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Introduction

Robert I. Fox and Carla M. Fox

Keywords
Sjogren’s syndrome
Otolaryngology *

The care of the Sjogren’s syndrome (SS) patient
is often shared by multiple specialists due to the
multi-system involvement. Each of these special-
ties reads different journals and rarely attends
common educational meetings. Thus, each spe-
cialty has a slightly different view of the “ele-
phant” in the room. The goal of this book is
to bring together a series of experts in differ-
ent disciplines to provide a common basis for
dialogue.

Although the rheumatologist frequently
becomes the central “quarterback™ in the treat-
ment of the SS patient, he/she must be familiar
with their diagnostic procedures and therapeutic
approaches of the other specialties. The con-
tributors for this book are from Europe and
Asia as well as the USA. It is worth noting
that in many parts of the world (as well as
certain regions of the USA) the “primary” care
of rheumatology patients is under the direction
of non-surgical orthopedic surgeons (i.e., in
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India) or hematologists due to their hematologic
findings and in part to the shortage of available
rheumatologists.
We are fortunate to have contributions in clin-
ical specialties from
* Ophthalmology
* Oral medicine
* Otolaryngology (ENT)
* Hematology/Oncology
* Neurology and psychology
e Dermatology
* Orthopedic surgery
* Gastroenterology
* Nephrology
This also creates a situation where there may
be duplication of efforts or conflicting thera-
pies. In order to coordinate therapy between so
many specialists and to avoid conflicting infor-
mation/medications to the patient, we extensively
use the Internet and transfer of files to participat-
ing physicians. The patient also needs to be part
of the educational and therapeutic process.
Patients are increasingly computer literate and
we encourage them to educate themselves regard-
ing their disease and its therapy using resources
including the Internet. However, we caution them
to_use the Internet wisely and use a search

R.I. Fox, C.M. Fox (eds.), Sjogren’s Syndrome, DOI 10.1007/978-1-60327-957-4_1,
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engine such as Google scholar (rather than simply
Google) to find validated information rather than
the often frightening and misleading information
found in various chat groups that are found during
general web searches.

1.1 Historical Background

The clinical features (both glandular and
extraglandular) of the disease, as we currently
recognize SS in its florid form, were outlined
in 1956 by Bloch et al. [22]. In these patients
with severe dryness, positive autoantibodies, and
positive lip biopsies, the issue is the extent of
extraglandular involvement and the approaches
to therapy. However, many rheumatology con-
sults are requested for evaluation of SS in the
patient in whom a positive ANA is detected
during the workup of myalgias, arthralgias,
neuropathy, nephritis, or chronic fatigue. In these
patients, there has been considerable debate
about the classification criteria for patients and
the role of the immune system in causing the
clinical symptoms. The diagnosis may then have
a significant impact on the types of therapy used.
This clinical problem is particularly difficult in
patients with sicca symptoms and “fibromyal-
gia” symptoms. The diagnostic criteria for SS
(Table 1.1) are discussed in Chapter 5 by Vitali
et al. and approaches to therapy of fibromyalgia
in Chapter 21 by Bowman.

Until 2003, there were multiple sets of diag-
nostic criteria for primary SS including those by
American [27, 28] and European (EEC) groups
[29] that were so significantly different; diag-
noses of “SS” rendered by European physicians
were almost 10-fold when utilizing the EEC
criteria than in two different US criteria [30].
This discrepancy was largely due to inclusion
in the original European criteria of patients with
fibromyalgia, hepatic C-related sicca or dryness
in association with Alzheimer’s, or demyelinat-
ing disorders. Of importance to current readers,
the discrepancy in diagnostic criteria led to con-
fusion in the research and clinical trial literature.

Thus, readers may be confused by very discrepant  disease, infection with hepatitis C virus, human

results and need to very carefully check the crite-
ria used for inclusion in published studies.

Primary SS using the current consensus cri-
teria is a systemic autoimmune disorder with a
prevalence of about 0.5% in the general popula-
tion, with a female preponderance of 9:1, which
is roughly similar to SLE [23, 24]. This would
make SS one of the three most frequent autoim-
mune disorders [25], although it has received far
less research and therapeutic attention than SLE
or PSS.

There are two major age peaks of primary SS,
with
* the first peak incidence after menarche during

the twenties to thirties;

* the second peak incidence after menopause in
the mid-50-year age range;

» SS also presenting in children, as part of the
spectrum of juvenile arthritis.

The criteria in current use is the European-
American Consensus Group Modification of the
European Community Criteria for SS [31] and is
described in Chapter 5 by Vitali et al. The key
feature of the new criteria is the requirement for
objective evidence of the immune system in caus-
ing the sicca symptoms, as demonstrated by the
requirement for either a characteristic minor sali-
vary gland biopsy or autoantibody against SS-A.
Due to logistics of obtaining biopsies in clinical
practice, the patients usually fulfill their diag-
nostic criteria based on their antibody status.
Therefore, the methodologic pitfalls in diagno-
sis that influence diagnosis are briefly discussed
below.

Diagnosis of secondary SS (2° SS) has not
yet been addressed by the American European
Consensus Group. However, in practice we usu-
ally require the patient to fulfill the criteria for 1°
SS and to additionally fulfill American College
of Rheumatology (ACR) criteria for an estab-
lished connective tissue disease such as RA, SLE,
dermatomyositis or myositis, PSS, or biliary cir-
rhosis. For ease of comparison, the diagnostic cri-
teria for SLE and PSS are provided in Chapter 3.

Exclusions to the diagnosis of 1° SS include
previous radiotherapy to the head and neck,
lymphoma, sarcoidosis, graft-versus-host|
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Table 1.1 Revised classification criteria for Sjogren’s syndrome

Requirements for classification of patients with primary SS:

(a) the presence of either positive salivary gland biopsy (described below) or positive antibody to SS-A or SS-B; and
(b) the presence of any three objective clinical signs for oral and ocular dryness (described below); and
(c) the presence of at least four clinical symptoms for oral and ocular dryness (described below).

I. Clinical symptoms

A. Ocular symptoms: a positive response to at least one of the following questions:

1. Have you had daily, persistent, troublesome dry eyes for more than 3 months?

2. Do you have a recurrent sensation of sand or gravel in the eyes?

3. Do you use tear substitutes more than three times a day?

B. Oral symptoms: a positive response to at least one of the following questions:

1. Have you had a daily feeling of dry mouth for more than 3 months?

2. Have you had recurrently or persistently swollen salivary glands as an adult?

3. Do you frequently drink liquids to aid in swallowing dry food?

I1. Objective clinical signs

A Ocular signs, that is, objective-evidence of ocular-involvement defined as a positive result for-at least one of the
following two tests:

1. Schirmer’s test, performed without anesthesia (<5 mm in 5 min)
2. Rose Bengal score or other ocular dye score (>4 according to van Bijsterveld’s scoring system)
B. Minor salivary gland biopsy:

Histopathology: In minor salivary glands (obtained through normal appearing mucosa) focal lymphocytic
sialadenitis, evaluated by an expert histopathologist, with a focus score >1, is defined as a number of lymphocytic
foci (which are adjacent to normal appearing mucous acini and contain more than 50 lymphocytes) per 4 mm? of
glandular tissue

C. Salivary gland involvement: objective evidence of salivary gland involvement defined by a positive result for at
least one of the following diagnostic tests:

1. Unstimulated whole salivary flow (<1.5 ml in 15 min)

2. Parotid sialography showing the presence of diffuse sialectasias (punctate, cavitary, or destructive pattern),
without evidence of obstruction in the major ducts.

3. Salivary scintigraphy showing delayed uptake, reduced concentration, and/or delayed excretion of tracer
D. Autoantibodies: presence in the serum of the following autoantibodies:

1. Antibodies to Ro(SS-A) or La(SS-B) antigens, or both

III. Criteria for secondary SS

In patients with a potentially associated disease such as rheumatoid arthritis, systemic lupus, or progressive systemic
sclerosis, together with a positive minor salivary gland biopsy or antibody to SS-A or SS-B

IV. Exclusion criteria

Past head and neck radiation treatment

Hepatitis C infection
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Table 1.1 (continued)

Acquired immunodeficiency disease (AIDS)
Pre-existing lymphoma

Sarcoidosis

Graft-versus-host disease

T-lymphotropic  virus type I, or HIV.

Measurements of tear and saliva flow must

be made in the absence of drugs that have

anticholinergic side effects.

Although 1° SS patients are at increased risk
for lymphoma, patients with pre-existing lym-
phoma are typically excluded from studies to
ensure entry of a relatively homogeneous group
into studies of therapy and prognosis.

In contrast to the patients with florid SS, there
are a large number of patients referred to rheuma-
tology with
e alow titer ANA and vague symptoms of myal-

gia, trigger points, and fatigue or vague cogni-

tive deficits, who are termed fibromyalgia;

e apositive ANA but who lack the sicca features
of SS, particularly patients in whom the ANA
is detected as part of the workup for other
problems such as neuropathy, pneumonitis, or
nephritis.

1.2  Pitfalls in Diagnosis

and Methodology

There are two common areas of confusion in clin-
ical diagnosis regarding the specificity/sensitivity
of the ANA and of the minor salivary gland
biopsy.
The ANA frequently is used as a “screening”
test in patients with rheumatic disease symp-
toms. However, Tan et al. [40] reported that the
frequency in “normal individuals” of a positive
ANA titer using Hep-2 cells at titer 1:40 was
31.7% of individual, at 1:80 was 13%, at 1:160
was 5%, and at 1:320 was 3.3%.

Using a Bayesian analysis, Lightfoot et al.

Use of anticholinergic drugs at the time of measurements considered abnormal (all measurements used to fulfill
criteria need to be performed at a time duration after stopping drug for four half-lives of the drug)

found similar results and calculated that the risk  experienced in SS [49].

of an individual with an ANA 1:320 developing
SLE or SS during a 10-year follow-up period was
less than 5% [41].

Neither patients nor primary care MDs who
make the diagnosis of SLE or SS based on the
finding of an abnormal autoantibody test result,
but in the absence of characteristic clinical find-
ings, commonly understand the high incidence of]
a positive ANA in the “normal population.”

The pathologist may be asked to help confirm
the diagnosis of SS with a minor salivary gland
biopsy [42]. Examples of salivary gland biop-
sies from an SS patient are presented in Chapter
14 by Jonsson et al. The key features in reading
the minor salivary gland biopsy include an ade-
quate number of valuable lobules (at least four)
and the determination of an average focus score
(a “focus” refers to a cluster of at least 50 lym-
phocytes) based on survey of at least four lobules.
Lobules that have been ruptured due to non-
immune mechanisms (called “sialadenitis” due
to rupture of ducts that release mucus) need to
be discarded from the quantization of the focus
score [46, 47]. The biopsy should not be taken
from a region of the buccal mucosa where there
is inflammation, as this can give false-positive
results [28, 43, 44]. The sensitivity and specificity
of focus scoring method may be improved by
looking at serial sections of salivary gland [45].

Non-specific sialadenitis including focal infil-
trates was a relatively frequent finding in minor
salivary gland biopsies taken in a “control pop-
ulation” studied at National Institutes of Health
[48]. However, most pathologists are not expe-
rienced in reading these samples. In one recent
report, almost 50% of biopsies labeled as SS
were reclassified when examined by a pathologist

AQ6
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Methods to Assess Disease
Activity

1.3

The recent introduction of a “disease activity
index” by Vitali et al. will facilitate the clini-
cal course and therapeutic trials of SS patients.
Also, a recently standardized Disease Damage
Index scale (Chapter 5 by Vitali et al.) will allow
comparison of different patient populations and
therapeutic protocols. This will facilitate studies
on disease frequency, extraglandular manifesta-
tions, prognosis, and diagnostic markers and pro-
vide a basis for therapeutic studies. Seror et al.
review this important step in standardization of
the nomenclature and collaboration among differ-
ent cohorts of SS patients in Chapter 30.

1.4 Summary
This volume on Sjogren’s syndrome is different
from the recent reviews that have been published
in recent years or as ‘“‘seminars in rheumatology”
or “current opinion” articles.

We have included a group of world renowned
experts in the field of ophthalmology, oral
medicine and pathology, neurology, otolaryngol-

ogy, nephrology, oncology, and other disciplines
to present their points of view on diagnosis and
therapy. Since each group of medical and surgi-
cal specialists reads and writes in their different
journals, as well as attends different meetings,
this volume is intended to help each specialty
understand the opinions and treatments of other
specialties.

We have included experts from different parts
of the world, since the health-care resources and
systems of delivery of health care in the USA dif-
fer substantially from those in other parts of the
world.

Finally, we have tried to move the informa-
tion into the Internet age. We feel that “frequently
asked questions” may be best answered by mak-
ing validated information available to patients
and other health-care specialists over the Internet.
For a disease that largely is a “quality of life”
disorder, in contrast to an acute vasculitis or a
heart attack, the time available to provide instruc-
tion about treatment of “dryness” or “fatigue”
or “cognitive” changes is increasingly limited by
our time during patient revisits. Thus, we have
provided a series of “frequently asked questions”
as well as “myths and pearls” that can easily be
modified by each clinician and placed on their
web sites for patients or other clinicians to access.
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A Note from Sweden: Recollection
of Henrik Sjogren
Elke Theander and Frank A. Wollheim
Abstract
In 1933 the Swedish ophthalmologist Henrik Sjogren defended his doctoral
thesis at the Karolinska Institute in Stockholm. He obtained a mediocre eval-
uation for his thesis and had to leave academia, but continued to publish from
his outpost in Jonkoping. Ultimately he got well-deserved international recog-
nition for his work, after a study on “Sjégren’s syndrome” was subsequently
published in 1954 by W. Morgan in New England Journal of Medicine.
Keywords
Sjogren’s syndrome ¢ Henrik Sjogren * Sweden ¢ Recollection of Sjogren’s
original patients ¢ Aerobic exercise and fatigue
2.1 Introduction with the 1986 meeting, he regretted that due to
illness he was unable to attend in person. He
Henrik Sjogren was born in Koping in central ~Wished the participants a successful meeting and
Sweden in 1899 and died in Lund in September ~said that he was particularly thrilled that one had
of 1986, only months after being honorary presi- now created “Sjogren’s mice.” The opening of the
dent together with Jan Waldenstrom at the First ~meeting featured a valse for piano that he had
International Sjogren’s Syndrome meeting held —composed for his fiancée, and later wife, Maria
outside Copenhagen earlier that year. He was Hellgren, in the early 1920s. Although he was
a Soft_spoken almost Shy gentleman who never an Ophthalmologist and not a rheumatologist, it
advertised himself and never complained of the is fair to state that he made Swedish rheuma-
harsh and unjustified critique he received when tology world famous. Henrik Sjogren was an
defending his thesis in 1933. Figure 2.1 is based honorary member of the American Rheumatism
on his patient data and drawn by Frank A. Association and of the Swedish Society for
Wollheim [1]. When interviewed in connection Rheumatology. Before the advent of the Nazi
regime in Germany, a large proportion of aca-
demic papers in Sweden were published in
EA. Wollheim (54) German language. This was also true of Sjogren’s
Lund University Hospital SUS, Lund, Sweden thesis. In 1943 the Australian ophthalmolo-
e-mail: frank.wollheim @med.lu.se gist Bruce Hamilton approached Sjégren and

R.I. Fox, C.M. Fox (eds.), Sjogren’s Syndrome, DOI 10.1007/978-1-60327-957-4_2,
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JOINT AND EYE SYMPTOMS IN SJOGREN's ORIGINAL THESIS

eye involvement
nondeforming arthritis
N deforming arthritis

%,

obtained permission to translate it into English.
This translation obtained much wider attention
than the original German version and made
Henrik Sjogren well-recognized internationally.

