Discussion

This is the first clinical investigation to explore the expression of AQP4 and AQPS in LSGs from patients with

PSS or NMOsd-SS. We obtained the following new results.

First, although AQP4 is considered to be a major autoantigen in patients with NMOsd, AQP4 was not

expressed in the LSGs of our four NMOsd-SS patients. In addition, AQP4 was not expressed in LSGs from the

trafficking of AQPS5 in exocrine glands may be common in patients with SS.

Third, although the histological similarity of LSG pathology between pSS and NMOsd-SS is strongly suggested,
a difference might also exist since the abnormal AQPS5 distribution in LSGs tended to be prominent in our
NMOsd-SS patients compared to those with pSS. Different from LSGs from SS patients, specific factors found
in NMO might influence on AQPS5 distribution detected in LSGs from the patients with NMOsd-SS. In addition,
the infiltration of MNCs into LSGs was less in the NMOsd-SS patients. These data may indicate the presence of

some humoral factors involved specifically in the chronic sialadenitis of patients with NMOsd-SS. In addition,
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we should note the limitation of analysis for saliva secretion with regard to the group of NMOsd-SS. Because
complication of NMOsd and SS is considered to be relatively rare, inadequate and inaccurate statistical analysis

might occur for this cluster in the present analysis.

In this regard, we examined the expression of TNF-a in the LSGs of patients with pSS or NMOsd-SS.
The expression of varying cytokines, including TNF-a and IL-10, are found to be elevated in the serum or LSGs

of SS patients.*® Similarly, serum or cerebrospinal fluid concentrations of TNF-o and IL-10 ar

23,31

NMO patients. In the present study, we did not find a difference in the TNF- o expre

e salivary gland dysfunction of patients

ellular factors responsible for the unique kinetic
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Figure legends

Fig. 1. Expression of AQP4 in LSGs from patients with NMOsd or pSS.

Rabbit anti-AQP4 polyclonal antibody was used to detect the expression of AQP4. A: LSGs from a patient with
typical pSS (SS5 in Table 2: Saxon test 0.99g/2min.) B: LSGs from an NMOsd-SS patient (NMOsd-SS4 in
Table 2: Saxon test 0.68g/2min.). C: LSGs from a control (control2 in Table2: Saxon test 1.87g/2min). D:

Human brain tissue was used as a positive control for AQP4. Hematoxylin was used for counterstaining

(original magnification x200).
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Fig. 2. Expression of AQPS in LSGs from patients with NMOsd-SS or pSS.

Rabbit anti-AQPS5 polyclonal antibody was used to detect the expression of AQP5. A: LSGs from a patient with
typical pSS (SS2 in Table 2: Saxon test 0.27g/2min). B: LSGs from a patient with NMOsd-SS (NMOsd-SS1 in
Table2 Saxon test 0.25g/2min). C: LSGs from a patient with NMOsd-SS (NMOsd-SS2 in Table2 Saxon test
1.17g/2min). D: LSGs from a patient with NMOsd-SS (NMOsd-SS3 in Table2 Saxon test 0.94g/2min.).E:

LSGs from a control (Control2 in Table2: Saxon test 1.87g/2min). F: Human mandibular gland tissue was used
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Fig. 3. Quantitative analysis of AQPS in LSGs from patients with NMOsd-SS or pSS.

a: The immunostained specimens with AQP5 antibody were converted to gray scale, and we measured the
average of the brightness of area in the acinus at the basement membrane side and gland luminal side. We
examined the ratio of the brightness (gland [uminal side/basement membrane side) with a calibration of the
background brightness. Student's t-test was used. b: All subjects were divided into two groups depending on

whether they scored above or <1g/2min on the Saxon test, the brightness ratio was significantly.higher in the

.

<1g/2min group. Squares, control. Circles, pSS. Triangles, NMOsd-SS.

g2min
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Fig. 4. Expression of TNF-[I and AQPS in LSGs from patients with NMOsd-SS or SS.

a: Immunofluorescence staining of AQP5 in LSGs. The LSG tissues were double-labeled using mouse anti-
TNF-[] antibody with FITC-conjugated secondary antibody (green) and rabbit anti-AQP5 antibody with
TRITC-conjugated secondary antibody (red). The status of the nucleus was observed by Hoechst staining (blue).
Representative results of three independent experiments with similar findings are shown. b: Expression AQP5

in SGECs under the presence of assigned concentrations of TNF-a and IL-10, determined by Western blotting.

control

TNF-u TNF-¢ TNFa E-10 D10 010
0180 1606 16 100 1600 pgmi

cont
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Table 1. The subjects’ clinical manifestations

Statistical diffe

NMOsd-SS Primary SS Control
p-value
n=4 n=8 n=3
N (M/F) 4 (0/4) 8 (0/8) 3 (0/3)
Age 58+8.0 56+12.9 45474 0.87

