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Introduction

Summary

We have demonstrated previously that, in primary Sjogren’s syndrome (SS),
immature myeloid dendritic cells (DCs) are decreased in blood and mature
myeloid DCs are accumulated in salivary glands, suggesting recruitment of
the myeloid DCs from blood to salivary glands. To verify whether this finding
is universal in patients of not only primary SS but also secondary SS, in this
study we analysed the blood DCs of secondary SS patients. We examined 24
secondary SS and 29 primary SS patients. A direct correlation between the
decreased number of myeloid DCs and the duration of Sicca syndrome in
primary and secondary SS was observed; namely, the reduction of myeloid
DCs in blood was restored spontaneously with duration time of Sicca
syndrome. We also examined the immunohistochemical staining of salivary
glands of SS patients with monoclonal antibodies against fascin, CD11c and
human leucocyte antigen DR (HLA-DR). Fascin® or CD11¢*/HLA-DR* mono-
nuclear cells were present in the salivary glands of secondary SS patients, as in
primary SS. However, fascin® mononuclear cells were barely detected in the
salivary glands of a chronic phase of SS patients. We also found a negative
correlation between the frequency of blood myeloid DCs and salivary gland-
infiltrating DCs in secondary SS patients, as well as primary SS. Our results
suggest that the reduction of blood myeloid DCs and preferential trafficking
of myeloid DCs into salivary glands is a common event in the early stage of SS.
Myeloid DCs may play essential roles in the pathogenesis of Sicca syndrome of
SS by initiating T helper cell immune responses.
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cially rheumatoid arthritis (RA), systemic sclerosis (SSc) and
systemic lupus erythematosus (SLE) (secondary SS). It has

Sjogren’s syndrome (SS) is an autoimmune disease that
affects primarily the salivary and lachrymal glands, causing
xerostomia and so-called ‘Sicca syndrome’, and is categorized
thus as an organ-specific autoimmune disease. The pathoge-
netic mechanisms consist of an autoimmune process leading
to the progressive destruction of salivary and lachrymal
glands. Therefore, symptoms of SS are chronic and some-
times irreversible. It is well known that autoimmune diseases
often overlap with other collagen diseases, and this is also the
case for SS. Without overlapping with any other autoim-
mune diseases, SS is called primary SS, while SS that overlaps
with other autoimmune diseases is termed secondary SS. It
has been reported that approximately half of SS cases are
secondary SS [1]. SS can be seen alone (primary SS) or in
association with other autoimmune rheumatic disease, espe-

not been explained clearly why SS is prone to merge with
these autoimmune diseases.

Although the essential mechanism of autoimmune dis-
eases is still largely unknown, various immune cells are sug-
gested to be involved in their genesis. Among those immune
cells, dendritic cells (DCs) have emerged recently as candi-
dates for the master cells that elicit aberrant immune reac-
tions in autoimmune diseases [2—7]. DCs are professional
antigen-presenting cells (APCs) that have a unique capacity
to prime naive T cells and induce them to develop into
effector T cells. Thus, DCs are regarded as being the master
regulators of adaptive immune responses. Furthermore,
recent progress of DC biology has highlighted the functional
plasticity of DCs; DCs can induce not only inflammatory
immune responses but also peripheral tolerance, depending
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upon their subsets, the maturation stage of DCs and
microenvironments such as cytokine milieu or stimuli [8,9].
These biological properties of DCs may lead to a hypothesis
that functional alteration of the DC system causes develop-
ment of autoimmune diseases. Human peripheral blood
contains two major subsets of DCs: CD11c* myeloid DCs
and plasmacytoid DCs [10,11]. Blood myeloid DCs are in
the immature stage and seem to be en route to peripheral
and lymphoid tissues; they may contribute mainly to T
helper type 1 (Thl)-mediated adaptive immune responses
by producing interleukin (IL)-12 in response to microbial
pathogens. On the other hand, blood plasmacytoid DCs are
identical to circulating natural type 1 interferon (IFN)-
producing cells, which may contribute to anti-viral innate
immunity. The analysis of blood DCs may provide a novel
and unique perspective in dissecting the pathogenesis of
autoimmune diseases.

There is evidence that mature DCs infiltrated into the RA
joint mediate immunopathology in RA [3,4]. Recent evi-
dence also indicates the pathogenic role of type 1 IFN
produced by plasmacytoid DCs in SLE [5,6]. However, it
remains to be clarified whether DCs may participate in the
pathogenesis of other autoimmune diseases.

