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sophisticated validation study using randomly selected
clinical case scenarios from various institutions and expert
committee consensus diagnosis as the golden standard to
test the three diagnostic systems for SS, to unify the criteria
used for the diagnosis of SS, and ultimately to select the
gold standard set of criteria for the diagnosis of SS in
Japan.

Currently, the JPN diagnostic system is only used in
Japan, because ACR and EULAR have never validated the
JPN system. Therefore, we strongly hope that an ACR/
EULAR collaborative initiative will validate JPN as well as
the AECG and ACR systems.

In conclusion, although this study has a few limitations,
the results obtained from it indicate the superiority of the
JPN criteria, as it has higher sensitivity and specificity
values for the diagnosis of SS in Japanese patients with SS
than those of ACR and AECG.
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Abstract Keywords

Objective. To characterize the epidemiology of Sjégren’s syndrome (SS), including prevalence,  Criteria, Epidemiology, Extra-glandular form,
disease type, extra-glandular involvement, satisfaction of diagnostic criteria sets, and treatment Glandular form, Sjogren’s syndrome, Treatment
used in Japan.

Methods. The Research Team for Autoimmune Diseases, the Research Program for Intractable  History

Disease by the Ministry of Health, Labor and Welfare conducted primary and secondary surveys  Received 30 May 2013

on epidemiology of SS in 2011. The primary survey covered 4,729 out of 14,095 Japan-wide Hos-  Accepted 18 June 2013

pital Departments to investigate the prevalence of SS. The secondary survey encompassed 214 pyplished online 31 October 2013
Hospital Departments that agreed to the survey, to characterize disease type, extra-glandular

involvement, satisfaction of diagnostic criteria sets, and treatments.

Results. The number of patients with SS in Japan estimated by the primary survey was 68,483.

The secondary survey involving data collected from 2,195 SS patients from 98 Hospital Depart-

ments showed that the mean age of patients was 60.8 = 15.2 years, male/female ratio was 1/17.4,

primary/secondary SS was about 60%/40% and glandular/extra-glandular form in primary SS

was about 70%/25%. The satisfaction rate was 53.8% for the 1999 revised Japanese Ministry of

Health criteria for the diagnosis of SS, 47.7% for the 2002 American~European Consensus Group

classification criteria for SS and 49.6% for 2012 American College of Rheumatology classification

criteria for SS. Corticosteroids were used by 752 of 2,195 patients (34%), immunosuppressants by

358 patients (16%), biologics by 68 patients (3%) and secretagogues by 695 patients (32%).

Conclusion. The surveys provided valuable information on the epidemiology of SS including

prevalence, disease type, extra-glandular involvement, satisfaction of diagnostic criteria sets and

treatments used today in Japan.

Introduction subcategorized into primary SS, which is not associated with any
N . . . other well-defined connective tissue disease (CTD), and second-
Sjogren’s syndrome (SS) is an autoimmune disease that affects . "gg " which is associated with other well-defined CTD [1].
exocrine 'glands mclu@mg salivary and l'a crilmal g.l and;.. It is Primary SS is further subdivided into the glandular form, with
charagtemzed pathologllcglly by lymphocytic infiltration into th'e involvement of the exocrine glands only, and the extra-glandular
exocrine glands, and clinically by dry mouth and dry eyes. SS is form, with involvement of organs other than exocrine glands.
SS is a common autoimmune disease, and patients with SS pres-
Correspondence to: Prof. Takayuki Sumida, Department of Internal ent with a variety of clinical symptoms .and signs oth.er than dFY
Medicine, Faculty of Medicine, University of Tsukuba, 1-1-1 Tennodai, mouth. and .dry eyes, such as general ‘fat1gue, ar thralg1a, myalgia,
Tsukuba-city, Ibaraki 305-8575, Japan. Tel: +81-29-853-3221. Fax: gastrointestinal symptoms, dysesthesia and depression. Accord-
+ 81-29-853-3222. E-mail: tsumida@md.tsukuba.ac.jp ingly, patients with SS might consult not only rheumatologists,
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dentists and ophthalmologists, but also general physicians,
otolaryngologists, orthopedists, gastroenterologists, neurologists
and psychiatrists. Several criteria sets have been proposed for the
diagnosis of SS. Indeed, the revised criteria for the diagnosis of
SS issued by the Japanese Ministry of Health (JPN) (1999) [2], as
well as the American—European Consensus Group classification
criteria for SS (AECG) (2002) [1], are usually used both in daily
clinical practice and in clinical studies in Japan [3]. In addition
to these two sets of diagnostic criteria, the American College of
Rheumatology (ACR) recently published the ACR classification
criteria for SS (2012), which were proposed by the Sjogren’s Inter-
national Collaborative Clinical Alliance (SICCA) [4].

The complex nature of SS makes it difficult to assess the precise
epidemiology of SS [5]. Actually, the reported prevalence of SS
varies widely among different studies, ranging from 0.1% to 4.8%
[5]. A few studies have also estimated the population prevalence
of SS in Japan. In 1993, The Research Team for Autoimmune
Diseases and Epidemiology of the Japanese Ministry of Health
estimates the number of patients with SS at 17000 [6]. In a more
recent study conducted in 2008, the prevalence of SS defined by
AECG criteria among Nagasaki atomic bomb survivors was 2.3%
(23/1008) [7]. However, the exact incidence of SS throughout
Japan is currently unknown.

To characterize the epidemiology of SS, including prevalence,
disease type, extra-glandular involvement, satisfaction of criteria and

Table 1. Reported patients in primary survey.

Mod Rheumatol, 2013; Early Online: 1-7

treatment modalities used in Japan, The Research Team for Autoim-
mune Diseases, the Research Program for Intractable Disease by
the Ministry of Health, Labor and Welfare (MHLW) conducted the
primary and secondary survey on epidemiology of SS in 2011.

Methods
Primary survey

The Research Team for Autoimmune Diseases, the Research
Program for Intractable Disease by MHLW conducted a pri-
mary survey on the epidemiology of SS in 2011. We identified
the target departments of hospitals using the following protocol.
We identified 7,999 Departments of Internal Medicine, 2,391
Departments of Ophthalmology, 2,011 Departments of Otolaryn-
gology, 936 Departments of Rheumatology and 758 Departments
of Oral Surgery (total 14,095 Hospital Departments) across Japan.
These departments were divided into seven categories according
to the number of beds in each hospital, including < 100, 100-199,
200-299, 300-399, 400-499, and =500 beds, and university
hospitals (Supplementary material, Table 1 available online at
http://informahealthcare.com/doi/abs/10.3109/14397595.2013.
843765). We selected the target departments at random by
the following extractability, 5% for hospitals with <100 beds,
10% for hospitals with 100-199 beds, 20% for 200-299 beds,

