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Sjögren’s syndrome (SS) is a systemic autoimmune disease that involves reduced salivary secretions.
Recently, circulating autoantibodies from SS patients against the type 3 muscarinic cholinergic receptor (M3R)
has been reported in the sera of SS patients. However, the role of these autoantibodies in the development of SS
has not been elucidated. In this study, purified IgG was obtained from the sera of 11 SS patients, and its
inhibitory effect on the M3R of the salivary glands was evaluated using RT-PCR, microspectrofluorimetry,
immunohistochemistry, and Western blot analysis. Stimulation with carbachol (CCh) evoked a [Ca2þ ]i transient
in the fura-2 loaded HSG cells. However, pretreatment of the cells with SS IgG (0.5 mg/ml) for 12 or 24 h
significantly reduced the magnitude of the CCh-induced [Ca2þ ]i transient (CICT). We found that the magnitude
of CICT was decreased by 62–45% when cells were pretreated with the SS IgG. However, the [Ca2þ ]i response to
ATP was not altered by the pretreatment of SS IgG. The effect of SS IgG on CICT was abrogated by the inclusion
of excessive competitive peptides that encode the amino-acid sequence of M3R, which was not recapitulated by
nonspecific peptides. The inhibitory effect of SS IgG on the aquaporin (AQP)-5 expression was also examined.
After confirming the apical localization of AQP-5 along with its increase by pilocarpine (10�5 M), we examined
whether SS IgG had an effect on pilocarpine-induced AQP-5 trafficking to the apical membrane (APM) using rat
parotid acinar cells. After incubating the cells with SS IgG for 12 h, the amount of pilocarpine-induced AQP-5
significantly decreased compared to the control groups. In conclusion, autoantibodies from the SS patients
inhibit the function of the human M3R that is mediated by Ca2þ mobilization and AQP-5 trafficking. Our results
could partly explain the underlying mechanisms of glandular dysfunction and associated features of impaired
autonomic function in SS patients.
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Sjögren’s syndrome (SS) is a systemic autoimmune
disorder that affects the salivary and lacrimal glands
as well as other connective tissues. It is character-
ized by the lymphocytic infiltration of the salivary
and lacrimal glands as well as a severe glandular
dysfunction, xerostomia and xerophthalmia.1 Pri-
mary SS (pSS) patients complain of difficulties in
speaking and eating, oral candidosis, rampant caries
and have a high incidence of B-cell lymphomas.2

The mechanisms of the salivary secretion are well
documented.3–6 Stimulus-secretion coupling in sali-
vary gland acinar cells is initiated by the release of
acetylcholine (ACh) from the parasympathetic

nerves, which is mediated by an increase in the
intracellular Ca2þ level,7–9 which culminates in the
activation of the Ca2þ -dependent Kþ and Cl�

channels. A disturbance in any step of these signal
transduction processes will result in the decrease of
fluid secretion.

Aquaporin (AQP) is a water-channel protein
involved in the rapid transport of water across the
cell membranes that also plays a putative role in
salivary secretion. Reduced AQP-5 concentrations at
the apical membrane of the acinar cells in the
lacrimal and salivary glands are believed to decrease
tear and saliva flow in SS patients.10–12 Trafficking of
AQP-5 to the apical membrane (APM) from the
cytoplasm by muscarinic receptor stimulation has
been reported in the salivary gland.13

Ca2þ mobilization and AQP-5 trafficking, which
are both induced by muscrinic receptor stimulation,
appear to play key roles in the secretory process and
determine the capacity of fluid secretion in salivary
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glands. Although it has been suggested that there are
circulating autoantibodies against the M3 muscari-
nic cholinergic receptor (M3R) in SS patients, which
is a potential diagnostic marker for SS,14–16 its effect
on the muscarinic receptor is still unclear. In this
study, we examined the effects of IgG that was
obtained from the sera of SS patients, on the
function of M3R in order to investigate the under-
lying pathophysiological mechanism of SS in asso-
ciation with a salivary dysfunction.