Prevalence and Incidence
of Sjogren’s Syndrome
in Scandinavia

2.2

How prevalent is Sjogren’s syndrome in
Scandinavia? We have current data from two
areas. One is the city of Malmo, with an adult
population of approximately 200,000 inhabitants.
Here we (ET) have identified 340 cases among
individuals above the age of 18 years corre-
sponding to a prevalence of 0.15% (E. Theander,
unpublished personal communication). All these
individuals have an established diagnosis based
on the American—European Consensus Criteria
from 2002 [1].This would be similar to recently
proposed prevalence estimates from Turkey [2],
Greece [3], and Great Britain [4] using the same
criteria set. The incidence is more difficult to
estimate. We have encountered between four and
seven new cases per year in the period starting
in 2002. A rough estimate based on the Malmo
experience would give an estimated average
annual incidence of 2.5 new cases per 100,000
individuals per year or 1 in 40,000. It is likely

70 a'ge/yrs

that not all new cases come to our hospital
unit; some may be cared for by their primary
care physicians or escape health care or stay
unsymptomatic. An earlier incidence estimate
published for the population of Minnesota was
3.9 per 100,000 [5].

In Norway, a recent survey was performed in
two health districts around the cities of Stavanger
and Bergen. In this population of 852,342 indi-
viduals served by two university hospitals and
one general rheumatism hospital, the Norwegian
investigators found 431 patients with a diagno-
sis of primary Sjogren’s syndrome registered at
these hospitals, private theumatologists, and in a
salivary gland biopsy registry. This corresponds
to an estimated prevalence of only 0.05%. There
were no incidence data in this study [6].

The incidence and prevalence of secondary
Sjogren’s syndrome in Scandinavia has not been
investigated to our knowledge and would be
rather difficult to study.

2.3 Any Special Features
in Swedish Patients

with Sjogren’s?

Several investigators in Spain and Greece have
reported high prevalence of cryoglobulinemia in
their patients. This has not been the experience in
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Malmo, where only traces of cryoglobulin were
found in a minority of 7% of patients, although
active search and careful lege artis sampling was
performed (E. Theander, unpublished personal
communication). Neither have we found hepatitis
C to be increased among the patients. It should
be mentioned that the occurrence of hepatitis
C is low in Sweden. With regard to the devel-
opment of non-Hodgkin’s lymphoma (NHL) in
primary Sjogren’s syndrome, we have detected
differences in subtype of NHLs compared to
other European countries. In Sweden we detect
a high number of diffuse large B-cell lymphomas
in addition to the commonly found MALT lym-
phomas [7, 8]. The difference may be mainly due
to the assessment of risks by using health-care
registries in contrast to cohort observations in
some other studies. Otherwise we have not iden-
tified any special clinical features distinguishing
Swedish patients.

2.4  Pearls of Wisdom

Fatigue and impaired physical capacity are com-
mon features in Sjogren’s syndrome influencing
an individual’s quality of life. Therefore, we want
to call attention to the successful application
of intensive aerobic training reported from our
unit in Malmo in 2007 [9]. We have recently
performed a 4-year follow-up of the results of
this controlled aerobic exercise program involv-
ing Nordic walking. The initial training consisted
of 12 weeks of 45 min walking three times
each week. Retesting at follow-up showed sus-
tained higher physical activity and aerobic capac-
ity in the treatment group and borderline less
fatigue. Pain, anxiety, and depression did not
differ between the groups [10]. The increased
physical activity could have positive effects also
on comorbidities such as cardiovascular health.
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N Sjogren’s Syndrome
05
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o8 and John H. Stone
09
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13 Abstract

AQ2 16 Although diagnosis and therapy of Sjogren’s syndrome (SS) needs to be
17 driven by “evidence-based medicine,” there is still a great need for the “ART
8 of medicine” in this field. Although SS is among the three most common
19 rheumatologic disorders, there are few double-blind, placebo-controlled stud-
» ies that are published on either topical or systemic therapy. Therefore, we
2 wish to share some experiences derived from our multidisciplinary clinics
2 for SS.
3 Among the myths, pearls, and tips, we include the following:
# (a) Although the diagnosis of SS depends on a positive ANA and a positive
= anti-SS-A antibody, there is significant variation among laboratories in the
b sensitivity and specificity of these tests.
7 (b) Diagnostic problems include the patient with sicca complaints, who lacks
# a positive ANA or SS-A antibody, as well as the patient with vague com-
» plaints (either fibromyalgia or neuropathic) referred to the rheumatologist
0 with a positive ANA.
3 (c) The severity of symptoms, as assessed by the patient, is strongly influ-
32 enced by “fibromyalgia” (central pain sensitization), and this may partly
33 explain the poor correlation between objective measurements of glandular
M (tear/mouth) and extraglandular (neuropathic) symptoms.
3 (d) Independent of the raging controversy over the etiology of “fibromyalgia,”
3 it is clear that vague symptoms of fatigue and cognitive function dominate
37 the physician’s global assessment in many SS patients. This influences
3 the outcome of clinical trials of both available products and new agents in
* development.
0 (e) Another reason for the poor correlation of the ocular and oral symptoms
# with objective tests that measure “water” flow (either Schirmer’s test or
“ saliva collection tests) is that patient comfort is strongly influenced by the
“ mucin content of these mucosal surfaces that provides lubrication.
“
45
» R.I. Fox (b))
“ Rheumatology Clinic, Scripps Memorial Hospital

and Research Foundation, La Jolla, CA, USA

#  le-mail: robertfoxmd @mac.com

\
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Keywords

Sjogren’s syndrome (SS)—[primary SS: 1 °SS/secondary SS: 2° SS] e
Arthralgia ¢ Antinuclear antibody (ANA) ¢ Myalgia ¢ Fibromyalgia e
Central pain sensitization ° Raynaud’s phenomenon ¢ Oral candidiasis
Dysphagia ¢ Laryngotracheal reflux e Gastro-esophageal reflux disease
(GERD) e Lymphadenopathy ¢ Lymphoma e Vasculitic skin lesions e
Pneumonitis e Neuropathy e Nephritis e Interstitial pneumonitis (NSIP) e
Erythrocyte sedimentation rate (ESR) e Sicca symptoms

The patient should not use “preserved” tears for more than four times a
day and needs to learn to “mix and match” tears to the ambient environ-
ment; patients are frequently overwhelmed by the vast array of available
tears and oral lubricants and benefit from instruction in “where to start.”
Physicians need to continuously scan the medication list (and over-the-
counter drugs and nutritional supplements) for agents with anticholiner-
gic side effects.

Patients need to be aware of the effect of the environment on their ocular|
and oral symptoms and pro-actively pursue moisture preservation tech-
niques, including recognition that the blink rate drops nearly 90% when
sitting in front of a computer screen and that the ambient humidity in
many office buildings and airplanes is below 10%.

Although we use consensus criteria for diagnosis of SS as the basis for
FDA studies, this criterion has not yet been approved by the American
College of Rheumatology.

The American College of Rheumatology (ACR) that incorporates activ-
ity and end organ damage indices is developing new “Standards of Care
Guidelines”; we provide some preliminary suggestions with the hope that
the readers will be encouraged to add their own suggestions.

In the limited time available in the rheumatologist’s office visit, it is
important that new methods of communication of therapeutic options
be provided to the patient. The use of the Internet as a way to provide
diagnostic and therapeutic information is increasingly necessary if the
patient is not going to succumb to conflicting advice from friends, other
physicians, and the chat groups that inhabit the web.

3.1.1 Pearl

Use the Internet as a means to instruct the patient
and help them become actively involved in the

In the era of increased demand on the time per
patient for rheumatologists, SS patients represent
the proverbial patient with a long list of ques-
tions regarding problems of topical therapy of dry
eyes and mouth, most of which are not immedi-
ately life threatening. In addition to the limited
time available, there is only a limited amount of

therapeutic process. Chapter 4 will contain a
series of tables regarding choice of artificial tears,
saliva, and topical therapy that will be included
in the “Standards of Care” guidelines that are
currently being formulated.

We have found that many of our patients have
Internet addresses (or that their children or fam-
ily members have computers). For those without

‘Vibit.
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computers, the local library offers access to the
Internet, and instructions about simple Internet
use are generally available there. Thus, during our
patient visits, we attempt to provide the patient
with a general overview of the treatment plan
and then email them an “attachment” with more
specific written instructions as needed.

Patients increasingly want to be an active part-
ner in the treatment plan and we encourage this.
However, we also warn them that the Internet can
be a citadel of misinformation.

3.1.2 Pearl

‘We instruct patients fo restrict their Internet med-
ical information searches to a much more reli-
able (albeit less well-known) search engine such
as “Google Scholar” (http://www.googlescholar.
com).

The patient can be directed to the Internet to
read available patient information on validated
websites such as
e http://www.WebMD.com
e http://www.MedScape.com

Table 3.1 Consensus criteria for the diagnosis of pri-
mary and secondary Sjogren’s syndrome. The diagnosis
requires either a positive antibody to SS-A/SS-B or a

II. Clinical symptoms

II1. Objective clinical signs

of the following two tests:

1. Requirements for classification of patient with primary SS:
1. The presence of either positive salivary gland biopsy (described below) or positive antibody to SS-A or SS-B;
2. The presence of any three objective clinical signs for oral and ocular dryness (described below); and

3. The presence of at least four clinical symptoms for oral and ocular dryness (described below).

A. Ocular symptoms: a positive response to at least one of the following questions:
1. Have you had daily, persistent, troublesome dry eyes for more than 3 months?

2. Do you have a recurrent sensation of sand or gravel in the eyes?

3. Do you use tear substitutes for more than three times a day?

B. Oral symptoms: a positive response to at least one of the following questions:

1. Have you had a daily feeling of dry mouth for more than 3 months?

2. Have you had recurrently or persistently swollen salivary glands as an adult?

3. Do you frequently drink liquids to aid in swallowing dry food?

A. Ocular signs—that is, objective evidence of ocular involvement defined as a positive result for at least one

1. Shirmer’s test, performed without anesthesia (greater than 5 mm in 5 min)

* http://www.eMedicine.com
* http://www.sjogrens.org

3.2 Diagnosis Criteria
and Laboratory Tests
3.2.1 Myth

There is now a validated diagnostic crite-
ria structure for Sjogren’s syndrome that has
been adopted by the American College of
Rheumatology (ACR).
Fact: Although rheumatologists are using the
European—US consensus criteria described by
Vitali et al. [1, 2], the *ACR has not yet accepted
these criteria. Although the criteria have been
validated in a European cohort, it has not been
systematically studied in any US cohort. The
European criteria are listed in Table 3.1. An
example of a salivary gland biopsy from an SS
patient, characterized by focal lymphocytic infil-
trates, is shown in Fig. 3.1.

characteristic minor salivary gland biopsy. Revised clas-
sification criteria for Sjogren’s syndrome

2. Rose Bengal score or other ocular dye score (greater than 4 according to Van Bijsterveld’s scoring system)

AQ7
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Table 3.1 (continued)
B. Minor salivary gland biopsy

least one of the following diagnostic tests:

evidence of obstruction in the major ducts.

e antibodies to Ro (SSA) or
e La (SSB) antigens, or both
IV. Criteria for secondary SS

o rheumatoid arthritis,

e systemic lupus, or

e progressive systemic sclerosis.

V. Exclusion criteria

1. Past head and neck radiation treatment

2. Hepatitis C infection

3. Acquired immunodeficiency disease syndrome (AIDS)
4. Pre-existing lymphoma

5. Sarcoidosis

6. Graft versus host disease

3.2.2 Pearl

There are recent criteria for disease activity and
disease damage indices.

Comments: The same EEC consortium (Vitali
et al. (Vitali, 2007 #16385)) that spearheaded the
new consensus criteria has recently presented an
activity and disease damage index (Tables 3.1
and 3.2) that will serve as a starting point for a
uniform database basis for clinical data collection
and research studies. These indices will provide
the same type of standardization that the ACR
criteria provided for RA.

Histopathology: In minor salivary glands (obtained through normal-appearing mucosa): focal lymphocytic
sialadenitis, evaluated by an expert histopathologist, with a focus score greater than 1.

e A lymphocyte focus is defined as a cluster of 50 or more lymphocytes—which are adjacent to normal-appearing
mucous acini and not adjacent to areas where ruptured ducts have fibrotic regions.

C. Salivary gland involvement: objective evidence of salivary gland involvement defined by a positive result for at

1. Unstimulated whole salivary flow (greater than 1.5 mL in 15 min)

2. Parotid sialography showing the presence of diffuse sialectasis (punctate, cavitary, or destructive pattern), without

3. Salivary scintigraphy showing delayed uptake, reduced concentration, and/or delayed excretion of tracer.

D. Autoantibodies: presence in the serum of the following autoantibodies:

Patients who fulfill criteria for primary SS and with an associated well-defined rheumatologic disorder such as

7. Use of anticholinergic drugsat the time of measurements considered abnormal (all measurements used to fulfill
criteria need to be performed at a time duration after stopping drug for four-half lives of the drug) [1].

3.2.3 Myth

The antinuclear antibody (ANA) and anti-
Sjogren’s SS-A (Ro) antibody are specific for
primary Sjogren’s syndrome.
Comments: Patients commonly arrive in the
rheumatologist’s office after the primary care
physician has ordered a battery of tests for vague
symptoms and a positive ANA and/or a positive
anti-SS-A (Ro) emerged.