Previously we have demonstrated that, in primary SS,
blood immature myeloid DCs are decreased and mature
myeloid DCs are accumulated in salivary glands, suggesting
the recruitment of myeloid DCs from blood to inflamed
salivary glands. In addition, we demonstrated that numerous
IFN-y-producing CD4* T cells are also infiltrated into the
salivary glands from primary SS patients [2]. Based upon
these findings, we proposed a hypothesis that myeloid DCs
play a role in pathogenesis of primary SS by initiating Th1
immune response. In this study, we report that the decrease
of blood myeloid DCs and accumulation of salivary gland-
infiltrating DCs is universal in the early phase of not only
primary SS but also secondary SS, and this alteration was
restored spontaneously during the natural clinical course.

Materials and methods

Patients

As shown in Table 1, patients enrolled into this study com-
prised 24 patients with secondary SS (two men and 22
women, mean age 55-5 years), 29 with primary SS (two men
and 27 women, mean age 58-6 years), 11 with SLE (two men
and nine women, mean age 25-3 years), 14 with SSc (one
man and 13 women, mean age 54-9 years) and 12 with RA
(three men and nine women, mean age 55-9 years). In addi-
tion, 32 healthy volunteers (12 men and 20 women, mean age
48-0 years) were also enrolled into this study as normal
controls. All patients presented to our hospital between May
1999 and June 2003 and were diagnosed freshly as having
autoimmune diseases. No patients or volunteers had evi-
dence of infections at the time of this study. All patients

underwent routine laboratory examinations and were also
examined for a variety of autoantibodies. Informed consent
was obtained for this study in accordance with the provisions
of the Declaration of Helsinki. All SS patients met the criteria
of the Research Committee on SS of the Ministry of Health
and Welfare of Japan [12], as well as the European Commu-
nity criteria [13]. Patients with SLE or SLE-merged second-
ary SS fulfilled the diagnostic criteria for SLE of the
American College of Rheumatology (ACR) [14,15]. Patients
with RA or RA-merged secondary SS fulfilled the diagnostic
criteria for RA of the ACR [16]. Patients with SSc or SSc-
merged secondary SS fulfilled the diagnostic criteria for SSc
of the ACR [17]. We determined the onset of SS by a patient
complaint about Sicca syndrome in a medical interview
(Table 1).

In order to assess whether the number of peripheral blood
DCs (PBDCs) changes during the natural course of primary
SS, six primary SS patients with long-term follow-up were
examined sequentially. All the six primary SS patients’
PBDCs were examined in the chronic phase of the disease, 24
months or after the onset of Sicca syndrome [all women,
mean age 56-5 years (range 5171 years)].

Media

RPMI-1640 medium supplemented with 2 mM r-glutamine,
100 units/ml penicillin, 100 ng/ml streptomycin and heat-
inactivated 10% fetal bovine serum (Irvine Scientific, Santa
Ana, CA, USA) was used throughout the experiments.

