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Functional epitope of muscarinic type 3 receptor which interacts
with autoantibodies from Sjogren’s syndrome patients

N.-Y. Koo', J. Li', S.-M. Hwang', S.-Y. Choi', S. J. Lee', S.-B. Oh', J.-S. Kim', E. B. Lee?,
Y. W. Song” and K. Park'

Objectives. Recently, autoantibodies directed against muscarinic type 3 receptor (M3R) have been reported in patients with primary SS.
However, the precise epitope(s) of the M3R that interacts with SS autoantibodies remains unclear. The aim of this study was to identify the
functional epitope of M3R which interacts with SS immunoglobulin G (IgG).

Methods. Purified IgGs were obtained from the sera of seven SS patients (six primary and one secondary SS) and two normal persons.
We examined whether SS IgG inhibits M3R function and identified the epitope using six synthetic peptides covering all the extracellular
domains of M3R by microspectrofluorimetry and surface plasmon resonance-based optical biosensor system (BlAcore system).

Results. A volume of 0.5mg/ml SS IgG inhibited carbachol (CCh)-induced [Ca®*]; transient (CICT) in human submandibular gland (HSG)
cells. However, co-incubation of SS IgG with the 6th peptide (514-527 amino acid region) corresponding to the third extracellular loop of
M3R, recovered CICT. The result was further confirmed by BlAcore analysis. We found that the 6th peptide interacts with IgGs from three
primary SS patients in a concentration-dependent manner. The synthetic peptide which consists of amino acids 228-237 corresponding to
the COOH-terminus of the second extracellular loop of M3R also bound to SS IgG. However, normal IgGs did not interact with the 6th peptide.
Conclusions. The results suggest that the third extracellular loop of M3R represents a functional epitope bound by SS IgG, and thereby

partly inhibits M3R function.
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Introduction

SS is a systemic autoimmune disorder accompanying sicca symp-
toms, which is characterized by the lymphocytic infiltration in
exocrine glands as well as severe glandular dysfunction, dry eye
and dry mouth [1]. The mechanisms of the exocrine secretion are
well documented [2, 3]. Stimulus-secretion coupling in salivary
glands is initiated by the release of acetylcholine (ACh) from the
parasympathetic nerves, which is mediated by an increase of
intracellular Ca®" [4-6] that culminates in the activation of the
Ca’"-dependent K* and CI~ channels [6]. Efflux of these anions
induces primary fluid secretion from the acinar cells. Therefore,
any disturbance of ligand binding to the muscarinic receptor or
a disturbance in any step of these signal transduction processes
will result in secretory dysfunction.

Autoantibodies from the sera of SS patients against muscarinic
type 3 receptor (M3R) by various techniques, including SDS—
PAGE, immunoblotting, radioligand binding and ELISA has
been reported [7-10]. There has been increasing evidence that
SS immunoglobulin G (IgG) affects the function of muscarinic
receptors. Infusion of serum IgG from human primary SS patients
to non-obese diabetic Igmu null mice results in the loss of secre-
tory function [9]. In addition, passive transfer of SS IgG repro-
duced the pathophysiology of overactive bladder [11]. Acute or
chronic SS IgG application inhibited the function of muscarinic
receptors at the cellular [12, 13] and tissue levels [14, 15].

In spite of the positive results from functional assays, the
existence of the inhibitory SS IgG in patients that interact with
M3R and its epitope(s) remains still controversial [16]. Studies for
a direct interaction between epitope and SS IgG using peptides
[17] or by conventional immunological approaches [18] have been
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unsuccessful. Recently, the second extracellular loop of the M3R
has been suggested as a possible epitope for SS IgG [19, 20].
Particularly, full inhibitory activity of the antibody was observed
with a 10 amino acid epitope located at the COOH-terminus of
the second loop [21]. However, the study only examined the role of
second extracellular loop. Although the second extracellular loop
of M3R has been reported to be an epitope for anti-receptor
autoantibodies in certain autoimmune disorders [22-24], auto-
antibodies could also bind to other extracellular loops; in the
mu-opioid receptor, simultaneous binding of IgG to the first and
third extracelluar loop mimics morphine-induced receptor activa-
tion [25]. The precise epitope involved in the interaction with SS
IgG remains unknown, although the second extracellular loop of
M3R is the most likely candidate.

