Laser microdissection coupled with RNA-seq reveal
cell-type and disease-specific markers in the salivary gland
of Sjogren’s syndrome patients

M. Tandon'?, P. Perez!, P.D. Burbelo?, C. Calkins?, I. Alevizos'

ISjogren’s Syndrome and Salivary Gland Dysfunction Unit, National Institutes of Health,
National Institute of Dental and Craniofacial Research, Bethesda, MD, USA;
’Department of Microbiology and Immunology, Jefferson College of Biomedical Sciences,
Thomas Jefferson University, Philadelphia, PA, USA;

’Dental Clinical Research Core, National Institute of Dental and Craniofacial Research,
Bethesda, MA, USA.

Abstract
Objective
Little is known about the molecular details regarding the contribution of different cell types of the salivary gland to the
altered gene expression profile seen in Sjogren’s syndrome (SS).

Methods
Using laser microdissection, tissue samples enriched in acini, ducts and inflammatory foci in subjects with and without
SS were isolated for RNA-seq analysis. Gene expression profiles were analysed and selected enriched genes were further
examined using real time PCR and by immunofluorescence.

Results
RNA-seq analysis of salivary biopsies from subjects with and without SS revealed marked differences in gene expression
occurring in the ductal and infiltrating cells compared to acinar cells. Up-regulated genes in the SS ductal cells included
C4A complement and the SLC26A9 ion channel. The inflammatory infiltrate showed the most dramatic differences in gene
expression and contained up-regulated genes associated with T-cells, natural killer, dendritic and basophils/mast cells.
qPCR with total salivary gland mRNA confirmed the differential mRNA expression of several genes (MMP9, FOLIHB,
CCL21, CCR7), thereby validating the approach. Additional immunofluorescence studies demonstrated high
expression and co-localisation of CCL21 chemokine and CCR7 chemokine receptor within the SS infiltrates.

Conclusion
Major gene expression changes in the salivary gland of SS were detected in the ductal and inflammatory cells and not in
the acinar cells. Two chemokines involved in immune cell trafficking to secondary lymphoid tissue, CCR7 and CCL21,
showed markedly increased expression and may contribute to the recruitment of diverse immune cells to the salivary
glands, causing inflammation and loss of secretory function.
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Introduction

Autoimmune diseases are complex pa-
thologies of the immune system that are
thought to be influenced by both genetic
and environmental interactions. Prima-
ry Sjogren’s syndrome (SS), character-
ised by salivary and ocular dryness, is
one of most common autoimmune dis-
eases, which primarily targets exocrine
tissue leading to glandular dysfunction.
One of the main diagnostic criteria for
SS is focus score, a quantitation of the
number of infiltrates, which are often
described to be co-localised with ductal
structures by histological analysis (1,
2). Although many SS patients demon-
strate salivary and ocular inflammation
and harbour autoantibodies against the
SSA and/or SSB autoantigens, a mech-
anistic understanding of the disease is
elusive (3). Recent studies demonstrate
that many SS patients have evidence of
chronic immune activation as per the
presence of autoantibodies years before
clinical onset (4). However, the factors
and cell types triggering immune acti-
vation are unknown, and they are likely
to involve environmental stimuli in-
cluding infectious agents. Evidence for
an additional genetic component in SS
comes from genome-wide association
studies that have identified multiple
genes linked to immune activation in-
cluding HLA, IRF-4 immune transcrip-
tion factor, and B-cell signalling mol-
ecules (5-7). Immune activation and
trafficking have also been suggested as
potential therapeutic targets, particular-
ly the mechanisms and genes involved
in tertiary lymphoid structure formation
in SS salivary glands (8).

Analysis of gene expression changes in
SS has also provided important informa-
tion for understanding pathogenesis.A
study by Gottenberg et al., 2006 em-
ployed a 5000 gene microarray to probe
mRNA changes from whole salivary
gland biopsies (9). One major find-
ing of this study was evidence for the
presence of an interferon-alpha gene
signature in the salivary gland from SS
patients. The cytoplasmic sensors TLR-
8 and TLR-9 were two of the up-regu-
lated genes identified, and were further
found to be enriched in dendritic cells
within ectopic germinal centers in pa-
tient salivary glands. Similar findings

by several other groups employing gene
arrays have also examined gene expres-
sion changes in the salivary gland and
even peripheral blood, which have
yielded evidence of immune activation
(10-18). However, cell-type-specific
contributions to the changes in gene
expression have not been evaluated
because whole salivary gland tissue or
peripheral blood mononuclear cells was
used for RNA extraction in all previous
studies.