Materials and methods

Solutions and Reagents

A normal bath solution contained 140 mM NaCl,
5 mM KCl, 1 mM MgCl2, 1 mM CaCl2, 10 mM HEPES,
10 mM glucose; pH 7.4 (adjusted with NaOH), giving
an osmolarity of 300–310 mosmol/kg H2O. The BSA-
HEPES solution was made by adding 1% BSA, 2 mM
glutamine and 1� Minimal Eagle’s medium to a
normal bath solution. The Krebs–Ringer–Tris (KRT)
solution contained 120 mM NaCl, 4.8 mM KCl,
1.2 mM KH2PO4, 1.2 mM MgSO4, 1 mM CaCl2,
16 mM Tris-HCl; pH 7.4. The fura-2 was obtained
from Molecular Probes (Eugene, OR, USA). The
trypsin, trypsin inhibitor, carbachol (CCh), Adeno-
sine 50-triphosphate (ATP) and pilocarpine were
obtained from Sigma (Poole, UK). The collagenase
was purchased from Worthington (Lakewood, UK)
and the affinity purified rabbit anti-rat AQP-5
antibody was acquired from Alpha Diagnostic (San
Antonio, TX, USA).

HSG Cell Culture

The HSG cells were a generous gift from Dr Toshiko
Atzumi in Meikai University in Japan. The cells
were grown in a suspension in 3 ml tissue culture
plates at 371C in 95% air–5% CO2, and was
maintained in a minimum essential medium
(MEM) supplemented with 10% fetal bovine serum
(FBS). Each plate was refreshed twice a week. After
the subculture, the cells were incubated with either
the control or SS IgG for 12 or 24 h prior to carbachol
(CCh) stimulation in order to measure the cytoplas-
mic free Ca2þ concentration ([Ca2þ ]i).

Serum IgG from SS Patients

The purified serum IgGs were obtained from 11 SS
patients. Patients were enrolled at the Rheumatol-
ogy Clinic, Seoul National University Hospital
between November 2000 and April 2001. All
patients were diagnosed according to the revised
international classification criteria for Sjögren’s
syndrome.17 Five patients had primary SS and six
patients had secondary SS (rheumatoid arthritis in
four, systemic lupus erythematosus in two). The
patients were all females with ages ranging from 33

to 63 years (mean age 48.772.7 years). The serum
IgG obtained from six healthy controls, who did not
show any sign of SS symptoms and were negative to
the serologic tests. Immunoglobulin G was isolated
from the serum using the Rivanol precipitation
method,18 and the concentration of the purified
IgG in the eluted buffer solution was 2.8370.05 mg/
ml (n¼ 11) and 2.8070.05 mg/ml (n¼ 6) from the SS
and control group, respectively. The purified IgG
diluted in MEM was added to the incubation
medium containing the HSG cells with a final
concentration of 0.5 mg/ml dissolved in a normal
bath solution.

Reverse Transcription-Polymerase Chain Reaction of
Human M3R (hM3R)

Total RNAs were subjected to reverse transcription-
polymerase chain reaction (RT-PCR) using an oligo-
dT reverse transcriptase primer and human M3R-
specific primers (corresponding to nucleotides
1146–1346) for the PCR. The human glyceralalde-
hyde-3-phosphate dehydrogenase (GAPDH) and rat
b-actin were amplified to assess the cDNA yield.
Primer was designed to amplify specifically the
following transcripts: human GAPDH (605 bp);
sense 50-gga agg tga agg tcggag tc, antisense 50-cag
tag agg cag gga tga tg, and ratb-actin (482 bp); sense
50-aca gct gag agg gaa atc gtg, antisense 50-tcg tac tcc
tgc ttg ctg atc. The human M3R specific primers
(accession number NM_000740) were 50 gtt acc ctc
atc gga caa cct, 50tta ccc act gag gag ttg acg. Cycling
parameters were as follows: 38 cycles of 941C for
55 s, 581C for 55 s; and 721C for 55 s. An expected
PCR product of approximately 201 bp was generated.