In this study, we have determined the functional epitope of
M3R which interacts with autoantibodies from SS patients using
microspectrofluorimetry and plasmon surface resonance-based
optical biosensor system (BIAcore system), a newly developed
system mainly used for detection of molecule interaction. We
tested the direct binding of purified SS IgG with peptides, not only
with the second loop but with all the extracellular domains of
M3R. Hence, this may be the first line of evidence that the third
extracellular loop of M3R may interact with SS IgG.

Materials and methods

Solution and reagents

A normal bath solution used for Ca®* measurement contained
140mM NaCl, 5SmM KCI, ImM MgCl,, ImM CaCl,, 10mM
HEPES, 10 mM glucose; pH 7.4 (adjusted with NaOH) giving an
osmolarity of 300-310 mOsmol/kg H,O. The fura-2 acetoxy-
methyl (fura-2 AM) was obtained from Molecular Probes
(Eugene, OR, USA). Trypsin—-EDTA and carbachol (CCh) were
obtained from Sigma (Poole, UK). The collagenase was purchased
from Worthington (Lakewood, UK). The peptides were synthe-
sized by Peptron (Taejeon, Korea).
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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 37°C in 95% air—5% CO,, and were
maintained in a minimum essential medium (MEM) supplemented
with 10% fetal bovine serum (FBS). Each plate was refreshed
twice a week. Cells were harvested by brief incubation with
trypsin—EDTA solution (Gibco BRL, Carlsbad, CA, USA). After
the subculture, the cells were incubated with either the control or
SS IgG mixture for 24h prior to CCh stimulation in order to
measure the [Ca®*],.

Serum IgG from SS patients

The purified serum IgGs were obtained from seven SS patients.
Patients were enrolled at the Rheumatology Clinic, Seoul
National University Hospital, between November 2004 and
February 2005. All patients were diagnosed according to the
revised international classification criteria for SS [26]. Six patients
had primary SS and one patient had secondary SS (RA) (Table 1).
The patients were all females with ages ranging from 33 to 63 yrs
(53 £ 15 yrs, mean age £ 5s.k.). The serum IgG was obtained from
two healthy controls, who did not show any sign of SS symptoms
and were negative to the serological tests. IgG was isolated from
the serum using the Affigel 102® (Biorad) affinity purification [27],
and the concentration of the purified IgG in the eluted buffer
solution was 7.11+3.18 mg/ml (n=2) and 7.15+0.68 mg/ml
(n="7) from control and SS 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 for Ca’>" measurement. The
present study was approved by the Medical Ethics Committee of
Seoul National University. All patients gave informed consent for
participation in this study.

Fluorescent dye loading and [Ca’" ]; measurement

After incubation with the serum IgG for 24 h, the HSG cells were
harvested by incubation with trypsin—-EDTA solution. Cells were
loaded with 2 uM fura-2/AM (fura) in 2ml of HEPES-buffered
solution (140 mM NaCl, SmM KCI, 1 mM MgCl,, I mM CaCl,,
10mM HEPES, 10mM glucose; pH 7.4) for 30min at room
temperature (25°C). Then cells were rinsed with HEPES-buffered
solution and incubated for a further 30 min to allow complete
de-esterification of intracellular AM esters. Ratiometric fluores-
cence measurements were performed using an Olympus micro-
scope with a MetaFluor® version 6.1 imaging system (Universal
Imaging, West Chester, PA, USA). After cells were attached to
cover glass, fura fluorescence was recorded at excitation wave-
lengths of 340 and 380 nm, with an emission wavelength of 510 nm
at 37°C. The results are presented as the measured 340 nm/380 nm
ratio (Ca>" fluorescence ratio, F340/F380). All the results are
presented as a mean =+ s.E. Statistical analysis was performed using
Student’s unpaired #-test.

Design of six peptides constituting M3R

The human M3R (hM3R) is a transmembrane receptor with seven
transmembrane domains. Protein sequences exposed to the out-
side 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 [28, 29]. Excess
amount of all six M3R peptides (10 uM 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 are shown in Table 2.

TasLe 1. Clinical and serological findings of SS cases

Dry  Primary/
Patient Age Sex Dry mouth eye secondary RF ANA Anti-Ro Anti-La
SS#6 68 F Yes Yes S + o+ + -
SS#7 52 F Yes Yes P + + + -
SS#8 51 F Yes Yes P + + + -
SS#9 51 F Yes Yes P + + + +
SS #33 55 F Yes Yes P + + + -
SS #43 38 F Yes Yes P - + + +
SS #53 65 F Yes Yes P + + + -

S: secondary SS; P: primary SS.