RNA-seq is among the highest resolu-
tion methods to study gene expression
(19). Here, we applied laser microdis-
section (LMD) to obtain three differ-
ent cell populations, acini, ducts and
inflammatory infiltrates, from minor
salivary gland biopsies of SS patients
and healthy controls (HC) for RNA
extraction and subsequent gene expres-
sion profiling using RNA-seq. Analysis
of the cell-type-specific transcriptomes
identified many new genes exhibiting
altered gene expression and confirm-
ing many previous findings, as well as
provide new cell-type and SS-specific
markers. Most importantly, these find-
ings highlight the fact that changes in
gene expression in ductal and inflam-
matory cells are able to better segregate
patient from healthy tissue.

Materials and methods

Patient selection

The studies were conducted according
to the principles expressed in the Dec-
laration of Helsinki. Informed written
consent was obtained from all subjects
in accordance with the guidelines of
the Department of Health and Human
Services under NIDCR IRB-approved
protocols. Minor salivary gland bi-
opsies were obtained from consent-
ing healthy controls and primary SS
patients. The healthy controls were
Caucasian, females, and negative for
the SS specific autoantibodies (anti-
SSA and anti-SSB). The SS subjects
fulfilled the American-European cri-
teria for classification for primary SS,
were all females, Caucasian, anti-SSA
autoantibody positive, and had a posi-
tive biopsy with a low focus score (i.e.
1-3). We chose SS patients with focus
scores less than 4 in order to maximise
our ability to collect intact acini and
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ducts and as such, likely represent SS
subjects in early stages of disease pro-
gression.

Laser microdissection (LMD)

PEN membrane slides (Leica Micro-
systems) were soaked with RNAse
Away (Molecular BioProducts, cata-
logue #7000), air-dried, and then treated
with UV light at 254 nm for 30 minutes.
OCT blocks with minor salivary gland
biopsies were then sectioned into two 7
pm slices per slide under RNAse-free
conditions and kept at -80° C. Each slide
was fixed and stained using the follow-
ing incubations in disposable Pap jars:
75% ethanol (2 minutes), DEPC wa-
ter (30s seconds), repeat DEPC wash,
haematoxylin (15 seconds), DEPC
wash (30 seconds), Scott’s Tap Water
Substitute (15 seconds), DEPC water
(30 seconds), eosin (15 seconds), 95%
ethanol (15 seconds), 100% ethanol (30
seconds), repeat 100% ethanol. After 5
minutes of air drying, the slides were
imaged and dissected on the Leica AF
6000 LX Leica AMS-LMD microscope
and the Leica LMD software.

RNA isolation

Microdissected pieces of the tissue
sections were collected in lysis buffer
provided with the Norgen RNA/DNA/
Protein Purification Plus Micro Kit
(Norgen Biotek Corp.) and were used
for isolated of RNA, DNA, and protein.
RNA was quantified using the RNA
Pico 6000 Kit on the Bioanalyzer 2100
instrument (Agilent Technologies). For
whole minor salivary gland biopsies
mounted in OCT, ten 20 um thick slic-
es were isolated using the miRCURY
RNA Isolation Kit for Tissue (Exiqon).
The protocol was modified for sliced
tissue by passing the sample through
a 25-gauge needle 5-10 times after the
lysis buffer was added.

RNA sequencing

RNA-seq libraries were created using
the Ion AmpliSeq™ Transcriptome
Human Gene Expression Kit (Thermo
Fisher Scientific) using 1-10 ng input
RNA. This kit provides pre-designed
primers for 20,802 genes that yield
70-115 bp amplicons for each gene.
Template preparation was performed
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using the Ion PI™ IC 200 Kit (Thermo
Fisher Scientific) and sequenced using
the Ton PI™ Sequencing 200 Kit v. 3
(Thermo Fisher Scientific) for the Ion
Proton platform.

