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ABSTRACT
Sjögren’s syndrome is a systemic inflammatory disease that affects the lacrimal gland
and is the leading cause of aqueous-deficient dry eye. The lacrimal gland is the main contributor
of the aqueous layer of the tear film and secretes proteins, electrolytes, and water. Overall, there
are three different cell types in the lacrimal gland: acinar, ductal, and myoepithelial cells.
Myoepithelial cells are responsible for the production of extracellular matrix and basement
membrane components and play a role in tear secretion. These cells also contract to help expel
secretory products from the acinar cells; this contraction is regulated by oxytocin. In chronic
inflammatory diseases of the lacrimal gland, such as Sjögren’s syndrome, there is reduced
production of tears leading to dry eye disease, which may be due to impaired function of
myoepithelial cells.
In previous studies, it was found that inflamed lacrimal gland epithelial cells had
increased levels of pro-inflammatory cytokines, such as interleukin-1 (IL-1). It was also found
that chronic inflammation of the lacrimal gland leads to downregulation of key proteins of
myoepithelial cells (α-smooth muscle actin (SMA) and calponin) as well as the oxytocin receptor
when compared to those of control non-inflamed glands. It was found that there was statistically
significant reduction in protein expression of SMA and calponin. Thus, it could be hypothesized
that IL-1 directly affects the morphology of the myoepithelial cells as well as their function.
In this study, isolated myoepithelial cells from SMA-GFP mice were grown in culture
and used to study the effect of IL-1 on myoepithelial cell function. Western blotting, as well as,
immunofluorescent staining experiments were conducted in order to ascertain the presence and
expression of the oxytocin receptor and the key contractile proteins of interest (SMA and
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calponin) in the isolated cells. Finally, the isolated myoepithelial cells were treated with or
without IL-1 and Western blotting was used to determine the effects on the expressions of the
above proteins of interest.
Our study confirmed that myoepithelial cells can successfully be isolated and cultured from
SMA-GFP mice, which would allow future experiments to be conducted with more ease as
compared to studies in whole animals. Through these preliminary experiments we also confirmed
that these cells expressed oxytocin receptor, and that treatment with IL-1 leads to a significant
decrease in expression of key contractile proteins of interest (SMA and calponin).
Based on our findings, we can conclude that our data support the hypothesis that chronic
inflammation of the lacrimal gland and increased levels of IL-1 leads to degradation of SMA and
calponin, which overall impairs the contraction of myoepithelial cells and limits tear secretion.
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INTRODUCTION
Sjögren’s syndrome, which affects about 1 to 4 million North Americans, is a systemic
inflammatory disease that affects the lacrimal gland and is the leading cause of aqueousdeficient dry eye (Barrow, 2012; Fox, 1992). If clinically unmanaged, patients with Sjögren’s
syndrome usually experience difficulty swallowing, severe and progressive tooth decay, and
oral infections (Zoukhri, 2012). Current diagnostic criteria for primary Sjögren’s syndrome rely
on patient reported and measurable signs of dry eye and dry mouth, presence of autoantibodies
against ribonucleoproteins, and focal lymphocytic infiltration (Vitali et al., 2002). The absence
of tears is critical because tears are the only physical protective barrier for the ocular surface
(Tiffany, 1978). The tear film is made up of an aqueous layer of water, electrolytes, and proteins
surrounded by layers of mucins and lipids (Tiffany, 1978). Mucins are secreted by the
conjunctival goblet cells, and the Meibomian glands secrete the lipid components (Gibson,
2003; Bron, 1998). The lacrimal gland secretes the aqueous layer of the tear film, and
insufficient tear production results in the constant irritation of the ocular surface that ultimately
leads to dry eye disease (Botelho, 1964).

The lacrimal gland is the main contributor to the aqueous layer of the tear film and
secretes proteins, electrolytes and water (Zoukhri, 2012). There are three different cell types
in the lacrimal gland: acinar, ductal, and myoepithelial cells. Acinar cells synthesize and
secrete proteins as well as electrolytes and water using channels along its basolateral and
apical membranes. Typically, acinar cells are shaped like a pyramid with the nucleus on the
outer edge and the cytoplasm in the middle (Figure 1A). Ductal cells modify the electrolyte
composition of the primary fluid secreted by the acinar cells (Figure 1B). Myoepithelial cells
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are thin spindle-shaped cells located between the basement membrane and epithelial cells
(Figure 1C). They form a branched network around the acinar and ductal cells and are able to
contract to help acinar cells expel secretory products (Balachander et al., 2015). These cells
are characterized by their expression of contractile proteins such as α-smooth muscle actin
(SMA) and calponin as well as epithelial markers, such as cytokeratins.