Target Response Response Reported  Total Total
Category departments (A) rate (%) patients (B) departments (C) patients (D)
Internal Medicine University hospital 147 40 27 1077 147 3958
500 beds and over 384 69 18 1827 384 10168
400-499 beds 256 43 17 132 321 985
300-399 beds 265 46 17 195 662 2806
200-299 beds 204 43 21 237 1023 5638
100-199 beds 236 61 26 189 2367 7334
Under 100 beds 158 36 23 26 3095 2235
Total 1650 338 20 3683 7999 33125
Ophthalmology ~ University hospital 129 28 22 1544 129 7113
500 beds and over 286 52 18 354 286 1947
400499 beds 169 37 22 143 211 815
300-399 beds 153 39 25 62 387 615
200-299 beds 78 9 12 12 391 521
100199 beds 59 5 8 4 582 466
Under 100 beds 19 2 11 3 405 405
Total 893 172 19 2122 2391 11883
Otolaryngology ~ University hospital 127 44 35 199 127 574
500 beds and over 282 71 25 283 282 1124
400-499 beds 160 39 24 30 204 157
300-399 beds 148 30 20 70 369 123
200-299 beds 71 18 25 19 355 375
100-199 beds 44 17 39 0 446 0
Under 100 beds 11 3 27 0 228 0
Total 843 222 26 601 2011 2353
Rheumatology University hospital 48 16 33 3045 48 9135
500 beds and over 67 16 24 762 67 3191
400-499 beds 48 11 23 100 48 436
300-399 beds 67 12 18 220 67 1228
200-299 beds 130 30 23 370 130 1603
100-199 beds 270 54 20 102 270 510
Under 100 beds 306 68 22 170 306 765
Total 936 207 22 4769 936 16869
Oral surgery University hospital 83 38 46 578 83 1262
500 beds and over 167 53 32 504 167 1588
400-499 beds 71 25 35 33 87 115
300399 beds 50 16 32 47 125 367
200299 beds 20 8 40 62 101 783
100-199 beds 13 4 31 0 126 0
Under 100 beds 3 1 33 2 69 138
Total 407 145 36 1226 758 4253
Total 4729 1084 23 12401 14095 68483

Calculation of total patients (D); Sum of [Reported patients (B)/Response (A) X Total departments (C) in each category].
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Figure 1. Characteristics of 2,195 patients with SS who participated in the secondary survey. (A). Age distribution; (B). Gender; (C). Disease type.
Top: frequency of primary and secondary SS. Bortom right: frequency of glandular and extra-glandular forms among patients with primary SS. Bottom
left: frequency of other CTDs in patients with secondary SS. RA: theumatoid arthritis; SLE: systemic lupus erythematosus; SSc: systemic sclerosis; PM:

polymyositis; DM: dermatomyositis; MCTD: mixed CTD.

40% for 300-399 beds, 80% for 400—499 beds and 100% for
=500 beds, university hospitals, and Departments of Rheu-
matology (Supplementary material, Table 1 available online at
http://informahealthcare.com/doi/abs/10.3109/14397595.2013.
843765). Finally, we selected 1,650 Departments of Internal
Medicine, 893 Departments of Ophthalmology, 843 Departments
of Otolaryngology, 936 Departments of Rheumatology and 407
Departments of Oral Surgery (total 4,729 Hospital Departments).
Thus, the primary survey was conducted in these 4,729 departments
out of 14,095 Hospital Departments across Japan (Supplementary
material, Table 1 available online at http://informahealthcare.com/
doi/abs/10.3109/14397595.2013.843765). In the primary survey,

we determined the number of patients with SS who consulted each
department in 2010 (from 1 January to 31 December). Consent
to participate in the secondary survey was obtained from each
Hospital Department.

Secondary survey

The Research Team for Autoimmune Diseases also conducted a
secondary survey on the epidemiology of SS in 2011. The sec-
ondary survey was performed in 214 Hospital Departments that
agreed to participate in the survey. In the secondary survey, we
investigated the effect of age, sex, disease type, extra-glandular
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Figure 2. Positivity of various sicca symptoms and objective findings. The histogram shows proportion of patients with positive, negative and unknown
(not performed) sicca symptoms and objective findings in (A) all patients with SS, (B) patients with primary SS and (C) patients with secondary SS.

involvements, satisfaction of criteria and treatment of patients with
SS in Japan.

Results
Primary survey

Responses to the primary survey were received from 1,084 out
of 4,729 Hospital Departments (response rate: 23%) (Table 1).
The total number of patients with SS across Japan was calculated
by the following formula: Sum of [Reported patients (B)/Return
(A) X Total departments (C) in each category]. The estimated total
number of patients with SS across Japan was 68,483 (Table 1).
During the primary survey, 214 Hospital Departments consented
to the secondary survey (Supplementary material, Table 2 available
online at http://informahealthcare.com/doi/abs/10.3109/14397595.
2013.843765).

Secondary survey

Responses to the secondary survey were received from 98 out of
214 Hospital Departments (response rate: 45.8%) (Supplementary
material, Table 2 available online at http://informahealthcare.com/
doi/abs/10.3109/14397595.2013.843765). Data were collected
on 2,195 SS patients in the secondary survey. The mean age of
the 2,195 SS patients was 60.8 = 15.2 years, and the age of 69.7%
of patients (1,530/2,195 patients) ranged from 50 to 79 years
(Figure 1A). Furthermore, 94.2% of the patients were females,
with a male/female ratio of 1/17.4 (Figure 1B). Primary SS
was diagnosed in 1,283 out of 2,195 patients (58.5%), whereas
secondary SS was diagnosed in 861 out of 2,195 patients (39.2%)
(Figure 1C). With regard to primary SS, 886 out of 1,283 patients
(69.1%) had the glandular form, and 317 out of 1,283 patients
(24.7%) had the extra-glandular form (Figure 1C). In patients with
secondary SS, rheumatoid arthritis (RA) was diagnosed in 38.7%
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(333 out of 861 patients), and systemic lupus erythematosus (SLE)
in 22.2% (191 out of 861 patients) (Figure 1C).

Figure 2 shows the proportion of patients with various sicca
symptoms and the objective findings included by the diagnostic
criteria set. The frequencies of dry eyes and mouth, and anti-SS-A
antibody were high, while ocular staining and salivary examinations
were not performed in many patients with SS (Figure 2A), primary
SS (Figure 2B) and secondary SS (Figure 2C). Histopathological
findings of labial salivary glands biopsies were positive in about
40% of patients, but the examination was performed in only about
40% of patients (Figure 2A~C). Interestingly, 597 out of 2,195 SS
patients (27.2%) were seronegative SS (both anti-SS-A and SS-B
antibodies were negative or unknown).

Figure 3 displays the Venn diagram showing comparison of
satisfaction with JPN, AECG and ACR diagnostic criteria set in
all SS, primary SS and secondary SS. The satisfaction rate was
53.8% (1,182/2,195) for JPN criteria, 47.7% (1,046/2,195) for
AECG criteria, and 49.6% (1,089/2,195) for ACR criteria in all
SS patients (Figure 3A). However, 798 out of 2,195 patients did
not satisfy any criteria sets (Figure 3A). The satisfaction rate was
61.1% (784/1283) for JPN, 59.2% (760/1283) for AECG and 54.5%
(699/1283) for ACR in primary SS patients (Figure 3B). The sat-
isfaction rate was 44.9% (387/861) for JPN, 31.6% (272/861) for

(A)

All S
2195 cases

JPH

None
798 cases |

(B)

(C,) Secondary 85

861 cases

None
406 cases

AECG
272 cases

Figure 3. Venn diagrams showing comparison of satisfaction of the three
tested criteria sets. (A) Comparison of satisfaction of the three tested
criteria sets using data of all (n = 2,195) patients with SS. (B) Comparison
of satisfaction of the three tested criteria sets using data of 1,283 patients
with primary SS. (C) Comparison of satisfaction of the three tested criteria
sets using data of 861 patients with secondary SS. Numbers: number of
patients who satisfied each set of criteria, None: patients who did not
satisfy the criteria of any of the three systems. JPN: The revised Japanese
Ministry of Health criteria for the diagnosis of SS (1999); AECG: The
American—European Consensus Group classification criteria for SS
(2002); ACR: American College of Rheumatology classification criteria
for SS (2012).

Primary and secondary surveys on epidemiology of SS in japan 5

Table 2. Agreement between three criteria sets assessed by kappa
coefficient.