Enrichment and analyses of the PBDCs

PBDCs were enriched using a previously described protocol
[2]. Briefly, peripheral blood mononuclear cells (PBMCs)
were isolated freshly by Lymphoprep (Nycomed Pharma,
Oslo, Norway) gradient centrifugation of heparinized blood.
PBMCs were incubated with anti-CD3 (HIT3a), anti-CD14
(M5E2) and anti-CD19 (B43) mAbs (Pharmingen, San
Diego, CA, USA), and cells binding these mAbs were
removed using sheep anti-mouse Ig-coated magnetic beads
(M-450; Dynal, Oslo, Norway). The resultant DC-enriched
population (CD37/CD147/CD19" cells) was stained with
phycoerythrin (PE)-labelled anti-CD11c (Leu-M5; Becton
Dickinson, San Jose, CA, USA), fluorescein isothiocyanate
(FITC)-labelled mixture against lineage markers (lin), CD3
(M2AB; Exalpha, Boston, MA, USA), CD14 (M5E2; BD Bio-
sciences, San Jose, CA, USA), CD15 (M5E2; BD Biosciences),
CD16 (J5511; Exalpha), CD19 (HIB19; BD Biosciences) and
CD56 (NCAM16-2; BD Biosciences) and peridinin chloro-
phyll protein (PerCP)-labelled HLA-DR (L-243; Becton
Dickinson). Consequently, two phenotypically distinct frac-
tions of DCs were found: (1: myeloid DCs) CD11c*/lin”/
HLA-DR* (2: plasmacytoid DCs) CD11c/lin/HLA-DR*
cells. Absolute numbers of DCs (/ml) were calculated by
multiplying the percentage of lineage /HLA-DR" fraction
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Fig. 1. Detection of fractions of peripheral blood dendritic cells
(PBDC:s). The DC-enriched population was stained with fluorescein
isothiocyanate (FITC)-labelled anti-CD11c monoclonal antibodies
(mAbs), phycoerythrin (PE)-labelled mAbs against lineage markers
(CD3, CD14, CD15, CD16 and CD19) (lin) and peridinin chlorophyll
(PerCP)-labelled anti-human leucocyte antigen D-related (HLA-DR)
mADs. (a) DCs were detected as lin/HLA-DR" fraction [designated
as region 1 (R1)]. (b) Two fractions of DCs were identified, with
phenotypes of CD11c¢*/lin/HLA-DR"* (myeloid DC; R2),
CD11c/lin/HLA-DR* (plasmacytoid DC; R2). Absolute numbers of
PBDCs (/ml) were calculated by multiplying the percentage of
lin"/HLA-DR" fraction (designated R1) within total flow cytometry
events by the peripheral blood mononuclear cell (PBMC) count after
negative selection (/ml).

within total events on flow cytometry by PBMC count after
negative selection (/ml) (designated R1 in Fig. 1a). The abso-
lute number of each fractions of DC (/ml) was calculated by
multiplying the percentage of each region by the total
number of DCs (designated R2 and R3 in Fig. 1b).

Immunohistochemistry

We performed immunohistochemical staining against labial
salivary glands from 16 of 24 secondary SS patients who
agreed to biopsy. Formalin-fixed, paraffin-embedded sec-
tions and frozen sections, which were stored in liquid
nitrogen, were prepared from biopsied specimens of
labial salivary glands of SS patients and normal volunteers.
Hematoxylin and eosin (H&E) staining was performed and
immunohistochemical staining was performed with several
monoclonal antibodies known to react with DCs or lympho-
cytes, using the avidin—biotin—peroxidase complex method
with the Dako LSAB® (labelled streptavidin—biotin) kit plus
haematoxylin and diaminobenzidine. Monoclonal antibod-
ies against fascin (55K-2; Dako, Carpinteria, CA, USA) [18],
HLA-DR (TAL.1B5; Dako) and CDllc (3-9; Anaspec,
Fremont, CA, USA) were used for staining of DCs. Mono-
clonal antibodies against CD4 (MT310; Dako) and CD8
(DK25; Dako) were used for staining of T cells. Formalin-
fixed, paraffin-embedded sections were stained with anti-
fascin and anti-HLA-DR. Anti-CD11lc, CD4 and CDS§
staining were performed in cryosections.

Statistical analysis

In the numbers of PBDCs of normal control subjects, differ-
ences by aging were calculated by Pearson’s correlation coef-
ficient, and differences by sex were calculated by F-test. The
Mann—Whitney U-test was used for statistical analysis of
differences in PBDC counts. Differences of PBDC and
tissue-infiltrated DC counts by duration time of the clinical
course in patients with Sicca syndrome were calculated by
Pearson’s correlation coefficient. These tests were used for
statistical analysis using a Statview statistical program
(Abacus Concepts, Berkeley, CA, USA). Differences were
considered significant when P-values were less than 0-05.