Myoepithelial cells are responsible for the production of extracellular matrix and
basement membrane components. These cells are best studied in the mammary gland where
their primary function is contraction in response to oxytocin stimulation of the oxytocin
receptor, which is essential for milk production (Haaksma, 2011). The oxytocin receptor is a
G-protein coupled receptor and can be desensitized by prolonged agonist stimulation that
leads to reduced signal transduction (Rauk & Friebe, 2000). In previous studies in mammary
glands, it was found that chronic inflammation negatively affects myoepithelial cell function
and contractile protein integrity (Pandey, 2010). It was also shown that IL-1 decreases
oxytocin receptor mRNA expression and down-regulates oxytocin binding capacity in cell
cultures (Rauk & Friebe, 2000). The oxytocin receptor gene contains certain DNA binding
elements associated with IL-1 and IL-6 regulatory elements, which further indicates that
oxytocin receptor expression and signaling capacity is highly affected by pro-inflammatory
cytokines, especially IL-1 (Schmid et al., 2001). The effect of IL-1 is at the mRNA level as
well as the oxytocin receptor protein level. Myoepithelial cells in the lacrimal gland play a
similar role to myoepithelial cells in the mammary gland. The impact chronic inflammation
has on the function of lacrimal gland myoepithelial cells is still under studied.
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There are several mechanisms of lacrimal gland dysfunction, including apoptosis and
increased inflammatory cytokines (Zoukhri, 2018). Inflamed lacrimal gland epithelial cells
were observed to express several pro-inflammatory cytokines such as interleukin-1 (IL-1)
that can play a role in apoptotic cell death and other cellular functions exhibited in human
tissue (Tapino et al., 1998; Schmid et al., 2001). Furthermore, it was found that in
inflammatory diseases of the lacrimal gland there was increased production of proinflammatory cytokines, as seen in a study of animal models of Sjögren’s syndrome with
elevated levels of IL-1 in the lacrimal gland (Zoukhri et al., 2002). It has also been observed
in some studies that the cytokines were not only being produced by the invading immune
cells but by the lacrimal gland epithelial cells themselves (Robinson et al., 1998).
In order to better understand the effect of IL-1 on myoepithelial cells, our lab decided
to carry out a series of experiments on chronic inflammation in the lacrimal gland. Based on
the results, it was found that myoepithelial cells from chronically inflamed lacrimal glands
show atrophic morphology, express less contractile proteins (SMA and calponin) when
compared to those of the control non-inflamed glands. We also found that the oxytocin
receptor, which is stimulated by oxytocin to induce contraction of myoepithelial cells, was
down regulated in inflamed lacrimal glands.
Based on these preliminary experiments and the fact that IL-1 and its signaling
receptor expressions are both significantly upregulated in diseased lacrimal glands, this leads
us to hypothesize that IL-1 may be responsible for the down-regulation of contractile
proteins (SMA and calponin) and the oxytocin receptor in myoepithelial cells. The loss of
these key myoepithelial cell proteins is significant because it leads to lose of contractile
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function and ultimately impairs myoepithelial cells in the lacrimal gland. In this study, we
sought to determine the effect of IL-1 on myoepithelial cells in vitro, specifically on SMA,
calponin, and oxytocin receptor expression.
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MATERIALS AND METHODS
Animals
All experiments described herein were performed in accordance with the Association for
Research in Vision and Ophthalmology (ARVO) Statement for the Use of Animals in Ophthalmic
and Vision Research and were approved by the Tufts Medical Center Animal Care and Use
Committee. SMA-GFP mice (a kind gift of Dr. Ivo Kalajzic) which express GFP under control of
the SMA promoter (only in myoepithelial cells of the lacrimal glands) were used for all
experiments. Animals were euthanized and the exorbital lacrimal glands were harvested and
processed for paraffin embedding or cell isolation.