Fluorescent Dye Loading and [Ca2þ ]i Measurement

Single cells of the HSG cell lines were obtained by
washing out with Hanks’ balanced salt solution
(HBSS) and were treated with 0.01% trypsin/
0.1 mM EDTA after incubation. After incubation
with the serum IgG for either 12 or 24 h, the HSG
cells were washed twice with a BSA-HEPES solu-
tion and then loaded with 2 mM Fura-2 acetoxy-
methyl ester (fura-2) in 2 ml of the same solution for
30 min at room temperature (251C). After loading,
the cells were centrifuged, washed, resuspended in
a normal bath solution, and stored on ice until
needed. For the microspectrofluorimetric measure-
ments of [Ca2þ ]i, the cells were allowed to settle at
the bottom of a recording chamber (volume 400 ml)
and were viewed using a Zeiss inverted microscope
(Axiovert 10, Zeiss, Germany) with an � 40 oil
immersion objective lens. After the cells had
adhered to the coverslip forming the base of the
chamber, they were superfused with the normal bath
solution at a flow rate of 1.3–1.7 ml/min. For
excitation of fura-2, a collimated beam of light from
a 200 W Hg arc lamp was fed to a dual spectro-
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photometer system (PTI, USA), which had an
alternating wavelength between 340 and 380 nm
using a spinning chopper (60 Hz). The emitted
fluorescence was measured at 510 nm using a
photomultiplier tube. Felix software (Version 1.1)
from PTI was used for the recording and analysis.
The results are presented as the measured 340 nm/
380 nm ratio (Ca2þ fluorescence ratio, F340/F380).
All the results are presented as a mean7s.e.m.
Statistical analysis was performed using Student’s
unpaired t-test.

M3R Peptides Design to Block the SS IgG

The hM3R is a transmembrane receptor with seven
transmembrane domains. Protein sequences ex-
posed to the outside of the cells are predicted
according to the hydropathy plot based on the
protein sequence, and six peptides were designed
to cover all the extracellular portion of the
hM3R.19,20 Excess amount of all six M3R peptides
(10 mM each) were added into the incubation
medium containing SS IgG to block the effect of
anti-M3R antibody of SS IgG. The sequences of six
peptides used in this experiment were as follows:

MTLHNNSTTSPLFPNISSWIHSPSDA,
HSPSDAGLPPGTVTHFGSYNVSRAAGN,
RAAGNFSSPDGTTDDPLGGHTVWQV,
MNRWALGNLACDLW,
LFWQYF VGKRTVPPGE CFIQFLSEPT,
NTFCDSC IPKTFWN.

Nonspecific peptides used for control experiment,
were made by degradation of bovine serum albumin
(BSA) (sigma A-2153) by 50 mg/ml trypsin (Sigma)
treatment for 1 h at 371C. The residual trypsin was
inactivated by heating the mixture at 601C.

Immunohistochemistry for Parotid Acinar Cells

After a transcardiac perfusion in rats with 3%
paraformaldehyde, the parotid glands were isolated
and paraffin blocked. After microdissecting the
block with a 3 mm thickness, the sections were
deparaffinized and microwaved for 10 min. Subse-
quently, the sections were soaked in PBS containing
50 mM NH4Cl for 30 min and treated with a blocking
buffer (1% BSA, 0.2% gelatin, 0.05% saponin in
PBS) for 0.5–1 h. The sections were then incubated
with the affinity purified rabbit anti-rat AQP-5
antibody (diluted 1:800) that was raised against the
17-amino-acid sequence of the COOH terminus of
the rat AQP-5 in PBS containing 0.3% Triton X-100,
0.1% BSA at 41C overnight. After washing out with
PBS containing 0.1% BSA, 0.2% gelatin and 0.05%
saponin, the sections were incubated with the
secondary antibody (P448, DAKO, diluted 1:200)
using the same incubation medium for 1 h. After
rinsing, the sections were visualized with diamino-

benzidine and stained with hematoxylin for
o2 min. The sections were then washed using tap
water for 15–20 min and sequentially dehydrated in
a graded series of ethanol (70, 96 and 99%). The
samples were mounted after being cleared in xylene.