AllSS Primary SS Secondary SS
2195 cases 1283 cases 861 cases
kappa coefficient
JPN vs. AECG 0.56 0.54 0.53
JPN vs. ACR 0.79 0.77 0.80
AECG vs. ACR 0.52 0.51 0.50

JPN: The revised Japanese Ministry of Health criteria for the diagnosis of
SS (1999).

AECG: The American-European Consensus Group classification criteria
for SS (2002).

ACR: American College of Rheumatology classification criteria for SS
(2012).

AECG and 44.1% (380/861) for ACR in secondary SS patients
(Figure 3C). The agreement between the JPN and ACR criteria
sets was good (kappa coefficient; 0.77-0.80), compared with mod-
erate agreement between the AECG and the other two criteria sets
(kappa coefficient; 0.50-0.56) in the diagnosis of all SS, primary
SS and secondary SS patients (Table 2).

Figures 4 and 5 summarize the types of treatment according to
SS disease type. Corticosteroids were administrated in 752/2,195
SS patients (34.3%), in 270/1283 primary SS patients (21.0%) and
in 475/861 secondary SS patients (55.2%) (Figure 4A). Among the
corticosteroid-treated primary SS group, 126 patients (46.7%) had
the glandular form, whereas 132 patients (48.9%) had the extra-
glandular form. Immunosuppressants were used in 358/2,195
SS patients (16.3%), in 68/1,283 primary SS patients (5.3%) and
in 287/861 secondary SS patients (33.3%) (Figure 4B). Among
the immunosuppressants-treated primary SS group, 26 patients
(38.2%) had the glandular form, whereas 38 patients (55.9%) had
the extra-glandular form. Biologics were administrated in 68/2,195
SS patients (3.1%) (infliximab in 8, etanercept in 21, adalimumab
in 10, tocilizumab in 13, abatacept in 10, rituximab in 1, and others
and unknown in 5 patients), in 7/1,283 primary SS patients (0.5%)
and in 59/861 secondary SS (6.9%) (Figure 5A). Among the
biologics-treated secondary SS group, 49 patients (83.1%) had RA
(Figure 5A). Secretagogues, such as pilocarpine and cevimeline,
were administrated in 695/2,195 SS patients (31.7%), in 470/1,283
primary SS patients (36.6%) and in 212/861 secondary SS patients
(24.6%) (Figure 5B).

Discussion

Although SS is a common autoimmune disease, the precise epide-
miology of this disease remains poorly defined [8]. It is important
to determine the epidemiology including prevalence, disease type,
extra-glandular involvements, satisfaction of diagnostic criteria
and treatment modalities for SS, because such information could
help establish diagnostic and therapeutic guidelines, as well as
validation of criteria sets. For this reason, the Research Team
for Autoimmune Diseases, the Research Program for Intractable
Disease of MHLW conducted primary and secondary surveys on
the epidemiology of SS in Japan.

The study identified several important findings about SS. First,
the estimated number of patients with SS in Japan was 68,483.
Based on a total population of Japan at October 1, 2011 of
127,799,000, the prevalence of SS in Japan is 0.05%. This rate is
lower than the minimum lowest prevalence of SS of 0.1 reported
for other countries [5]. What is the reason for the low prevalence
of SS in Japan? In many studies on the prevalence of SS performed
in other countries, randomly selected population has been targeted,
and S8 criteria sets such as AECG criteria have been adopted for
the diagnosis of SS [5]. On the other hand, in this survey, we tar-
geted patients with SS who consulted their physicians, rather than
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Figure 4. Treatments used in patients with SS and relationship between treatments and disease type (corticosteroids and immunosuppressive agents). (A)
Corticosteroids. (B) Immunosuppressive agents. +: patients treated with drugs; -: patients treated without drugs.

the general public, and diagnosis of SS depended on the physician
judgment. Thus, the present study underestimates the prevalence
of SS in Japan, especially sub-clinical cases might be overlooked.

Second, the study characterized the distribution of age, gender
and SS disease type in patients with SS in Japan. Previous reports
indicated that SS affects mainly middle-aged females, with a
female to male ratio of 9:1 [5]. We confirmed these features of SS
in this survey, with the mean age of the group of 60.8 = 15.2 years,
and a female to male ratio of 17.4:1. Previous studies reported that
almost half of SS patients develop extra-glandular disease, such as
arthralgia/arthritis (> 50%), interstitial nephritis (25%), interstitial
lung diseases (30%) and peripheral polyneuropathy (20%) [5,9].

(A) AliSS (n=2195)

Primary 88 (n=1283)
3.0% 0.5%

3.4%

3.1%

EBiologics (+) & Biologics (4

We demonstrated in the present study that the ratio of the primary
to secondary SS was about 60% to 40%, with the glandular to
extra-glandular form ratio of about 70% to 25% among patients
with primary SS. We also confirmed the importance of screening
for systemic organ involvement in SS patients.

Third, the satisfaction rate for three sets of criteria, including
JPN, AECG and ACR, was only ~50% in this survey. This finding
indicates that about half of the SS patients were not diagnosed
by the diagnostic criteria but rather by the physician judgment.
Importantly, pathological examination of labial salivary glands
biopsy was performed only in about 40% of patients, but was not
performed in about 60% of patients. This low frequency of labial

Secondary $S (n=861) Figure 5. Treatments used in patients
with SS and relationship between
treatments and disease type (biologics
and secretagogues). (A) Biologics.

EBiologics (+) (B) Secretagogues. +, patients

=Biologics () ®Biclogics () =Biologics () trgatcd with drugs; -, paFie.nts treated
EUnknown B Unknown without drugs; IFX, Infliximab; ETN,
=Unknown . : .
etanercept; ADA, adalimumab; TCZ,
tocilizumab; ABT, abatacept; RTX,
rituximab; RA, rheumatoid arthritis;
Treated with Secondary §Streated SLE, systemic lupus erythematosus.
Biologics (n=68) with Biologics (n=59)
BIFX
11.8% =EMN
BADA ERA
BTCZ #SLE
BABT E0thers
=RTX
_ & Others
14.7% #Unknown

Primary SS (n=1283)
28%
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All S8 (n=2195)

mSecretagogues
G

uSecretagogues

EUnknown

#Secretagoguss
)
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salivary gland biopsy could be problematic, if the ACR criteria
are to be adopted in Japan, because ACR criteria comprise only
three items: autoantibodies, labial salivary glands biopsy and ocu-
lar staining [4]. Moreover, in this survey, the agreement between
the JPN and ACR criteria sets was good, compared with moderate
agreement between the AECG and the other two criteria sets in
the diagnosis of SS. These results are consistent with the previous
study performed by the Research Team for Autoimmune Diseases,
the Research Program for Intractable Disease by MHLW using data
of 694 patients with SS or suspected SS who had been checked for
all four criteria of the JPN (pathology, oral, ocular and anti-SS-A/
SS-B antibodies) [3].

Finally, this survey also characterized for the first time the treat-
ment modalities applied for SS in Japan. Corticosteroids were used
in 34% of patients, immunosuppressants in 16%. As expected, both
corticosteroids and immunosuppressive agents were used mainly
in patients with secondary SS. Interestingly, about half of primary
SS patients treated with corticosteroids had the glandular form of
SS, whereas only 38% of primary SS patients treated with immu-
nosuppressants had the glandular form. Although the effectiveness
of corticosteroids for glandular involvement of SS has not been
established [10], in Japan, 10% of primary SS patients could be
treated with corticosteroids for glandular involvement. On the
other hand, immunosuppressive agents might be used in primary
SS for mainly extra-glandular involvements. Biologics were
administrated only in 3% of SS, and the main target of biologics
was RA, which was associated with secondary SS. Secretagogues
were used in 32% of patients with SS, and a larger proportion of
patients with primary SS used these drugs than those with second-
ary SS. This finding suggests that dryness in primary SS is more
severe than that in secondary SS.