Results

Clinical characteristics

The clinical characteristics of the patients are shown in
Tables 1 and 2. All but seven patients with secondary SS
(three overlapping with SLE and four overlapping with RA)
and none of the normal volunteers received medication of
corticosteroids and immunosuppressants during the study
(Table 2). The clinical characteristics of secondary SS and
primary SS patients are shown in Table 1. Five of the 24
secondary SS patients had an overlapping SLE. The SLE
disease activity index (SLEDAI) [19] in these patients was 6,
12,13, 22 and 26, respectively, at the time of the examination.
In two patients, the symptoms of SLE and those of SS devel-
oped almost simultaneously. In the remaining three patients,
SLE symptoms preceded those of SS. These three patients
were receiving 5 mg/day of prednisolone at the time of the
examination. Barnett classification is an evaluation system
for the severity of SSc determined by the extent of skin
sclerotization caused by this disease. When skin sclerotiza-
tion is localized only at the fingers and hands, the case is
classified as class I (B-I). Conversely, when skin sclerotization
is extended to the face or further to the trunk the classifica-
tion of B-II or B-III is made, respectively. According to the
Barnett classification, the eight secondary SS patients who
had an overlapping SSc were classified into four B-I, three
B-II and one B-IIL. The onset profile of the symptoms was
variable among patients with SSc-merged secondary SS. The
symptoms of SSc and those of SS almost appeared simulta-
neously in three patients. In two patients the symptoms of
SSc preceded those of SS, while in the remaining three
patients Sicca syndrome appeared first and skin sclerotiza-
tion developed several years later. Eleven secondary SS
patients had an overlapping RA. Two of the 11 patients were
diagnosed as having RA-merged secondary SS at the initial
presentation. On the other hand, five of the 11 patients were
diagnosed originally as primary SS and subsequently as
RA-merged secondary SS when the RA symptoms developed
later. By contrast, in the remaining four patients, Sicca syn-
drome appeared after the diagnosis of RA was established.
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Disease modified anti-rheumatic drugs (methotrexate
6 mg/week, 8 mg/week, bucillamine 50 mg/day and salazo-
sulphapyridine 1000 mg/day, respectively) had been admin-
istered to four patients whose RA preceded SS. SLE patients
showed low white blood cell (WBC) numbers (normal
control: mean 4822/, range 3800—10 200; SLE: mean 3864,
range 1900-8400) (Table 1).

In this study, we compared the number of PBDCs in
each autoimmune disease with that in normal controls. In
the analysis of the number of PBDC in autoimmune dis-
eases, however, age or sex may possibly affect the results.
Therefore, we first investigated whether the number of
PBDCs is affected by ageing in normal control subjects.
There was no alteration in the total number of PBDCs
by ageing (correlation 0-01, P=0-96). Furthermore, the
number of myeloid DCs (correlation 0-13, P=0-50) and
plasmacytoid DCs (correlation 0-21, P = 0-26) did not show
a significant difference by ageing (data not shown). We
investigated whether a sex difference was observed in the
number of PBDCs in normal control subjects. No sex
difference was observed in the total number of PBDCs
(male: mean 19 099/ml, range 12 009-32 708; female: mean
19 549, range 13 566-31 672), myeloid DCs (male: mean
12 076, range 7090-21 760; female: mean 12 525, range
7293-20 595) or plasmacytoid DCs (male: mean 7023,
range 3356—10 948; female: mean 7153, range 3292-12 270)
(data not shown). These findings indicate that age or sex
does not affect the number of PBDCs.

The number of PBDCs in primary and secondary SS

Figure 2 shows the number of PBDCs in various autoim-
mune diseases. We have reported previously that the number
of myeloid DCs is decreased in peripheral blood in patients
with primary SS [2]; the data are included in Fig. 2. Similarly
to patients with primary SS (mean 11 719/ml), those with
secondary SS (mean 14 584) also had a significantly lower
number of PBDCs compared with normal controls (mean
19 380, tied P < 0-01) (Fig. 2a). In addition, the number of
myeloid DCs was significantly lower in both primary SS
patients (mean 5265, tied P<0:01) and secondary SS
patients (mean 7312, tied P < 0-01) than in normal controls
(mean 12 356) (Fig. 2b). Conversely, the number of plasma-
cytoid DCs was similar among primary SS (mean 6460),
secondary SS (mean 7236) and normal controls (mean 7105)
(Fig. 2¢).

The number of PBDCs in primary autoimmune
diseases

There is a possibility that the decrease in the number of
PBDCs in secondary SS could be related to the individual
autoimmune disease (SLE, SSc and RA) that merges in sec-
ondary SS. Therefore, we investigated the number of PBDCs
in patients with SLE, SSc and RA. As shown in Fig. 2a, the

total number of PBDCs was decreased significantly in SLE
patients (mean 9749/ml, tied P <0-01) compared with
normal controls. Meanwhile, the number of PBDCs was not
altered significantly in SSc (mean 17 738) and RA patients
(mean 19 437). The number of myeloid and plasmacytoid
DCs in each autoimmune disease is shown in Fig. 2b,c. The
number of myeloid DCs in SLE patients (mean 4876, tied
P<0-01) was significantly lower than that in normal
controls. By contrast, no significant alteration in the number
of myeloid DCs was observed in SSc patients (mean 10 655)
and RA patients (mean 11 738). The decrease in the number
of plasmacytoid DCs was observed only in SLE patients
(mean 4873, tied P = 0-0154) but not in SSc (mean 7083) and
RA (mean 7699) patients.