Western Blot Analysis

The tissues obtained from the rat parotid gland were
sliced with blades in a KRT solution. The sections
had an average thickness of 100 mm. After incubating
the cells with the KRT solution for 15 min at 371C,
purified IgG from either SS patients or normal
healthy controls was added to the incubation
medium to a final concentration of 0.5 mg/ml. The
experimental groups were divided into three accord-
ing to the incubation periods with IgG (1, 6 and
12 h). After incubation, 10 mM pilocarpine was
applied to each group for 3 min. The membrane
fraction of the apical membrane (APM) was obtained
according to the method reported by Ishikawa et
al.13 g-GT and KpNPPase were used as a marker of
the APM and basolateral membranes (BLM), respec-
tively. After electrophoresis of the APM in a sodium
dodecyl sulfate-polyacrylamide gel (SDS-PAGE,
12% gel), it was transferred to a nitrocellulose
membrane (Hybond-P:PVDF Membrane, Amersham
Pharmacia Biotech, UK). The target protein was then
incubated with the primary antibody (Anti-AQP-5
antibody, diluted 1:2000) for 2 h at room tempera-
ture, which was detected with the horseradish
peroxidase-conjugated secondary antibody (diluted
1:2000) and the ECC reagent (Amersham Pharmacia
Biotech, UK) after 1 h.

Results

Effect of SS IgG on the CCh-Induced [Ca2þ ]i Transient

Carbachol (CCh) is a well-known muscarinic choli-
nergic agonist that increases the [Ca2þ ]i in salivary
acinar cells9 including the HSG cell lines. 21 We first
examined whether M3R, the receptor at which CCh
acts, is expressed in HSG and rat parotid acinar
cells. Figure 1a shows RT-PCR products that detect
mRNA of M3R. M3R was detected in both tissues.
Figure 1b shows a typical [Ca2þ ]i response to 10�4 M
CCh in HSG cells. The [Ca2þ ]i response was
consistent but desensitization was observed by
repeated CCh stimulation. Figure 1c shows a
concentration–response curve of CCh on HSG.
[Ca2þ ]i was increased in proportion to the concen-
tration of CCh in the range from 10�7 to 10�3 M,
supramaximal concentration. The EC50 of CCh was
estimated as 52718 mM. Then we examined the
effects of SS IgG on CCh-induced [Ca2þ ]i transient
(CICT). Figure 2 shows CICTs after incubating the
HSG cells with the IgGs. The cells had been
incubated for two different incubation periods,
12 h (a) and 24 h (b). In the left panels of Figure 2a
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and b, purified IgGs from the normal healthy
persons were added to the incubation medium for
the control experiment, whereas in the right panels,
SS IgGs were used. Throughout the experiments, the
HSG cells in the control groups (left panels of Figure
2a and b) responded consistently to CCh (10�4 M) by
increasing the [Ca2þ ]i. Although reproducible CCh-
induced [Ca2þ ]i transient (CICTs) were also observed

in the SS IgG incubation groups (right panels of
Figure 2a and b), the magnitudes of the CICTs
(D[Ca2þ ]i ) were substantially lower than those of
control groups. A decrease in the CICT was more
prominent after 24 h incubation with the SS IgG
(right panel in Figure 2b). We found that the
muscarinic receptors of the HSG cells still work
but CICTs significantly decreased to 6276%
(mean7s.e.m., Po0.05) and 4576% (Po0.05) in
12 h and 24 h SS IgG incubation group, respectively
(Figure 2c).