Although this survey is cross-sectional, these important findings
should be useful for the establishment of diagnostic and therapeu-
tic guidelines for SS. Longitudinal surveys and prospective studies
are needed to confirm these results.

In conclusion, the primary and secondary surveys employed in the
present study provided valuable information on the epidemiology of
SS, including prevalence, disease type, extra-glandular involvement,
satisfaction of criteria and treatment used today in Japan.
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IgG4-related disease (IgG4-RD) is a systemic disease characterized by the elevation of serum IgG4 and
infiltration of IgG4-positive plasma cells in multiple target organs, including the pancreas, kidney, biliary
tract and salivary glands. In contrast, Mikulicz's disease (MD) has been considered a subtype of Sjogren’s
syndrome (SS) based on histopathological similarities. However, it is now recognized that MD is an IgG4-
RD distinguishable from SS and called as IgG4-related dacryoadenitis and sialoadenitis (1gG4-DS).
Regarding immunological aspects, it is generally accepted that CD4+ T helper (Th) cells play a crucial role
in the pathogenesis of SS. Since it is well known that IgG4 is induced by Th2 cytokines such as interleukin
(IL)-4 and 1L-13, IgG4-DS is speculated to be a unique inflammatory disorder characterized by Th2 im-
mune reactions. However, the involvement of Th cells in the pathogenesis of IgG4-DS remains to be
clarified. Exploring the role of Th cell subsets in IgG4-DS is a highly promising field of investigation. In
this review, we focus on the selective localization and respective functions of Th cell subsets and discuss

Keywords:

T helper subset

1gG4-related disease
IgG4-related dacryoadenitis and
sialoadenitis
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the differences between SS and 1gG4-DS to clarify the pathogenic mechanisms of these diseases.

© 2013 The Authors. Published by Elsevier Ltd. All rights reserved.

Sjogren’s syndrome (SS) is an autoimmune disease character-
ized by lymphocytic infiltration into the salivary and lacrimal
glands with concomitant autoantibody production and destruc-
tion of the glandular tissue. Patients typically experience symp-
toms of dry mouth (xerostomia) and dry eyes (keratoconjunctivitis
sicca). Because of its characteristic lymphocytic infiltration and
destruction of the salivary and lacrimal glands, SS is considered to
be an ideal disease for studying patterns of cytokine production at
the site of organ-specific autoimmune damage [1]. SS occurs alone
as primary SS, or as secondary SS when underlying other con-
nective tissue diseases [2]. Immunohistochemical studies
demonstrated that the salivary glands are predominantly infil-
trated by CD4-+ T helper (Th) cells at an early stage of SS, and these
cells are therefore thought to play a crucial role in the induction
and/or maintenance of the disease [3]. In advanced stage, B cells
predominate and these infiltration extends to occupy the acinar

* This is an open-access article distributed under the terms of the Creative
Commons Attribution License, which permits unrestricted use, distribution, and
reproduction in any medium, provided the original author and source are credited.

* Corresponding author. Tel.: +-81 92 642 6447; fax: +81 92 642 6386.

E-mail address: seiji@dent.kyushu-u.ac.jp (S. Nakamura).

epithelium and further progress to hypergammaglobulinemia and
B cell lymphoma [4]. Recent studies have suggested a central role
of the epithelium in orchestrating the immune reaction by
expressing HLA antigens, adhesion and costimulatory molecules,
cytokines, and chemokines. Therefore, SS has been proposed as an
etiological term “autoimmune epithelitis” [4—7], and it is of in-
terest to examine the involvement of interaction between CD4+ Th
cells and the epithelium in the initiation and progression of the
disease process. Th cell populations comprise functionally distinct
subsets characterized by specific patterns of cytokines and tran-
scription factors. At least six Th subsets exist: ThO, Th1, Th2, Th17,
regulatory T (Treg), and follicular helper T (Tfh) cells [8], which are
suggested to be involved in the pathogenesis of SS [9—12].

On the other hands, Mikulicz's disease (MD) has been consid-
ered to be a subtype of SS based on histopathological similarities
between the two diseases [13]. However, MD has a number of
differences compared with typical SS including: 1) difference of
gender distribution (MD occurs in both men and women, while SS
occurs mainly in women); 2) persistent enlargement of lacrimal
and salivary glands; 3) normal or mild salivary secretion dysfunc-
tion; 4) good responsiveness to corticosteroid treatment; 5)
hypergammaglobulinemia and low frequency of anti SS-A and SS-B
antibodies by serological analyses; and 6) multiple GC formation in

0896-8411/$ — see front matter © 2013 The Authors. Published by Elsevier Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.jaut.2013.07.007
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glandular tissue (Table 1). Previously, we reported that SS was
characterized by periductal lymphocytic infiltration with atrophy
or severe destruction of the acini, while MD showed non-periductal
lymphocytic infiltration with hyperplastic GCs and mild destruc-
tion of the acini (Fig. 1) [14]. Fifteen of 66 patients with SS (23%) and
12 of 20 patients with MD (60%) showed ectopic GC formation in
labial salivary glands (LSGs). Patients with MD showed a signifi-
cantly higher frequency, higher number and larger size of
GCs compared with SS patients [15]. In addition, Yamamoto et al.
[16—18] reported that patients with MD had elevated levels of
serum IgG4 and infiltrating IgG4-positive plasma cells in the gland
tissues. Similar findings have been observed in autoimmune
pancreatitis (AIP) [19], sclerosing cholangitis [20], tubulointerstitial
nephritis [21], Ridel's thyroiditis [22] and Kiittner’s tumor [23].
These diseases are now referred to as IgG4-related disease (IgG4-
RD) [24,25]. We recently described the concept of IgG4-RD and
provided up-to-date information regarding this emerging disease
entity [26]. Recent studies have referred to MD as IgG4-related
dacryoadenitis and sialoadenitis (IgG4-DS) [15,27] (Table 2).

I2G4 molecules are symmetrical homobivalent antibodies that
can exchange half-molecules (heavy and light chain) specific for
two different antigens (“Fab-arm exchange”), which results in
losing the ability to cross-link antigens and to form immune
complexes [28]. In addition, IgG4 also can bind the Fc fragment of
other IgG molecule, particularly other IgG4 molecules (“Fc—Fc in-
teractions”). These IgG4 Fc—Fc interactions proceed to Fab-arm
exchange reaction and may contribute to the anti-inflammatory
activity, which includes a poor ability to induce complement and
cell activation caused by low affinity for C1q (Fig. 2) [29]. Another
characteristic is that IgG4 is a Th2-dependent immunoglobulin and
has low affinity for its target antigen. interleukin (IL)-4 directs naive
human B cell immunoglobulin isotype switching to IgG4 and IgE
production [30]. We previously reported that peripheral CD4+ Th
cells from patients with IgG4-DS revealed a deviation in the Th1/
Th2 balance to Th2 and elevated expression of Th2-type cytokines
[15,31,32]. Therefore, 1gG4-DS is suggested to have a Th2-
predominant phenotype. This review article will emphasize
recent studies seeking to understand the role of Th cell subsets in
primary SS and 1gG4-DS.