The number of PBDCs in secondary SS is affected by
overlapping autoimmune diseases

As described above, each autoimmune disease showed a
different pattern of the decrease in the number of PBDCs.
In addition, although the number of total PBDCs and
myeloid DCs was decreased significantly in secondary SS
patients, the number was distributed more widely than that
in primary SS patients (Fig. 2a,b). Based upon these find-
ings, we hypothesized that the number of PBDCs in
secondary SS might be influenced or determined by the
autoimmune diseases that overlap with SS. Therefore, we
compared the number of total PBDCs, myeloid DCs and
plasmacytoid DCs in each subgroup of secondary SS (five
SLE-merged secondary SS, 11 RA-merged secondary SS and
eight SSc-merged secondary SS) with that in each corre-
sponding primary autoimmune disease and in normal con-
trols. There was no significant difference in the number of
total PBDCs, myeloid DCs and plasmacytoid DCs among
SSc-merged secondary SS (total PBDCs: mean 17 855/ml;
myeloid DCs: mean 8959; plasmacytoid DCs: mean 8897),
RA-merged secondary SS (total PBDCs: mean 15 866;
myeloid DCs: mean 8137; plasmacytoid DCs: mean 7729)
and normal controls. PBDCs, myeloid DCs and plasmacy-
toid DCs were all decreased significantly in SLE-merged
secondary SS (total PBDCs: mean 6358; myeloid DCs:
mean 2863; plasmacytoid DCs: mean 3495) (Table 1). The
number of total PBDCs, myeloid DCs and plasmacytoid
DCs in each subgroup of secondary SS was similar to that
in the corresponding primary autoimmune disease that
overlaps in each subgroup of secondary SS.

Furthermore, we analysed the PBDC numbers of primary
SS and secondary SS which were compared with RA and SLE.
The total numbers of PBDC and myeloid DC were decreased
significantly in primary and secondary SS patients in com-
parison with RA, which was similar to healthy donors, but
not with SLE (Fig. 2a,b). Meanwhile, the numbers of total
PBDCs and plasmacytoid DCs in secondary SS were signifi-
cantly larger than those in SLE. These results might be due to
the decreased plasmacytoid DCs in SLE.

320 © 2009 British Society for Immunology, Clinical and Experimental Immunology, 159: 315-326



Involvement of DCs in SS induction

(a) tied P < 0-01
tied P < 0-01
tied P < 0-01
'tied P < 0-01
' tied P < 0-05
tied P < 0-05
/ml
3500019380 19437
} e
30000F e
11719 14&248 17738 17855 15?66
8 25000+ o 9749 o 5
a o @ 3 ® e A
m 20000f *® o} 2 M
o o —_—— — € A
— 15000 oQ ° 6 358 o oy &%
% 0 5;3 < x8 o8 Af
o =)
+— 10000} o o “
5000} E %
©
]
0 Primary SS SLE SSc RA
Normal Secondary SS Secondary SS Secondary SS Secondary SS
with SLE with SSC with RA
(b) tied P < 0-01
tied P < 0-01
tied P < 0-01
tied P < 0-01
' . tied P < 0-05
/ml
30000 11738
e
25000112356
o H
20000
a o 5265 7312 4876 10655 oo o 8137
S 150001 do 8 S ° S = o M
> % 2863 —2— o, T 4
= 10000[ g%ee ° oo —B—
Fig. 2. Absolute numbers of peripheral blood Soee & © 2y - :
o
dendritic cells (PBDCs) in each autoimmune 5000 0o — ° ° A
. . & adh
disease patients. (a) The mean numbers of 0 -
PBDCs in primary Sjogren’s syndrome (SS) Primary SS SLE SSc RA
P ¥ 9108 Y Normal Secondary SS Secondary SS Secondary SS Secondary SS
(mean 11 719/ml), secondary SS (mean 14 584) with SLE with SSC with RA
and systemic lupus erythematosus (SLE) (mean ]
9749/ml) were significantly lower than those in © tied P < 0.‘01 )
32 normal control subjects (mean 19 380) (tied ml tle,(L<0~|05
P <0-:01). However, in systemic sclerosis (SSc) 20000
. .. 7699
(mean 17 738) and rheumatoid arthritis (RA) o 736 8897 A
(mean 19 437), mea.n r?umbers of PBDCs were S 15000} 6460 o 7083 5
not decreased. (b) Similarly, the mean numbers o 7 1'05 e ° ¢ ® e 7729
. . . . . S ° A
of myeloid DCs in patients with primary SS = 10000} :.:. @ ® 4873 ° ;a A
(mean 5265), secondary SS (mean 7312) and g ' & o a A
.. e Ay
SLE (r.nean 4876) were mgmﬁcantl)'r lower than 2 50001 o s
those in controls (mean 12 356) (tied P<0-01). Q- .
(c) On the other hand, the number of
plasmacytoid DCs only in patients with SLE 0 Primary SS SLE SSc RA
(mean 4873) was significantly lower than in Normal Secondary SS Secondary SS Secondary SS Secondary SS
normal controls (mean 7105) (tied P < 0-05). with SLE with SSC with RA