Isolation and Growth of Lacrimal Gland Myoepithelial cells
Lacrimal glands were excised from 3-week-old SMA-GFP mice and minced into small
pieces for digestion. Tissue was then digested in 0.75 mL/lacrimal gland of Collagenase digestion
solution (464 U/mL Collagenase II (Worthington Biochemical, Lakewood, NJ) in DMEM
containing 2 mM L-glutamine, 1% non-essential amino acids, 1% penicillin/streptomycin, and 8
U/mL DNAse I) for 50 minutes at 37°C and 100 RPM. During the digestion, the tissue was broken
up by triturating every 15 minutes with increasingly smaller pipette tips. After digestion, the
digested tissue was filtered through a 100µm mesh and washed two times with Ca2+ and Mg2+ free Phosphate-buffered saline (PBS) + 2 mM EDTA to stop Collagenase digestion. Next, digested
tissue was incubated with TrypLE Express (Invitrogen, Carlsbad, CA) for 2 minutes at 37°C to
isolate single cells. Then TrypLE Express was diluted with DMEM containing 1 U/mL DNAse I
for 3 minutes followed by washing with DMEM + 10% fetal bovine serum (FBS) to inactive any
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residual Trypsin activity. Finally, isolated single cells were re-suspended in myoepithelial cell
culture media (RPMI 1640 + 10% FBS + 2 mM L-glutamine + 1% penicillin/streptomycin).
Isolated single cells were grown immediately (explant-like technique) or used to sort GFP+
cells using a Fluorescence Activated Cell Sorter (FACS, Aria cell sorter, Becton Dickinson,
Franklin Lakes, NJ) and grown at a density of ~15,000 cells/cm2. Cells were grown on tissue
culture dishes coated with 3.5 µg/cm2 Cell-TakTM (Corning, Corning, NY) following the
manufacturer’s instructions to help cell adhesion. Explanted cells were grown in myoepithelial
cells media and passaged using 0.25%-Trypsin-EDTA (Invitrogen) and used at passage 2 or 3 for
all experiments.

Treatment of Myoepithelial cells
Myoepithelial cells were grown in myoepithelial cell media containing varying
concentrations of serum (0, 0.5, and 10%) for 5 days to determine cell viability in low serum
medium. Cell viability was determined using the Cell Counting Kit-8 (CCK-8, Dojindo Molecular
Technologies, Rockville, MD) according to the manufacturer’s instructions. Briefly, cells were
incubated with the CCK-8 working reagent for 1 hour and the optical density was measured at
450nm on a Multiskan EX (ThermoFisher, Waltham, MA).
In another series of experiments cells were incubated with 10 ng/mL of IL-1α (Peprotech,
Rocky Hill, NJ) in myoepithelial cell medium containing 0.5 (low) or 10% (high) serum. The cells
were treated with IL-1α for 1 to 4 days. Untreated cells were used as a control for comparison.
Following treatment cells were lysed and proteins were collected for SDS-PAGE and Western blot
analysis.
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SDS-PAGE and Western Blotting
Cells were homogenized for 20 minutes in 0.4 mL ice-cold radio-immunoprecipitation
assay (RIPA) buffer (10mM Tris-HCl pH 7.4, 150mM NaCl, 1mM EDTA, 1% Triton X-100, 0.1%
sodium deoxycholate, and 0.1% SDS supplemented with protease inhibitors). Following
homogenization, the cell lysates were centrifuged and the protein supernatant was collected. The
Pierce BCA protein assay was used to determine the protein concentration of the collected proteins
according to the manufacturer’s instructions. Using bovine serum albumin (BSA) standards,
diluted in RIPA buffer, 10µL of protein was mixed with 200µL of BCA working reagent and
allowed to incubate for 30 minutes at 37°C. Optical density (at 590nm) was measured using a
Multiskan EX (ThermoFisher, Waltham, MA) and used to determine protein concentration.
Proteins (5 µg/well) were separated by SDS-PAGE on NuPAGE 4-12% Bis-Tris gels in MOPSSDS buffer (Invitrogen, Carlsbad, CA). Protein gels were transferred to PVDF membranes and
used for immunoblotting.
After the transfer, the membranes were stained with REVERTTM total protein stain (LICOR Biosciences, Lincoln, NE) followed by imaging on a LI-COR Odyssey Infrared Imager.
Next the membranes were blocked using Odyssey blocking buffer (LI-COR) for 1 hour at room
temperature. Membranes were incubated overnight at 4°C with the appropriate primary antibody
diluted in blocking buffer (Table 1A). Following washing with Tris-buffered saline + tween-20
(TBS; 50 mM Tris-HCl, 150 mM NaCl, 0.1% tween-20; pH 7.6) membranes were then incubated
for 1 hour at room temperature with the appropriate secondary antibodies followed by detection
on the LI-COR Odyssey Infrared Imager. Staining in each lane for band intensity was quantified
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using the LI-COR Image Studio software. Western blot band quantifications were then normalized
to the total amount of protein in each lane based on the REVERTTM total protein stain.