ANA assays can be useful in recognizing
certain disease conditions but can create misun-
derstanding when the limitations are not fully
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Minor Salivary Gland Biopsies

Sjogren’s Normal

Fig. 3.1 Minor salivary gland biopsies. a Biopsy from a  non-functioning. b Biopsy from a patient with symptoms
Sjogren’s patient where clusters of lymphocytes (termed  of a dry burning mouth but that lacks focal lymphocytic
foci) can be seen. Arrows also denote regions of the glan-  infiltrates

dular lobule where the acini and ducts remain intact but

Table 3.2 Distinct clinical features in patients with Sjogren’s syndrome and systemic lupus erythematosus.

SS is not simply SLE
with only four criteria

SS is characterized by infiltration of lymphocytes into ocular and salivary glands,
so it is more lymphocyte aggressive,
and may also include other systems such as:
# parotid and lymph node swelling

# respiratory / lung (pneumonitis) rather than pleurisy

# renal / kidney (interstitial nephritis) rather than glomerulonephritis
4 neurological (central and peripheral)

4 skin (hyperglobulinemic purpura)

So it is no surprise that SS patients have
lymphoproliferative features such as lymphoma

Although patients with SS and SLE share many features in common, the distinguishing feature of SS is the infiltrative
nature of lymphocytes into extranodal sites, including salivary and lacrimal glands, as well as into lungs, kidneys, and
neural system. In some cases, the lympho-aggressive characteristic in SS is manifested by increase in frequency of non-
Hodgkin’s lymphoma. In comparison, SLE can be considered to largely mediate its tissue damage from autoantibody,
immune complex, and complement-mediated damage.

appreciated. The ANA has a higher sensitivity —* Except for the stipulation that HEp-2 cells

than specificity. Tan et al. [3] measured the range should be used as substrate, each laboratory

of antinuclear antibodies (ANAs) in “healthy” used its own in-house methodology so that the

individuals. data might be expected to reflect the output of

» Fifteen international laboratories experienced a cross-section of worldwide ANA reference
in—performing tests for ANA by indirect laboratories.

immunofluorescence participated in analyzing < The sera were analyzed at four dilutions: 1:40,
coded sera from healthy individuals. 1:80, 1:160, and 1:320.




SPB-162136

242
243
244
245
246
247
248
249

250

252
253
254
255
256
257
258
259

260

262
263
264
265
266
267
268
269

270

272
273
274
275
276
277
278
279

280

282
283
284
285
286
287

288

Chapter ID 3 May 28, 2011 Time: 9:24

Proof 1

R.I. Fox et al|

e They found that in healthy individuals, the fre-
quency of ANA did not differ significantly
across the four age subgroups spanning 20-60
years of age.

e This putatively normal population was ANA
positive in 31.7% of individuals at 1:40 serum
dilution, 13.3% at 1:80, 5.0% at 1:160, and
3.3% at 1:320.

An interesting finding of this study was
a remarkably higher incidence of “false”-
positive ANAs in patients with either a mon-
oclonal gammopathy or a myelodysplastic syn-
drome; this observation was attributed to the
association of autoantibody with a “dysregu-
lated” immune system at the bone marrow
level.

The same consortia of research labs (led by
Tan et al. (Tan, 1997 #6375; Tan, 1996 #5941,
Tan, 1999 #99186629; Tan, 1973 #354)) also
studied ELISA detection methods using normal
and patent sera.

e Precision, based on evaluation of replicate
samples, varied from very good to poor for
particular antigens [4, 5].

e Similar results were reported in more recent
laboratory standardization reports [5, 6].
Lightfoot has used Bayesian calculation to

determine that an individual with an ANA of

1:320 (and lacking other clinical criteria to sug-

gest either SS or SLE) has less than a 1:100

chance in developing SLE or SS during a 5-year

follow-up interval.

In a more recent analysis, Lopez-Hoyos et al.
[5, 6] confirmed the complexity in the clin-
ical laboratory of standardizing ANA testing.
ANA testing by indirect immunofluorescence
(ITF) assays is not an automated laboratory test.
Efforts are being made to develop easy and
semi or automated methods to screen for ANAs
using microchip-binding technology. However,
the affinity columns used to prepare the chips
will be *“as good as” the sera that are defined
as definite SS—and previously we have noted
the problems in diagnosis. Similarly, the “posi-
tive” sera that go with each assay kit will need
to be carefully chosen for their sensitivity and
specificity.

3.2.4 Myth

SS Patients with “atypical antibody profiles”

such as an ANA with anticentromere pattern or

ANCA always represent overlap syndromes with

other conditions such as progressive systemic

sclerosis (PSS) or Wegener’s granulomatosis [7].

Comments: Although patients may develop an

overlap syndrome with other autoimmune disor-

ders such as PSS, the pattern of autoantibodies
in patients with SS correlates more closely with
their HLA-DR than with their clinical presenta-

tion [8, 9].

Ramos-Casals et al. [5, 6] studied 402 patients
diagnosed with primary SS.

* Eighty-two (20%) patients showed atypi-
cal autoantibodies (36 had antiphospholipid
(aPL), 21 anti-DNA, 13 ANCA, 10 anti-RNP,
8 ACA, 6 anti-Sm, 2 anti-Scl70, and 1 anti-Jo-
1 antibodies).

e Patients with atypical autoantibodies had
no statistical differences in extraglandular
manifestations (except for a higher prevalence
of Raynaud’s phenomenon, 28% vs 7%).

3.2.5 Pearl

MRI sialography can be used to visualize the
ductal structure of the major salivary glands.
Comments: It is not necessary to perform a sialo-
gram to assess the salivary status of SS patients
or to visualize the ductal structures for punc-
tual sialadenitis. This is important since most US
academic centers do not have experience in retro-
grade sialography that is mentioned in consensus
diagnostic criteria and this invasive method may
have morbidity if done by inexperienced radiolo-
gists or ENT.

MRI of the parotid and submandibular glands
has vastly improved [5, 10]. alf an MRI of the soft
tissues of the neck is required (for example, in a
case of parotid gland swelling), then we ask for a
gadolinium contrast study with “fat suppression”
views that provides a nice evaluation of the glan-
dular tissues (Jungehulsing, 1999 #99436403;
Makula, 2000, 0). Although ultrasound of the

AQI12
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glands has proven useful at certain research cen-
ters (particularly in Europe), a great deal of expe-
rience is required to obtain reproducible results.
As a result of readily available MRI at most
academic medical centers in the United States,
experience with ultrasound imaging of the glands
has not been fully developed.

3.2.6 Pearl

Salivary flow rates can be evaluated by non- or
minimally invasive methods.

Comments: This is important to correlate mea-
surements of patient’s symptoms with objective
signs of dryness. Technetium scans of salivary
function are performed after coating the tongue
with a lemon concentrate [11-13]. The uptake of
contrast material and its rate of secretion into the
gland can be quantitated.

Although the decreased flow rate is not spe-
cific to SS (i.e., many processes can contribute to
decreased uptake or secretion), the method is use-
ful in the evaluation of the patient who complains
that “I don’t feel any saliva in my mouth,” but the
oral mucosal tissues appear to be relatively intact.
The finding of a normal technetium scan should
point the rheumatologist toward other causes of
the patient’s severe mouth complaints.

3.2.7 Pearl

There is significant variation when collecting
saliva by oral expectoration or “sponge” meth-
ods [14, 15].

Comments: Simple expectorated saliva can be
collected on a preweighed sponge placed under
the tongue (called the Saxon test) [16]. However,
there is significant variability in these measure-
ments in the same patient over the course of the
day or when measurements are repeated [14]. The
reasons for the variability include

e time since last meal

e last oral stimulation (including tooth brushing)
 history of smoking as well as

* medications taken for other medical problems due to the close relationship in HLA-DR, autoan-

s tibodies, and response to therapies [18, 21-23].

Although the variability in flow rates in both
normal and SS is noted above, it is worth point-
ing out that the “normal salivary flow rate” for
unstipulated saliva from the parotid gland is
0.4-0.5 mL/min/gland. The normal flow rate for
unstipulated, “resting,” or “whole” saliva is 0.3—
0.5 mol/min; for stimulated saliva, 1-2 mol/min.
Values less than 0.1 mol/min are typically consid-
ered xerostomia, although reduced flow may not
always be associated with complaints of dryness.

3.3  Myths and Pearls About

Clinical Presentations
3.3.1 Pearl

Do not spend too much time worrying about the
clinical extraglandular distinction between the
diagnosis of SS or SLE.
We will discuss some important clinical and ther-
apeutic distinctions between these entities below,
but it is generally sufficient for the patient to
understand that their SS can be considered an
“SLE-like” condition. This is important when
the patient goes to other specialists or to the
emergency room, where the diagnostic entity of]
SS is less well recognized. Since SLE is much
more widely recognized, the other physicians will
not attribute important clinical presentations such
as drug toxicities, a heart attack, or pulmonary
emboli to the “mysterious” manifestations of SS.
Comments: There is a close relationship between
SS and a subset of patients with SLE [5, 18].
The genetics, antibody profiles, and therapy of
the subset of SLE patients with SS-A antibodies
closely resemble that subset of SLE patients [19].
It has been suggested that many older patients
diagnosed with “mild” SLE actually better fulfill
the diagnosis of SS [20]. This is shown schemat-
ically in Fig. 3.2, which shows the overlap of SS,
SLE, and fibromyalgia patients with a positive
ANA.

There are several “humorous” ways that our
clinic has described SS. It has been suggested
that SS is really an SLE with only four criteria,

AQl4
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What is the relationship
between SLE and SS?

SLE

3. SLE is characterized by
antibody-immune complex
mediated process
® glomerulonephritis
@ pleurisy and pericarditis
@ leukocytoclastic vasculitis
@ distinct antibodies
such as anti-RNP, Sm, ds DNA

Fig. 3.2 Overlap of clinical features with Sjogren’s syn-
drome, systemic lupus erythematosus, and fibromyalgia.
There is significant clinical overlap between patients with
primary Sjogren’s syndrome (SS) and systemic lupus ery-
thematosus (SLE). Both groups may possess a positive
ANA and anti-SS-A antibody. One approach is to consider
SLE as a group of disorders that are each characterized

However, there are distinct differences in the
patterns of disease involvement.

It might be more accurate to describe SS as
having similar features as SLE but with “homing
receptors” that yield
1. Interstitial infiltrates in salivary and lacrimal

glands (that normally lack infiltrates)

2. Increased rates of lymphoma

3. Interstitial pneumonitis (in contrast to pleurisy
of SLE)

4. Interstitial nephritis (in contrast to glomeru-
lonephritis)

S. Slightly different types of rashes (such as

hyperglobulinemia purpura) [24].

Thus, SS patients can have the same autoan-
tibody and immune complex-mediated compli-
cations as we find in SLE (i.e., ITP, hemolytic
anemia, glomerulonephritis), but in the SS
patient, our differential must include lymphocyte-
aggressive processes such as lymphocytic inter-
stitial pneumonitis, mixed cryoglobulinemia, or

1. Similarities of SLE and S5 similarities—
+ similar genetics and

antibodies (ie. 55-A)
. Blood and tissue with Type | IFN signaturg
*  similar therapeutic approaches

for exta-glandular manifestations

2. Distinct differences between
SS and SLE
55 is characterized by lymphoid infiltrates
salivary and lacrimal glands-dryness
Lymphoproliferation: Lymphoma and
Lymphoid infiltrates in
other tissues

(interstitial nephritis, pneumonitis)
Rash of hyperglobulinemic purpura

by their own profile of autoantibodies (and associated
HLA-DR genes) and that one subset of SLE has close
correspondence to SS. The SS patients have particular
clinical features such as dry eyes and dry mouth as well
as extraglandularmanifestations that include increased fre-
quency of lymphoma

3.3.2 Myth

There is a close relationship between lacrimal
gland flow rates as measured by Schirmer’s
test and patient’s symptoms of ocular dryness
[25, 26].

Comments: Tears do not only have an aqueous
component, but also have proteins and *mucins
that form a lubricating gel [27]. The tears have a
different composition in terms of mucins, osmo-
lality, and proteins than that found in saliva. Also,
the lipid component of the tears (secreted by the
meibomian glands, discussed below) is important
in retarding evaporation [25, 28-34].

Thus, the volume of tears is determined by its
aqueous content produced by the lacrimal gland
as well as the mucins [35] (especially MUC4)
produced by goblet cells of the ocular surface
that contribute to the viscosity of the tear film
[25, 31, 35]. The number of goblet cells can be
ascertained by simple exfoliative cytology of the

Ilymphoma (Table 3.2). — conjunctival surface or by conjunctival biopsy
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[36] (a method generally used in research or
clinical trial settings).

3.3.3 Pearl

Patients may complain of dry eye, but their symp-
toms may also be due to increased evaporative
loss associated with inflammation of the meibo-
mian glands, a condition known as “blepharitis”
[25, 31, 35].
Comments: Of importance in normal individuals,
the tear film evaporation is retarded by a lipid
layer produced by the meibomian glands (located
at the edge of the eyelids). The rate of evaporative
loss depends on
(a) the lipid layer,
b) the outside ambient humidity, and
(¢c) the blink rate (discussed below), which deter-
mines the spreading.

Each of these factors may be important in
treating the patient with dry or painful eyes.

The thickness of the lipid layer of the tear film
in SS patients and the rate of evaporative loss of
tears increased in SS patients [37].

3.3.4 Pearl

There is a poor correlation of measurement of
saliva and patient’s complaints of dry mouth.
Comments: Unfortunately, there is a poor
correlation between patients’  descriptions of
oral comfort and observed salivary flow rates
[38—40]. This may reflect the misconception
that saliva is “water” rather than a compli-
cated mixture of water—proteins—mucins. This
lubricating film provides a decreased viscos-
ity for the oral mucosa and allows the tongue
to more easily function during deglutition and
talking [41].

In a recent report (Alliende, 2007 #18598),
reduced sulfating of mucin MUCS5B was more
closely linked to complaints of Xerostomia in
SS patients than aqueous water flow. Mucins are
sulfated oligosaccharides that sequester water to
provide lubrication and low viscosity of move-

many of us as the Lewis antigens that are secreted
in saliva.

This defect in sulfating of MUCS5B probably
results from the inflammatory microenvironment
due to release of cytokines and the disorganiza-
tion of the basal lamina as a result of metallopro-
teinases that leads to dedifferentiation of acinar
mucous cells (Alliende, 2007 #18598).

3.3.5 Pearl

A dry mouth is not necessarily a painful mouth.
Comments: The physician should look for signs
of oral candidiasis such as angular cheilitis or ery-
thematous changes of the hard palate as well as
lichen planus-like changes in buccal recess [42].

