures. (A) Western blot
analysis of o-amylase expression in immortalized human salivary gland cell line (HSG),
pSS minor salivary gland epithelial cells (pSS-phmSG), healthy control minor salivary
gland epithelial cells (HC-phmSG), healthy control minor salivary gland fibroblasts (HC-
Fibroblasts), and human embryonic kidney cell line (HEK). The -actin was used as a
loading control. (B) Secretion of a-amylase in the keratinocyte growth medium (KGM)
collected from the apical side of phmSG and HSG cultures grown on Transwell inserts.
The desensitized treatment and measurement of a.-amylase activity were performed

as described in the Materials and Methods. Data are present as fold change over

each respective medium control sample. (C) Effect of isoproterenol (ISP, | pM) and
epinephrine (Epi, 10 pM) on a-amylase secretion in phmSG Transwell insert cultures.
Cultures were treated with indicated agonists for 45 min before the culture medium
(KGM-low [KGM-L] or KGM-high [KGM-H]) was collected from the top (apical side, in,
black) or bottom (basal side, out, blank) of the inserts and tested for a-amylase activity.
Results are from 3 separate experiments with duplicated samples and present as fold
change (mean * SE) over the untreated each respective control.

Sabatini et al. 1991; Chopra and Xue-Hu 1993; Okura et al.
1993), but thus far, no study has reported optimal conditions
for growing cultures of human salivary gland acinar cells that
retain their proliferative and functional abilities.

Here, we have developed techniques to obtain explant
outgrowth using salivary gland biopsy specimens, as well
as optimal conditions to maintain primary cultures of
phmSG cells and “guide” them into an acinar-like pheno-
type. While supplemented basal epithelial medium (s-BEM)
supported the outgrowth of epithelial cells from tissue
explants, KGM contained supplements that promoted
expression of acinar-specific proteins (AQPS5, NKCCI,
CST3) but not ductal cell markers (KLK1, KRT19). The

supplemented MEBM appeared to promote expression of
ductal-specific proteins in phmSG cells. More importantly,
we have found a critical role for [Ca®'] in the culture
medium for optimal growth of phmSG cells from explants
of salivary gland biopsy specimens. Supplemented KGM with
0.05 mM [Ca®"] (KGM-L) provided the best growth condi-
tions, allowing for multiple passages of phmSG cultures
(8-10 passages) while retaining their phenotypic character-
istics. The high expression of epithelial markers in cultured
phmSG cells when maintained in KGM-L medium con-
firms their epithelial origins, whereas detection of keratin 5
and nanog suggests that most cells have some progenitor
cell characteristics. The positive staining of AQPS, cystatin



Journal of Dental Research 94(2)

0.8 ‘
06

044

340/380 ratio units
340/380 ratio units

I
f

[}
15M Tg 1mM CaCl,
02 02

100pM ATP

Another critical function of
salivary acinar cells is fluid secre-
tion, which is controlled via cel-
lular Ca”" signaling mechanisms.
We have provided strong evi-
dence to demonstrate that Ca>*
mobilization events are functional
in phmSG cell cultures. Both

f
!

1r!1M CacCl,

T T T T T ) T
0 100 200 300 400 500 600 0 100
Time(s)

-

>

=}
L

/‘ﬂ-\.p + CChol (100 pM)

+CChol (10 pM) //

f +CChal (1 M)
of
1 é ?

1 mM CaClz

-
@
=]

-
M
S

Relitive Signal Intensity
~

Relative cell volume
Y
=)
I

-

=}

S
L
i

. . r ) receptor and passive stimulation
300 400 500 600 . 2+
Time (5) induced Ca™ release and entry,
demonstrating that both upstream
and downstream mechanisms
remain intact. These cells are also
capable of undergoing volume

N changes in response to osmotic

\ changes, exhibiting cell swelling
\ and subsequent RVD when chal-
\ lenged with HTS.

. Conclusively, we have devel-

Time (S)

it HTS (150 mQOsm)

oped a suitable culture system to
isolate, maintain, and propagate

Figure 5. Measurement of calcium mobilization and volume change in phmSG cells. The
phmSG cells were loaded with Fura2 (A, B) or Fluo4 (C) and treated with thapsigargin
(Tg, | uM; A) or adenosine triphosphate (ATP, 100 pM; B) or the indicated concentration
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reading was normalized by the baseline (C). (D) Hypotonic solution (HTS)—induced cell
volume change in phmSG cells maintained in keratinocyte growth medium—low (KGM-L) as

described in the Materials and Methods.

C, and NKCC1 of phmSG culture is in agreement with
these acinar marker staining in the human salivary gland
tissue section (Ball 1993; Barka and van der Noen 1994).

We also found that the [Ca®'] in the culture medium
modulates the morphology of and gene expression in
phmSG cells. In the presence of relatively high [Ca*'] (>0.8
mM) in KGM (6 supplements), phmSG cells are more
tightly packed compared with those in a low [Ca®"] medium.
This is accompanied by more than a 2-fold increase in
AQP5 gene expression, suggesting that high [Ca*'] induces
phmSG cells to a more acinar-like phenotype. Importantly,
phmSG cells also display tight junction formation, as dem-
onstrated by their growth as monolayers exhibiting a high
TER value in Transwell inserts with polarization in the api-
cal-basal orientation and ZO-1 expression (Tran et al.
2005). Another key feature of salivary gland acinar cells is
the secretion of a-amylase. Our findings demonstrate that
phmSG cells synthesize and secrete o-amylase via the api-
cal membrane in response to B-adrenergic stimulation. In
aggregate, our novel findings demonstrate functional recov-
ery of cultured salivary acinar cells in the KGM medium
with high [Ca®"]. To our knowledge, this is the first report
showing polarized, regulated a-amylase secretion from pri-
mary cultures of human salivary gland cells.

primary epithelial cultures from
human salivary gland tissue, and
these primary cells can be further
driven toward more acinar-like
cells. The culture system we
describe herein provides an excel-
lent tool for studies of the molec-
ular mechanisms involved in
regulating the function of acinar
cells from patients with salivary
gland disorders. Finally, the acinar-like cells generated by
this system can be used for high-throughput drug screening
since they maintain their function and allow for exploration
of therapeutic interventions for the pathologies that cause
hyposalivation.
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