Xerostomia 3/4 5/8

Xerophthalmia 1/4 4/8

Saxon test (g/2min) 0.76+0.34
Schirmer’s test (ml/5min) 14.3+10.8
Anti-SS-A antibody 100% 0% 0.28
Anti-SS-B antibody 0% 0% 0.15
Rheumatoid factor 100% 0.048
IgG™ (mg/dl) 1004.3+£311.0 0.008
LSG biopsy grade

Grade 2 (1 /4) Grade 4 (8/8) Grade 1 (2/2)

Grade 3 (1/4)

0.25+0.43 5.7542.3 0+0 0.004

x

s between NMOsd-SS vs. pSS regarding age, the prevalence of anti-SS-A antibody, anti-
SS-B ant1body G levels, and focus score (FS) >1% were calculated. Gradmg was as defined by Chisholm and
Mason:** t nce of at least one focus of mononuclear cells per 4-mm? section presumes grade 3. The
differences between NMOsd and SS data were calculated by Mann-Whitney U-test, respectively. *p<0.05.
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Table 2. AQP4 and AQPS5 immunostaining in labial salivary glands (LSGs)

AQP4 AQP5
acinus ducts MNCs acinus Localization ducts MNCs
SS1 (—) (—) (=) (+++) homogenous (=) ()
SS2 (—) (—) (—) (+++) homogenous

583 -) (-) (—) (+++)

554 (—) (—) (—) (+++)

885 ) ) () (+ ()

$S6 (—-) ) ) (—) (—)

SS7 (—) (—) omogenous (=) ()

SS8 (—) homogenous (—) (—)

homogenous (—) ()

~BM

BM (—) (—)

BM (—) ()

NMOsd- (—) (—) (—) &) homogenous (=) (—)
SS4

Control 1 () (—) (—) (+++) GL (—) NA
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Control 2 () (—) (—) (+++) GL (—) NA

Control 3 (—) () (—) (+++) GL () NA

AQP4 was not stained in any tissue. AQP5 was expressed in acini. The localization of AQPS5 was lost in the
LSGs tissue of all of the NMOsd-SS and SS patients. Stained proportion with a salivary gland lobe was as
follows; (=) 0-10%, (+) 10%—-50%, (++) 50%—80%, (+++) >80%. NA: not available, MNCs: mononuclear cells,
GL: gland luminal side, BM: basement membrane side, homogenous: cytoplasm was stained homogeneous
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Abstract

Objectives. The aim of this study was to clarify the molecular mechanisms elicited by toll-like
receptor (TLR)3 in salivary gland cell death in patients with SS.

Methods. Expression of TLR3 and its downstream molecules was examined by immunohis-
tochemical analysis, immunofluorescence, Western blot (WB), and antibody dot-blot array in
labial salivary glands (LSGs), and cultured primary salivary gland epithelial cells (SGECs) obtained
from patients with 5S. We also investigated the difference of expression between ducts/alveoli of
LSGs and cultured SGECs.

Results. Phosphorylated Fas-associated protein with death domain (p-FADD) or caspase-8 was
not found in ducts or alveoli of LSGs from SS patients and controls. Weak expression of recep-
tor-interacting serine/threonine-protein kinase 3 (RIPK3) was found in SS patients, whereas
no staining was observed in LSGs of controls. In contrast to LSGs, stimulation of SGECs with
polyinosinic:cytidylic acid (poly I:C) significantly induced the expression of RIPK3, p-FADD, and
cleaved caspase-8 by immunofluorescence and RIPK3, p-FADD, and cleaved caspase-3 by WB.
However, it was counteracted by epidermal growth factor (EGF). Co-localization of anti-apoptotic
molecules hemeoxygenase-2, heat shock protein 27, and p-protein kinase B or p-Akt was induced
in EGF-stimulated SGECs.

Conclusions. We observed that poly I:C induced apoptosis of SGECs in vitro compared with a rela-
tively low prevalence of apoptosis found in the ducts and alveoli of LSGs in vivo. Thus, we specu-
late that other counter-regulatory mechanisms, including those induced by EGF, might exist to
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protect against TLR3-mediated apoptosis of ductal and acinar epithelial cells in vivo.

Introduction

Sjogren’s syndrome (SS) is a chronic autoimmune disease
characterized by sicca symptoms such as xerophthalmia and
xerostomia [1]. Although the pathogenesis of SS has not been
fully clarified, we observed a high prevalence of human T-cell
leukemia virus type I (HTLV-I) infection among patients with
SS in Nagasaki prefecture, a western Kyushu island of Japan, an
endemic area of HTLV-I infection [2]. In this regard, toll-like
receptors (TLRs), known as intermediation receptors preferen-
tially involved in innate immunity, are expressed on ductal and
acinar epithelial cells in labial salivary glands (LSGs) of SS, sug-
gesting that TLR-related immune responses are associated with
pathogenesis of SS [3].