Many patients have a dry mouth and this may
be a normal part of the aging process [43, 44].
However, some event usually brings the patient
to clinical attention. Frequently, a dry mouth is
converted to a painful mouth by the occurrence
of oral yeast infections, particularly in a patient
who is on corticosteroids and has recently been
taking antibiotics [45-47].

Alterations in the oral microbial flora as well
as relative decreases in the salivary flow of natu-
rally occurring antifungal agents such as transfer-
rin or calprotectin [48], histatins [49], and other
small molecules of the defensin family [50] may
further predispose the SS patient to oral Candida
[45-47]. A role for decreased level of antiox-
idants with these symptoms and the potential
exacerbating role of medications with anticholin-
ergic side effects must always be considered
[44, 51].

Daniels et al. [42, 52, 53] have pointed out
the importance of recognizing erythematous can-
didiasis, which presents as reddish petechiae fre-
quently on the hard palate. It may be important
for the patient to remove his/her denture in order
to see the lesions. Also, lichen planus-like lesions
on the buccal mucosa (especially in the buccal
recesses).

Treatment of the oral candidiasis may require
a rather prolonged treatment with topical anti-
fungal drugs [41], using mouth rinses similar to
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called XYZ mouth rinses) and topical application
of nystatins [53].

3.3.6 Pearl

Burning mouth is a common complaint and may
not be associated with a systemic autoimmune
disorder such as SS.

Comments: Other causes of burning mouth syn-
drome must also be considered, including nutri-
tional deficiencies, hormonal changes associated
with menopause, local oral infections, denture-
related lesions, hypersensitivity reactions, medi-
cations, and systemic diseases including diabetes
mellitus [54]. In many cases, no clear cause can
be found, and the dry mouth is attributed to a local
neuropathy or to a manifestation of depression
[44, 51].

Patton et al. [55] reported a series of 45
patients with burning mouth in whom a diagnosis
of SS (or above causes) could not be estab-
lished. They suggested a localized neuropathy or
psychogenic causes in these patients and recom-
mended a trial of topical clonazepam and antiox-
idants (alpha-lipoic acid) in some patients and
systemic agents used in neuropathy (gabapentin,
pregabalin) or antidepressants with benefit in
neuropathy (SSRIs, SNSRIs, or NSRIs) in other
patients. Agents with known anticholinergic side
effects such as tricyclics were not tolerated.

3.3.7 Pearl

Suspect laryngotracheal reflux in the patient who
exhibits repeated “throat clearing” during their
visit to the rheumatologist.

This problem can present as hoarseness, cough-
ing at night, and even as a “post-nasal drip.”
The imbalance is due to decreased saliva volume,
and the content predisposes to dysfunction of the
gastro-esophageal sphincter, gastro-esophageal
reflux, and laryngotracheal reflux [56, 57]. The
latter condition can be suspected when the patient
engages in repeated “throat clearing” during the
interview or has ‘“unexplained” hoarseness. Of
importance, the reflux of acid into the trachea

can stimulate the vagus nerve and mucus secre-
tions, thus emulating symptoms from panic attack
(choking) to sinus infections [56, 57].

3.3.8 Pearl

SS patients have more difficulty swallowing cer-
tain types of tablets or capsules than do other
patients.

Comments: SS patients have deglutition problems
due to dryness and lack of viscosity (associ-
ated with altered mucin production). As a result,
they have difficulty with both swallowing and
esophageal transit of many medications.

When possible, smaller “polished” tablets are
preferred. An example is “branded” hydroxy-
chloroquine (Plaquenil) that is a polished tablet,
in comparison to many of the generics that are
larger in size and contain a residue with bitter
taste on the unpolished surface. Also, certain cap-
sules (particularly large capsules containing iron
replacement) may become adherent to the dry
esophageal mucosa where they may even cause
erosion. For these reasons, “polished” (coated)
tablets are preferred to “sticky” capsules.

3.3.9 Pearl

Thyroid disease is more frequent in SS patients.
Comments: The most common thyroid disorder
found in association with SS was autoimmune
thyroiditis, and the most common hormonal pat-
tern was subclinical hypothyroidism [58]. pSS
was fen times more frequent in patients with
autoimmune thyroid disease, and autoimmune
thyroiditis was nine times more frequent in pSS
[58].
The co-existence of SS and thyroiditis is signif-
icantly more frequent and suggests a common
genetic or environmental factor predisposition
with similar pathogenic mechanisms [58, 59].
Therefore, SS should be studied in patients with
thyroid disease and vice versa.

Antigens are shared by both thyroid and
salivary glands, which could be responsible
for the association between both the diseases
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Immunogenetic studies have suggested that both
diseases have a common genetic predisposition.
SS and thyroid disease patients were mostly
women with positive antithyroglobulin, antipari-
etal cell, and antithyroid peroxidase antibodies
[58, 60].

3.3.10 Pearl

Autonomic neuropathy is more frequent in SS
patients.

Comments: In one recent study, autonomic neu-
ropathy was more common among both SS and
SLE patients [61]. Vagal dysfunction was estab-
lished by applying three tests:

1. valsalva maneuver,

2. deep breathing test, and

3. heart rate response to standing.

Sympathetic dysfunction was examined by
applying two tests:

1. blood pressure response to standing and
2. handgrip test.

In all cardiovascular reflex tests, frequencies
of abnormal results were significantly higher
among the SS and SLE patients than among the
controls [61].

In a separate recent study by Mandl et al. [62],
orthostatic test [62], orthostatic systolic and dias-
tolic blood pressure responses (ISBP ratio and
IDBP ratio), and finger skin blood flow test [62]
were reported.

e Orthostatic systolic and diastolic blood pres-
sures were significantly decreased.

The VAC score significantly increased in
patients with pSS compared to controls, indi-
cating both parasympathetic and sympathetic
system dysfunction.

3.3.11 Pearl

When SS occurs in males, look for other clinical
stigmata of Klinefelter syndrome.

Comments: In some studies, up to 10% of SS
patients are male [63]. In general, the clinical
presentation, laboratory findings, extraglandular

similar to females, with slightly lower percent
exhibiting a positive ANA and higher percent
exhibiting hematologic abnormalities [63].

In one study, up to 15% of the male SS patients
had symptoms of Klinefelter’s syndrome (lack
of reproductive capacity, low testosterone, and
abnormal XXY karyotype).

These findings are interesting in view of the
finding of translocation of a Toll receptor in the
BXSB mouse involving a portion of the X chro-
mosome to the Y chromosome, since this is the
only male mouse model to develop SS-like or
SLE-like features.

3.3.12 Pearl

Pulmonary hypertension may develop in SS
patients.
Comments: Although dyspnea is most frequently
associated with scleroderma, pulmonary hyper-
tension needs to be considered in the SS patient.

A recent study reviewed an unexpected 9 cases
of PAH [64] in a cohort of 500 SS patients. The
rheumatologist should make sure that the cardiac
echo is performed (i.e., valves imaged) and inter-
pretation being specifically read for PAH since
most technicians perform the study to evaluate
left heart function rather than a detailed exam-
ination of the tricuspid valve and the estimated
pulmonary pressure. Further, in the real world
of the busy cardiologist, the echocardiograms are
read as a “string” of different studies where the
cardiologists are concentrating on left ventricular
function (without recognizing that the ordering
rheumatologist wanted information on PAH).

If PAH is detected, then the patient also needs
to be evaluated for occult pulmonary emboli and
the occurrence of circulating anticoagulants.

3.3.13 Myth

Cutaneous vasculitis in SS is usually a lympho-
cytic vasculitis.

Comment: In fact, cutaneous vasculitis in SS is
usually a leukocytoclastic vasculitis, the most
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[65]. In up to 30% of cases of vasculitis associ-
ated with SS, cryoglobulinemia (occurring as part
and parcel of the SS) is also present.
Other prominent features of vasculitis in SS
are
e Urticarial lesions in approximately 25% of
those with vasculitis
e Medium-vessel disease mimicking PAN in
<5% (but bearing a bad prognosis when it
presents) [65]

3.3.14 Pearl

More than 25% of patients with primary SS have
sensorineural hearing loss.

Comment: Sensorineural hearing loss was
detected in 38 (27%) of 140 patients with
primary SS included in 4 studies [66-68]. An
association with immunologic parameters such
as aPL, ANA, Ro, or La has been suggested. Boki
et al. [69] found that primary SS is associated
with sensorineural hearing loss preferentially
affecting the high frequencies, although clini-
cally significant deficits are not common, with
no evidence of retrocochlear disease or increased
vestibular involvement [69, 70].

3.3.15 Pearl

Urinary tract symptoms and cystitis are under-
diagnosed in primary SS.

Comment: Two recent studies have investigated
lower urinary tract symptoms in primary SS.
Walker et al. [71] found severe urological symp-
toms (increased frequency, urgency, and nocturia)
in 61% of patients, with biopsy-proven interstitial
cystitis being found in some cases [5]. Similar
results have recently found that 5% of Finnish
SS patients fulfilled the criteria for interstitial
cystitis [72]. Using a different approach, a high
percentage of patients were identified as having
a biomarker associated with interstitial cystitis
(APF, antiproliferative factor made by bladder
epithelial cells) and clinical features of SS among
an Australian cohort [73].

3.3.16 Myth

Muscular biopsy is a key tool in the diagnosis of
muscular involvement in SS.

Comment: Myalgias are found in nearly 30% of
patients with primary SS, although the causes
are diverse, including both non-inflammatory
(mainly fibromyalgia) and inflammatory (mainly
myositis) processes. The key study was per-
formed by Lindvall et al. [74] and they found
that analytical data and histological findings do
not correlate with clinical myositis. Thus, one
third of patients with clinical myositis have nor-
mal histology while nearly half of the patients
with histologically confirmed myositis have no
clinical features.

3.4 Myths and Pearls About
Pathogenesis
3.4.1 Myth

Dryness in SS results from the total destruction of
the gland.

Comments: In a lip biopsy from an SS patient
with severe dryness, attention is usually focused
on the dense lymphoid infiltrates (shown in
Fig. 3.1, frame A). However, it should be noted
that residual acinar units are still visible [75].

Indeed, morphometric analysis has shown that
only about 50% of the gland acinar or ductal tis-
sue is replaced or destroyed [24, 76]. This may
seem somewhat surprising, since a kidney or liver
continues to function until its functional units are
over 90% destroyed.

The interesting question is “why has the resid-
ual gland stopped functioning?” Kontinnen et al.
[77] have demonstrated that the glandular tissue
(outside the lymphoid infiltrate) still has its neural
innervation based on immunohistology. Studies
in man and murine models have indicated the
presence of receptors for acetylcholine and other
critical neurotransmitters [78—80]. It has been
shown in animal models that the release of and
response to neurotransmitters are strongly influ-
enced by inflammatory cytokines including TNF
and IL-1 [81-83].
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Further, the release of metalloproteinases in
the inflammatory environment may interfere with
the secretory gland’s ability to maintain spatial
orientation necessary for glandular function [84].
Recently, there has been increased interest in the
potential role of antibodies directed against the
muscarinic M3 receptor [85, 86].

3.4.2 Pearl

The environment plays a key role in exacerbating
the patient’s symptoms.

Comments: Although the patient has a decreased
rate of aqueous tear formation and increased rate
of evaporative loss due to the inflammatory pro-
cess, each of these processes may be exacerbated
by environmental factors.

Factors such as low humidity can be partially
helped by humidifiers and the effect of dry winds
by “wrap around” sunglasses or “side shields”
on glasses. However, additional factors such as
the markedly decreased “blink rate” associated
with the use of computer monitors are not usually
appreciated.

Wolf et al. [87] have pointed out that the mod-
ern work place environment is often an office
with low humidity where individuals spend a
great deal of the day staring at computer screens.
Using cameras mounted on the computers, they
could demonstrate a 90% decrease in the normal
blink rate as the workers concentrated on their
computer monitors. Thus, concentration on the
“screen” can override the normal corneal surface
conditions that lead to blinking and spreading of
the available tears [88, 89].

3.4.3 Pearl

Antibody SS-A may play an integral role in the
induction of SS and the type 1 IFN gene signature
in salivary gland biopsies.

Comments: Recent studies by Bave and oth-
ers have demonstrated that anti-SS-A antibody
complex to the ribonucleoprotein complex (SS-
A bound to hYRNA) can bind to Fcj receptors

immune complex can then gain access to Toll
receptors located in cytoplasmic vacuoles and
stimulate production of type I IFN. This model
ties together the genetics (HLA-DR3 that is asso-
ciated with production of anti-SS-A antibodies)
and the finding of activated plasmacytic dendritic
cells that produce interferon type I. Thus, the con-
tribution of the innate (HLA-DR independent)
and acquired (HLA-DR dependent) pathways can
be appreciated as potential targets (alone or in
synergy) for therapy.

3.4.4 Myth

The only problem with saliva is that the volume
of flow is diminished.

Comments: Recent studies have compared the
content of saliva in normals and in SS patients
and have shown significant differences in the pro-
file of proteins present as well as alteration in the
post-translational processing of existing salivary
proteins.

Normal saliva is the viscous, clear, watery
fluid secreted from the parotid, submaxillary, sub-
lingual, and smaller mucous glands of the mouth.
Saliva contains two major types of protein secre-
tions:

1. a serous secretion containing the digestive
enzyme ptyalin and

2. a mucous secretion containing the lubricating
aid mucin.

The pH of saliva falls between 6 and 7.4.
Saliva also contains large amounts of potas-
sium and bicarbonate ions and to a lesser extent
sodium and chloride ions. In addition, saliva con-
tains several antimicrobial constituents, including
thiocyanate, lysozyme, immunoglobulins, lacto-
ferrin, and transferrin.

Mass spectrometry and expression microarray
profiling have been used to identify candidate
protein and mRNA biomarkers of primary SS
[5,90-92]. Sixteen WS proteins were found to be
down-regulated and 25 WS proteins were found
to be up-regulated in primary SS patients com-
pared with matched healthy control subjects (Hu,
2007 #90) [5].

on plasmacytic dendritic cells. The internalized .
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In a separate study, SS saliva showed sig-
nificant alterations in post-translational modi-
fication of carbonic anhydrase and the pres-
ence of proteins associated with oxidative stress
injury [93].

Low salivary dehydroepiandrosterone and
androgen-regulated cysteine-rich secretory pro-
tein 3 (crisp3) levels have recently been reported
in saliva of SS patients [94]. This is important
since it may help explain some of the hormonal
influence on salivary function.

3.4.5 Pearl

The gene signature in the SS dry eye is associated
with interferon gamma signature.

Comments: As a result of the dryness, the ocular
surface develops a form of squamous metapla-
sia, and conjunctival biopsies have demonstrated
an interferon gamma gene signature [31]. This
points out the difference between the type I inter-
feron signature in the gland (described above) and
the chronic inflammatory reaction on the ocu-
lar surface as well as the potentially different
requirements for therapy.