TaBLe 2. Amino acid sequences of synthetic peptides corresponding to the
extracellular loop of the hM3R

Amino acid
Peptide Sequences residues
1st MTLHNNSTTSPLFPNISSSWIHSPSDA 1-27
2nd HSPSDAGLPPGTVTHFGSYNVSRAAGN 22-48
3rd SRAAGNFSSPDGTTDDPLGGHTVWQV 43-78
4th (1st loop) MNRWALGNLACDLW 131-144
5th (2nd loop) LFWQYFVGKRTVPPGECFIQFLSEPT 205-230
6th (3rd loop) NTFCDSCIPKTFWN 514-527
M3R?228-237 EPTITFGTAI 228-237

Surface plasmon resonance analysis

Direct binding of SS IgG with each synthetic peptide was
determined using BlIAcore 2000 (BIAcore Piscataway, NJ,
USA). Each peptide was covalently immobilized on the surface
of CM-5 sensor chip using a N-hydroxysuccinimide/N-ethyl-
N'-(dimethylaminopropyl) carbodiimide (NHS/EDC) amine
coupling kit (BIAcore) and their immobilizing values were
estimated as 3000 resonance units (RU). The component of
running buffer was as follows: 150 mM NaCl, 10mM HEPES,
3mM EDTA, 0.005% surfactant P20 (pH 7.4). SS IgGs were
diluted to the appropriate concentration with running buffer,
subsequently injected into the sensor chip immobilized with
peptides. The basal level of binding affinity of each peptide with
SS IgG was ~20-100 RU. For the kinetic assay, each peptide was
modified with biotin and a streptavidin chip was used. The
disulphide bond of the 6th peptide was reduced by 1mM
dithiothreitol (DTT) in running buffer. The Surface plasmon
resonance (SPR) response curves were analysed with BIAcore
evaluation software, version 3.1. The dissociation rate constant
(kq) was determined from a plot of In(Ry/R) vs time, with R being
the SPR signal at time f; the association rate constant (k,) was
determined from a plot of In(abs(dR/d¢)) vs time. The apparent
association and dissociation constants were calculated from the
kinetic constants: Kp = kq/k,.

Binding reaction analysis

Signal changes on the activated/blocked control channel were
subtracted from the peptide-hM3R binding interactions using
in-line reference and the subtracted sensorgrams were analysed.
The curves generated with serial analyte concentrations were
applied globally to the 1:1 Langmuir binding model with or
without correction for baseline drifting depending on baseline
status. The x? test was used to evaluate the quality of fit between
the experimental data and individual binding models. The x* value
represents the sum of squared differences between the experi-
mental data and reference data at each point.
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Fic. 1. A typical [Ca®"]; response to CCh (10~*M) or ATP(10~*M) stimulation in
HSG cells. Cells were pre-incubated with 0.5mg/ml normal (A and C) or SS IgG
(B and D) 24 h before stimulation. (A) CCh evokes a reproducible [Ca?*], response
in the cells incubated with normal IgG, (B) but not in the cells incubated with SS
IgG. (C) Both CCh and ATP increase [Ca®"]; in the cells incubated with normal IgG,
(D) but CICT was not observed in the cells incubated with SS IgG. Note that
ATP-induced [Ca®"]; response is still reproducible. The vertical axis represents the
Ca?* fluorescence ratio (F340/F380).

Results

The effect of SS IgG on the CCh-induced [Ca’" ]
transient in HSG cells

CCh is a well-known muscarinic cholinergic agonist that increases
cytoplasmic free calcium concentration ([Ca®*];) in salivary acinar
cells including HSG cells, which express M3R [13]. Figure 1A
shows a typical [Ca®"]; response to 107*M CCh in HSG cells.
We can see the reproducible [Ca*"]; response by CCh stimulation.
The magnitude (A[Ca®"]) of the CCh-induced [Ca’*]; transient
(CICT) was 0.236£0.018 (mean=+s.e., n=28). To investigate
effects of SS IgG on CICT, cells were incubated with 0.5 mg/ml SS
IgG for 24h before CCh stimulation. Figure 1B shows CICTs
after incubating cells with the SS IgGs for 24h. CICTs were
almost completely inhibited by 94.8 £0.65% (0.012+0.001, n=9,
P <0.05) compared with the control groups, which were
incubated with the same concentration of normal IgG. Next, we
investigated to examine whether the inhibitory effect of SS IgG is
specific to M3R. Figure 1C shows typical [Ca®*]; responses to
CCh and ATP (10~*M) after incubation of the cells with normal
IgG. Both CCh and ATP increased [Ca®*];. The magnitude of the
ATP-induced [Ca®*]; increase was 0.154 £ 0.004 (n = 8). However,
in cells incubated with SS IgG, CICT was abolished (Fig. 1D).
ATP-induced [Ca*"]; response was still reproducible in these cells.
Its magnitude was 0.156 +0.008 (n =8), which is not significantly
different to those in the cells incubated with normal IgG (P > 0.1).