The decreased number of PBDCs in primary SS is restored
naturally during the clinical course.

In our previous report, we put forward a hypothesis that
the decrease of PBDCs might be a critical event in the patho-
genesis of primary SS [2]. Thus, in this study we examined
whether the decrease of PBDCs continues during the natural
course of primary SS.

© 2009 British Society for Immunology, Clinical and Experimental Immunology, 159: 315-326

As shown in Fig. 3a—c, a direct correlation was observed
between the number of PBDCs and the time from onset of
Sicca syndrome in primary SS. None of the 29 patients
received therapeutic agents, including corticosteroids. In
addition, six of the 29 patients with primary SS were exam-
ined twice sequentially for PBDC numbers (Fig. 3g—i). Four
of the six patients and all six patients showed an increase in
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Fig. 3. The number of peripheral blood dendritic cells (PBDCs) in Sjogren’s syndrome (SS) is restored during the clinical course. We plotted

the number of PBDCs, myeloid DCs or plasmacytoid DCs in 29 primary SS and 19 secondary SS patients except those with systemic lupus
erythematosus — merged secondary SS against the x-axis that shows the time after the onset of Sicca syndrome. A direct correlation was observed
between the number of total PBDCs (a, correlation 0-73, P < 0-01) and myeloid DCs (b, correlation 0-83, P < 0-01) and the time from onset of Sicca
syndrome in primary SS. A direct correlation was observed between the number of PBDCs (d, total PBDCs; correlation 0-53, P = 0-0189; and e,
myeloid DCs; correlation 0-60, P = 0-0053) and the time from the onset of Sicca syndrome in secondary SS, the same as primary SS. On the other
hand, the number of plasmacytoid DCs was not correlated significantly with the length of follow-up period (c,f). PBDC number and serum
immunoglobulin (Ig)G levels of six (of the 29) patients with primary SS were monitored. Although four of the six patients (g) and all six patients
(h) showed an increase in the number of total PBDCs after an average of 43 months from initial examination, their serum IgG levels were not
altered markedly (j). Plasmacytoid DC numbers did not show distinct alteration in all six patients (i).
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the number of total PBDCs and myeloid DCs, respectively,
after an average of 43 months from the initial examination.
However, plasmacytoid DC numbers did not show a distinct
alteration in all the six patients. The increased level of IgG is
observed generally to rise in SS patients. We examined the
titre of IgG of these six patients. Their serum levels of IgG
were not altered markedly (Fig. 3j).

The decreased number of PBDCs is associated with
duration time of Sicca syndrome in secondary SS

Next, we investigated the relationship between the number
of PBDCs and duration time of Sicca syndrome in secondary
SS.

As shown in Fig. 3d—f, a direct correlation was observed
between the number of PBDCs and the time from the onset
of Sicca syndrome in secondary SS, as in primary SS.