Data analysis

The Torrent Suite 4.4.2 pipeline was
used for primary analysis and read map-
ping using the Torrent Mapper (TMAP)
aligner. Raw read counts were normal-
ised using the ampliSeqRNA v. 4.4.2.1
analysis plugin, which outputs reads per
million (RPM) values for each gene,
and used to generate a global PCA plot
to identify outlier samples. Raw read
counts for the filtered dataset were used
for further analysis. Genes with an av-
erage raw count of less than one were
removed and the remaining were input
for differential expression testing us-
ing the DESeq2 package (20) for the
R statistical programming language.
Reported p-values are from gene-wise
Student’s z-tests. Gene set enrichment
analysis (GSEA) was performed using
the web tools provided by the Broad In-
stitute by computing overlaps with the
‘Hallmark’ and ‘Motif” gene sets in the
Molecular Signature Database (http://
software.broadinstitute.org/gsea/msig-
db/search.jsp) (21).

Real-Time Quantitative PCR

Total RNA (10 ng) from whole minor
salivary gland biopsies of an inde-
pendent group of four healthy con-
trols and four SS subjects was used
to make cDNA using the SuperScript
VILO cDNA Synthesis Kit (Thermo
Fisher). Quantitative real-time reverse
transcription PCR (RT-PCR) was per-
formed using Tagman Master Mix (Ap-
plied Biosystems) and Tagman probes
for MMP9, FOLH1, SNX22, CCR7,
CCL21, SLC26A9, and GAPDH. All
RT-PCR experiments were performed
on StepOnePlus PCR instrument and
analysed using the accompanying Ste-
pOnePlus Software v. 2.3 (Applied Bio-
systems), which calculates fold changes
based on the 2-22¢ method (22).

Immunofluorescent staining

Formalin-fixed paraffin  embedded
minor salivary gland biopsies from
patients (n=4) and healthy controls

(n=4) were sectioned in 7 pum slices.
Slides were deparaffinised by warm-
ing to 60°C for 15 minutes and then
washing in xylene, ethanol, and water,
as described previously (23). Antigen
retrieval was performed by bathing
the slides in 0.01 M Citric acid buffer
pH 6.0, placing them inside a pres-
sure cooker and in a microwave oven
for 15 minutes (24). The slides were
then washed in 1X PBS three times
over 15 minutes and incubated in a 100
mM Glycine solution for 20 minutes.
The tissue was incubated in a block-
ing buffer (10% FBS, 0.4% saponin,
0.02% azide in 1X PBS) for 60 min-
utes, and subsequently washed in 1X
PBS 3 times over 15 minutes. Primary
antibodies were incubated in blocking
buffer at 4° C overnight for SLC26A9
(Sigma, dilution 1:100, rabbit host) and
for 2 hours at room temperature for
CCL21 (Sigma, dilution 1:250, rabbit
host). The slides were then incubated
with fluorescent secondary antibodies
(Jackson ImmunoResearch), diluted
1:200 in blocking buffer, directed at the
host species of the primary antibodies
for one hour at room temperature and
subsequently washed in 1X PBS con-
taining 0.2% Triton X-100 (PBS-T).
The CCR7 antibody (Abcam, dilution
1:100, rabbit host) was directly labelled
with the Zenon Rabbit IgG Labeling Kit
(Thermo Fisher) and applied to tissue
sections for 2 hours at room tempera-
ture after indirect labelling of CCL21,
followed by washing in PBS-T. Slides
were dried and mounted in ProLong Di-
amond Antifade Mountant with DAPI
(Thermo Fisher). Slides were imaged
using an Olympus BX61VS motorised
slide scanner microscope (Olympus
Life Science).

Results

Gene expression patterns elucidated
by RNA-seq are different in acinar,
ductal and inflammatory cells

Minor salivary gland biopsies were
dissected from five healthy controls
and five patients with primary SS (see
Methods for patient details) using
LMD. RNA isolates from these biop-
sies were used to prepared libraries us-
ing the Ion AmpliSeq™ Transcriptome
Human Gene Expression Kit and then
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1 A) Fig. 1. Distinct gene expression
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sequenced on the Ion Proton sequenc-  cytes, respectively, exhibited marked and SS samples together. One interpre-
ing platform (Life Technologies). The upregulation in the isolated infiltrate tation of this finding is that there are
RNA-seq data were pre-processed (see  fraction. more significant SS-specific changes
Methods) to remove outlier samples Principal components analysis (PCA), in gene expression in the ductal and
and lowly expressed genes, leading an unsupervised method for visualisa- inflammatory cells compared to acini,
to the analysis of 16,849 genes in six  tion and analysis of high dimensional = which may help explain the persistent
samples each for acini and ducts (three ~ data, was used to determine if the cell  periductal localisation of infiltrates that
SS and three HCs in both groups), and  groups could be phenotypically sepa- is classically described in SS (25, 26).