1. Cytokine profiles of CD4+ Th cells
1.1. Th1/Th2 paradigm

Th1 cells support cell-mediated immunity and produce IL-2,
interferon (IFN)-y, and tumor necrosis factor (TNF)-a, which
induce inflammatory responses responsible for killing intracellular
parasites and perpetuating autoimmune responses. However,
excessive inflammatory responses can lead to uncontrolled tissue

Table 1

Clinical and laboratory findings of Sjégren’s syndrome (SS) and IgG4-related
dacryoadenitis and sialoadenitis (IgG4-DS). § IgG4 positive plasma cells/IgG posi-
tive plasma cells >50%.

ss 1gG4-DS

40's and 50’s 60's
Male = Female
None or mild

Peak age of onset
Sex Male < Female
Salivary secretion dysfunction Moderate or severe

Glandular swelling Recurrent Persistent
Sialography Apple-tree sign Parenchymal defect
IgG4™* plasma cell infiltration§ Positive Negative
Serum IgG Often high High

Serum IgG4 Normal High

Serum complement Normal Often low

Anti SS-A/SS-B antibody (+) High rate Rare

Antinuclear antibody (+) Often Rare

damage. Th2 cells produce IL-4, IL-5, and IL-13, which provide help
for humoral immunity and promote IgE secretion and eosinophilic
responses. Th2 responses can counteract Thi-mediated micro-
bicidal action. Thus, the Th1/Th2 balance plays an important role in
immunoregulation. In contrast, ThO cells are characterized by the
production of both Th1 and Th2 cytokines and are considered
precursors of Th1 and Th2 cells. Several studies have revealed that
autoimmune diseases are caused by disruption to the Th1/Th2
balance [33,34]. The relationship of Th1/Th2 imbalance to the
pathogenesis of SS has been widely investigated. Polarized Th1
responses were associated with the immunopathology of SS [9].
High numbers of IFN-y-positive CD4+- T cells were detected in the
salivary glands of SS patients and intracellular cytokine analysis
demonstrated the polarization of Th cells to a Th1 phenotype [35].
Furthermore, we reported that IL-2 and IFN-y were consistently
detected in all SS patients, while IL-4 and IL-5 were only detected in
patients with high levels of B cell accumulation in the salivary
glands [10,36]. Recently, Theander et al. [37] reported that the
detection of GC-like structures (B cell accumulation) in LSG biopsy
specimens from primary SS patients could be used as a highly
predictive and easy-to-obtain marker for B cell lymphoma devel-
opment. Taken together, these studies suggest that Th1 cytokines
are essential for the induction and/or maintenance of SS, whereas
Th2 cytokines may be involved in disease progression, especially
local B cell activation. Our clinical data was demonstrated that Th1
and Th2 cytokine concentrations were significantly higher in saliva
from SS patients than from controls, and the levels of Th2 cytokines
were closely associated with increased lymphocytic accumulation
in LSGs. Thus, the measurement of cytokines in saliva may be useful
for diagnosis and to reveal disease status [12].

1gG4-DS patients frequently have a history of bronchial asthma
and allergic rhinitis with severe eosinophilia and elevated serum IgE
levels [38]. It is well known that allergic immune responses are
induced by allergen-specific Th2 cytokines, such as IL-4 and IL-13,
which promote the secretion of IgG4 and IgE by B cells [39]. Recent
studies indicated that Th2 immune reactions contributed to IgG4-DS
[15,32,40] and IgG4-related tubulointerstitial nephritis [31,41]. The
expression profile of cytokines suggested that [gG4-DS was charac-
terized by a deviation of the Th1/Th2 balance to a Th2 phenotype and
elevated expression of Th2 cytokines. Contrary to our results, Ohta
etal. [42] reported a strong predominance of Th1 and cytotoxic type
1 cells in the salivary glands from IgG4-DS patients. They concluded
that disruption of the Th1/Th2 balance might be due to differences in
the specimens examined or the severity of the disease.

Chemokines are important for leukocyte activation and chemo-
taxis. Interactions between chemokines and chemokine receptors
promote the selective local infiltration of specific cells into inflamed
areas. Furthermore, chemokines are intimately involved in main-
tenance of the Th1/Th2 balance and immune responses in cardiac
allograft rejection [43], atopic keratoconjunctivitis [44], and cuta-
neous lupus erythematosus [45]. Chemokines also play a key role in
lymphoid neogenesis in target organs [46). Immunohistochemical
staining in our studies indicated that Th2-type chemokines
including macrophage-derived chemokine (MDC)/CCL22 and
thymus and activation regulated chemokine (TARC)/CCL17, natural
ligands for CCR4 on Th2 cells, were detectable in and around the
ductal epithelial cells and GCs, while CCR4 was expressed on infil-
trating lymphocytes in LSGs in both SS and IgG4-DS patients. Thus,
interactions of CCR4 with MDC and TARC may play a critical role in
the accumulation of Th2 cells and subsequently, the progression of
SS and IgG4-DS [12,32]. In contrast, interferon gamma induced
protein 10 (IP-10)/CXCL10, natural ligand for CXCR3 on Th1 cells,
was detected in and around the ductal epithelial cells, while CXCR3
was only expressed on infiltrating lymphocytes in LSGs from SS
patients [47].
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58

19G4-DS

Fig. 1. Histopathological findings in salivary glands from patients with Sjogren’s syndrome (SS) and IgG4-related dacryoadenitis and sialoadenitis (1gG4-DS). SS is characterized by
periductal lymphocytic infiltration with atrophy or severe destruction of the acini, while 1gG4-DS shows non-periductal lymphocytic infiltration with hyperplastic GCs and mild

destruction of the acini. Abbreviations: GC, germinal center.

1.2. Th17 cells

The Th1/Th2 paradigm was recently expanded by the identifi-
cation of Th17 cells, a subset of CD4+ Th cells characterized by their

Table 2

Role of Th subsets in IgG4-related disease (IgG4-RD). Abbreviations: Th, T helper;
MD, Mikulicz’s disease; AID, activation-induced cytidine deaminase; LSG, labial
salivary gland; Tcl, T cytotoxic type 1; Tfh, follicular helper T; NLR, nucleotide-
binding oligomerization domain-like receptor; TLR, Toll-like receptor; AIP, autoim-
mune pancreatitis; BAFF, B-cell activating factor belonging to the tumor necrosis
factor family; APRIL, a proliferation-inducing ligand; Treg, regulatory T; TGF-B,
transforming growth factor B.

Principal findings Reference

Overexpression of 1L-21 by Th2 cells [15]
play a key role in germinal center
formation and IgG4 production in 1gG4-DS.

Peripheral CD4+ T cells from the patient [31]
with MD reveal the deviation of the Th1/Th2 balance to Th2.

Th2 and regulatory immune reactions [32]
play a key rale of 1gG4 production in MD.

The production of IgG4 antibodies appears [38]
to be driven in part by Th2 cytokines that
mediate allergic responses and IgE production.

Th2 cells are involved in the pathogenesis [39]
of 1gG4-related lacrimal gland enlargement.

Overexpressions of IL-10, TGF-B, and AID [81]
in LSGs play important roles in the pathogenesis
of 1gG4-RD, such as IgG4-specific class-switch
recombination and fibrosis.

IgG4-related tubulointerstitial nephritis shows [41}

amplification of IL-10 and TGF-.

Th1 and Tc1 cell populations and IL-17 expression [42]

are involved in the mechanism of pathogenesis
of 1gG4-related sclerosing sialadenitis.
IgG4-related interstitial nephritis shows Tfh cells in {66)
enhancing a skewed B-cell terminal maturation
and of CD20 + B cells in disease progression.

Activation of NLR and TLR in monocytes from AIP {76]
patients induces IgG4 production by B cells.

BAFF and APRIL are useful markers for predicting [78]
disease activity in IgG4-RD.