3.5 Myths and Pearls
About Treatment
3.5.1 Myth

TNF inhibitors have been shown to be beneficial
in Sjogren’s syndrome.

Comments: Although an initial pilot study sug-
gested the benefit of infliximab in SS [95], a
larger multicenter study did not confirm this ini-
tial observation [96]. Two studies have examined
etanercept (25 mg twice weekly) in SS [97,
98] for 12 weeks, and these pilot studies did
not report reduction in sicca symptoms or signs
in SS. Also, treatment with etanercept (25 mg
twice weekly) did not affect minor salivary gland
biopsy results.

3.5.2 Pearl

Salivary gland toxicity may accompany '3 I treat-
ment of thyroid disease.

Comments: Although not commonly appreciated,
salivary gland toxicity may be an adverse effect
of high-dose radioiodine (1311) [99]. A recent
study of 20 patients revealed that 11 (15%) had
symptoms of xerostomia within the first 48 h,
continuing for 12 months in 7 of these patients.
The onset of toxicity in a further nine (12%)
patients with persistent symptoms did not occur
until 3 months after therapy [99].

3.5.3 Pearl

The salivary gland biopsy of SS patients exhibits
a gene signature of type I interferon. This may
play an important role in determining the thera-
peutic agents that are most likely to be successful
in trial.

Comments: Among the candidates for therapy
may be Toll receptors, whose stimulation led
plasmacytic dendritic cells to release type I IFN.
Expression of TLR2, TLR3, TLR4, and myeloid
differentiation factor 88 (MyD88) in labial sali-
vary glands has been demonstrated by immuno-
histochemistry [100].

Phosphorylation of extracellular signal-
regulated kinase (ERK), c-Jun N-terminal kinase
(JNK), p38 (map kinase), Akt, and activation of]
nuclear factor-kappaB (NF-kappaB) p65 have
expressions that are markedly increased in the SS
salivary gland. These activated genes were found
in salivary-infiltrating mononuclear cells as well
as in acinar cells and ductal epithelial cells.
The results suggest that TLR-mediated immune
response in SS acts through the mitogen-activated
protein kinase pathway [100].

Recently, Mannosoukos et al. [5, 101] have
demonstrated the increased migration of plas-
macytic dendritic cells into the gland and the
resulting release of IL-12. This cytokine is known
to bias T cells toward traditional Thl (release
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of interferon gamma) or the newly recognized
T17 cell (which plays an active role in tissue
destruction).

3.5.4 Pearl

Ask patients about their use of Chinese or other
herbal medications.

Comments: Many patients do not inform their
physicians about herbal drugs, as they consider
them ‘“nutritional” supplements (and are mar-
keted as such). However, the agents may have
significant direct toxicities on the SS patient, such
as promoting profound hypokalemia in the SS
patient with interstitial nephritis [5, 102] or inter-
action with other “Western drugs” [103—107].

In our experience, the ‘“herbal” medicines
come in the form of “Chinese” herbs or “Indian
ayurvedic medicine.” In addition to the adverse
effect of the herb itself, the preparations may
be contaminated with heavy metals (especially
common in ayurvedic medications) or pesticides
that were used at the time of crop harvesting.
Obviously, these candidates can vary from lot to
lot of the preparation, even with “scrupulous” and
even more unpredictably with material obtained
from “street” venders.

3.5.5 Pearl

Cosmetic procedures around the eye can exacer-
bate SS.
Comments: Three types of procedures come to
mind:
1. LASIK surgery for the eye
2. Blepharoplasty (eyelid “lift”)
3. Botox® injection

Pre-existing SS is considered a contraindi-
cation to LASIK surgery, due to the increased
dryness after the procedure [108]. This increased
dryness presumably results from the “flap” cut by
the microtome across the cornea, which would
be expected to sever the nerve bodies from affer-
ent sensory nerves innervating the cornea. The
resulting “neuropathic” eye is more sensitive to
On d WE d O 1IN€ €1S4a

Blepharoplasty may interrupt the basal tear-
ing that occurs in the lower lid by the glands of
Sherring. This is because the stretching of the lid
may disrupt the delicate neural interconnections
within the network of glands (these are the same
glands that you stimulate when you massage your
eyes). Another problem that we have encoun-
tered after blepharoplasty is increased zones of
exposure keratitis. Particularly when sleeping,
the lower lid may not make adequate contact
with the upper lid, leading to a zone of increased
evaporative loss and resulting desiccative
injury.

Finally, a standard model for induction of
keratoconjunctivitis sicca is Botox® [109].

3.5.6 Pearl

SS patients have unique and particular needs at
the time of anesthesia and surgery.

Comments: Operating rooms typically have low
humidity and patients are at risk for flare of their
KCS or corneal abrasions. We have found this to
be particularly true in the post-operative recov-
ery room, where the patient is partially awake
with fluttering eyelids, receiving direct flow of
oxygen (usually not humidified) to the face, and
not really aware of their eye symptoms as they
awaken from anesthesia. Therefore, we recom-
mend the use of ocular lubricants during surgery
to prevent complications.

Also, the anesthesiologist must be careful
with the amount of anticholinergic agents given
during intubation, as the SS patient may be
unduly sensitive and develop inspissated secre-
tions that cannot easily be cleared in the post-
operative period (i.e., after abdominal or chest
surgery) when raising tenacious secretions is
difficult.

Finally, the use of oral saliva substitutes
should be encouraged. It is expected that patients
will be “NPO” (nothing by mouth) prior to many
surgeries. In the absence of normal saliva, they
will have unnecessary discomfort if they are not
allowed to have their artificial saliva. We have
found this particularly true when the patient is a
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3.5.7 Pearl

A wide range of peripheral neuropathies may
be present in SS and constitute one of the most
difficult aspects to treat.

Comments: Early attention to peripheral neu-
ropathies is extremely important. The types
of neuropathy include sensory including pure
sensory and ganglionic neuronopathy. Sural
nerve biopsy [110] frequently shows vascular
or perivascular inflammation of small epineurial
vessels (both arterioles and venules) and in some
cases necrotizing vasculitis. Loss of myelinated
nerve fibers was relatively common and loss of
small diameter type I nerve fibers occurs.

Pathology in cases of sensory
ganglioneuronopathy consists of loss of neuronal
cell bodies and infiltration of T cells [110].
Also, peripheral motor neuropathies can include
mononeuritis multiplex (that derives from vas-
culitis) and CIPD (‘“chronic idiopathic peripheral
demyelination”) associated with anti-MAG
(myelin-associated glycoprotein) disease. In
addition, patients may suffer from trigeminal
and other cranial neuropathies, autonomic
neuropathy, and mixed patterns of neuropathy
[110].

Sural nerve biopsy may show vascular or
perivascular inflammation of small epineurial
vessels (both arterioles and venules) and in some
cases necrotizing vasculitis [110]. Loss of myeli-
nated nerve fibers is common and loss of small
diameter nerve fibers occurs. Pathology in cases
of sensory ganglioneuronopathy consists of loss
of neuronal cell bodies and infiltration of T cells.
Peripheral neuropathy in PSS often is refractory
to treatment although newer biological agents
may provide more effective treatment options.
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Abstract

Sjogren’s syndrome (SS) contains both glandular (lacrimal and salivary
gland) features and extraglandular manifestations that create multiple physi-
cal, emotional, occupational, and financial problems down the road. Although
many physicians and medical centers are moving toward integrated electronic
medical records, these systems will take years to develop for use within a
given institution and more years for them to securely communicate with elec-
tronic systems outside their own institution. In general, these systems are not
designed to communicate with patients due to issues of patient confidential-
ity. This chapter addresses an approach that we have been using to provide
both referring physicians, members of the health care team, and patients with
information.
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4.1

4.1.1

Background and Overview to address each of these areas that directly affects

In the limited time available for the rheumatology  their increasingly mandated time-limited revis-
consult or follow-up Visit, it is often not possible  its. Also, physicians in other disciplines and oral

Need for Written Information apeutic needs. Indeed, the “load of information”

the patient’s questions about diagnostic and ther-

may too great to be absorbed by the patient during

health care professions need to receive copies of
information as part of the “health care team” in

R.I. Fox (D<)
Rheumatology Clinic, Scripps Memorial Hospital their patients.
and Research Foundation, La Jolla, CA, USA
e-mail: robertfoxmd @mac.com

order to provide an integrated program of care to

Although patient competence with comput-
ers will vary widely among patient groups, it is

R.I. Fox, C.M. Fox (eds.), Sjogren’s Syndrome, DOI 10.1007/978-1-60327-957-4_4,
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surprising how quickly patients as “‘consumers”
have learned how to access information over the
Internet. However, with respect to medical issues,
this ease of availability of information may have
the problem of “information overload” or “misin-
formation” provided to the patient. Increasingly,
physicians should assume that at least a pro-
portion of their patients are going to search the
Internet regarding diagnoses and therapies. Thus,
we should take steps to guide their searches in
positive, helpful, and productive directions.

In the time allowed for patient revisits, the SS
patient has the most “vested interest” in under-
standing the details of therapy. They also have
the most “time available” in optimizing their own
care and understanding their medical tests and
treatments. We have found that the most effec-
tive way to guide their efforts is to provide them
a broad-stroke “overview” of the plan and then
follow-up with accurate written information and
instructions by email and links to proper web-
sites.

Providing information that the patient can
understand is the best approach to gaining com-
pliance and patient education for these “quality
of life” issues that is often not possible during
their time in the rheumatologist’s office. Thus, the
physician must treat the patient as a partner in the
therapy of their disease and present the informa-
tion in a form that allows patient choices to be
made on a rational basis. Providing them written
information that they can read at their leisure will
accomplish this.

We do not expect to change patients into
“physicians” in terms of clinical decision-
making, as it is our responsibility as physicians
based on our training to make our best-
informed judgments about diagnosis and ther-
apy. However, patients are increasingly diligent
and intelligent consumers, and they will pursue
information.

It is our obligation to present that information
and to inform the rest of the health care team of
the status of the patient. In cases where patients
may not feel computer competent or language
presents a barrier, we have found that informa-
tion sent to children or family members proves
useful

4.1.2 Use of Internet as a Method
to Provide Information

(a) We email appropriate information to patients
with our suggestions to avoid “‘information
overload” at the time of office visit;

We help counter potential misinformation
that patients might receive from the Internet
and “chat” groups regarding diagnosis and
therapy;

We provide copies of information from the
Internet to other members of the health care
team (i.e., referring physician, emergency
room, and surgical colleagues and their nurs-
ing staff).

In doing so, we help spare a few trees that

would provide the paper for the handouts by

“going green” with electronically transmitted

information.

(b)

(©)

4.1.3 Patient Access to Computers

We are aware that not all patients have a home
computer, but a surprising number of patients,
even older patients, have their own computer. In
those patients who do not have one, their chil-
dren, grandchildren, or close friends often have a
computer, and other patients may have access to
a public library where they can establish a free
email account.

4.1.4 Types of Information Supplied to
Patients and Referring Physicians

This chapter is a starting point for providing the
informational content to patients and referring
physicians on:

(a) Diagnostic criteria for SS and related
diseases including SLE, scleroderma, and
fibromyalgia; not every patient with a posi-
tive ANA or SS-A antibody has SS or SLE.

(b) Pitfalls in interpretation of laboratory evalu-
ations; there is a difference between sensitiv-
ity and specificity of laboratory tests and sig-
nificant variation between laboratories based
on the method in which the test is performed.

AQl
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(c) Therapeutic  hints for glandular and
extraglandular manifestations.

(d) Informational resources that might be mailed
to the patient.

This information is in the “public domain”
on the web but may be spread over many dif-
ferent websites. One of the current problems of
the Internet/web is that a search for some topics
such as “Sjogren’s syndrome” currently brings
up over 400,000 “hits,” and the shear volume of
data will overwhelm any patient in search of spe-
cific answers. Our goal is to make our patients’
search for information more narrowly and bet-
ter focused so they may more efficiently find
validated information.

4.1.5 Future Guidelines of Diagnosis
and Therapy Under Committee
of the Sjogren’s Syndrome
Foundation

We are also working with the Sjogren’s Syndrome
Foundation (SSF) and the American College of
Rheumatology (ACR) (see Chapter by Hammitt
et al.) to establish a standards of care and treat-
ment guidelines website. Indeed, members of
that collaborative committee provide many of the
tables provided in this chapter. This website will
initially be directed to physicians and include
“standards of diagnosis and care” as well as a
reference library and links to therapeutic studies.

4.2  Diagnostic Criteria for
Sjogren’s Syndrome (SS),
Systemic Lupus Erythematosus
(SLE), Scleroderma, and

Fibromyalgia

4.2.1 Background: The Confusion
Surrounding Criteria for
Autoimmune Disorders

One of the initial problems encountered by
the rheumatologist (and patient) is the distinc-
tion between Sjogren’s syndrome (SS), systemic

same laboratory values may receive one or more
of these diagnoses from their primary physi-
cian or specialist. Thus, it is worth providing the
patient with the current criteria for diagnosis for
each of these clinical entities, which has been
diagnosed.

Although criteria for each of these diseases
are available on the Internet, the shear vol-
ume of irrelevant and disconcerting informa-
tion found on an Internet search for these top-
ics is daunting. Thus, we have included these
tables of diagnostic criteria as a “desktop” ref-
erence. It is worth noting that the diagnos-
tic criteria for Sjogren’s syndrome is the only
one of these diagnostic categories NOT listed
on the “American College of Rheumatology”
website (http://www.rheumatology.org/practice
clinical/classification/index.asp).

This is because the SS criteria were developed
in Europe and not independently validated in the
American population. Nevertheless, these criteria
for SS have been accepted as the entrance criteria
for studies recognized by the US FDA for drug
development.

4.2.2 Criteria for Sjogren’s Syndrome

The question of whether a patient fulfills crite-
ria for SS is a frequent source of referral to the
rheumatologist as well as to ophthalmologist and
oral medicine clinics.

In the patient with severe keratoconjunctivi-
tis sicca, severe xerostomia, and characteristic
autoantibodies, there is generally little debate
over the diagnosis. However, a common scenario
is the patient who presents with fatigue, vague
myalgia, and cognitive symptoms and is found
to have a positive anti-nuclear antibody (ANA)
during evaluation. Indeed, the patient may get
conflicting opinions about whether the diagnosis
of SS is present or not.