Immunofluorescence Staining
Lacrimal glands removed from SMA-GFP mice and cells grown on 8-chamber slides
(Fisher Scientific, Hampton, NH) were fixed in 4% methanol-free formaldehyde prepared in
phosphate-buffered saline (PBS, 137mM NaCl, 2.7mM KCL, 6.5mM Na2HPO4, and 1.5mM
KH2PO4 at pH 7.2) overnight at 4°C or for 20 minutes at room temperature, respectively, followed
by washing with PBS. Lacrimal gland tissue was embedded in paraffin and sectioned onto slides
(6 µm). Tissue sections were then dried at 55°C and de-paraffinzed in xylenes followed by rehydration in graded ethanol solutions. Tissue sections were next subjected to heat-mediated
antigen retrieval using VectorLabs un-masking solution (Burlingame, MA).

Next, slides containing tissue and cells were permeabilized using 0.1% Triton X-100 for
10 minutes at room temperature. Subsequently, non-specific binding sites were then blocked using
10% normal donkey serum (Jackson ImmunoResearch Laboratories, Westgrove, PA) for 1 hour at
room temperature. The slides were then incubated overnight at 4°C with the appropriate primary
antibody (Table 1A). Slides without primary antibody were included as negative controls. Next,
slides were incubated with a compatible secondary antibody (Table 1A) for 1 hour at room
temperature. After each antibody incubation slides were washed with PBS containing 0.05%
Tween-20. Finally, slides were covered with VectaShield Antifade mounting medium containing
DAPI (VectorLabs) to counterstain nuclei. Staining was viewed using a microscope equipped for
epi-illumination (Nikon UFXII Epi-Illuminator).
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Data Presentation and Statistical Analyses
All statistical analyses were performed using GraphPad Prism Software (version 7.0; San
Diego, CA) and data are presented as means ± standard deviation (SD). Data was analyzed using
a 2-tailed unpaired Student’s t-test, with significant results being considered with p-value < 0.05.
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RESULTS
Previous Findings
The NOD mouse, which is chronically inflamed in the lacrimal gland, was used as the
diseased model in all studies from the previous findings. The BALB/c mouse was used as the
control.

Decrease in Contraction of Myoepithelial Cells from NOD mice.
Oxytocin is a neurotransmitter and hormone known to control smooth muscle cell
contraction in multiple tissues, including mammary gland myoepithelial cells. Therefore, we used
oxytocin to stimulate myoepithelial cell contraction in control healthy BALB/c and diseased NOD
lacrimal gland. Contraction was measured by staining with phalloidin and visualized by confocal
microscopy (Figure 2). In control BALB/c lacrimal glands treated with oxytocin there was a
statistically significant decrease in acini area, perimeter, and Feret’s diameter compared to
unstimulated lacrimal glands (Figure 2). In contrast, diseased NOD lacrimal glands did not have a
statistically significant reduction in acinar cell size, when treated with oxytocin. This suggests that
in chronically inflamed lacrimal gland the contractile function of the myoepithelial cells is
significantly altered.