We also examined the acute effect of SS IgG alone
and found that the application of SS IgG did not
decrease the [Ca2þ ]i. Figure 3a shows a typical
[Ca2þ ]i response to the SS IgG application. SS IgG
applied in between CCh stimulation (indicated by a
white bar) did not evoke any [Ca2þ ]i transient even

Figure 1 (a) RT-PCR products to detect messenger RNA (mRNA)
of M3R in HSG and rat parotid acinar cells. An expected PCR
product for M3R was detected around 200 bp. (b) A typical [Ca2þ ]i

response to repetitive CCh (10�4 M) stimulation in HSG cells. The
response was consistent with a desensitization. The dark bars
indicate the period of CCh stimulation and the vertical axis
represents the Ca2þ fluorescence ratio (F340/F380). (c) A concen-
tration–response curve of CCh in HSG (n¼ 6–60 at each
concentration). EC50¼52718mM. [Ca2þ ]i increased in proportion
to the concentration of CCh. The vertical axis indicates the
magnitude of [Ca2þ ]i increase (D[Ca2þ ]i).

Figure 2 Effects of SS IgG on the CCh-induced [Ca2þ ]i transient
(CICT). (a) A typical CICTs after incubation of HSG with the
normal (left panel) or SS IgG (right panel) for 12 h. CICTs
significantly decreased after SS IgG incubation. (b) A typical
CICT after incubation with SS IgGs for 24 h incubation. A decrease
in the CICT (right panel) was more prominent than 12 h
incubation with the SS IgG. (c) A summarized result of these
experiments. Upon incubation with the SS IgG for 12 h or 24 h,
CICT significantly decreased to 6276% (n¼12, Po0.05) and
4576% (n¼15, Po0.05), respectively. The magnitude of CICT
was expressed as the ratio of CICT of each sample to that of
control sample in which cells were incubated with normal IgG for
12 or 24 h.
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though the HSG cells consistently responded to
10�5 M CCh (indicated by a dark bar) by increasing
the [Ca2þ ]i. The same result was obtained in the
other five cells. The acute application of SS IgG
during the CICT did not cause any changes in the

[Ca2þ ]i either (n¼ 4, data not shown). We next
examined whether the inhibitory effect of SS IgG
on the [Ca2þ ]i is receptor-specific. Figure 3b shows a
typical ATP (10�5 M)-induced [Ca2þ ]i transient
(AICT) after incubating the HSG cells with the
control (the upper panel) or SS IgG (the lower panel)
for 24 h. Throughout the experiments, the HSG cells
consistently responded to ATP by increasing the
[Ca2þ ]i. In contrast to the decreased CICT (Figure
2b), the magnitudes of the AICT in the SS IgG-
treated group under the same experimental condi-
tion were not significantly different from those
of control group (Figure 3b). The magnitude of
the AICT (D[Ca2þ ]i) was 1.7370.47 (n¼ 4) and
2.0870.88 (n¼ 9) in the 24 h control and SS IgG
groups, respectively (P40.1).

Although above data suggest that SS IgG may act
on M3 receptors, we cannot exclude the possibility

Figure 3 (a) A representative [Ca2þ ]i response showing the acute
effect of SS IgG alone on the [Ca2þ ]i. Stimulation with 10�5 M CCh
(dark bars) increased the [Ca2þ ]i, whereas SS IgG (a white bar),
which was applied in between CCh stimulation, does not evoke
any [Ca2þ ]i transient. (b) Effects of SS IgG on the ATP-induced
[Ca2þ ]i transient (AICT). The HSG cells were incubated with the
IgGs for 24 h prior to 10�5 M ATP stimulation for 3 min (indicated
by the dark bars in the lower panel). The upper and lower panel is
a representative AICT of the control and SS IgG incubation group,
respectively.