Immunohistochemical analysis of labial salivary glands
from SS patients

We have demonstrated previously that, in primary SS, a
number of mature myeloid DCs as well as numerous IFN-y-
producing T cells are infiltrated in the interstitial areas of
labial salivary glands [2]. In this study, we also carried out
similar histological examinations on the labial salivary
glands biopsied from secondary SS patients by staining with
DC markers CD11¢, HLA-DR and fascin. We found infiltra-
tion of a number of mononuclear cells (MNCs) around the
glandular structures by H&E staining of the labial salivary
gland from 16 of 24 secondary SS patients who agreed to
undergo biopsy (Fig. 4a, patient 22 in Table 2; Sicca syn-
drome onset, 2 months). Similar to primary SS [2], many
fascin-positive. MNCs were detected among numerous
fascin-negative MNCs in the areas surrounding the tubular
ducts in secondary SS (Fig. 4b). In addition, immunohis-
tochemical double-staining of CD11c¢ and HLA-DR demon-
strated that the CD11¢/HLA-DR double-positive cells with
DC morphology had infiltrated the MNC area at the same
frequency as the fascin-positive cells (Fig. 4c), suggesting
that these cells are myeloid DCs.

As described above, patients in the early phase of
primary SS showed a significant decrease of total PBDCs
and myeloid DCs, whereas patients in the chronic phase of
primary SS showed a lesser extent of decrease of PBDCs
and myeloid DCs (Fig. 3). These findings suggest that the
decreased levels of PBDCs and myeloid DCs restore gradu-
ally to normal levels during the natural course of the
disease. This prompted us to examine how infiltration of
mature myeloid DCs in labial salivary glands in primary SS
is altered as the clinical course proceeds. Thus, we exam-
ined the immunohistochemical staining of labial salivary
glands of primary SS patients who passed through a long
period of time after the onset of Sicca syndrome (60
months from the Sicca syndrome onset) and calculated the

Involvement of DCs in SS induction

percentage of fascin-positive cells to the total infiltrating
MNCs in salivary glands. Similar to the early phase of
primary SS [2], numerous MNCs were detected in the
interstitial areas around the tubular ducts in labial salivary
glands in the later phase of primary SS (Fig. 4d). However,
in contrast to the early phase of primary SS, fascin-positive
MNCs were barely detected in the later phase of primary SS
(Fig. 4e). We confirmed that the percentage of fascin-
positive cells to infiltrated MNCs was decreased statistically
in salivary gland sections during the natural course of
primary SS (Fig. 5).

We finally investigated the possible relation between the
decrease of blood myeloid DCs and accumulated tissue-
infiltrated DCs in patients with primary and secondary SS.
We found that the numbers of myeloid DCs in the peripheral
blood were correlated negatively with the frequency of infil-
trated fascin-positive mononuclear cells in salivary glands
in not only primary SS (Fig. 6a), but also secondary SS
(Fig. 6b). This finding supports the hypothesis that blood
DCs recruit to inflamed salivary glands in Sicca syndrome in
both primary and secondary SS.

Discussion

It is believed that the various DCs encountered in the differ-
ent organs are interconnected by defined pathways of migra-
tion [20]. DCs are not a single cell type, but a system of cells
that arise from both the myeloid and lymphoid haemopoi-
etic lineages [10,11]. Various DC subtypes are thought to
differ in their capacity to either stimulate or inhibit the
immune response [8,9,21]. The factors that influence the
ability of DCs to instruct the naive CD4" T cells to differen-
tiate into a Th1l or Th2 cell phenotype are becoming clear.
The environment in which the DCs have been stimulated,
the type of stimulus and the origin of the DCs play a part in
the fate of the T cell response. These biological properties of
DCs may lead to the hypothesis that alteration of the DC
system causes autoimmune diseases.