Decrease in Oxytocin Receptor and Contractile Proteins Expression in
Myoepithelial Cells of NOD mice.
It was hypothesized that loss of myoepithelial cell contractile property might be due to
decreased expression of oxytocin receptor and/or contractile proteins. Cell lysates were prepared
from lacrimal gland of control BALB/c and diseased NOD mice and used to perform Western
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blotting experiments to determine the level of expression of oxytocin receptor, SMA, calponin,
caldesmon, and E-cadherin proteins. The data shown in Figure 3 and 4 show that lacrimal glands
from diseased mice express less oxytocin receptor, SMA, and calponin when compared to healthy
glands. Expression of oxytocin receptor was significantly decreased by 98.8% (Figure 3), SMA
expression was significantly decreased by 59.2% (Figure 4B), and calponin expression was
significantly decreased by 95% (Figure 4B). Expression of E-cadherin, a marker of lacrimal gland
epithelial cells, and caldesmon was not statistically significantly different between the control
BALB/c and diseased NOD mice lacrimal glands (Figure 4).
Based on these data, we hypothesized that chronic inflammation of the lacrimal gland leads
to degradation of the oxytocin receptor, SMA, and calponin in the myoepithelial cells, which
results in impaired contraction and possibly reduced tear secretion.

Current Findings
Isolation and Propagation of Lacrimal Gland Myoepithelial Cells.
In order to obtain lacrimal gland myoepithelial cells, we used a transgenic mouse which
expresses GFP under the control of the SMA promoter. Overall, it takes about 6 weeks from the
time the mice become pregnant to the time that the pups can be weaned and used for experiments.
Once ready the lacrimal glands were removed and digested to obtain single cells that were either
directly cultured (explant-like technique) or used to sort SMA-GFP+ cells. Cells were grown on
tissue culture dishes coded with Cell-TAKTM and then fixed for staining. Tissue culture of
explanted SMA-GFP myoepithelial cells takes around 3 to 4 weeks for the cells to become
confluent. Confluent cells were passaged at least 2 times before being used for experiments.
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The myoepithelial cells in the lacrimal gland of the SMA-GFP mice were GFP labeled as
demonstrated by the immunofluorescent staining (Figure 5A-C). We were able to confirm this
based on the co-localization of GFP and SMA. Thus, since yellow staining was observed when
merged, we concluded that the GFP positive cells expressed SMA, indicating that they were in
fact myoepithelial cells. The expression of collagen-1 in the lacrimal gland was also demonstrated
using these mice (Figure 5D-F). This further supports that the GFP successfully targeted the
myoepithelial cells because collagen-1 is known to be a protein secreted by myoepithelial cells.
When observing the merged image of GFP and collagen-1, there is a yellow band between the
GFP labeled myoepithelial cells and collagen-1 stained extracellular matrix, as predicted.

The myoepithelial cells obtained by explant technique from SMA-GFP mice were also
used to show the correct morphology and expression of GFP (Figure 6A & B). The merges of
collagen-1, GFP, and DAPI further supported that the myoepithelial cells were successfully
labeled with GFP similar to what was observed in the lacrimal gland tissue in Figure 5 (Figure 6C
& D). Using the cell sorting technique to isolate myoepithelial cells, we were able to isolate a pure
population of GFP positive cells from the lacrimal gland. Staining for the expression of SMA in
these sorted cells, obtained by FACS, we demonstrated that these cells were indeed myoepithelial
cells (Figure 7A-C). The positive expression of calponin, also exclusively expressed by
myoepithelial cells in the lacrimal glands, was also demonstrated (Figure 7D-F). This further
confirms that the myoepithelial cells were successfully marked by GFP. Finally, we demonstrated
that myoepithelial cells from the lacrimal gland expressed oxytocin receptor (Figure 7 G-I).
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Decrease in Protein Expression in High Serum Media.
In order to assess the effects of IL-1, explanted myoepithelial cells (passage 3) were
cultured in 10% serum media and treated with IL-1 (10ng/mL) for 1 or 2 days (Table 2). The level
of expression of SMA, calponin, and oxytocin receptor were then determined by Western blotting.
On day 1, there were no significant differences, but on day 2 there were statistically significant
decreases of 54% SMA (p = 0.037) and 40% calponin (p = 0.008) protein levels, compared to
control non-treated myoepithelial cells (Table 2). These results suggest that IL-1 may affect the
expression of SMA and calponin in the myoepithelial cells.