Figure 4 (a) M3R peptides-induced recovery of CICT upon SS IgG
incubation for 24 h (left panel). Cells were incubated with SS IgG
that had been preincubated with M3R peptides for 24 h. As
control, CICTs were measured in the presence of M3R peptides
alone (right panel). (b) An effect of nonspecific peptides on CICT
under the same experimental condition. Cells were incubated
with SS IgG that had been preincubated with nonspecific
peptides derived from BSA. Nonspecific peptides did not recover
the decreased CICT (left panel). The nonspecific peptides alone
did not affect the control CICT (right panel) either. (c) The data in
(a) and (b) are summarized and represented in a graph. *The
differences were statistically significant in unpaired t-test
(Po0.05). Each experimental value is normalized to the value of
normal IgG-treated sample.
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that the effects of SS IgG on HSG cells are due to its
binding to cell surface molecule other than M3R. To
rule out this possibility, we competed the effects of
SS IgG on CICT using M3R peptides. The left panel
of Figure 4a shows that the inhibitory effect of SS
IgG on the CICT in HSG cells is completely
abrogated by the pre-incubation of SS IgG with the
M3R peptides for 24 h. This result indicates that the
inhibitory effect of SS IgG on the CICT is mediated
by the anti-M3R antibody in the sera. Incubation of
HSG cells with M3R peptides alone does not have
any effect on the CICT (right panel in Figure 4a). We
also tested if the effects of M3R peptides are
sequence-specific by using nonspecific peptides as
control. The nonspecific peptides were derived from
BSA by trypsin-digestion. The left panel of Figure 4b
shows that nonspecific peptides did not recover the
decreased CICT under the same experimental con-
dition. The nonspecific peptides alone did not affect
on the CICT either (right panel in Figure 4b). These
results are summarized and presented in a graph
(Figure 4c). The value of CICT stimulated by CCh
alone (without IgG incubation) was not much
different to that of the contol value (9672%,
n¼ 16, P40.1). When the SS IgG were preincubated
with M3R peptides, but not in the nonspecific
peptides, the decrease in the CICT was completely
abolished. The addition of M3R peptides in the
absence of SS IgG have little effect on the control
CICT (9572%, n¼ 16, P40.1), and neither with the
addition of nonspecific peptides (8572%, n¼ 23,
P40.1).

Effect of SS IgG on the Pilocarpine-Induced AQP-5
Expression

AQP-5 is expressed in the apical membrane in
serous acinar cells, and plays an important role in
primary saliva production. Therefore, the effect of
SS IgG on the AQP-5 expression level was investi-
gated. To start this study, we examined the expres-
sion of AQP-5 in rat parotid acinar cells by
immunohistochemistry. Figure 5b shows that AQP-
5 are expressed exclusively on the apical memeb-
rane of the rat parotid acinar cells, which are shown
as dark brown lines (indicated by arrows). Figure 5a
is a control tissue that was treated with the
secondary antibody alone. Then, the effect of SS
IgG on AQP-5 trafficking was examined. For this
purpose, we purified APM of rat parotid acinar cells
and used for Western blot assay. As shown in Figure
6a, without any stimulation, a low basal level of
AQP-5 is expressed on the APM of rat parotid acinar
cells (lane C), which was increased significantly by
the treatment of pilocarpine (10�5 M) for 3 min (lane
P). We then examined whether incubating the cells
with SS IgG (0.5 mg/ml) for 1 h (S1), 6 h (S6) and 12 h
(S12) could affect the pilocarpine-induced AQP-5
expression in APM. As controls, cells were incu-
bated with normal IgG for 1 h (C1), 6 h (C6) and 12 h

(C12). Interestingly, the expression levels of AQP-5
in the SS IgG-treated cells decreased compared to
the levels in the normal IgG-treated cells. The
inhibitory effect of the SS IgG on the pilocarpine-
induced AQP-5 appears to be proportional to the
incubation periods. The expression of pilocarpine-
induced AQP-5 in S1 and S6 is slightly lower than
C1 and C6, respectively. However, a significant
decrease in the AQP-5 level was observed upon SS
IgG incubation for 12 h (compare lanes S12 and