The consensus criteria for SS were pre-
dominantly set up for research purposes, and
they require both clinical and laboratory crite-
ria. Thus, it is worth starting with the current
European—American criteria for SS (Table 4.1).
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192

Table 4.1 Revised classification criteria for Sjogren’s syndrome

I. Requirements for classification of patient with primary SS:

1. The presence of either positive salivary gland biopsy (described below) OR positive antibody to SS-A or SS-B;
2. The presence of any three objective clinical signs for oral and ocular dryness (described below); and
3. The presence of at least four clinical symptoms for oral and ocular dryness (described below).

II. Clinical symptoms

A. Ocular symptoms: a positive response to at least one of the following questions:

1. Have you had daily, persistent, troublesome dry eyes for more than 3 months?

2. Do you have a recurrent sensation of sand or gravel in the eyes?

3. Do you use tear substitutes for more than three times a day?

B. Oral symptoms: a positive response to at least one of the following questions:

1. Have you had a daily feeling of dry mouth for more than 3 months?

2. Have you had recurrently or persistently swollen salivary glands as an adult?

3. Do you frequently drink liquids to-aid-in- swallowing dry food?

II. Objective clinical signs

A. Ocular signs—that is, objective evidence of ocular involvement defined as a positive result for at least one of the
following two tests:

1. Schirmer’s test, performed without anesthesia (greater than 5 mm in 5 min)
2. Rose Bengal score or other ocular dye score (greater than 4 according to Van Bijsterveld’s scoring system)
B. Minor salivary gland biopsy

Histopathology: In minor salivary glands (obtained through normal-appearing mucosa): focal lymphocytic
sialadenitis, evaluated by an expert histopathologist, with a focus score greater than 1.

e A lymphocyte focus is defined as a cluster of 50 or more lymphocytes—which are adjacent to normal-appearing
mucous acini and not adjacent to areas where ruptured ducts have fibrotic regions.

C. Salivary gland involvement: objective evidence of salivary gland involvement defined by a positive result for at
least one of the following diagnostic tests:

1. Unstimulated whole salivary flow (greater than 1.5 ml in 15 min)

2. Parotid sialography showing the presence of diffuse sialectasis (punctate, cavitary, or destructive pattern), without
evidence of obstruction in the major ducts

3. Salivary scintigraphy showing delayed uptake, reduced concentration, and/or delayed excretion of tracer
D. Autoantibodies: presence in the serum of the following autoantibodies:

e antibodies to Ro(SS-A) or

e La(SS-B) antigens, or both

IV. Criteria for secondary SS

Patients who fulfill criteria for primary SS and with an associated well-defined rheumatologic disorder such as:
e rheumatoid arthritis,

e systemic lupus, or

e progressive systemic sclerosis.

V. Exclusion criteria

1. Past head and neck radiation treatment

2. Hepatitis C infection

3. Acquired immunodeficiency disease syndrome (AIDS)
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Table 4.1 (continued)
4. Pre-existing lymphoma
5. Sarcoidosis

6. Graft versus host disease

Ref. [1].

It provides the patient and referring physician
with the essential “data set” necessary.

Similarly, many SS patients have previously
carried out the diagnosis of SLE (systemic lupus
erythematosus), scleroderma (either limited or

I. Definite or probable systemic lupus
A. Definite SLE

B. Probable SLE
e Four criteria, in general including a positive ANA

C. Criteria

scarring may occur in older lesions

6. Pleuritis or pericarditis

OR

7. Renal disorder

OR

8. Neurologic disorder
electrolyte imbalance

electrolyte imbalance

9. Hematologic disorder

a. Hemolytic anemia—with reticulocytosis

OR

b. Leukopenia—< 4,000/mm?> on > two occasions

OR

7. Use of anti-cholinergic drugs at the time of measurements considered abnormal (all measurements used to fulfill
criteria need to be performed at a time duration after stopping drug for four-half lives of the drug).

diffuse), or fibromyalgia. Therefore, these cri-
teria are listed in Tables 4.2, 4.3, and 4.4;
classification criteria for Sjogren’s syndrome:
a revised version of the European criteria pro-
posed by the American—European Consensus
Group, Table 4.1 [1].

Table 4.2 1988 revised criteria for diagnosis of systemic lupus erythematosus (SLE)*

e Five or more criteria (listed below), in general including a positive ANA

1. Malar rash: fixed erythema, flat or raised, over the malar eminences, tending to spare the nasolabial folds

2. Discoid rash erythematous—raised patches with adherent keratotic scaling and follicular plugging; atrophic

3. Photosensitivity of skin—rash as a result of unusual reaction to sunlight, by patient history or physician observation
4. Oral ulcers; oral or nasopharyngeal ulceration, usually painless, observed by physician

5. Non-erosive arthritis—involving two or more peripheral joints, characterized by tenderness, swelling, or effusion
a. Pleuritis—convincing history of pleuritic pain or rubbing heard by a physician or evidence of pleural effusion

b. Pericarditis—documented by electrocardiogram or rub or evidence of pericardial effusion

a. Persistent proteinuria > 0.5 g/day or > than 3+ if quantitation not performed

b. Cellular casts—may be red cell, hemoglobin, granular, tubular, or mixed

a. Seizures—in the absence of offending drugs or known metabolic Derangements, e.g., uremia, ketoacidosis, or

b. Psychosis—in the absence of offending drugs or known metabolic derangements, e.g., uremia, ketoacidosis, or

¢. Lymphopenia—< 1,500/mm? on > two occasions

AQ3
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Table 4.2 (continued)

OR

d. Thrombocytopenia—< 100,000/mm? in the absence of offending drugs
10. Immunologic disorder

a. Anti-DNA: antibody to native DNA in abnormal titer

OR

b. Anti-Sm: presence of antibody to Sm nuclear antigen

OR

c. Positive finding of anti-phospholipid antibodies on:

1. An abnormal serum level of IgG or IgM anti-cardiolipin antibodies,
OR

2. A positive test result for lupus anti-coagulant using a standard method,
OR

3. A false-positive test result for-at least 6- months confirmed by Treponema pallidum immobilization or fluorescent
treponemal antibody absorption test

11. Positive anti-nuclear antibody—an abnormal titer of anti-nuclear antibody by immunofluorescence or an
equivalent assay at any point in time and in the absence of drugs

IL. Further points about diagnosis

A. When you get a positive ANA. . .order an ANA profile—which should include anti-double-stranded DNA,
anti-Smith, anti-SS-A and anti-SS-B, and anti-RNP

B. Anti-dsDNA and anti-Sm antibodies

e These antibodies are virtually specific (96%) for SLE. However, their sensitivity is not as good
e 52% for Crithidia anti-dsDNA, 73% for Farr anti-dsDNA, and 18-31% for anti-Smith

C. If ANA is negative and clinical signs strongly suggest SLE, check for anti-SS-A(Ro) antibodies
e If this is positive, the patient probably has “ANA-negative” SLE (rare)

e As many as 62% of patients with “ANA-negative” SLE have anti-SS-A antibodies

D. Complement levels can also be helpful diagnostically—total serum hemolytic complement (CH50) and individual
complement components (C3 and C4) may be low in patients with active SLE due to the presence of immune
complexes;

Low sensitivity (40%) but high specificity (90%)

4See Refs. [2, 3] (http://www.rheumatology.org/practice/clinical/classification/index.asp).

Table 4.3 Criteria for the classification of systemic sclerosis (scleroderma)

A. The American College of Rheumatology (formerly American Rheumatism Association [ARA]) has defined criteria
that are 97% sensitive and 98% specific for systemic sclerosis (SSc) as follows:

Major criterion:

e Proximal diffuse (truncal) sclerosis (skin tightness, thickening, non-pitting induration)
Minor criteria:

e Sclerodactyly (only fingers and/or toes)

e Digital pitting scars or loss of substance of the digital finger pads (pulp loss)

o Bilateral basilar pulmonary fibrosis

The patient should fulfill the major criterion or two of the three minor criteria. Raynaud’s phenomenon is observed in
90-98% of SSc patients.
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Table 4.3 (continued)

Skin involvement

Raynaud’s
phenomenon

Organ involvement

Nailfold capillaries

Anti-nuclear antibodies

telangiectasia).

immunoprecipitation.

as described.

o pain below the waist.

Subsets of systemic sclerosis

Diffuse
Distal and proximal extremities, face, trunk

Onset within 1 year or at time of skin
changes

Pulmonary (interstitial fibrosis); renal
(renovascular hypertensive crisis);
gastrointestinal; cardiac

Dilatation and dropout

Anti-topoisomerase 1

B. ABCD CREST criteria for the classification of systemic sclerosis

A classification of definite SSc requires three or more criteria.

Table 4.4 1990 criteria for the classification of fibromyalgia
1. History of widespread pain

o pain in the left side of the body,
o pain in the right side of the body,

o pain above the waist, and

Limited?®
Distal to elbows, face

May precede skin disease by years

Gastrointestinal; pulmonary arterial
hypertension after 10-15 years of disease in
<10% of patients; biliary cirrhosis

Dilatation without significant dropout

Anti-centromere

4Also referred to as CREST (calcinosis, Raynaud’s phenomenon, esophageal dysmotility, sclerodactyly,

1. Autoantibodies: autoantibodies to centromere proteins (CENPs) detected by indirect immunofluorescence;
anti-Scl-70 (topoisomerase I) detected by double immunodiffusion; anti-fibrillarin (U3-RNP) detected by

2. Bibasilar pulmonary fibrosis detected by chest radiograph: linear shadows or “honey-comb” reticular appearance
most expressed at the periphery of the lungs and at the bases.

3. Contracture of the joints defined as permanent limitation of joint motion. The “prayer sign” is detected when a
patient opposed the palmar surfaces of both hands with extended wrists. The sign is positive when the patient is
unable to oppose the palms. This suggests joint or skin pathology or shortening of the forearm flexors.

4. Dermal thickening can be defined by the modified Rodnan skin score, which employs clinical palpation of the skin

5. Calcinosis cutis, most often located on the fingers, is intra-cutaneous and/or subcutaneous deposits of
hydroxyapatite that can ulcerate the skin; it can be detected by radiography, crystallographic, or chemical analysis.

6. Raynaud’s phenomenon is a sudden pallor of an acral structure (e.g., fingers, whole hand, toes, tip of nose, earlobe,
or tongue). The involved area may subsequently develop cyanosis and, with re-warming, becomes erythematous.
Determination is by patient’s history or physician’s observation.

7. Esophageal distal hypomotility can be detected by cine/video barium esophagram, performed in the upright and
supine positions. Reflux esophagitis can be detected by esophagogastroduodenoscopy in the forms of erosive
esophagitis or Barret’s esophagus.

8. Sclerodactyly is symmetric thickening and tightening of the skin on the digits. Before sclerodactyly develops, there
could be a phase of non-pitting digital edema of varying duration. It is defined as non-pitting increase in soft tissue
mass of the digits that extends beyond the normal confines of the joint capsules.

9. Telangiectasias are visible macular dilatations of superficial cutaneous blood vessels that collapse upon pressure
and fill slowly when pressure is released. Common locations are the digits, face, lips, and tongue.
Refs. [4, 5]; http://www.rheumatology.org/practice/clinical/classification/index.asp

e Definition: Pain is considered widespread when all of the following are present:

o In addition, axial skeletal pain (cervical spine or anterior chest or thoracic spine or low back) must be present.

e In this definition, shoulder and buttock pain is considered as pain for each involved side.
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Table 4.4 (continued)
e “Low back” pain is considered lower segment pain.

2. Pain in 11 of 18 tender point sites on digital palpation

be considered “painful.”

4.2.3 Initial (1982) and Revised 1997
Classification Criteria for Systemic
Lupus Erythematosus (SLE)

The initial SLE criteria of the American College
of Rheumatology —classification criteria were
devised in 1982 (Table 4.2) [2, 3]. In 1997, the
immunologic disorder criteria were revised by a
committee (without validation). All 11 criteria in
the American College of Rheumatology criteria
set have limitations. One of the most impor-
tant laboratory tests, hypocomplementemia, was
excluded entirely [3]. A subset of patients with
SLE also fulfill criteria for SS and are termed
“SLE with secondary SS.”

4.2.4 Criteria for Systemic Sclerosis
(SSc) (ACR and the ABCD CREST
(Calcinosis, Raynaud’s
Phenomenon, Esophageal
Dysmotility, Sclerodactyly
Telangiectasia Criteria)

Patientswith —early SSc may be difficult to
distinguish from SS. Both groups of patients

e Definition: Pain, on digital palpation, must be present in at least 11 of the following 18 sites:
o Occiput: bilateral, at the suboccipital muscle insertions;

o Low cervical: bilateral, at the anterior aspects of the intertransverse spaces at C5-C7;

o Trapezius: bilateral, at the midpoint of the upper border;

o Supraspinatus: bilateral, at origins, above the scapula spine near the medial border;

o Second rib: bilateral, at the second costochondral junctions, just lateral to the junctions on upper surfaces;
o Lateral epicondyle: bilateral, 2 cm distal to the epicondyles;

o Gluteal: bilateral, in upper outer quadrants of buttocks in anterior fold of muscle;

o Greater trochanter: bilateral, posterior to the trochanteric prominence;

o Knee: bilateral, at the medial fat pad proximal to the joint line.

Digital palpation should be performed with an approximate force of 4 kg.

For a tender point to be considered “positive,” the subject must state that the palpation was painful. “Tender” is not to

4 For classification purposes, patients will be said to have fibromyalgia if both criteria are satisfied. Widespread pain
must have been present for at least 3 months. The presence of a second clinical disorder does not exclude the diagnosis
of fibromyalgia (http://www.rheumatology.org/practice/clinical/classification/index.asp).

may have dry eyes/mouth, Raynaud’s phenom-
ena, and anti-centromere autoantibodies and/or
typical capillaroscopic abnormalities (Table 4.3)
[4-8]. Both groups may have heartburn and
esophageal symptoms. However, SSc should be
strongly considered if patients exhibit one of
the following manifestations: digital ulcers/scars,
puffy fingers, extensive telangiectasia, abnormal
esophageal manometry, and shortness of breath
withfibrotic lung disease on high-resolution
chest CAT scan.

A subset of SSc patients have features sug-
gestive of SS. Indeed, the salivary gland biopsies
of some SSc patients show focal lymphocytic
infiltrates, while others present with fibrosis of
the glands in a pattern more consistent with the
fibrotic pathology found in their other organs
[9-13].

In—comparison, undifferentiated connective
tissue disease (UCTD) is a diagnosis applied
to patients with a specific antibody (anti-RNP
antibody) and capillaroscopic findings plus-any
disease manifestations listed above. With follow-
up, many UCTD patients will subsequently fall
into patterns more suggestive of SLE, SSc; or SS
[14].
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4.2.5 Criteria for Fibromyalgia

The American College of Rheumatology
has established criteria for fibromyalgia—
http://www.rheumatology.org/practice/clinical/
classification/index.asp (Table 4.4).