TLR3 recognizes double-stranded RNAs, a marker of virus
infection such as retroviruses, and transduces signals to cells fol-
lowing activation by the attachment of viruses [4,5]. We recently
revealed that polyinosinic:cytidylic acid (poly I:C), a ligand for

Correspondence to: Hideki Nakamura, Unit of Translational Medicine,
Department of Immunology and Rheumatology, Nagasaki University
Graduate School of Biomedical Sciences, 1-7-1 Sakamoto, Nagasaki
852-8501, Japan. Tel: + 81-92-819-7262. Fax: + 81-92-849-7270. E-mail:
nhideki@nagasaki-u.ac.jp

TLR3, induced the apoptotic cell death of cultured salivary gland
epithelial cells (SGECs) by the activation of caspase-3 [6]. Since
poly I:C induces the apoptosis of SGECs in vitro but in comparison
there is a relatively low prevalence of apoptosis found in ducts and
alveoli in LSGs in vivo [6], we speculate that counter-regulatory
mechanisms exist to protect against TLR3-mediated apoptosis of
SGECs in vivo. We previously reported epidermal growth factor
(EGF)-mediated anti-apoptotic effects through activation of phos-
phoinositide 3-kinase—protein kinase B or PI3K~Akt and nuclear
factor kappa B (NF-xB) [7]. Since the loss of ducts and alveoli
is considered a major mechanism for salivary gland dysfunction
of patients with SS, the molecular interactions elicited during
TLR3 stimulation in SGECs may be crucial for the development
of chronic sialadenitis.

In this study, we analyzed the signaling cascades of TLR3-
mediated apoptosis interacting with EGF in SGECs from patients
with SS.

Patients, materials, and methods

Patients

The study population for immunostaining consisted of
11 patients with SS (11 women, mean age: 57.0 years = 14.0 SD,
range: 19-78 years) and five controls (five women, mean age:
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53.6 years = 14.7 SD, range: 34-77 years). A diagnosis of SS was
based on the American-European Consensus Group (AECG) SS
Classification Criteria of 2002 [8]. Control subjects had dry eye,
dry mouth, or both, but had not fulfilled AECG SS Classification
Criteria. All patients with SS revealed focal lymphocytic sialad-
enitis with a focus score = 1 focus/4 mm? in LSGs biopsy, whereas
mononuclear cell infiltration was not obvious in any of the five
control subjects. Nine of eleven patients with SS were positive,
whereas none of the five controls were positive for anti-SS-A
antibodies. Blood specimens were obtained from all patients in
this study for serological analysis, and were used to measure anti-
SS-A antibody. In addition, all patients underwent LSGs biopsy
under local anesthesia to assess the pathological findings of SS.
All patients gave their informed consent to be subjected to the pro-
tocol, which was approved by the Institutional Ethics Committee
of Nagasaki University.

Monoclonal and polyclonal antibodies

TLR3, RIPK3, phosphorylated Fas-associated protein with death
domain (p-FADD), cleaved (cl) caspase 8, and cl caspase 3 in the
LSGs were detected using antibodies listed in Table 1. Anti-TLR3
antibody was purchased from Santa Cruz Biotechnology (Santa
Cruz, CA, USA), anti-RIPK3 was purchased from Epitomics
Inc., (Burlingame, CA, USA), and antibodies to p-FADD, cl
caspase 8, and cl caspase 3 were purchased from Cell Signaling
Technology, Inc. (Beverly, MA, USA). Anti-B-actin and recom-
binant human EGF were purchased from Sigma (St Louis, MO,
USA). Donkey anti-mouse immunoglobulin G (IgG) and rabbit
polyclonal antibody, conjugated with peroxidase (for Western
blotting), were purchased from MBL (Nagoya, Japan). Fluores-
cein isothiocyanate or FITC-conjugated donkey anti-mouse and
tetramethyl rhodamine isothiocyanate or TRITC-conjugated don-
key anti-rabbit, used for immunofluorescence, were purchased
from Jackson Immunoresearch Laboratories Inc. (West Grove,
PA, USA).

Culture of SGECs

LSGs obtained from incisional biopsies were washed with culture
medium consisting of defined keratinocyte-SFM culture medium
(Invitrogen Life Technologies, Carlsbad, CA, USA), penicillin—
streptomycin, 0.4 pg/ml of hydrocortisone (Sigma), and 25 pg/ml
of bovine pituitary extract (Kurabo, Osaka, Japan), excised with
fine needles and scalpels, and the culture medium was replaced
three times a week. Then, SGECs were cultured on six-well plates
coated with type-I collagen (Iwaki, Tokyo, Japan).

Table 1. Antibodies used in the study.

Mod Rheumatol, 2016; 26(1):99-104

After the outgrowth of SGECs reached confluence, they were
subcultured into 100-mm? plates coated with type-I collagen.
When SGECs reached confluence on the 100-mm? plates, they
were cultured onto 60-mm? plates coated with type-I collagen.
SGECs for immunofluorescence were subsequently distributed
onto 12-mm? slips coated with type-I collagen, Celimatrix (Nitta
Gelatin, Inc., Osaka, Japan) in 24-well plates.