Effect of Low Serum on Myoepithelial Cell Viability.
Serum has a lot of growth factors, and in order to determine if lacrimal gland myoepithelial
cells can grow in low or no serum cells were grown in 0%, 0.5% and 10% serum media. Cell
viability was determined using the CCK-8 kit. As shown in Figure 8, in 10% normal serum media
the cells grew normally and proliferated. In the 0.5% and 0% serum media, the cells were not
proliferating but were still viable. Further analysis suggested that while cells in 0% serum media
die within 3 days, the cells in 0.5% serum media would stay alive longer. Thus, through this
experiment it was decided to use 0.5% serum media in future experiments and test the effect of
IL-1 on cultured myoepithelial cells.

Decrease in Protein Expression in Low Serum Media.
Explanted myoepithelial cells (passage 3) were cultured in 0.5% serum media and treated
with 10ng/mL of IL-1, and the effect of IL-1 on protein expression levels for oxytocin receptor,
SMA, and calponin were determined. There were only small changes in expression levels for all
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of the proteins. Only on day 4 was calponin expression statistically significantly decreased by
33.9%, with a p-value of 0.016, compared to control non-treated myoepithelial cells (Table 3). It
should also be noted that on day 4 SMA protein expression was non-significantly decreased by
19.6%, but had a p-value of 0.075, which is relatively close to being statistically significant (Table
3). These data suggest that the effect of IL-1 on myoepithelial cells might be dependent on factors
present in serum, a possibility that should be tested in future experiments.
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FIGURES & TABLES

Figure 1. Immunohistochemical Staining of Lacrimal Cell Types. The lacrimal gland is
composed of 3 distinct cell types such as A) acinar cells B) ductal cells C) myoepithelial cells.
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Figure 2. Decrease in Contraction of Myoepithelial Cells from NOD mice. Lacrimal glands of
NOD and BALB/c mice were treated with oxytocin to stimulate myoepithelial cells contraction.
The acinus size was compared using area, perimeter, and Feret’s diameter, which was quantified
as the maximum diameter as shown in diagram. Star indicates statistically significant difference
(p-value < 0.05) compared to the indicated group, n=3 per group.
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Figure 3. Decrease in Oxytocin Receptor Expression in Myoepithelial Cells of NOD mice. A)
The total protein from healthy BALB/c and diseased NOD lacrimal glands were processed for
SDS-PAGE/ Western blotting. B) Western blots were normalized to REVERTTM total protein stain
that showed a significant reduction in oxytocin receptor in NOD lacrimal glands compared to
BALB/c. Immunofluorescent staining of lacrimal gland tissue shows higher expression of oxytocin
receptor protein in the myoepithelial cells from BALB/c compared to the NOD mice. Star indicates
statistically significant difference compared to the control group; white arrowheads indicates
examples of positive staining; scale bar represents 25 µm in each panel; n=5 per group.
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Figure 4. Decrease in Smooth Muscle Associated Proteins in NOD mice. Total proteins were
extracted from the lacrimal glands of NOD and BALB/c mice and processed for SDSPAGE/Western blotting. B) Western blot staining was normalized to REVERTTM total protein
stain and show significant decreases in α-smooth muscle actin and calponin but not caldesmon and
E-cadherin protein expression in NOD lacrimal glands compared to control BALB/c lacrimal
glands. Stars indicate statistically significant difference compared to control; n=5 for each group
(each lane represents protein from one mouse).
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Figure 5. Immunofluorescence Staining of Lacrimal Gland Myoepithelial cells. GFP labeled
myoepithelial cells (green) were identified in the lacrimal glands of SMA-GFP mice (A-F) and
double stained with α-SMA (red) or collagen-1 (red). Nuclei were counterstained with DAPI (blue).
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Figure 6. Immunofluorescence Staining of Lacrimal Gland Myoepithelial Cells Obtained by
Explant Technique. A) Myoepithelial cells isolated from the SMA-GFP mice were used to show
the morphology. B) The myoepithelial cells were also used to show there was correct expression
of GFP. C) GFP labeled myoepithelial cells (green) were identified in the lacrimal glands of SMAGFP mice and double stained with collagen-1 (red). D). The images of the GFP, Col-1, and DAPI
were all merged. Nuclei were counterstained with DAPI (blue).
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Figure 7. Immunofluorescence Staining of Sorted Lacrimal Gland Myoepithelial Cells. GFP
labeled myoepithelial cells (green) were sorted from lacrimal glands of SMA-GFP mice and
double stained with α-SMA (red), calponin (red), or oxytocin receptor, OXTR, (red). Nuclei were
counterstained with DAPI (blue).
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Figure 8. Cell viability in varying levels of serum. Cells were treated with differing levels of
serum concentration for 5 days. The effect that different serum media levels had on cell viability
were observed and compared. In the 0.5% and 0% serum media, the cells were not proliferating
but were still viable while in the 10% serum media, the cells were proliferating.
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Table 1. Antibodies used in immunofluorescent staining and western blotting.