Fibromyalgia is characterized by chronic
widespread pain and allodynia—heightened and
painful response to pressure. Fibromyalgia symp-
toms are not restricted to pain, leading to the
use of the alternative term “‘central sensitization
syndrome.” Other symptoms include debilitat-
ing fatigue, sleep disturbance, and joint stiffness.
Some patients may also report difficulty with
swallowing, bowel and bladder abnormalities,
numbness and tingling, and cognitive dysfunc-
tion.

Fibromyalgia is frequently co-morbid with
psychiatric conditions such as depression and
anxiety and stress-related disorders such as post-
traumatic stress disorder (PTSD). However, not
all people with fibromyalgia experience all asso-
ciated symptoms.

Evidence from research conducted during the
last three decades has revealed abnormalities
within the central nervous system (CNS) affect-
ing brain regions that may be linked both to clin-
ical symptoms and research phenomena. These
studies show a correlation but not causation of
symptoms.

Fibromyalgia is considered a controversial
diagnosis, due to lacking scientific consensus to
its cause. Not all members of the medical com-
munity consider fibromyalgia a disease because
of the absence of objective diagnostic tests.

4.3  Laboratory Results for ANA

Often Drive Clinical Diagnosis

Patients are often referred to rheumatologists
with vague symptoms and a positive anti-nuclear
antibody (ANA) for confirmation of diagnosis
and therapy. We try to emphasize to patients and
referring physicians that SS is a clinical diagno-
sis that is confirmed by certain laboratory tests.
We will often try to clarify this discrepancy about

diagnosis by providing patients with information

about the currently accepted clinical diagnostic

criteria.

We recognize that the clinical criteria are
developed for research purposes and that anti-
bodies may precede clinical symptoms by many
years. However, it is also important to empha-
size that the ANA testing is much more sensitive
than specific. In other words, many patients with
a positive ANA may never develop any signifi-
cant autoimmune disorder and that the pattern of
specific autoantibodies is more closely correlated
with the patient’s genetic background than with
specific clinical symptoms.

Often, this diagnostic confusion is based on
the titer and pattern of the ANA that is per-
formed during screening and the specific antibod-
ies against Sjogren’s associated SS-A or SS-B as
well as anti-centromere or nucleolar antibodies.

These diagnostic discussions (and often con-
flicting diagnoses among rheumatologists) must,
take into account that:

* The ANA titer can differ substantially in dif-
ferent laboratories and even in the same lab-
oratory when different methods are used. This
is particularly a problem when ELISA meth-
ods to detect ANA are used, in comparison
to tube dilution titers using immunofluores-
cence assays on Hep-2 cells. Indeed, a recent
New England Journal of Medicine “Clinical
Pathologic Discussion Case” had the diagno-
sis revolve around differences in the method
used for testing for ANA [15].

o Thus, the same laboratory may give entirely
different results on the same patient sample
depending on which method is used for the
assay [16, 17].

* ANA detection in SS patients differs from SLE
patients, since the routine assays are set up for
detection of SLE-associated antigens and the
“positive control sera” used by the laboratory
are derived from SLE patients with high titer
antibodies to antigens such as double-stranded
DNA [16, 17].

o This may lead to a result in an SS patient
such as a negative ANA but a positive SS-A
antibody. Since the SS-A is located in the

AQ7
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nucleus of all Hep-2 cells, how can we
resolve this inconsistency [18-20]?

* For a clinical example, we used to have a diag-
nosis called “subacute lupus” where the ANA
was negative and the antibody to SS-A was
positive. It was subsequently recognized that
this paradox was the result of the high *“ace-
tone” solubility of the SS-A antigen, which
was removed during “overfixation” of com-
mercially available slides [21-24]. The “con-
trol” sera for the ANA assay is generally
selected from SLE patients (often chosen for
their high titer to DNA or Sm/RNP) and con-
tinued to detect positive antigens, even though
the SS-A antigen had been leached out. This
may lead to a misleading laboratory report
that the ANA is negative when the antibody
to SS-A/SS-B is positive.

o Other problems that cause discrepancy
between ANA by immunofluorescence
assay and ELISA include antigens in the
nucleus (such as fibrillary proteins or
chromatin-associated antigens) which are
not well solubilized.

o Finally, certain other antigens (such as anti-
centromere or nucleolar proteins) may be
present in specific areas of the cell in high
enough concentrations to be easily detected
by immunofluorescence method, but their
level drops into the “background” noise
level when the cell is solubilized for ELISA
methods of detection.

» Diagnosis of SS is defined by the patient’s clin-
ical presentation and confirmed by laboratory
analysis (Tables 4.2, 4.3, and 4.4) and the clin-
ical diagnosis should be made by the pattern
of their ANA.

o The pattern of ANA (i.e., fine speckled or
centromere or nucleolar) correlates more
closely with the patient’s genotype than
with their clinical presentation. Thus, ANA
and their patterns/specific antibodies are
used to confirm a clinical diagnosis rather
than being used as the basis of a “fishing
expedition.”

e Not all patients fit into a nice, neat, and
clean single category and often exhibit overlap

nals (these reports will be summarized in other

o This is important in choosing therapies. In
some cases, patients may fulfill more than
one set of criteria and should be considered
an “overlap.”

4.4 Disease Activity in Sjogren’s

Syndrome

After a diagnosis of SS has been confirmed, we

need to use a standardized method to determine

“where we have been” (organ damage index) and

“where we are going” (disease activity index).

This will allow comparison of treatment and

prognosis among patients at different medical

centers, among different ethnic groups, and estab-
lishment of registries. The European Consortium

(see Chapters 5 and 30) have provided important|

initial steps including disease damage and activ-

ity indexes, based in parallel to our experience in

SLE data collection.

* In each of these scales, particular mani-
festations are given a “point” value, where
higher point score indicates greater severity.
Computer modeling by these groups has been
done to help assign the “severity [25] points”
to best reflect the clinical status as judged by
an expert panel (the so-called Delphi model)
(Tables 4.5 and 4.6) [26].

4.5 Status of Biologic Drugs in SS

Patients

Based on the dramatic success of biologic agents
in rheumatoid arthritis, rheumatologists are frus-
trated by the relative lack of a “magic bullet”
in SS and SLE with biologics. Current studies
in SS using biological agents (i.e., anti-CD20
and anti-BAFF antibodies) (www.clinicaltrials.
gov) are still recruiting and in progress, and sev-
eral additional novel topical treatment studies are
actively recruiting patients.

A number of studies using biologic agents
(particularly anti-CD20) have been completed
and have been reported in peer-reviewed jour-

r‘haptprc of this book).
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1. Oral damage

Decreased salivary flow

Salivary flow impairment

Loss of teeth
1I. Ocular damage

Tear flow impairment

Structural abnormalities
I11. Extraglandular
CNS involvement

Peripheral neuropathy

Pleuropulmonary damage (any of the following)
Pleural fibrosis

Interstitial fibrosis

Significant irreversible functional damage

Renal impairment (any of the following)
Increased serum creatinine level or reduced GFR

Tubular acidosis (urinary pH 6 and serum
bicarbonate less than 15 mmol/l)

Nephrocalcinosis

Lymphoproliferative disease (any of the following)
B-cell lymphoma

Multiple myeloma

‘Waldenstrom’s macroglobulinemia
Ref. [25].

Constitutional symptoms

Fever

Fatigue
Change in fatigue

Change in salivary gland swelling

Articular symptoms (any of the following)
Arthritis

Evolving arthralgias

Table 4.5 Sjogren’s syndrome disease damage index

Table 4.6 Sjogren’s syndrome disease activity index?®

Score
Unstimulated whole saliva collection less than 1
1.5 ml/15 min
Complete or almost complete, based on salivary 1
gland scintigraphy
Due to characteristic changes of dry mouth 1
Schirmer’s-I test less than 5 mm in 5 min, without 1
topical anesthetic
Corneal ulcers, cataracts, chronic blepharitis 1
Long-lasting stable CNS involvement 2
Long-lasting stable peripheral or autonomic system 1
impairment

2
Confirmed by imaging
Confirmed by imaging
Confirmed by spirometry

2

5

Point score®

Temperature greater than 38°C, not due to 1
infections

Sufficiently severe to affect normal activities 1
New appearance or worsening of fatigue 1
New appearance or increasing swelling of 3
major salivary glands, not due to infection or

stones

Inflammatory pain in one or more joints 2

New appearance or worsening of joint pain
without signs of articular inflammation®

1
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Table 4.6 (continued)
Hematologic features
Leukopenia/lymphopenia WBC lower than 3,500 mm?3/1,000 mm? 1
Lymph node/spleen enlargement Clinically palpable lymph node/spleen 2

Pleuropulmonary symptoms (any of the

Ref. [26].

These double-blind studies are based on
the numerous encouraging smaller studies from
single-center or multi-center trials. However, it
is likely that the same complexities in evaluat-
ing patient response in SS will be encountered
that were seen when these agents were recently
studied in double-blind studies of SLE to ful-
fill FDA requirements for drug approval. Both
the global and patient overall evaluations are
strongly influenced by symptoms of fibromyal-
gia that show response to both the active and
placebo treatments and the final results did not
fulfill their endpoints at longer endpoints of dis-
ease activity [25]. Therefore, objective damage
and activity endpoints may need to be consid-
ered in a category distinct from overall global
evaluation.

4.6 Ocular Treatment

Although treatment of ocular signs and symp-
toms is best left to the ophthalmologist, the
rheumatologist will often be asked questions by
the patient at the time of the office revisit (or
by phone or by email) about treatment options

following)

Pleurisy Ground-glass appearance on computed 4
tomography scan, not due to infection

Pneumonia (segmental or interstitial)

Change in vasculitis New appearance or worsening or recurrent 3
flares of palpable purpura

Active renal involvement (any of the following)

New or worsening proteinuria Greater than 0.5 g/day 3

Increasing serum creatinine level

New or worsening nephritis

Peripheral neuropathy Recent onset (6 months), confirmed by nerve 1

conduction studies

or changes in their status. There are several key

points for the rheumatologist:

o Whether the SS patient needs to see the oph-
thalmologist and how soon. In the managed
care environment of medicine today, simply
checking ophthalmology revisit does not spec-
ify “today” (urgent) or “next available” which
may be in 6 weeks.

Issues such as corneal abrasions or per-

forations, herpetic lesions of the eye, and

vasculitic lesions including uveitis or retinal
vasculitis need immediate attention.

Issues such as blepharitis or choice of artifi-

cial tears may be more electively handled.

(¢]

4.6.1 Choice of Artificial Tears

Many patients are told to go to the pharmacy and
get a selection of artificial tears (Table 4.7). Most
rheumatologists are not aware of the staggering
array of choices that the patient sees available
when they arrive at the pharmacy or grocery
store. We are including Table 4.7 to help guide the
choice of artificial tears that have also been dis-
cussed in more detail in the chapter by Michelson
etal. [27].
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Table 4.7 General rules for the dry eye patient
Artificial tears

A list showing a wide selection of artificial tear, gels, and lubricants (including their active agents and preservatives)
is available on www.dryeyezone.com

An initial selection of preserved or unpreserved tears for the patient might include Refresh, GenTeal, Systane,
Theratears, or their non-preserved counterpart.

These recommendations for a starting selection are based on a poll of “patient preference’ available on www.
dryeyezone.com, as double-blind studies for comparison are not available.

Be prepared to “mix™ and “match™ different types of tears.
The patient must be flexible in balancing the frequency of artificial tear use and viscosity to the conditions of the
environment and concurrent medications.

Artificial tear use must also balance the cost of preserved versus Non-preserved tear as well as brand versus generic.

Be aware that some generic artificial tears (or tears for other conditions) may contain preservatives, especially
benzalkonium chloride or thimerosal, that are poorly tolerated in the dry eye patient.

Start increasing treatment to “build” the tear film 2-3 days before the “challenge” to the eyes, as it can take several
days to build the tear film and about half an hour for it to get damaged.

Avoid the use of preserved tears over four times/day.

Be aware that drops for other conditions (glaucoma, etc.) contain preservatives, and these must be included in the
“four times preserved tear/day” rule.

When using generic artificial tears, be sure to carefully compare the contents.
Gels and ointments

Gels are best for nighttime use. They are thicker than artificial tears—though “liquid gels” may be somewhere in
between.

Gels may not be as effective as ointments, but there is less transient blurring.
Some people do not tolerate gels, perhaps due to preservative.
Do not use excessive amounts of ointment or gel, as only a tiny amount is required.

An initial selection of ointments and gels may include Refresh PM (ointment), GenTeal Gel (may have preservative),
and Lacrilube (ointment), based on user’s poll (www.dryeyezone.com).

Identification of medications (including over-the-counter cold and sleep remedies) and nutritional supplements/herbs
(with anti-cholinergic drying side effects) may help minimize dryness.

Recognize that other conditions cause a dry and painful eye—ranging from corneal abrasions to infections and
require immediate referral to Emergency Room or Ophthalmologist (in case the patient calls or is seen by the
rheumatologist with suggestive signs and symptoms).

Recognize that blepharitis (infection of the lids) may mimic a dry eye flare.
Providing patients with written information and suggestions (including by email) will help education and compliance.

Patients with dry eyes may have other causes for a sudden increase in symptoms ranging from corneal abrasions to
infections (both bacterial and viral).

4.6.2 Blepharitis table also discusses contact allergic reactions to
make-up.

A relatively common problem in the SS patient
is blockage or irritation of the meibomian
glands that line the lower lid (Table 4.8). This 4.7 Therapy of Oral Manifestations
may result from overuse and irritation of pre-

served tears (or use of medications for con- 4.7.1 Prevention of Dental Caries
current problems that contain preservatives).

Table 4.8 contains guidelines for the use of warm  Guidelines for Oral Treatment and Dental Caries
compresses and massage of the glands. This Prevention in SS patients have been reviewed
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Table 4.8 Blepharitis treatment®

Blepharitis is a chronic disease requiring long-term treatment to keep it under control. Treatment consists of two
phases (acute phase and maintenance phase). Acute phase treatment involves intensive therapy to rapidly bring the
condition under control. In the maintenance phase the goal is to indefinitely continue the minimum amount of therapy
that is necessary to keep the condition quiet.

Warm compress followed by lid scrubs is the most critical element of effective blepharitis control. This therapy
removes the eyelid debris (which can be colonized by bacteria), reduces the bacterial load (mechanically as well as by
lysis of bacteria due to detergent action of the soap in lid scrubbing), and stabilizes the tear film by releasing oily
secretions from the meibomian glands, thus reducing tear evaporation (so the dry eye symptoms are also reduced).