Figure 5 (a) A control tissue that was treated with the secondary
antibody alone in the rat parotid acinar cells. (b) AQP-5
expression in the rat parotid acinar cells. Cells were immunos-
tained using a rabbit anti-rat AQP-5 antibody (diluted 1:200
followed by the secondary antibody (diluted 1:200). Many of the
dark brown lines (indicated by arrow) exclusively located on the
apical membrane in acinar cells are regarded as AQP-5.
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C12). The expression levels of AQP-5 in each sample
are quantified using densitometer, and the data are
presented in Figure 6b. The brightest band of the
third lane (C1) was regarded as 1. A significant
decrease in the AQP-5 level (Po0.05) was observed
in the 12 h SS IgG incubation group.

Discussion

It has been known that the impaired secretory
function in SS patients is not due to the destruction
of neural innervation or the absence of receptors in
the residual glandular tissue. Rather, it is more
likely that cytokines or autoantibodies released by
glandular cells in SS patients decrease responses of
the residual glandular cells to the neurotransmitters.
Although it was reported that human sera of SS
patients stimulates M3R of rat parotid cells14 and
IgG purified from SS patients binds to M3R of
lacrimal gland,15,16 there are no direct evidence of
the interaction of SS IgG with human M3R. In our
study, we found that the function of M3R in human

salivary cell lines is downregulated when the cells
are pre-exposed to the SS IgG, which could partly
explain the associated features of the salivary
dysfunction in SS patients.

The stimulation of HSG cells with CCh increases
the [Ca2þ ]i, which appears to be released from an
intracellular Ca2þ store.22 In our study, preincuba-
tion of the cells in SS IgG for 12 or 24 h decreased
the CICT. Furthermore, the addition of M3R pep-
tides completely recovered the SS IgG-mediated
decrease in CICT. These data indicate that the
inhibitory effect of SS IgG on CICT is mediated by
autoantibodies in the SS IgG that bind to the M3R on
the HSG cells. The reduction in the response to
muscarinic agonist may be partly due to a general
reduction of signal transduction components as a
consequence of the autoantibodies directed against
the cell surface receptors. The serum IgG from SS
patients is reported to compete the binding of
muscarinic receptor agonist to salivary gland mem-
branes.23 Likewise, persistent loss of sensitivity to
Ach was reported in salivary acinar cells that
obtained from SS patients.24 Interestingly, SS IgG
induced a similar degree of inhibition in the CCh-
evoked bladder contraction by approximately
50%,25 suggesting that CICT is also reduced in this
tissue, because [Ca2þ ]i also plays a putative role in
smooth muscle contractions.

It is noted that the effect of SS IgG on M3R is
dependent on the incubation periods. The inhibi-
tory effect is pronounced only after 12 h. However,
upon an acute application of SS IgG, the magnitude
of subsequent CICT was rather increased (see Figure
3a), suggesting a stimulatory effect of SS IgG on
M3R.15 Although it is speculative, we can conjecture
that the autoantibodies act initially as an agonist,
but then lead to the downregulation of the receptor
after the long-term exposure. The role of cytokines
in the increase in intracellular calcium level in
acinar cells appears to be still controversial. In
primary mouse submandibular acinar cells, cyto-
kines does not play any role in the increase of
intracellular calcium level.26 However, the study
of Wu et al27 revealed that persistent exposure of
IFNgamma/TNFalpha induces the depletion of
internal calcium stores in HSG cells. These data
indicate that different effects or results can be
expected when different cell types/lines or different
experimental settings are used.