five infiltrate samples (three SS and two  rated based on the RNA-seq expression  Differential expression analysis of the
HCs). The mRNA isolated from acini, data. Using the top 500 genes with the LMD data for cell-type enriched genes
ducts, and immune infiltrates were en-  greatest variance in the dataset, the first ~ revealed 469 differentially expressed
riched for known cell-type markers in  two principal components (PCs) were  genes (p<0.0001), which were visual-
the salivary gland. As expected, ACTB, computed and determined to account ised for expression as a heatmap with
a ubiquitously expressed mRNA for for 51% of the total variance in the hierarchal clustering of genes (Fig.2A).
beta-actin, showed relatively similar  data. A plot of PC1 versus PC2 dem- Some of the novel cell type-enriched
mRNA levels in the three different cell — onstrated that gene-based clustering mRNAs in this gene set included EN-
fractions (Fig. 1A). In contrast, AQP-  could separate the three distinct cell TPD8 and RYR2 in acini and GPR123
5, an acinar cell marker and CFTR, a  types in an unsupervised manner (Fig. and SLC26A9 in ductal cells (Fig.
known channel in ducts, showed sig- 1B). However, only the ductal and in-  2B). In the immune infiltrate, mRNA
nificant mRNA enrichment in the acini filtrate samples showed a clear separa-  enrichment of VPREB3, CD27, and
and ductal tissues, respectively. Addi-  tion between the SS and healthy group, = CD38 showed the presence of a mixed
tionally, MS4A1, CD3G, and PTPRC, while the acinar profiles were largely  population of both B-cells and T-cells
markers for B-cells, T-cells, and mono-  overlapping and grouped the healthy in various stages of maturity (Fig. 2B).
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Fig. 2. Differential gene
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expression analysis re-

veals cell-type enriched

genes.
A. Heatmap of 469 dif-
ferentially expressed

genes chosen based on
p<0.0001 in one cell type
regardless of disease sta-
tus. Colours are scaled by
row and the scale repre-
sents standard deviation
above or below the mean
normalised expression for
each gene.

B. RNA-seq expression
values showing differen-
tial expression of selected
genes in acini, ducts and
infiltrate. Barplots show
regularised log transfor-
mation expression values
with error bars for stand-
ard error.
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are associated with the ductal cells
and inflammatory infiltrate in SS
Differential expression analysis was
also used to identify genes enriched in
the three tissues of SS biopsies relative
to HC biopsies (Fig. 3A). Interestingly,
a heatmap of the acinar fraction showed
minimal differences in gene expression
between the healthy controls and SS
subjects. In contrast, the ductal and in-
filtrate fractions showed more dramatic
and consistent differences in gene ex-
pression (Fig 3A). Further illustrations
of some of the specific differentially ex-
pressed SS genes are listed in Fig. 3B.
As shown, there were relatively similar
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levels of ACTB in SS as the controls in
the three cell types. In acinar samples,
there was less RYR2 receptor expres-
sion in SS than in controls (Fig. 3B).
Similarly, there was a drop in expres-
sion of MPO and CDHI2 in SS com-
pared to controls. However, there was
increased expression of C4A in the SS
ductal fractions, and IFNA21 and TLRS
expression were elevated in the infil-
trate fraction (Fig. 3B). Moreover, the
immune infiltrate of SS contained many
other up-regulated genes associated
with T-cells, natural killer, dendritic and
basophils/mast cells. Further analysis by
Gene Set Enrichment Analysis (GSEA)
for identifying affected pathways

showed enrichment of broadly relevant
cell signalling such as antigen process-
ing and presentation, as well as several
transcription factors (data not shown).
Of the mRNAs up-regulated in SS pa-
tient infiltrates, 27 genes contained the
binding motif for the transcription factor
ETS2 in their promoter region, which
has been shown to be important in im-
mune responses against herpes viruses
like Epstein-Barr virus (EBV) (27) and
Hepatitis B (HBV) (28, 29). Although
the biological relevance of this finding
is not immediately clear, there is a his-
tory of associations between EBV and
SS (30-32), and our data provide a pos-
sible mechanism through ETS2.
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transcriptomic  profiles
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ard error.
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Confirmation of differential SS-