One of the major immunopathological events in SS
is epithelial cell destruction by infiltrating lymphocytes,
leading to subsequent replacement of the salivary gland
tissue by mononuclear cells. As is well documented, the
majority of the infiltrating cells within the salivary glands
of early phase SS patients are T lymphocytes of the helper/
inducer (CD4) phenotypes, with a relative paucity of the
suppressor/cytotoxic (CD8) phenotypes. This predomi-
nance of CD4" T cell infiltration suggests the presentation
of antigen in association with class IT by APCs to helper T
cells. Although little is known about the antigens that
trigger the onset of SS directly, many reports of evidence
from human studies have suggested that a Thl-mediated
process might contribute mainly to the local immune
responses in SS [22,23]. Therefore, APCs such as DCs may
play an important role in triggering CD4* T cell-mediated
immune responses in the salivary gland tissue by inducing
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Fig. 4. Histological findings for dendritic cells (DCs) of labial salivary glands from a patient with Sjogren’s syndrome (SS). Immunohistochemical
staining of the same biopsied specimens [from early phase of secondary SS (a—c) and primary SS (d—f)] performed on formalin-fixed
paraffin-embedded sections demonstrated infiltration of mononuclear cells (MNCs) within the aggregates of lymphoid cells around the tubular
ducts of secretary glands. (a) Haematoxylin and eosin (H&E) staining (from early phase of secondary SS patient 22 in Table 2; Sicca syndrome
onset, 2 months); a and d in the picture indicate acini and tubular ducts, respectively. (b) Staining with anti-fascin monoclonal antibody (mAb)
(arrows) (from patient 22). (c) Double staining with anti-CD11c¢ mAb (red) and anti-human leucocyte antigen D-related (HLA-DR) mAb (brown)
showed that both CD11¢/HLA-DR-positive cells with dendritic cell morphology had infiltrated into the lymphocyte-infiltrated layer (from patient
22). (d) H&E staining (late phase of primary SS patient; 60 months from the Sicca syndrome onset). (e) Staining with anti-fascin mAb (late phase
of primary SS patient). (f) Double staining with anti-CD11c mAb and anti-HLA-DR mAb (brown) (late phase of primary SS patient) showed
numerous HLA-DR* MNCs were detected in labial salivary glands. However, these cells were negative for anti-CD11c mAb [original magnification

%10 in (a) and (e); x50 in (b—d), and (f)]. Fascin® MNCs also infiltrated the inflammatory cells (b) at a frequency similar to that of
CD11c¢*/HLA-DR* MNCs in secondary SS (c). Although similar to the early phase of SS, numerous HLA-DR* MNCs (f) were detected in the
interstitial areas in labial salivary glands in the later phase of primary SS (60 months from the Sicca syndrome onset); fascin® MNCs were barely

detected among the MNCs (e).

Thl cells. Indeed, in the non-obese diabetic (NOD) mouse
models for SS, it has been observed that DCs infiltrated
into the parotid glands early phase of the clinical course,
preceding T cells [7]. Consistent with this finding we found
previously that, in primary SS, myeloid DCs were decreased
selectively in peripheral blood, and that this was associated
with infiltration of myeloid DCs in minor salivary glands.
We also found that the numbers of IFN-y-producing Thl

cells were increased in peripheral blood as well as in the
minor salivary glands of patients, and that this appeared to
be generated by interaction with myeloid DCs [2].

Recent evidence also indicates that SLE may be caused by
alterations in the functions of plasmacytoid DCs [5,6]. In
our study, we have shown that the numbers of myeloid and
plasmacytoid DCs in patients with SLE are the same as in
previous reports. Furthermore, the same decrease of myeloid
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and plasmacytoid DCs were observed in patients with SLE-
merged secondary SS. Meanwhile, there were no significant
differences in the number of myeloid and plasmacytoid DCs
among SSc-merged secondary SS patients and RA-merged
secondary SS patients, as well as SSc and RA patients.

Involvement of DCs in SS induction

However, we found a direct correlation between the number
of myeloid DCs and the time from the onset of Sicca syn-
drome in patients of secondary SS. A similar correlation was
also observed in patients with primary SS. We also found a
negative correlation between the number of blood myeloid
DCs and the frequency of tissue-infiltrated DCs in both
primary and secondary SS. Furthermore, in contrast to the
early phase of primary SS, in the minor salivary glands of
primary later-phase SS patients the mature DCs disappeared.
These findings suggest that the reduction of myeloid DCs is
a common finding in the early stage of Sicca syndrome and
that myeloid DCs contribute to the critical and pathogenic
roles of Sicca syndrome of SS. In this study we hypothesized
that preferential trafficking of myeloid DCs into salivary or
lachrymal glands play essential roles in the pathogenesis of
Sicca syndrome of primary and secondary SS by initiating
Thl immune responses.

It has been reported that in patients in the later phase of
SS, the percentage of infiltrating B cells within the salivary
glands is increasing [24-26], suggesting that cell interaction
between DCs and helper T cells is no longer required.
Further detailed studies will be required to determine which
antigens trigger DC-mediated immune responses in the sali-
vary glands of SS patients. Our data raise the possibility that
the infiltration of myeloid DCs within salivary glands has
been caused by the early onset of SS; meanwhile, retaining
inflammation may require another mechanism in the later
phase of SS.
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