Target

Host Species /
Conjugate

Vendor

Dilution

Abcam (Cat#: ab5694)

WB:
Immuno:

Abcam (Cat#: ab46794)

WB:
Immuno:

BD Trans Labs (Cat#: 610181)

WB:
Immuno:

Abcam (Cat#: ab181077)

WB:
Immuno:

Abcam (Cat#: ab34710)

WB:
Immuno:

AlexaFluor 680

Invitrogen (Cat#: A-21076)

WB:

1:5000

Cy3

Jackson Labs (Cat#: 711-185-152 )

Immuno:

1:100

IRDye 800CW

Li-COR (Cat#: 925-32210)

WB:

1:5000

Cy3

Jackson Labs (Cat#: 715-165-150)

Immuno:

1:100

Primary Antibodies:

α-SMA

Calponin

E-cadherin

Oxytocin Receptor

Collagen I

Rabbit (IgG)

Rabbit (IgG)

Mouse (IgG)

Rabbit (IgG)

Rabbit (IgG)

1:400
1:100
1:2000
1:200
N/A
1:300
1:1000
1:100
N/A
1:300

Secondary Antibodies:
Rabbit IgG

Mouse IgG
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Table 2. Percent change in protein expression in high serum media. The explanted
myoepithelial cells in passage 3 were cultured in 10% serum and treated with 10 ng/mL of IL-1.
The effects of this treatment on oxytocin receptor, SMA, and calponin were studied on day 1 and
day 2.

Day 1
OXTR

Day 2

15 1.9)

-15 (0.7)

SMA

8 (48.2)

- 54 (5.0)

Calponin

2 (11.5)

-40 (5.0)

Mean (SD); Significant results, compared to non-treated, in bold

Table 3. Percent change in protein expression in low serum media. The explanted
myoepithelial cells in passage 3 were cultured in 0.5% serum and treated with 10 ng/mL of IL-1.
The effects of this treatment on oxytocin receptor, SMA, and calponin were studied throughout 4
days.

Day 1

Day 2

Day 3

Day 4

OXTR

-4.9 (4.6)

1.6 (6.3)

43.8 (64.3)

49.2 (86.5)

SMA

-6.0 (15.1)

8.3 (1.3)

-15.3 (24.6)

-19.6 (15.6)

Calponin

-19.5 (9.8)

-13.7 (6.4)

-5.7 (14.5)

-33.9 (21.7)

Mean (SD); Significant results, compared to non-treated, in bold
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DISCUSSION
Summary of Current Findings
In this study, we successfully isolated and cultured myoepithelial cells from SMA-GFP
positive mice. Through these preliminary experiments we could also confirm that the cells
expressed oxytocin receptor, and that treatment with IL-1 did in fact lead to down regulation of
the contractile proteins (SMA and calponin). Thus, through this study it can be concluded that
chronic inflammation of lacrimal glands, specifically due to IL-1 production, directly leads to
degradation of SMA and calponin, which overall impairs the contraction of myoepithelial cells
and limits tear secretion. We also found that IL-1’s effect on the expression of the contractile
proteins was dependent on the levels of serum in the media. In the high serum media the effect of
IL-1 on contractile protein expression was more immediate, as fast as 2 days, while in the low
serum media the effect of IL-1 took up to 4 days.

Parallels between Current Findings and Previous Findings
The current findings are in line with those from the previous studies that showed that
chronic inflammation of the lacrimal gland in mouse models of Sjögren’s syndrome leads to
atrophy of the myoepithelial cells and impaired function of these cells in the lacrimal gland. The
previous findings demonstrated the presence and involvement of the oxytocin signaling system in
controlling lacrimal gland myoepithelial cell contraction and its malfunction in chronically
inflamed lacrimal glands; this finding directed our current study. Furthermore, the previous data
showed that in diseased lacrimal glands myoepithelial cells are atrophied due to the decreased
expression of proteins such as SMA and calponin, which was also confirmed in the current study
in vitro. Significant loss of the oxytocin receptor expression as well as impaired contraction of
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myoepithelial cells and acini in response to stimulation was also seen in the previous findings but
was not confirmed by the current in vitro studies as there was no significant loss in oxytocin
receptor express after IL-1 treatment.