The localization of AQP-5 in the APM and its
increase by pilocarpine, a well-known cholinergic
agonist that stimulates the salivary secretion,28–30

has been documented by previous reports.13 When
the parotid acinar cells were incubated with SS IgG,
the amount of AQP-5 in the APM was significantly
lower than that in the normal IgG-stimulated cells,
suggesting that the incubation in SS IgG may alter
the normal AQP-5 trafficking. The decrease in AQP-
5 in the APM can contribute to the deficiency of
fluid secretion, which is the key feature of SS.10

Decreased water permeability in the parotid acinar

Figure 6 (a) Effects of SS IgG on the pilocarpine-induced increase
in the AQP-5 level in the APM (5mg). The two left lanes show the
amount of AQP-5 before (C: control) and after pilocarpine
stimulation (P). All of the lanes marked with ‘S’ indicate the
amount of pilocarpine-induced AQP-5 after incubating the cells
with SS IgG for 1 h (S1), 6 h (S6) and 12 h (S12). Both primary and
secondary antibodies were used at dilutions of 1:2000. The lanes
marked with ‘C’ indicate the control groups in which normal
healthy IgG was added to the incubation medium for the same
periods. (b) The amount of AQP-5 in (a) was quantified using
densitometry and represented in a graph. Each value was
normalized to the densitometric value of AQP-5 in lane C1. A
significant decrease in the AQP-5 level (n¼ 4, Po0.05) was
observed after 12 h in the SS IgG incubation group (indicated
by *).
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cells and salivary secretion was also detected in the
transgenic mice lacking AQP-5.31,32 We observed a
slight increase in the AQP-5 expression in the APM
of normal IgG-incubated cells. Although it is not
clear how normal IgG increases the AQP-5 level at
the moment, it does not appear to change any of the
conclusions reached, since we always compared the
differences between the two sets of experiments, the
control (incubated with normal IgG) and the SS IgG
group in the same periods. Prolonged incubation
periods may cause a subtle change in filling status of
[Ca2þ ]i in intracellular Ca store and possibly accel-
erate trafficking of AQP5 to APM by pilocarpine
stimulation. The elevation of the cytosolic Ca2þ

levels induced by muscarinic agonist play a critical
role in the trafficking of AQP-5 between the ICM and
APM in the rat parotid glands.33 As expected,
neither the application of SS IgG alone nor SS IgG
application during the CICT caused any changes in
the [Ca2þ ]i, suggesting that a certain amount of
exposure time for the SS autoantibodies is needed to
interact with the surface membrane muscarinic
receptor. In conclusion, our data suggest that
autoantibodies against the M3 muscarinic receptors
in the sera of SS patients may induce functional
impairment of the secretory processes as well as the
salivary dysfunction observed in SS.
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criteria for Sjögren’s syndrome: a revised version of the
European criteria proposed by the American-European
Consensus Group. Ann Rheum Dis 2002;61:554–558.

18 Horejsi J, Smetana R. The isolation of gamma globulin
from blood-serum by rivanol. Acta Med Scand
1956;155:65–70.

19 Tusnady GE, Simon I. Principles governing amino acid
composition of integral membrane proteins: applica-
tion to topology prediction. J Mol Biol 1998;283:
489–506.

20 Tusnady GE, Simon I. The HMMTOP transmembrane
topology prediction server. Bioinformatics 2001;17:
849–850.

21 Liu X, Liao D, Ambudkar IS. Distinct mechanisms of
[Ca2+]i oscillations in HSY and HSG cells: role of Ca2+

influx and internal Ca2+ store recycling. J Membr Biol
2001;181:185–193.

22 Liu X, Singh BB, Ambudkar IS. ATP-dependent
activation of K (Ca) and ROMK-type K (ATP) channels
in human submandibular gland ductal cells. J Biol
Chem 1999;274:25121–25129.

23 Robinson CP, Brayer J, Yamachika S, et al. Transfer of
human serum IgG to nonobese diabetic Igmu null mice
reveals a role for autoantibodies in the loss of
secretory function of exocrine tissues in Sjögren’s
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