The progression and induction of AIP was supported [80]

by increased memory Treg and Th2 immune responses.

ability to produce IL-17. Several studies have reported that [L-17
was detected in epithelial and infiltrating mononuclear cells in
LSGs from patients with SS. In addition, Th17 cells are “tissue
seeking” and intimately involved in the initiation of SS [48]. Youi-
nou et al. [49] reported that Th17 cells orchestrate autoreactive GCs.
However, Our previous data in selectively extracted lesions from
LSGs by laser capture microdissection showed that the expressions
of Th17-related molecules in infiltrating lymphocytes outside
ectopic GCs were higher than inside ectopic GCs [36]. Interestingly,
a subset of Th17/Th1 cells identified in the gut of Crohn’s disease
patients may co-express IFN-y and IL-17 {50]. Both Th1 and Th17
cells were involved in the pathogenesis of SS [51], and the early
induction of a CD4+ Th1/Th17 pathway caused the systemic release
of IL-17 in mice [52]. Our previous data suggest that both Th1 and
Th17 cells present around the ductal epithelial cells might be of
critical importance in the initiation of SS. Furthermore, the
destruction of epithelial by Th1 and Th17 cells are thought to play
an important pathogenetic role by the occurrence of infiltrating
lesions in various epithelial tissues as well as the increased
epithelial expression of various immunoactive molecules. Thus, SS
has been described as “autoimmune epithelitis” [6]. In contrast,
Th17-related molecules were rarely expressed in patients with
1gG4-DS [32,36]. As mentioned above, IgG4-DS showed non-
periductal lymphocytic infiltration and mild destruction of the
epithelial cells. These findings were speculated that IgG4-DS might
be a “non- autoimmune epithelitis”.

1.3. Regulatory T cells

Treg cells, identified by the expression of Foxp3, are essential for
the maintenance of immunological self-tolerance and immune
homeostasis to prevent the development of various inflammatory
diseases. It achieves this either by direct contact with effector im-
mune cells and/or by secreting anti-inflammatory cytokines such as
IL-10 and transforming growth factor (TGF)-B. Treg cells exert their
effects through the modulation of both T and B cell responses. Two
subsets of Treg cells, CD4+ CD25+ Foxp3+ Treg cells [53] and IL-
10—producing Tr1 cells [54] are crucial for regulating effector T
cell functions. CD4+ CD25+ Foxp3+ Treg cells can prevent
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' Bis’béciﬁyc lgG4“molecule (Fab-arm exchén‘ge)

Fig. 2. Unique structure of 1gG4 antibody. A, 1gG4 antibody consists of two heavy chains and two light chains. B, Fc fragment of IgG4 can interact with the Fc fragment of another
IgG4 molecule. C, Exchange of half-molecules (Fab-arm exchange) results in IgG4 combining two different specificities in a single molecule (bispecific antibody).

autoimmune hepatitis and primary biliary cirrhosis [55]. Mice with
defects in Treg cell generation often develop T cell-mediated sys-
temic autoimmune responses that affect multiple organs. Kol-
kowski et al. [56] demonstrated that salivary glands in SS
constitutively expressed IL-10 and TGF-B. Other studies reported a
significant reduction of Tregs in LSGs and peripheral blood from SS
patients that might be involved in the pathogenesis of salivary
gland destruction [57,58]. In contrast, Gottenberg et al. [59] re-
ported increased Treg cell numbers in the peripheral blood of SS
patients. Therefore, it is unclear whether Tregs are involved in the
pathogenesis of SS. According to recent data, Foxp3+- T-regulatory
cell frequency in the salivary glands of SS patients correlates with
inflammation grade and certain risk factors for lymphoma devel-
opment [60]. While in early and moderate infiltrations a compen-
satory control of Tregs in response to Th17 expansion seems to
occur, in advanced SS lesions Tregs may fail to control the immune
mediated tissue injury [7,61]. Increased levels of Treg cells in sali-
vary glands from SS patients might suggest negative feedback is
more active than in healthy subjects. Therefore, Treg cells might be
not involved in the initiation of disease.

Zen et al. [62] reported that significant numbers of CD4+ CD25+
Foxp3+ Tregs infiltrated the affected tissues in cases of autoim-
mune pancreato-cholangitis (AIPC), which is one of IgG4-RD.
Furthermore, another study demonstrated that IL-10 decreased IL-
4-induced IgE switching but increased IL-4-induced 1gG4 produc-
tion [63]. We found that IL-4, IL-10, and Foxp3 were positively
correlated with the 1gG4/IgG ratio in the salivary glands from pa-
tients with IgG4-DS [32]. These results suggest that Th2 and reg-
ulatory immune reactions might play key roles in IgG4 production.

2. Role of IL-21 in SS and IgG4-DS

2.1. Follicular helper T cells

Tfh cells were recently identified as a unique Th phenotype,
expressing high levels of CXCR5, a chemokine receptor [64].
Several studies reported that Tfh cells control the functional

activity of effector Th cells and promote ectopic GC formation by
IL-21, which contributed to impaired B cell differentiation [65,66].
Once GCs are formed, Tfh cells are required for their maintenance
and the regulation of B cell differentiation into plasma cells and
memory B cells. Several studies in SS patients demonstrated that
IL-21 was increased in serum and high levels of IL-21 receptor
were present on the surface of most B cells [67]. Furthermore, IL-
4 and IL-21 receptors knockout mice have greatly reduced IgG
responses, indicating that IL-21 co-operates with IL-4 to regulate
humoral immune responses [68]. We previously observed that
Tfh-related molecules, CXCR5 and B-cell lymphoma 6 protein
(Bcl-6), were highly expressed on infiltrating lymphocytes in
ectopic GCs of LSG lesions from both SS and IgG4-DS patients
[15,36]. These results provide strong support for Tfh cells in the
progression of disease as a lymphoproliferative disorder, partic-
ularly in the growth and activation of ectopic GC formation
(Fig. 3).

IL-21 was mainly produced by Th2 and Th17 cells in addition
to Tth cells [68,69]. Interestingly, high IL-21 expression was only
detected outside ectopic GCs in patients with IgG4-DS in our
immunohistological analyses. The expression patterns of Th2-
related molecules (IL-4, CCR4 and c-Maf) in LSGs were similar
to that of IL-21 in patients with IgG4-DS. In contrast, Th17-related
molecules were rarely expressed in patients with IgG4-DS.
Furthermore, IL-21 positively correlated with the number of GCs
formed in LSGs from patients with IgG4-DS [15]. Taken together,
these findings suggest that excessive IL-21 production by Th2
cells in salivary glands from IgG4-DS patients might induce Bcl-6
expression in B cells resulting in multiple GC formation.
Furthermore, IL-21 directly inhibited IL-4-induced IgE production
[70], and 1gG4 class switching was induced by co-stimulation
with IL-4 and IL-21 in humans and mice [71]. In addition, IL-21
induced IL-10 production by mitogen-stimulated peripheral
blood mononuclear cells in humans {72]. Therefore, we speculate
that IL-21 correlates with IL-4 and IL-10 for IgG4 class switching.
In the current study, we found that IL-21 positively correlated
with the IgG4/IgG ratio in immunohistochemically positive cells
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Fig. 3. Schematic model of Th cell network in SS. Th1 and Th17 cells are involved in early stages of disease, while Th2 and Tfh cells are associated with GC formation in the late stage.

Abbreviations: Th, T helper; Ttfh, follicular helper T.

[15] suggesting that IL-21 might also be involved in the class
switching of IgG4 in IgG4-DS [73].