Supporting Literature
The findings observed in both the current and previous experiments are supported by other
studies. In the findings reported by Hayashi et al. (2008) who conducted a study on the
myoepithelial cells of salivary glands, it was noted that there were structural changes in the
myoepithelial cells within the inflammatory lymphocytic foci. By using electron microscopy, they
found that there was substantial destruction of the myoepithelial cells and lysis of the basement
membrane (Hayashi et al, 2008). Likewise, in our study it was also found that there were
significant changes in the myoepithelial cells morphology and contractile protein expression in the
lacrimal gland and how IL-1 was directly responsible.
Furthermore, the atrophy of myoepithelial cells was also seen in studies involving parotid
glands of diabetic mice where decreased expressions of SMA as well as skeletal muscle actin-α
was reported (Nashida et al., 2013). Another study involving parotid glands from human patients
with sialadenosis also observed major loss and thinning of the myofilament component of the
myoepithelial cells (Ihrler et al. 2010). These findings support our study because we have also
found results showing reduced levels of SMA due to the effect IL-1and atrophied myoepithelial
cells morphology and impaired contraction. This statement is further supported because previous
studies have found that SMA protein is critical for adequate contraction of the myoepithelial cells
(Haaksma, 2011). It was found that contractile function of the mammary gland myoepithelial cells
were significantly reduced in SMA deficient mice (Haaksma, 2011). This reduction of SMA
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protein expression could potentially lead to reduced ability of contractile function in myoepithelial
cells of diseased lacrimal glands after stimulation with oxytocin.

In addition, there have been studies that reported that inflammatory cytokines downregulate the expression of the oxytocin receptor in uterine smooth muscle (Friebe-Hoffmann et al.,
2007). The effect of IL-1 was seen at the mRNA level and oxytocin receptor protein level (Rauk
& Friebe, 2000). This is important since cytokines such as IL-1 play a pivotal role in impairing
cell function such as apoptotic cell death, and it has been shown in the past that IL-1 is upregulated
in diseased lacrimal glands (Zoukhri et al., 2002). Thus, it can be reasonably hypothesized that
this cytokine may be directly responsible for the down-regulation of the oxytocin receptor in
addition to key proteins of the myoepithelial cells, as shown in this study.

Future Direction
In the future, we will repeat the effect of IL-1 on protein expression in low serum for longer
periods of time since the first statistically significant data was only found on day 4. In addition,
we should repeat the experiment in high serum media, since the effect was more immediate, in an
effort to determine the effect of serum on IL-1 action.
Also, in future experiments we will investigate how IL-1 affects oxytocin receptor and
contractile proteins as well as explore the effect of other inflammatory cytokines on myoepithelial
cells contractile function. Some signaling pathways to explore are the Ca2+ and cAMP pathway,
which are crucial for oxytocin-induced myoepithelial cells contraction. When determining if IL-1
impairs oxytocin-stimulated lacrimal glands myoepithelial cell contraction, myoepithelial cells
will be sorted from SMA-GFP mice and allowed to adhere to tissue culture plates. After incubating
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with the appropriate concentration of IL-1, cells will then be exposed to oxytocin, or a vehicle
control, and contraction will be monitored. In order to test for the specificity of IL-1, we will then
use a neutralizing antibody to IL-1R1, the major signaling receptor for IL-1.
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CONCLUSION
In summary, our study confirmed that myoepithelial cells can be successfully isolated and
cultured from SMA-GFP mice, which would allow future experiments to be conducted with more
ease as compared to studies in whole animals. Also, through these preliminary experiments we
also confirmed that the cells expressed oxytocin receptor, and that treatment with IL-1 lead to a
significant decrease in expression of key contractile proteins of interest (SMA and calponin). Thus,
our data supports the hypothesis that chronic inflammation of the lacrimal gland and increased
levels of IL-1, directly lead to degradation of SMA and calponin, which overall impairs the
contraction of myoepithelial cells and limits tear secretion.
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