Immunohistochemical analyses of TLR3 and its downstream
molecules in LSG biopsy specimens

We performed immunohistochemical staining to investigate
the expression of TLR3 -associated molecules, EGF recep-
tor (EGFR) and EGF in vivo. Briefly, endogenous peroxi-
dase was inactivated by incubation with a 3% H,O, solution
after microwave epitope retrieval. The sections were then
blocked with 5% normal horse serum, followed by incuba-
tion with monoclonal and polyclonal antibodies in a humid
chamber for 60 min at room temperature. After incubation,
all sections, including the negative control sections, were
treated with peroxidase-conjugated secondary antibodies for
30 min (Histofine Simple Stain, Nichirei Biosciences, Tokyo,
Japan). The color was developed by incubating the sections in
3,3’-diaminobenzidine or DAB and H,0, for 10 min followed
by counterstaining with hematoxylin solution. Prior to staining
of salivary glands, we performed staining of hepatocellular car-
cinoma tissue purchased from ProSci Inc. (Poway, CA, USA) to
set up optimal staining conditions.

Immunofluorescence

We performed immunofluorescence to investigate TLR3-
associated molecular mechanisms in vitro. SGECs distributed
onto 12-mm? slips coated with Cellmatrix were incubated for
24 h in either the presence or absence of 50 ng/ml of EGF and/or
poly L:C after 24-h starvation of growth supplement. EGF and
poly I:C were administered at the same time. SGECs were then
fixed in 4% paraformaldehyde immersed in methanol at —20°C
for 10 min.

Western blotting

Western blot (WB) analysis was performed as described previously
[9]. After SGEC lysis and measuring protein concentrations, iden-
tical amounts of protein were subjected to 12.5% sodium dodecyl
sulfate-polyacrylamide gel electrophoresis. The proteins were
transferred to a polyvinylidene fluoride filter and blocked for 1 h
with 5% nonfat dried milk in Tris-buffered saline containing 0.1%

Working

Antibodies Immunogen Poly/mono dilution Application Source
TLR3 TLR3 of human Poly 1:100 IHC, IF, WB Goat

RIPK3 N-terminus of human RIPK3 Poly 1:100 IHC, TF, WB Rabbit
p-FADD Ser'%* of human FADD Poly 1:100-1:1,000 IHC, IF, WB Rabbit
Cl caspase 8 Cl caspase 8 of human Mono 1:100-1:1,000 IHC, IF, WB Rabbit
Cl caspase 3 Asp'” of human cl caspase 3 Mono 1:100-1:1,000 IF, WB Rabbit
EGFR EGFR of human Poly 1:50 IHC Rabbit
EGF EGF of human Mono 1:500 IHC Mouse
HO-2 HO-2 of human Mono 1:150 IHC, IF Mouse
HSP27 HSP-27 of human Mono 1:100 IHC, IF Mouse

TLR3 Toll-like receptor 3, RIPK3 Receptor-interacting serine/threonine protein kinase 3, p-FADD Phosphorylated
Fas-associated protein with death domain, ¢! caspase 8 Cleaved caspase 8, ¢l caspase 3 Cleaved caspase 3,
EGFR Epidermal growth factor receptor, EGF Epidermal growth factor, HO-2 hemeoxygenase-2, HSP27
heat shock protein 27, Poly Polyclonal antibody, Mono Monoclonal antibody, JHC Immunohistochemistry, /F

Immunofluorescence, WB Western blot.
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Tween 20 (TBST). Then, membranes were incubated in a 1:100
dilution of rabbit anti-receptor-interacting serine/threonine protein
kinase 3 (RIPK3) polyclonal antibody, a 1:1,000 dilution of rab-
bit anti-p-FADD polyclonal antibody, a 1:1,000 dilution of rabbit
anti-cl caspase 8 monoclonal antibody and a 1:1000 dilution of
rabbit anti-cl caspase 3 monoclonal antibody at 4°C overnight. The
membrane was washed with TBST and incubated with a 1:1000
dilution of donkey anti-rabbit IgG coupled with horseradish per-
oxidase, after which detection was performed using Amersham
Hyperfilm ECL (GE Healthcare UK Ltd, Little Chalfont, UK). We
performed WB analysis of samples obtained from three different
patients to clarify increased expression of cl caspase 3 after stimu-
lation with poly I:C. The density of the bands was captured and
measured by Image] and developed at the National Institutes of
Health to measure pixel intensity. The difference between the two
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Figure 1. Representative
immunostaining images of TLR3
downstream molecules in salivary
glands from SS patients. HCC
hepatocellular carcinoma (positive
control). (A) RIPK3: mild staining
of ducts and alveoli was detected,
whereas no staining was present in
controls. Inset shows representative
staining of RIPK3. (B) p-FADD:
staining for p-FADD was not present
in SS or control tissues. (C) cl
caspase 8: staining for cl caspase 8
was not apparent in SS or control
tissues.

groups (poly I:C— and poly I:C+) was determined by Student’s
t-test.