expressed genes Identified by RNA-seq
Our approach of coupling LMD with
RNA-seq uncovered a treasure trove
of novel genes showing differential SS
gene expression. To further validate
these findings, selected genes show-
ing differential genes expression in
SS were measured using qPCR. Since
the amount of RNA extracted by LMD
from tissue was too low for reliable
quantitation by qPCR, we utilised RNA
extracted from whole minor salivary
gland biopsy samples from an inde-
pendent cohort of four healthy controls
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and four SS patients. For these confir-
mation experiments, we first studied
the differential gene expression of two
genes, MMP9 and FOLI1HB, which
were the most highly up- and down-
regulated genes, respectively, in all
three cell types in SS patients (Fig. 4A).
gPCR analysis of MMP9 and FOL1HB
showed complete concordance with
the LMD data (Fig. 4B). Additionally,
SNX?22, another disease-related signifi-
cantly differentially expressed genes,
showed a modest increase in SS only
in the infiltrate fraction (Fig. 4A). This
cell-type specificity, which is diluted

out by RNA from additional cell types,
is likely why the qPCR assay on whole
biopsy RNA shows only a small, non-
significant upregulation (Fig. 4B).

To extend our studies to the confirma-
tion of both differential mRNA and
protein expression, we examined three
additional biologically relevant targets,
CCR7, CCL21, and SLC26A9. CCR7
is a chemokine receptor most common-
ly associated with T-cells that binds to
the chemokine CCL21, and together
they are involved in immune traffick-
ing to secondary lymphoid organs (33,
34). SLC26A9 is an ion channel known

Clinical and Experimental Rheumatology 2017
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Fig. 4. RNA expression level of selected genes in microdissected samples by RNA-seq compared to
qPCR analysis of biopsy of whole minor salivary gland. A. Cell-type specific fold-changes in gene ex-
pression by RNA-seq of selected genes in SS patients over healthy controls. Bars show log-2 transformed

fold changes and standard error.

B. Fold-changes in patients of the same genes determined by qPCR on RNA derived from whole minor
salivary gland biopsies. Data shown are log-2 transformed relative quantitation (RQ) values computed
using healthy controls as the reference group and GAPDH as a housekeeping control. Error bars show

95% confidence interval.

to associate with CFTR (35-38). As
shown by the RNA-seq data, CCR7
and CCL21 were marked upregulated
in patient infiltrates and SLC26A9
showed the highest elevation in the SS
ductal fraction (Fig. 4A). qPCR analy-
sis of CCR7 and CCL21 demonstrated
concordance with the RNA-seq re-
sults confirming the increased expres-
sion of these mRNAs in SS salivary
gland (Fig. 4B). Paradoxically, the
qPCR expression data for SLC26A9
mRNA did not show concordance be-
tween the two methods, demonstrat-
ing up-regulation in SS by RNA-Seq
(Fig. 4A) and downregulation in SS by
qPCR (Fig. 4B). Based on these differ-
ences, we postulated that the results
may have been skewed by variations in
the tissue sampling used for each ap-
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proach. As a complementary approach,
immunofluorescence was employed
to examine the protein expression of
CCR7, CCL21 and SLC26A9 in the
minor salivary gland biopsy sections
from healthy controls and SS (Fig. 5).
In the healthy controls, CCL21 protein
staining was observed in some ducts,
but not acinar cells, which is consistent
with the RNA-seq data (Fig. 5A). How-
ever in SS, there was marked overlap of
CCR7 and CCL21 protein expression
localising to the inflammatory infiltrate
(Fig. 5B). Immunofluorescence stain-
ing for SLC26A09 also showed striking
differences in protein amount and lo-
calisation between the healthy controls
and SS subjects (Fig. 5C and 5D). In
healthy acini, SLC26A9 was expressed
at a lower level and exhibited a clas-

sical apical staining pattern similar to
CFTR and consistent with its role as a
chloride channel (Fig. 5C and data not
shown). However, in the biopsies from
SS, there was pronounced increased
luminal staining of SLC26A9 in the
ducts as well as in basolateral regions
of acini. Thus, the protein expression
patterns seen by immunofluorescence
staining substantiates the mRNA ex-
pression observed by RNA-seq for
CCR7,CCL21, and SLC26A09.