The determination of a functional epitope of M3R
which interacts with SS IgG

To identify a functional epitope of M3R which interacts with SS
IgG, we designed six synthetic peptides covering all the extra-
cellular domains of hM3R. The location of each peptide and its
sequence are shown in Table 1. After incubating HSG cells with
0.5mg/ml SS IgG plus each synthetic peptide for 24h, we
examined the effect of each peptide on CICT. The Ist, 2nd and
3rd peptides were added together, since they together constitute
the N-terminal of M3R. The other peptides, including the 4th, 5th
and 6th peptides, corresponding to the first, second and third
extracellular domains, were added separately. Incubation of
HSG cells with synthetic peptides including the 1st, 2nd, 3rd,
4th and 5th peptides had little effect on the CICT (Fig. 2A—C);

A B
g 11 CCh CCh 1.1 CCh CCh
B — — — —
5 08 0.9
=]
L]
W o7 0.7
1st+2nd+3rd peptides 4th peptide
CO CCh CCh D CCh CCh
g 1.1 — - 1.1 — —
L
gos 0.9
i
0.7 . 0.7 .
5th peptide 6th peptide
1 min
E
0.30
_I_ *
0.20 1
0.10 1
0.00
Peptide - — 1st+2nd+3rd 4th 5th 6th
SSlgG - + + + + +
Normal IgG  + - - - - -
CCh + + + + + +

Fia. 2. Effects of co-incubation of synthetic peptides with pooled SS IgG for 24 h
on CICT. Effect of mixture of synthetic peptide on CICT with (A) 1st, 2nd and
3rd synthetic peptide, (B) 4th peptide, (C) 5th peptide and (D) 6th peptide.
(E) Summarized results. CICT was recovered to 97.07 +5% (n=12, indicated by
asterisk) compared with the control group by co-incubation of the 6th peptide with
SS IgG.

CICTs were not observed as shown in Fig. 1B. However, the
6th peptide, which corresponds to the third extracellular loop
of M3R, recovered CICT (Fig. 2D). We tested the peptides on
CICT (in the absence of SS IgG), but they had little effect on the
CICT (data not shown). Figure 2E shows a summarized result
(n=28-19). The magnitude of CICT in HSG cells that had been
incubated with SS IgG plus the 6th peptide was 0.233+0.011
(n=11), which is not significantly different to those of control
group (0.236 £0.018, *P>0.1).

Interaction of SS IgG with M3R peptide mimotopes
using BlAcore system

Next, we examined whether the 6th peptide which recovered CICT
binds to SS IgG using a BIAcore system (BIAcore 2000, BIAcore).
After fixing of each peptide on the CM-5 sensor chip by amine
coupling, the pooled SS IgG was superfused on the chips.
Figure 3A, C, E shows a typical BIAcore analysis with the
pooled IgGs from primary SS patients. The binding affinity was
tested with 300, 600 and 1200nM IgG for each peptide. A
significant binding was observed in the 4th and the 6th peptide,
both in a concentration-dependent manner (Fig. 3A, E). The value
of the binding affinity of the 4th and the 6th peptide with SS IgG
in 1200 nM peptide was 35.0 +0.10 (n=3) and 91.66 £ 0.77 (n=3)
RU, respectively. We then compared the binding effects of the 4th
and the 6th peptide with the pooled control IgG to rule out non-
specific effects. Figure 3B, D, F shows typical BIAcore analysis
data with normal IgG. Normal IgG also interacted with the 4th
peptide (Fig. 3B) but not with the 6th peptide (Fig. 3F), suggesting
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Fic. 3. A representative sensorgram in BlAcore analysis showing interaction
between hM3R synthetic peptides and IgGs. Each peptide was immobilized on a
CMS5 sensor chip. 300 (A), 600 (B) and 1200nM (C) of the pooled SS IgG (A, C
and E) or normal IgG (B, D and F) were loaded into the sensor cells. Sensorgram
of the 6th peptide seems to suggest binding to SS IgG, but not to control IgG.
Vertical axis indicates RU vs time.