Apoptosis dot-blot array analysis

The analysis of apoptosis-related molecules was performed
with R&D Systems’ Human Apoptosis Array Kit following the
manufacturer’s instructions. Briefly, diluted co-cultured cellular
extracts were incubated on membranes for 2 h after a 2-h incuba-
tion, and a cocktail of biotinylated antibodies was added to the
membranes and incubated for 1 h on a rocking platform shaker.
Chemiluminescent reagents were then used after incubation with
streptavidin—horseradish peroxidase for 30 min. The expressions
are represented as the ratio compared with control dot-blots. We
used ImageJ to measure pixel intensity.

Figure 2. Immunofluorescent detection
of TLR3 downstream molecules

following 24 h poly I:C stimulation

in vitro. (A) RIPK3: Increased

expression of RIPK3 was observed.
.... (B) p-FADD: Increased expression

of p-FADD was observed in contrast

Bar 20um to the immunostaining results. (C) cl

caspase 8: Increased expression of cl
caspase 8. (D) cl caspase 3: Increased
expression of cl caspase 3. (E) WB
analysis of RIPK3, p-FADD, and cl
caspase 3: increased expressions of
RIPK3 with statistical significance,
p-FADD with a tendency toward
statistical significance and cl caspase3
with statistical significance To identify
and evaluate the differences between
density of bands with and without poly
I.C stimulation, we used variables

. which were calculated using the

density ratios of RIPK3, p-FADD,
or cl caspase 3 to B-actin. Values of
p <0.05 were considered significant.
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Figure 3. Pro- and anti-apoptotic molecules in apoptosis antibody array in the presence and absence of EGF. Increased expression of several anti-
apoptotic molecules, HO-2 and HSP 27, and several apoptotic molecules such as pro-caspase 3, FADD, and Fas was observed in the presence of EGF.

Results
Immunohistochemical detection of RIPK3, p-FADD, and cl caspase 8

RIPK3 was weakly observed in ducts and alveoli from SS, whereas
no staining was observed in LSGs from controls (Figure 1A). In
contrast, p-FADD or cl caspase 8 staining was not detected in
LSGs from SS patients or controls (Figure 1B, C).

In vitro detection of RIPK3, p-FADD, cl caspase 8,
and cl caspase 3 in SGECs

As previously reported [3], TLR3 was expressed in ducts/alveoli of
both LSGs (data not shown) and primary SGECs (Figure 2A-D).
RIPK3 and p-FADD were not expressed in unstimulated SGECs
(Figure 2A and B). Accordingly, neither cl caspase-8 nor cl
caspase-3 was detected in unstimulated SGECs (Figure 2C-E).
Triggering TLR3 with poly I:C significantly increased the expres-
sion of RIPK3, p-FADD, cl caspase 8, and ¢l caspase 3 in SGECs
(Figure 2A-D). Increased expressions of RIPK3 with statistical

Figure 4. Expression of EGFR in A SS
LSGs and EGF-induced molecules in (A)

SGECs. (A) Immunostaining images

of whole EGFR in salivary glands

from SS and control: staining of

ducts was detected in LSG of SS as

well as control. (B) Immunostaining

images of EGF in salivary glands

from SS and control: staining of

ducts was detected in LSG of SS (C)
as well as control. (C) Relatively

more increased expression of HO-2

was observed in LSG of SS than

in control. (D) Relatively more

increased expression of HSP27

was observed in LSG of SS than in

control. Immunofluorescent detection

of co-expression of p-Akt and anti-

apoptotic molecules identified by (E)
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significance, p-FADD with a tendency toward statistical signifi-
cance, and cl caspase 3 with statistical significance after poly I.C
stimulation were also observed in WB (Figure 2E). The expression
of TLR3 itself was also increased in SGECs following poly I:C
incubation (Figure 2A-D).

Modulation of TLR3-mediated effects by EGF in SGECs

Expression patterns of TLR3 and its related molecules in unstimu-
lated SGECs resembled those in LSGs of SS patients, whereas
the triggering of TLR3 induced the opposite phenotypes. These
data indicate that some humoral factors might interfere with
TLR3-mediated effects in vivo. One such alteration could be
induced by EGF as it is expressed in the LSGs of SS patients
and acts as a growth or anti-apoptotic factor for ductal epithelial
cells [7]. Therefore, we measured changes of apoptosis-related
molecules in SGECs induced by EGF using a dot-blot array assay
kit. Increased expression of several anti-apoptotic molecules, such
as hemeoxygenase-2 (HO-2) and heat shock protein 27 (HSP27)
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and several apoptotic molecules such as pro-caspase 3, FADD, and
Fas, was observed after stimulation with EGF (Figure 3).