2.2. Innate immunity in IgG4-DS

Macrophages act as cells in the immune response to foreign
invaders of the body, by presenting pathogenic antigens to antigen-
specific Th cells. Historically, they have been classified into two
distinct macrophage phenotypes, “classically activated” proin-
flammatory (M1) and “alternatively activated” anti-inflammatory
(M2) macrophages [74]. M2 macrophages are activated by IL-4,

produce high levels of IL-10 and are important for debris scav-
enging, wound healing and fibrosis. These polarized macrophage
populations can also contribute to systemic diseases [75]. Wata-
nabe et al. [76] demonstrated that abnormal innate immune re-
sponses induced via Toll-like receptor signaling in macrophages
might enhance Th2 immune responses and the immunopatho-
genesis of IgG4-RD. Our current studies observed that 1gG4-DS
patients showed predominant infiltration by M2 macrophages
that secreted IL-10 and IL-13 in salivary glands.

Dendritic cells (DCs) are professional antigen presenting
cells that bridge innate and adaptive immunity. Expression of

Fig. 4. Schematic model of Th cell and innate immune network in 1gG4-DS. Th2, Treg, and Tfh cells play key roles in GC formation and IgG4 production. Dendritic cells and
macrophages promote Th2 immune reaction by 1L-33 as well as BAFF and APRIL. Abbreviations: Treg, regulatory T; BAFF, B cell activating factor belonging to the tumor necrosis

factor family; APRIL, a proliferation-inducing ligand.
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DC-derived TNF-family ligands such as a proliferation-inducing
ligand (APRIL) and B cell activating factor belonging to the tumor
necrosis factor family (BAFF) is induced by innate immune signals
to promote the differentiation and activation of plasma cells [77]. In
1gG4-RD patients, serum BAFF and APRIL levels were significantly
higher than in healthy individuals [78]. BAFF and APRIL may
contribute to progressive plasmacyte infiltration and ectopic GC
formation in the target organs of patients with IgG4-RD. In addi-
tion, BAFF and APRIL enhance 1gG4 and IgE class switching in the
presence of IL-4 [79]. Th2 cytokine production was increased in the
tissues of patients with autoimmune pancreatitis [80]. Therefore,
BAFF and APRIL may contribute to the pathogenesis of IgG4-RD in
concert with Th2 cells. Although 1gG4-RD was considered to be a
Th2-dependent disease [40,41,81], the mechanism of Th2 polari-
zation has yet to be elucidated. IL-33 is a recently identified cyto-
kine that directly stimulates ST2, IL-33 receptor, expressed by Th2
cells to produce IL-4, IL-5, and IL-13 [82]. Moreover, the genetic
polymorphism of IL-33 in humans is associated with allergic dis-
eases [83]. Our current studies suggest that IL-33 production by DCs
and M2 macrophages might play a key role in Th2 cytokine pro-
duction and the pathogenesis of IgG4-DS (Fig. 4).

3. Conclusions

Research accumulated in recent years makes it increasingly
clear that the immunological backgrounds are entirely different
between SS and 1gG4-DS. However, additional research is required
to elucidate further the pathogenesis of 1gG4-DS, especially the
development of a mouse model of IgG4-DS. Although Glucocorti-
coids are the standard treatment for IgG4-RD, Yamamoto et al. [84]
reported that the relapse rate of I[gG4-DS during steroid therapy is
26.8%. A more thorough understanding of the complex mechanisms
of IgG4-DS, especially the role of Th subset-related cytokines, could
lead to the development of novel pharmacological strategies aimed
at disrupting the cytokine network and inhibiting the initiation
and/or progression of IgG4-DS. Finally, it should be noted that while
this thesis focuses primarily on T cells, that there have recently been
other extensive reviews and hypotheses published on Sjogren’s
syndrome, reflecting its increased interest not only to basic im-
munologists, but also to rheumatologists [4,85-116].
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Purpose. To investigate levels of biomarkers of Alzheimer’s disease in the aqueous humor in
patients with open-angle glaucoma (OAG).

MEerHODS. Aqueous humor samples were collected from 38 patients with cataracts, 20 patients
with POAG, and 32 patients with exfoliation glaucoma. Aqueous levels of apolipoprotein
(Apo) Al, ApoClIIl, ApoE, transthyretin (TTR), complement factor H, complement C3, and o2-
macroglobulin (02M) were determined by multiplex bead immunoassay. Clinical data were
obtained from medical charts.

Resurrs. Age and sex did not differ significantly among groups. POAG patients had
significantly higher aqueous levels of Apo Al, ApoCIII, ApoE, TTR, and a2M compared with
cataract patients (P < 0.001, P = 0.036, P < 0.001, P < 0.001, and P < 0.001, respectively).
Corresponding values for exfoliation glaucoma patients were also significantly higher
compared with those for cataract patients (P = 0.003, P = 0.009, P < 0.001, P < 0.001, and P
< 0.001), and those levels correlated positively with each other in eyes with OAG (P < 0.001
for all combinations). Complement factor H and complement C3 levels did not differ among
groups. Mean deviation values for the Humphrey visual field test correlated positively with
levels of Apo Al, ApoE, TTR, and complement factor H in OAG patients (P = 0.026, 0.012,
0.008, and 0.027, respectively), but age and IOP values were not correlated with protein
levels.

Concrusions. OAG patients had elevated levels of multiple biomarkers of Alzheimer’s disease

in the aqueous humor.

Keywords: Alzheimer’s disease, glaucoma, aqueous humor, biomarker, apolipoprotein

laucoma is an ocular neurodegenerative disease and is the

leading cause of blindness throughout the world.! Various
factors accelerate the progression of glaucomatous optic
neuropathy, and a poor response to treatments aimed at
reducing IOP is one of the most important risk factors for
blindness in patients with glaucoma. IOP is determined by the
balance between the inflow and outflow of the aqueous humor,
which includes numerous biologically active factors. We
previously reported that the aqueous humor of eyes with
open-angle glaucoma (OAG) contained higher levels of multiple
cytokines and growth factors compared with nonglaucomatous
eyes, as assessed by using the multiplex bead immunoassay.?
Data suggest that the aqueous humor may be a useful sample
for detecting biomarkers and that these factors may be involved
in the development and/or progression of glaucomatous optic
neuropathy.

Alzheimer’s disease (AD) is one of the most common causes
of dementia in elderly patients, who may have progressive
neurodegenerative disorders. Given the limitations of AD
diagnosis and therapy, potential fluid biomarkers of AD,
especially in the cerebrospinal fluid (CSF), have been sought,
and some of the biomarkers that have been identified were
expected to be useful as aids in the diagnosis and treatment of
AD.? Some of those biomarkers are related to the pathogenesis
of AD. For instance, the genotype of apolipoprotein (Apo) E is

Copyright 2013 The Association for Research in Vision and Ophthalmology, Inc.
www.iovs.org | ISSN: 1552-5783

the well-known risk factor for progression of AD, and Apo E is
involved in the aggregation and clearance of amyloid-B, the
major component of amyloid plaques which initiate a
pathogenic cascade leading to AD.* Transthyretin (TTR), an
another biomarker of AD, directly interacts with amyloid-p and
inhibits its ability to aggregate 3¢