A B
SS IgG(#8) + 6thpeptide SS IgG(#43) + AM3R 228-237
e
e
4 d
S gy e T [
=== 3 | 20 RU
a
a0s
c
Peptide Analyte  Quality of fit K, Ky Ky
SS1gG (x? (M- s7) (s7) (uM)
6th peptide #33 0.229 1.69x10° 4.96x10° 293
#53 0.494 1.46x10° 0.91x10* 062
#38 0.731 2.02x10° 16.3x102° 8.07
228-237 #43 0.278 263x10° 4.13x10°° 1.14

Fiac. 4. (A) Representative sensorgrams for the interaction between IgG from
one SS patient at various concentrations (a: 250nM, b: 500nM, c: 1000 nM,
d: 2000 nM, e: 4000 nM) with the 6th peptide. (B) Sensorgrams for the interaction
between IgG from another SS patient with hM3R?252%"_ (C) Table represents data
from experiments. These parameters demonstrate that there are high-quality
global fittings to a 1:1 Langmuir binding model from the SS patients (nos. 33, 53, 8
and 43).

that the first extracellular loop is a site for non-specific binding to
IgG. We went on further to examine whether such an interaction
between SS IgG and 6th peptide has any individual variations.
After immobilization of biotin-modified 6th peptide on the
streptavidin sensor chip, various concentrations of SS IgG were
injected into the sensor chip. Figure 4A shows a representative
sensorgram from one SS patient (no. 8). A strong binding of the
6th peptide to IgG was also observed in the other two patients
(no. 33, no. 53). The kinetic parameters of k,, kq and Kp were

A B J 20 RU
4thpeptide + CCh Gthpeptide + CCh .
a: 200 nM
b: 500 c
b c: 1000 nh

a

a

Fic. 5. BlAcore analysis of interaction between CCh and 4th (A) or 6th peptide (B).
The 4th and 6th peptide were immobilized on a CM5 sensor chip. Various
concentrations of CCh (a: 200 nM, b: 500 nM and c: 1000 nM) were loaded into the
sensor cells. From the sensorgram, the binding of 6th peptide to CCh resulted in
enhanced RU values compared to 4th peptide.

determined using BlIAcore evaluation software. As shown in
Fig. 4C, the apparent dissociation constant (Kp) of SS IgG
binding to the 6th peptide was 3.87 £2.2 uM (n=13), indicating a
strong interaction between two molecules. We also tested the
synthetic peptide, which consists of amino acids 228-237
(Table 1), corresponding to the COOH-terminus of the second
extracellular loop of M3R, since this peptide showed a strong
inhibitory activity on CCh evoked colon contraction in the
previous work [21]. Although the 5th pegtide did not bind to SS
IgG, the synthetic peptide of M3R?****7 bound to SS IgG in a
concentration-dependent manner in our BlAcore analysis
(Fig. 4B). We further examined whether the 6th peptide that
interacted with SS IgG can also interact with CCh, an M3R
agonist in salivary epithelial cells.

Interaction of CCh with M3R peptide mimotopes

We tested the interaction of the 4th peptide with 200, 500 and
1000 nM CCh. We did not find any evidence of CCh binding to
the 4th peptide (Fig. 5A). However, a significant binding of CCh
with the 6th peptide was observed in 200 and 1000nM
concentration of CCh (Fig. 5B).

Discussion

In our experiments, HSG cells originating from human sub-
mandibular duct epithelium were used to see the inhibitory effect
of SS IgG on M3R. These cells not only express functional M3R,
but also play a key role in salivary secretion [13]. Our result
demonstrated that incubation of HSG cells with IgG from sera of
SS patients significantly inhibited [Ca®"]; increase, suggesting that
the muscarinic receptor function of HSG cells is inhibited by SS
IgG. On the contrary, the control group, in which the same
concentration of normal IgGs was used, had no effect on musca-
rinic receptor function. We demonstrated that Ca*>" signalling
mechanisms of HSG cells were intact following exposure to SS
1gG. Although CICT was almost completely abolished by SS IgG,
the ATP-induced [Ca®']; increase was still reproducible in the
same setting. It is therefore unlikely that inhibition of CICT by SS
IgG is caused by the catastrophic process of cells. Our results
strongly suggest that SS IgG specifically inhibits M3R function by
interacting with muscarinic receptors.