Whole EGFR (Figure 4A) and EGF (Figure 4B) were observed
in ducts of SS as well as controls. Relatively more increased expres-
sions of HO-2 (Figure 4C) and HSP27 (Figure 4D) were observed
in LSG of SS than in control. Immunostaining after stimulation
with EGF revealed co-expression of phosphorylated-Akt (p-Akt)
with HO-2 or HSP27 (Figure 4E and F). Although stimulation of
SGECs with poly I:C induced the expression of cl caspase 8 and
p-FADD with nuclear fragmentation, which was compatible with
poly I:C-induced apoptosis. EGF dose-dependently inhibited the
expression of these molecules (Figure 5) and nuclear fragmenta-
tion induced by poly I:C.

Discussion

TLR3 recognizes dsRNA derived from many viruses or poly I:C,
and triggers the production of type-I interferon [ 10]. Recent studies
have suggested that TLR3 signaling has important roles in immune
responses against viral infections, as well as apoptosis in cancer
and autoimmune diseases [11,12].

Numerous molecules involved in the apoptosis of LSGs in SS
patients have been reported [13]. We found that cultured SGECs
were committed to apoptosis by Fas or tumor necrosis factor-related
apoptosis-inducing ligand (TRAIL); however, the participation of
downstream molecules is different for each apoptotic process of
SGEC:s triggered by Fas or TRAIL [9].

Our recent study revealed that the triggering of TLR3 by poly
1:C in SGECs activated caspase-3. Salaun et al. also demonstrated
that poly I:C stimulation induced apoptosis mediated by TLR3 in
human breast cancer cells [11], in which activation of TIR domain
containing adapter inducing interferon-B (TRIF) was involved.
Khvalevsky et al. described that TLR3 signaling induced cytokine
production and apoptosis via activation of caspase 8 in human
hepatocellular carcinoma cells [12]. Considering the putative
implication of TLR3 in the pathogenesis of SS, we focused on the
regulatory mechanisms of TLR3-mediated apoptosis of SGECs in
the present study.

The present study suggests that TLR3-induced apoptosis of
SGECs was mediated through FADD/caspase-8/caspase-3 path-
ways. Furthermore, it is interesting to note that the signaling cas-
cades elicited from TLR3 together with EGF in vitro may reflect
the expression pattern of RIPK3, FADD, caspase-8, and caspase-3
of SGECs in vivo. Our previous studies demonstrating the strong
expression of TLR3, EGFR, and phosphorylated EGFR [6,7] may
support this speculation. We also recently showed that Akt, activated
by EGF, acts as an anti-apoptotic molecule during TLR3-mediated

EGFS50

24-h stimulation of SGECs from

SS patients with poly I:C induced
the expression of cl caspase 8

and p-FADD, which is inhibited
dose-dependently by the addition of
EGF (0-50 ng/ml). The nuclei were
stained with Hoechst 33258 to clarify
distribution of SGECs presented as

a merged view with cl caspase 8 or
p-FADD.

EGF100

Bar 20um

apoptosis of SGECs. Furthermore, our present study suggests that
other anti-apoptotic molecules, including HO-2 or HSP27, func-
tion synergistically with Akt against TLR3-mediated apoptosis
because the expression of HO-2 and HSP27 was augmented and
co-localized in SGECs with p-Akt by EGF. Since EGFR constitu-
tively expressed on ducts in LSGs (Figure 4A), it was presumed
that EGF exerted to induce functional HO-2 or HSP27 in SGECs.
Co-localization of HO-2 or HSP-27 with Akt was observed in
other cell types during anti-apoptotic processes [ 14,15]. In Figure
3, several apoptotic molecules such as pro-caspase 3, FADD, and
Fas seemed to be increased after stimulation with EGF, in addition
to HO-2 and HSP27. As we described previously, apoptotic cell
death was observed in SS [6]. In this study, some extent of cell
death was observed in the course of subculture. Based on these
findings, it is presumed that HO-2 and HSP27 antagonize the
apoptotic mechanism in SS.

Infection with viruses thought to be involved in SS etiology,
such as HTLV-I and Epstein—Barr virus, have been found in the
salivary glands of SS patients [2,16]. In addition, SS-A/Ro, which
is recognized by anti SS-A/Ro antibodies, includes small RNA
particles [17,18]. Since TLR3 recognizes RNA molecules [19],
these RNA viruses and RNA particles might be involved in the
pathogenesis of SS through TLR3. Although poly I:C preferentially
triggers apoptotic processes in SGECs, other TLR3 ligands might
induce pro-inflammatory reactions because TLR3 was originally
identified as activating interferon regulatory factors (IRFs) and
NF-xB [19]. Therefore, the role of TLR3 in facilitating the chronic
sialadenitis of SS patients remains to be elucidated.

This is the first study investigating the downstream molecular
pathways of TLR3-controlled cell death of SGECs in SS patients.
The balance between TLR3-induced activation of caspase cascades
and tropic actions against apoptosis might compete iz situ in sali-
vary glands. Future studies are required to understand fully TLR-
mediated cell death pathways and their detailed mechanisms.
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Direct Infection of Primary Salivary Gland Epithelial Cells by
Human T Lymphotropic Virus Type I in Patients With
Sjogren’s Syndrome

Hideki Nakamura,! Yoshiko Takahashi,' Tomomi Yamamoto-Fukuda,' Yoshiro Horai,'
Yoshikazu Nakashima,! Kazuhiko Arima,' Tatsufumi Nakamura,?
Takehiko Koji,' and Atsushi Kawakami'

Objective. To investigate whether human T lym-
photropic virus type I (HTLV-I) directly infects salivary
gland epithelial cells (SGECs) and induces the niche of
the salivary glands in patients with Sjogren’s syndrome
(SS).