Because both AD and glaucoma are age-related progressive
neurodegenerative diseases, possible pathologic characteristics
that the two diseases may share have been investigated. For
instance, some reports found that patients with AD had an
increased occurrence of glaucoma.”"? Another report indicated
that the retinal ganglion cell layer was thinner and that cupping
of the optic nerve head was larger in patients with AD
compared with age-matched controls.!® Thus, available evi-
dence suggests a link between AD and glaucoma. Also, aqueous
levels of some AD-related biomarkers, such as apolipoproteins
and TTR, were reportedly high in eyes with POAG.11-14
Previous reports thus suggested shared characteristics between
AD and glaucoma with regard to fluid biomarkers. However,
multiple quantitative analyses of AD-related biomarkers in
POAG eyes have not been completed, and such correlations
remain to be confirmed. In addition, fewer reports about
aqueous levels of these biomarkers in eyes with exfoliation
glaucoma (ExG) were published compared with reports about
eyes with POAG.
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Characteristic Cataract (Nonglaucomaus) Patients POAG Patients ExG Patients

Number of patients 38 20 32
Male/female 20/18 15/5 19/13
Age, vy

Mean * SD 755 £ 5.7 716 £ 73 73.9 £ 7.1

Range 6183 5783 56—-83
Preoperative IOP, mm Hg

Mean * SD 124 + 2.7 26.8 * 7.3* 26.9 * 7.4*

Range 7.7-21.0 14.0—45.0 15.0—43.7
MD in Humphrey visual field analysis, dB

Mean * SD Untested ~16.8 £ 9.4 -18.7 £ 85

Range Untested —29.1 to —-2.0 —31.0to —2.8
Number of glaucoma eye drops

Mean * SD 0 2.7 £ 0.7 29+ 06

Range 0 1-4 1—4
Duration of glaucoma therapy, mo

Mean * SD 0 98.8 = 83.9 53.1 = 48.4%

Range 0 13.8—-367.1 2.5-185.4

* P < 0.01 compared with control (cataract) patients.
1t P < 0.05 compared with POAG patients.

Here, we report simultaneous increases in the levels of AD-
related bjomarkers in the aqueous humor samples obtained
from eyes with OAG (POAG and ExG). The levels of the
analytes correlated strongly with each other and correlated
partly with the severity of visual field defects in OAG eyes.

MATERIALS AND METHODS

Patients

This cross-sectional study was approved by the institutional
review board of Kumamoto University, Kumamoto, Japan. All
procedures conformed to the Declaration of Helsinki, and each
patient gave informed consent for participation in the study.
Included in this study were glaucomatous patients with ExG or
POAG who underwent cataract surgery and/or trabeculectomy.
The control group was comprised of cataractous patients
without glaucoma who underwent phacoemulsification. Ex-
clusion criteria were as follows: (1) eyes with ocular diseases
other than cataract and/or glaucoma and (2) eyes with a
history of intraocular surgery including laser treatment. When
both eyes of a patient met the inclusion criteria, we included in
our analysis only the eye that was treated first.

IOP values were measured by using a Goldmann tonometer
during 1 PM and 4 PM, and the mean of three continuous
measurements before surgery was said to be the preoperative
IOP. In patients with OAG, visual fields were measured with the
Humphrey Visual Field Analyzer within 3 months of the
objective surgery except for one patient, whose data were
unreliable because of severe visual loss.

Collection of the Aqueous Humor Samples

Aqueous humor samples were collected at the beginning of
surgery, before any incisional procedures, from 38 cataractous
(nonglaucomatous) eyes (patients) and 52 eyes (patients) with
phakic OAG (20 patients with POAG and 32 patients with
ExG). The Table gives the characteristics of the patients. Of
those, 47, 48, and 46 patients received eye drops of B-blockers,
prostaglandin analogues, and carbonic anhydrase inhibitors at
the time of surgery, respectively. Aqueous humor (70-100 pL)
was withdrawn by using a limbal paracentesis with a 30-gauge

needle and a tuberculin syringe. Contact with intraocular
tissues was carefully avoided, and contamination of samples
with blood was prevented. Samples were immediately frozen
on dry ice and were stored in a freezer at —80°C until
measurements were made by means of a multiplex bead-based
immunoassay.

Multiple Immunoassay Analyses

Analyses utilized a multiplex bead-based immunoassay, xXMAP,
and Human Neurodegenerative Disease Panel 1 (Luminex,
Austin, TX), and levels of seven neurodegenerative disease-
related proteins in the aqueous humor, Apo Al, ApoCIIl, ApoE,
TTR, complement factor H, complement component C3, and
o2-macroglobulin (02M), were determined as described
previously.? Briefly, a 25-uL aliquot of the aqueous humor
sample was transferred to a plate, and part of each aliquot was
placed into one of the capture microsphere multiplexes. After
incubation at 4°C for 18 hours, multiplexed cocktails of
biotinylated reporter antibodies were mixed and then incubat-
ed at room temperature for 1 hour. Multiplexes were
developed by using an excess of streptavidin-phycoerythrin
solution. The solution was mixed with each multiplex, after
which incubation at room temperature proceeded for 30
minutes. Vacuum filtration was used to reduce the volumes of
the multiplexed reactions, and then the volumes were
increased by dilution with a matrix buffer. A Luminex 200
instrument (Luminex) was used for analysis, and data were
interpreted via proprietary data analysis software (DNASIS Plex
version 2.5; Hitachi Software Engineering, Tokyo, Japan).

Data Analysis

Data were analyzed by using the JMP Version 8 statistical
package program (SAS Institute, Cary, NC). The unpaired two-
tailed #test and x2 test were used for comparison of
characteristics of patients in the groups. The Tukey-Kramer
honestly significant difference test was utilized to compare the
levels of aqueous proteins in the groups. Correlations among
analytes were assessed by calculating Spearman correlation
coefficients. A P value of less than 0.05 was considered
statistically significant.
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Ficure 1. Comparison of levels of analytes in eyes of control patients (cataractous; left columns), and in eyes with ExG (middle columns), or
POAG (right columns). Distributions of the concentrations of Apo Al (A), ApoCIII (B), ApoE (C), TTR (D), complement factor H (E), complement
component C3 (F), and a2-macroglobulin (¢2M) (G) are presented with the gquantile box plots. The mean of the total sample is indicated by a
borizontal line across each plot. The median is indicated by a borizontal line in the body of a box. The 75th and 25th quantiles are represented in
the top and bottom of a box. The box covers the interquantile range of the data. The 10th and 90th quantiles are the lines above and below each

box. *P < 0.01, *P < 0.05.

REsuLts

Increased Multiple AD-Related Protein Levels in
the Aqueous Humor Obtained From OAG Eyes

Figure 1 presents the results of AD-related protein measure-
ments. In control (nonglaucomatous) samples, mean values =+
SD of Apo Al, ApoClll, ApoE, TTR, complement factor H,
complement component C3, and 02M were 1.65 = 2.03, 0.01
+0.03, 0.25 *+ 0.22, 7.67 * 3.97, 1.15 * 0.06, 0.76 * 1.02,
and 0.33 = 0.57 ng/ml, respectively. Compared with the
control cases, ExG cases had significantly higher levels of Apo
Al (2.86-fold, P = 0.0028), ApoCII (6.51-fold, P = 0.0088),
ApoE (3.37-fold, P < 0.0001), TTR (2.27-fold, P < 0.0001), and

o2M (7.514fold, P < 0.0001). Corresponding values in POAG
cases were also significantly higher than those in control cases
(3.55-fold, P = 0.0003; 6.26-fold, P = 0.0360; 3.58-fold, P <
0.0001; 2.07fold, P = 0.0002; and 6.99fold, P < 0.0001,
respectively). In contrast, levels of complement factor H and
complement component C3 were not different among the
groups. Levels of any measured protein in the POAG and ExG
groups did not differ significantly.

Multiple Correlations Among AD-Related Protein
Levels in the Aqueous Humor of OAG Eyes

Figure 2 shows multiple correlations among proteins measured
in the aqueous humor of 52 OAG eyes. Statistical analysis
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