Both our microspectrofluorimetry and BIAcore analysis dem-
onstrated that the 6th peptide corresponding to the third extra-
cellular loop of M3R strongly binds to SS IgG. Co-incubation of
HSG cells with SS IgG plus any other peptide had little effect on
CICT, which had been inhibited by SS IgG incubation but
recovery was possible in the presence of 6th peptide. All kinetic
parameters for the 6th peptide in BIAcore analysis, compared
with those of the other peptides suggest that there is a strong
binding between SS IgG and the 6th peptide corresponding to the
third extracellular loop of M3R. However, our result does not
exclude the possibility of interaction between the second extra-
cellular loop of M3R with SS IgG. Although we did not find
evidence of binding of the 5th peptide corresponding to the second
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extracellular loop to SS IgG, we found that the synthetic peptide
consisting of amino acids 228-237 corresponding to the COOH-
terminus of the second extracellular loop of M3R (M3R*%%2%7),
also binds to SS IgG in BIAcore analysis (Fig. 4B). We tested this
peptide, since it showed a strong inhibitory activity on CCh
evoked colon contraction in previous work [21]. We are not able
to understand at the moment why the 5th peptide corresponding
to the full sequence of the second loop does not bind to SS IgG.
Nonetheless, our results not only support the previous work but
also have verified our novel finding, the binding of the third
extracellular loop of M3R with SS IgG.

The majority of G protein-coupled receptors including the
muscarinic receptors contain a pair of conserved Cys residues in
their first and second extracellular loop (Cys 140 and Cys 220).
Biochemical and site-directed mutagenesis studies with rhodopsin
[30], the B2-adrenergic receptor [31] and the M1 muscarinic
receptor [32] suggest that these two Cys residues are engaged in
a disulphide bond, which may be required for folding of the
muscarinic receptor protein [33], but it is not essential for ligand
binding and G protein coupling [34]. It has been known that two
Cys residues in the third extracellular loop do not form a disul-
phide bond, suggesting the functional epitope we determined may
not be conformational. Furthermore, throughout the experiments,
we added 0.01M DTT in the running buffer during BIAcore
analysis to keep the synthetic peptide in reduced form. Binding of
the 6th peptide with CCh further supports our conclusion that the
third extracellular loop of M3R binds to SS IgG.

In our experiments, only a subset of SS IgGs from primary
SS patients interacted with the 6th peptide. Roughly 60% of
the tested IgG from SS patients disrupted M3R-mediated contrac-
tion in colon (Prof. T. P. Gordon, personal communication).
Autoantibodies against SS-A/Ro and SS-B/La [35], anti-salivary
gland antibodies, RF [36] and ANA are found in patients with SS.
However, these autoantibodies are associated not only with SS,
but also with SLE, subacute cutaneous LE, congenital heart block
and neonatal lupus. In our study, the three primary SS patients
(SS 33, SS 53 and SS 8), whose antibodies interacted with the 6th
peptide, belonged to the group that is positive to RF, ANA and
anti-Ro (Table 2). The primary SS patient (SS 43) whose IgG
interact with the amino acid 228-237 region of M3R was positive
to ANA, anti-Ro and anti-La. It is unclear at the moment whether
these different antibody profiles directly or indirectly affect
binding of SS IgG to M3R epitope. The difference of interaction
sites might be due to epitope spreading. Although no attempts
have been made to study epitope spreading with anti-muscarinic
autoantibodies, humoral immune response targeted towards a
single epitope may be followed by spreading to involve several
epitopes on the same protein and even to apparently unrelated
antigens [37, 38].

In summary, IgGs from the sera of SS patients specifically
inhibited M3R function in HSG cells. The third extracellular
loop of M3R appears to act as a functional epitope as well as
M3R** 2% since the synthetic peptide corresponding to the third
extracellular loop of M3R strongly binds to IgGs from half of
primary SS patients in our study. If the epitope in the third
extracellular loop of M3R is functional, it could be a potential
therapeutic target for SS. Further work might be necessary to
explain the individual variation in the binding of third extra-
cellular loop of M3R with SS IgG. We also can not rule out
the possibilities that this binding depends on ethnicity or IgG
subtype.

Rheumatology key message

o Purified 1gGs from the sera of SS patients significantly inhibited
MB3R function in HSG cells. The third extracellular loop of M3R
appears to act as a functional epitope.
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