Methods. SGECs were cultured with the HTLV-
I-producing CD4+ T cell line HCT-5 or with Jurkat
cells. Antibody arrays, immunofluorescence analysis,
and enzyme-linked immunosorbent assay (ELISA) were
used to determine the profiles of inflammation-related
molecules, and the profiles of apoptosis-related mole-
cules were determined by antibody array and immuno-
fluorescence analysis. The presence of HTLV-I-related
molecules was assessed by immunofluorescence analysis
and in situ polymerase chain reaction. Apoptosis of
SGECs was evaluated by TUNEL staining.

Results. Among the SGECs, 7.8 = 1.3% (mean %
SD) were positive for HTLV-I-related proteins after
96-hour coculture with HCT-5 cells. Nuclear NF-«B p65
was also detected in 10% of the SGECs. The presence of
HTLV-I proviral DNA in SGECs after coculture with
HCT-5 cells was detected by in situ polymerase chain
reaction. After coculture of SGECs with HCT-5, the
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expression of cytokines and chemokines, including sol-
uble intercellular adhesion molecule 1, RANTES, and
interferon y-induced protein 10 kd (IP-10/CXCL10)
was increased in a time-dependent manner. The expres-
sion of proapoptotic molecules (e.g., cytochrome c¢ and
Fas) and antiapoptotic molecules (e.g., Bcl-2, Heme oxy-
genase 2, and Hsp27) was increased in the SGECs cocul-
tured with HCT-5, showing that apoptosis of SGECs was
not detected after coculture with HCT-5 or Jurkat cells.
Conclusion. HTLV-1 is thought to infect SGECs
and alter their cellular functions. These changes
may induce the niche of SS and contribute to the develop-
ment of SS in anti-HTLV-I antibody-positive individuals.

Human T lymphotropic virus type I (HTLV-I)
has been reported to be involved in the pathogenesis of
primary Sjogren’s syndrome (SS) in endemic areas,
including Nagasaki City, Japan (1-3). The extremely
high prevalence of SS among patients with HTLV-I-
associated myelopathy (HAM) appears to confirm a
strong relationship between HTLV-I infection and SS
(4-6). A previous study by our group also revealed the
clinical characteristics of anti-HTLV-I antibody-
positive SS patients and showed that the labial salivary
glands (LSGs) of such patients are not destructible
compared with the LSGs of anti-HTLV-I antibody-
negative patients with SS (7). In addition, the low
prevalence of ectopic germinal centers (GCs) as well as
the low expression of CXCL13 in infiltrating mono-
nuclear cells in LSGs were shown to be immunohisto-
logic characteristics of anti-HTLV-I antibody-positive
patients with SS (8).

HTLV-I preferentially infects T cells, especially
CD4+ T cells, and the observations described above
indicate that the T cell lineage may primarily contribute
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to the pathogenesis of anti-HTLV-I antibody-positive SS.
However, cell types other than T cells, including the human
retinal pigment epithelial cell line ARPE-19 (9), and
human primary fibroblast-like synoviocytes (FLS) (10)
were reported to be susceptible to HTLV-I infection. In
ARPE-19 cells, the expression of intercellular adhesion
molecule 1 (ICAM-1) is increased by HTLV-], and the
production of granulocyte—macrophage colony-stimulating
factor (GM-CSF) from FLS is induced by HTLV-1.

These observations suggested that HTLV-I may
infect cell lineages other than T cells in human salivary
glands and may contribute to the development of SS. In
this regard, ductal epithelial cells are considered candi-
date cells, because various cytokines, chemokines, and
apoptosis-related molecules have been shown to be
expressed in these cells (1). In addition, ductal epithelial
cells attract T cells into the salivary glands of patients
with SS through production of interferon-y (IFNvy)—
inducible 10-kd protein (IP-10; CXCL10) and monokine
induced by IFNvy (CXCL9) (11).

In the current study, we investigated whether
HTLV-I infects human primary salivary gland epithelial
cells (SGECs) and modulates the production of func-
tional molecules.

PATIENTS AND METHODS

Patients. Primary SGECs were obtained from the
LSGs of 15 female patients with primary SS (mean ® SD age
53.2 = 15.4 years). In all patients, SS was diagnosed according to
the revised criteria proposed by the American—~European Con-
sensus Group (12), and anti-HTLV-I antibodies were absent, as
measured by chemiluminescent enzyme immunoassay.