Discussion

The salivary gland is a complex and
heterogeneous tissue that contains mul-
tiple cell types including acinar, ductal,
fibroblasts and immune cells, making it
difficult to study in a disease context.
To date, attempts at characterising gene
alterations in SS have been limited to
gene microarray approaches using un-
selected biopsy samples containing
mixed cell types (10-17). Here we ap-
plied a different strategy coupling LMD
and RNA-seq to define the global tran-
scriptomic expression profiles of three
functionally distinct cell populations,
acini, ducts and infiltrate, in the salivary
gland. From analysis of 16,849 genes,
we found evidence for the success of this
approach in the enrichment of known
cell-specific genes (e.g. AQP-5, CFTR,
CCI21) in each fraction and the ability
of principal component gene analysis to
differentiate between the three different
cell types. Importantly, we extended
this approach to examine differences
in cell-type specific profiles between
healthy controls and SS subjects. One
major finding was that the gene expres-
sion profile of acini appeared relatively
similar between healthy controls and
SS. In contrast, marked gene expres-
sion alterations were detected in the
ducts and infiltrates. These data support
the possibility that the major pathologi-
cally driven processes in SS are occur-
ring in the ducts and infiltrate and not
in the acini.

The paucity of differential expressed
acini-associated genes that we detected
is also consistent with published stud-
ies in the literature. Two meta-analyses
of previous gene expression studies
revealed that the strongest and per-
haps only point of agreement between
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Fig. 5. Immunofluorescence staining of CCR7, CCL21, and SLC26A9 in the salivary glands of
healthy controls and SS subjects. Representative images are shown for the immunofluorescence stain-
ing of CCR7 (green) and CCL21 (red) in the salivary biopsy of healthy controls (A) and SS (B). Simi-
larly, SLC26A09 staining (green) is shown in the salivary biopsy of healthy volunteer (C) and SS (D).
DAPI fluorescent staining is included in the images to visualise the nuclei in the sections.

them is enrichment of interferon- and
immune-related genes (39, 40). Based
on our own RNA-seq analysis with de-
fined cell populations and qPCR of un-
fractionated salivary tissue, we believe
that the lack of agreement is driven by
stochastic sampling of the biopsy tis-
sue. Nevertheless, the large number of
immune-related genes up-regulated in
SS detected in our study underscores
the importance of the infiltrate in the
dysfunction observed in the salivary
gland in SS. The identification of mul-
tiple interferon-inducible genes includ-
ing OAS1, IFNA2,IFNA21, and ISG15
is also consistent with the interferon-
alpha signature (9, 14, 41). Moreover,
we found up-regulated genes associated
with T-cells, natural killer, dendritic and
basophils/mast cells confirming the con-
tribution of multiple cell types involved
in the immune infiltrate. Remarkably, a
study by Maehara (42), who examined
the immune infiltrate by LMD and real-
time PCR in SS compared to controls,
found elevated mRNA expression in
SS of all their preselected genes for cy-
tokine and immune-related transcription

784

factors. These findings along with pub-
lished gene array studies are consistent
with diverse immune cell activation oc-
curring in the SS salivary gland.

Although the exact initiating event caus-
ing the accumulation of immune cells
in the SS salivary gland is not known,
our finding of increased mRNA and
protein expression of two chemokine
signalling genes, CCR7 and CCL21,
may suggest their role as drivers of im-
mune cell accumulation and inflamma-
tion. This finding is also in agreement
with a recent reports showing elevated
CCR7 mRNA in whole minor sali-
vary gland biopsies of SS subjects, as
well as increased staining of CCL21
at the protein level (43, 44). Further
evidence for a functional role of this
chemokine-chemokine receptor pair
in SS pathogenesis was the increased
co-staining of CCR7 and CCL21 pro-
tein in salivary biopsies of SS subjects,
supporting the role of these molecules
of being involved in the increased and
aberrant immune trafficking seen in SS
patients (33, 34). The high throughput
RNA-seq dataset generated here may

be particularly beneficial for hypoth-
esis generation and testing of additional
genes involved in SS. One emerging
area of focus in the pathogenesis of
SS involves the loss of homeostasis in
the salivary epithelium as an initiating
factor in the pathogenesis of SS (45).
Consistent with this hypothesis, we
confirmed the increased MMP9 mRNA
reported in SS (46), which is thought to
cause greater proteolytic activity in SS
salivary gland leading to disorganisa-
tion of the basal lamina (47). Moreover,
our finding for the increased mRNA,
protein expression and altered cellular
localisation of SLC26A9 in SS is in-
triguing. This channel is involved in ac-
id-base balance and anion homeostasis
and its dysregulation may contribute to
the altered ionic composition reported
in SS saliva (48, 49). Further work is
needed to mechanistically understand if
the SLC26A9 mRNA, protein amount
and localisation changes seen in SS are
driven by immune mediators or some
other pathological process.
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