Antibodies and reagents. Mouse anti-HTLV-I anti-
bodies (p19, p38, and Gag) were obtained from Chemicon, and
mouse anti-NF-«B p65 antibody, mouse anti-cytochrome c
antibody, mouse anti-Hsp27 antibody, and rabbit anti-Fas
antibody were obtained from Santa Cruz Biotechnology.
Mouse anti-heme oxygenase 2 (anti-HO-2) antibody was
purchased from OriGene, and rabbit anti-ICAM-1 antibody,
rabbit anti-growth-related oncogene (anti-GRO)/CXCL1 an-
tibody, anti-CCL5/RANTES antibody, and rabbit anti-IP-10/
CXCL10 antibody were purchased from LifeSpan Biosciences.
Rabbit anti-interleukin-8 (anti-IL-8) antibody was purchased
from ABgene. Secondary antibodies, including fluorescein
isothiocyanate (FITC)-conjugated donkey anti-mouse IgG
and tetramethylrhodamine isothiocyanate (TRITC)-
conjugated donkey anti-rabbit IgG, were purchased from
Jackson ImmunoResearch. Hoechst 33258 was purchased from
Sigma. A Proteome Profiler Human Cytokine Array Kit, Panel
A, and a Quantikine ELISA kit for soluble ICAM-1 (SICAM-
1), CXCL10/IP-10, CCR5/RANTES, CXCL1/GROe, and
CXCLS/IL-8 were purchased from R&D Systems. Cy3—-dUTP
was purchased from GE Healthcare. Monoclonal mouse anti-
human CD4, anti-human CDS, anti-human CD20cy, mouse
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IgG1, and monoclonal rabbit anti-human cytokeratin 8/18
antibodies were purchased from Dako.

LSG biopsy and cell culture. Each patient underwent a
lower lip salivary gland biopsy under local anesthesia. Some of
the specimens were stained with hematoxylin to diagnose
sialadenitis, and some were used for culture of SGECs in a
defined keratinocyte-serum-free medium (SFM) (Invitrogen
Life Technologies) supplemented with hydrocortisone (Sigma)
and bovine pituitary extract (Kurabo). In all 15 patients, the
diagnosis of SS was compatible with the Chisholm and Mason
scale for histologic grading of LSG biopsy tissue (13).

For the coculture of SGECs with HTLV-I-producing
T cells, HCT-5 cells (which are derived from the cerebrospinal
fluid cells of patients with HAM [14]), were cultured with
SGECs for the designated period of time in defined
keratinocyte-SFM culture medium. As a control toward
HCT-5, the non-HTLV-I-infected T cell line Jurkat was
cultured in RPMI 1640 medium with 10% fetal bovine serum.
For the experiments described below, HCT-5 or Jurkat cells
were cocultured (2:1) with SGECs at the time when the cells
were seeded. Briefly, the SGECs were seeded onto sterile
coverslips for immunofluorescence analysis. Next, HCT-5 cells
were added 24 hours after the SGECs attached to and grew on
the coverslips. For immunofluorescence analysis, the cells were
stringently washed with phosphate buffered saline (PBS) to
remove any remaining HCT-5 cells. Informed consent for the
use of LSG biopsy samples was obtained from all 9 patients at
the commencement of the study. The study was conducted with
the approval of the human ethics committee at Nagasaki
University Hospital.

Immunofluorescence analysis. Immunofluorescence
analyses were performed as previously described (15). Briefly,
SGECs cultured on 12-mm? coverslips were fixed in PBS contain-
ing 4% paraformaldehyde (PFA) at 4°C, followed by immersion
in methanol at —20°C for 10 minutes. After fixation, the SGECs
were blocked in 5% normal horse serum in PBS and then
incubated with the primary antibodies for 1 hour at room
temperature, followed by incubation with FITC-conjugated and
TRITC-conjugated secondary antibodies and Hoechst 33258, in
the dark. The SGECs were then mounted in Vectashield mount-
ing medium (Vector) and scanned with a fluorescence micro-
scope (BIOREVO BZ-9000; Keyence). To measure the immu-
nofluorescence of the HCT-5 cells, fixed cells were incubated with
mouse primary monoclonal antibodies as cell surface markers,
followed by FITC-conjugated secondary antibody and Hoechst
33258. Control experiments were performed to confirm the
isotype specificity of the secondary antibodies. Immunostaining
of HCT-5 cells was performed in the same manner as that
described above for SGECs.

TUNEL staining. To investigate DNA double-strand
breaks in SGECs, TUNEL staining was performed as de-
scribed in a previous study by our group (16). After fixation,
SGECs were incubated in 4% PFA at 4°C for 15 minutes,
followed by immersion in PBS with 0.5% Tween 20 and 0.2%
bovine serum albumin, using a MEBSTAIN Apoptosis Kit
Direct (MBL). The SGECs were then incubated with a 50-ul
terminal deoxynucleotidyl transferase solution at 37°C for 1
hour. The dUTP signal as detected by FITC was captured
using a BIOREVO BZ-9000 fluorescence microscope (Key-
ence). TRAIL was used as a positive control to show induction
of apoptosis (15).
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