Warm compresses: Warm compresses heat the debris and crust on the lid margin to or above the melting point of their
individual components so that they are easily removed with the lid scrubs.

Technique: Soaking a washcloth in water as warm as the eyelids can stand and then placing the cloth on the lid
surface (eyelids closed) for a 5-10 min period. In the acute phase this is performed two—four times/day. We have read
about variations/innovations in the way warmth may be applied to the eye. One method described is the use of a fresh
boiled egg (in its shell wrapped in a washcloth). Another method described is to use a stocking filled with grains of
uncooked dry rice heated in a microwave oven to a comfortable warm temperature.

Warm compresses may be combined with eyelid massage. This is especially important in patients who have
meibomian gland dysfunction (MGD). In MGD the meibomian secretions are turbid and the gland openings are
clogged. Therefore, after every 1 min of warm compresses, massaging the eyelid as follows will be useful: Gently
close the eyelids. Put your index finger on the outer corner of the eyelid. Pull the eyelid toward the ear, so that the
eyelids are stretched taut. Next use the index finger of the opposite hand to apply direct pressure to the taut eyelids
starting at the inner aspect of the eyelid near the base of the nose. Sweep with firm but gentle pressure toward the ear.
Repeat this maneuver four to five times. Remember that the goal is to apply gentle pressure to the eyelids—so just
rubbing the eyelid surface will do you no good.

Lid scrubs: There are several ways of performing lid scrubbing. You can choose whichever one you are most
comfortable with. The scrubbing should be directed at the base of the eyelashes on the eyelid margin. Soaps
(cleansing agent used) should not have excessive perfume or lotion content. Neutrogena bar soap: This bar soap is
used to form lather on the clean fingertips. Lather is then applied with fingertips on the eyelid margin and eyelash
bases for up to 1 min (with eyelids gently closed so that soap does not enter the eye). This is followed by a facial
rinse. Johnson’s baby shampoo: The baby shampoo is first diluted one-to-one with water in a “cup” in the palm of the
hand. This is then mixed by rubbing with the clean fingertips and then applied in a gentle oval scrubbing motion to
the margin and eyelash bases of the closed eyelid for 1 min, followed by a fresh water facial rinse. The soap solution
(bar soap or baby shampoo) can alternatively be diluted in a container (e.g., plastic cup)and scrubbing performed
using a washcloth wrapped around a finger (after dipping it in the diluted soap solution). A cotton tip applicator may
be used alternatively.

There are commercially available cleansing pads that are pre-soaked in a cleansing solution (OCuSOFT Lid Scrubs or
Novartis Eye-Scrub). These cleansing pads are equally effective albeit more expensive method of lid scrubbing and
are claimed to be less irritating to the eyelids. One study showed them to be preferred choice by patients as compared
to other methods of lid scrubbing.

Antibiotic treatment: The use of an ointment on the eyelid margin immediately after lid scrubbing may help to
increase patient comfort. The choice here is usually Erythromycin eye ointment or Tobradex eye ointment
(steroid—antibiotic combination). In addition, the antibiotics help to further reduce the bacterial load on the eyelids.
Oral tetracyclines (doxycycline or minocycline) can be used in recalcitrant meibomian gland dysfunction (MGD)
cases. Tetracycline antibiotics affect the meibomian gland secretions, inhibit bacterial lipases as well as reduce the
eyelid bacterial load.

Anti-inflammatory treatment: Castor oil has been used traditionally in folk medicine as an anti-inflammatory remedy
for treatment of blepharitis. The main ingredient in castor oil is ricinoleic acid. Castor oil could either increase or
decrease eyelid inflammation depending upon whether it is used only once or is used several times for many days.
Eyelid inflammation may increase initially after starting treatment but with repeated use for over a week, the
blepharitis inflammation will be reduced. Refresh Endura tears is a castor oil emulsion. Restasis eye drops has castor
oil in addition to cyclosporine. Increasing the intake of omega-3 fatty acids (flaxseed oil supplements) may also
reduce the blepharitis inflammation.

Anti-oxidant treatment: The formation of oxidants like nitric oxide in the involved eyelid margin has been speculated
to play a role in blepharitis. The substance known as resveratrol is an anti-oxidant that is very effective against these
nitrite type of oxidants. Grapes are particularly good sources of resveratrol. Resveratrol is found in the skin (not flesh)
of grapes and is now available as a purified supplement.
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Table 4.8 (continued)
Cosmetic (eye make-up) use and eyelid dermatitis (a commonly missed association)
Safe use of eye cosmetics page

Contact allergic dermatitis could be caused by many products used for eye make-up. Mascara, eye shadows,
eyeliners, eyebrow pencils, etc., all have ingredients to which you could be allergic to. One could be allergic to
make-up applicators and brushes. It is possible to be allergic to eye drops that you may be using or to the
commercially available make-up removers and lid scrubs. Even ingredients used in nail enhancements/make-up
(overlay, sculptures, etc.) can cause eyelid dermatitis when you touch the eyes. Contact allergic dermatitis of the
eyelid will present as eyelid puffiness and parchment-like wrinkling of skin. Itching and redness in the involved area
is possible. Allergic eyelid dermatitis may be mistaken for blepharitis. The treatment here is removing contact with
the allergen, therefore blepharitis treatment will not work. As a temporary measure, a steroid ointment may help to
provide relief from symptoms. Long-term steroid use on the delicate eyelid skin may result in skin atrophy, skin
discoloration, or skin telangiectatic vessels.

There are important issues with mascara-containing kohl. Also called al-kahl, kajal, or surma, this color additive has
been linked to lead poisoning in children and is not approved for cosmetic use in the United States. Applying surma
by sharing the applicator is a major reason for the spread of Trachoma in developing countries. The FDA’s Center for
Food Safety and Applied Nutrition warns that kohl can be found in imported mascaras. Be sure to check the label:
Sometimes “kohl” indicates the shade of a product, not the actual contents. Bacterial contamination of mascara is also
common.

http://www.agingeye.net/otheragingeye/blepharitis.php

by Wu et al. [28], based on the extensive expe- 4.7.2 Oral Candida Prevention

rience with SS patients at the Dental School and Treatment

at University of California at San Francisco

under the direction of Daniels et al. [29-31] A dry mouth is not necessarily a painful mouth.

(Table 4.9). Particularly in patients who have been on antibi-
otics, such as for upper respiratory tract infections

Table 4.9 Dental caries, prevention, and treatment
I. Background note on dental caries for SS patients and non-dental clinicians

A. Dental caries are a destructive process caused by acid-producing bacteria called dental plaque that become
attached to tooth surfaces. The caries process is dependent upon the presence of certain sugars from the diet
(particularly sucrose). The bacteria attach to the teeth and produce acids. The acids gradually dissolve those portions
of the teeth that are covered by dental plaque through a process of demineralization.

B. Decreased salivary function is thought to contribute to the dental decay process via diminished:

e intra-oral buffering capacity;

e ability to physically wash away dental plaque and associated bacteria; and

e levels of salivary anti-bacterial enzymes and proteins.

C. A higher risk for dental caries is seen in patients who have

e reduced or abnormal saliva from a disease (e.g., Sjogren’s syndrome),

e had radiation to their head and neck for treatment of a malignant tumor (cancer), and

e are regularly taking one or more prescription drugs that have a side effect of reducing salivary secretion.
II. Dental caries prevention and treatment

A. Diet

Each patient needs to understand the role of dietary sugars in dental caries development. High-caries-risk patients
must eliminate dietary sugar (e.g., sucrose, glucose, and fructose) intake between meals. When recommending or
purchasing commercial products, they should be labeled “sugar-free” (not “sugarless,” which usually contain “less”
sugar). However, under labeling regulations, “sugar-free” products may contain a small percentage of sugar (Food
and Drug Administration, 2007).
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Table 4.9 (continued)

Between-meal snacks that contain non-cariogenic sweetening agents should be safe, e.g., xylitol, sorbitol, saccharin,
aspartame, or sucralose.

Packaged sweeteners such as Sweet n” Low®, Nutrasweet®, and Sucralose® contain a cariogenic bulking agent
(dextrose), which is added to make their physical properties similar to sugar. Xylitol has a compound anti-caries
effect because it is not metabolized by cariogenic bacteria (i.e., does not lead to acid production) and may shift the
intra-oral bacterial population to one that is less cariogenic.

B. Oral hygiene
Each patient needs to learn how to effectively remove dental plaque.

This includes the use of disclosing agents (e.g., Red Cote®, 2-Tone Disclosing Tablet/Solution®, Hurriview Snap
and Go®, and Agent Cool Blue Tinting Rinse®) that stain dental plaque on the teeth to make it visible and focus the
correct use of a toothbrush and dental floss for removing it.

(At least) twice-daily tooth -brushing with-a fluoride-containing toothpaste-and daily use of dental floss between-all
adjoining teeth are necessary to adequately remove dental plaque.

Sjogren’s patients should carry a travel toothbrush and toothpaste and brush after meals and snacks.

For patients with limited dexterity (because of arthritis or other hand disability), electric toothbrushes, irrigators, or
supplementary oral hygiene aids may be helpful.

C. Dental topical fluoride can be professionally applied and patient-applied. In addition to the patient using an
over-the-counter fluoride-containing dentifrice (0.1% or 0.15% fluoride) twice daily, patients at high risk for
developing caries should receive supplemental forms of fluoride applied to the teeth.

o At dental office visits, a high-concentration fluoride should be applied, such as 1.23% acidulated phosphate fluoride
gel or foam (many brands are available) for 4 min in a tray or 2.25% fluoride varnish (Duraphat®, Duraflor®)
directly onto the teeth. These applications can be repeated every 6 months or more frequently if necessary.

e Patients should be given specific instructions on the use of self-applied fluorides and their application demonstrated
to the patient. The methods to be used depend on the severity of the patient’s caries experience and/or the degree of
salivary hypofunction.

e Patients at low-to-moderate risk of caries should use a 0.05% sodium fluoride mouth rinse (available over the
counter) for 1-2 min daily, before sleep.

o Note that some brands contain alcohol, which may be uncomfortable to those with salivary dysfunction.
o The fluoride rinses developed for children tend to be alcohol free.

e Patients at high risk of caries should apply 1.1% neutral (pH = 7) sodium fluoride gel (available only by
prescription) in custom-made trays for 5—10 min:

o The frequency of this application can range from weekly to daily, depending on the frequency of recurrent caries.

o Immediately after tray removal, patients should floss between all teeth to carry fluoride to the adjoining dental
surfaces.

o This is best done just before going to sleep.

o Alternatively, if necessary for increased compliance, a neutral sodium fluoride dentifrice may be prescribed
(Prevident 5000 Plus® or Dry Mouth®).

o The dentifrice may be less effective than tray-applied gel because the contact time with the teeth is lessened.
D. Oral pH
Because dental erosion and caries are acid-dependent process, the overall oral pH is important.

e Normal saliva has substantial buffering capacity (i.e., the ability to stabilize the salivary pH), but this is
significantly decreased in saliva of those individuals who have the most severe salivary dysfunction.

e The critical pH has been defined for dental enamel at ~5.5 and for the root surface at ~6.3.

e Acids may come from endogenous sources (e.g., gastric reflux, bacterial metabolism) or exogenous sources (e.g.,
carbonated beverages, sports drinks, flavored waters, and juice).

e Strategies to increase salivary buffering capacity include the use of bicarbonate mouth rinses (CariFree
Maintenance Rinse®), toothpastes, chewing gum (Orbit White®; Anderson and Orchardson, 2003), and
extended-release bicarbonate lozenges (Salese®).
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Table 4.9 (continued)
E. Re-mineralizing agents

These agents deliver calcium and phosphate to the tooth surface to begin restoration of demineralized areas (Spolsky,
2007). This approach can be effective, but only after the causes of demineralization are brought under control. There
are currently four technologies available on the market:

1. Calcium phosphopeptide and amorphous calcium phosphate (Recaldent®; GC MI Paste with Recaldent®, Trident
gum with Recaldent®)

2. Calcium sodium phosphosilicate (Novamin®; Dr. Collins Restore and Remineralizing Toothpaste)
3. Amorphous calcium phosphate (Arm and Hammer patented liquid calcium)

4. Arginine bicarbonate and calcium carbonate (SensiStat®)

F. Dental restoration

In individuals with chronic salivary dysfunction, the goal is to slow or stop the accelerated cycle of caries, restoration,
and restoration failure.

e To stop this cycle, only conservative intra-coronal restorations should be placed initially, with the goal of simply
removing carious tooth structure followed by an esthetic restorative material.

o The possibility of repairing an existing restoration, to preserve maximal tooth integrity, should be considered.

— Light-cured glass ionomer cements should be used where practical, because they release fluoride and are more
resistant to marginal decay.

G. Subgingival margins and full coronal coverage should be avoided wherever possible for initial treatment of these
patients

This is because subgingival margins are the most common location of caries in individuals with salivary hypofunction.

In addition, the location is less accessible to topical fluoride and early caries is more difficult to detect and restore in

these areas.

been free of new carious lesions for at least 1 year).
H. Dental recall examinations

At each recall dental visit:

techniques should be reinforced.
Refs. [28-31].

or urine infections, a predisposition to oral can-
didiasis exists. This candidiasis is a low-grade
erythematous candidiasis and may only be appre-
ciated when the dentures are removed. Treatment
must include not only the patient’s oral symp-
toms but also treatment of the denture by soaking
overnight and brushing with anti-fungal solu-
tions. Another hint to the presence of oral can-
didiasis is the appearance of angular cheilitis and
this manifestation must also be treated with top-
ical anti-fungal creams (Tables 4.10 and 4.11).

Full veneer crowns, if ultimately necessary, should not be placed until caries are under control (i.e., the patient has

1. Visual examination of dental surfaces should be supplemented with bite wing radiographs as needed.
2. The oral mucosa should be examined for signs of candidiasis (see below).

3. The patient’s dental plaque control should be reassessed by in vivo staining, and the importance of plaque control

4.7.3 Treatment of Dry and Painful
Mouth

Some patients complain of painful and dry mouth
that is out of proportion to their objective find-
ings on mouth examination. This may result from
a localized neuropathy called “burning mouth
syndrome” that may be part of the spectrum of]
central sensitization or fibromyalgia symptoms.
Other factors may include the role of topical
mucins in providing improved viscosity as the
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Table 4.10 Topical anti-fungal drugs for treating oral candidiasis
A. Nystatin vaginal tablets

e Each 10,000 units

e Use 2-4 tabs/day

o Since nystatin has a medicinal taste, may dissolve each tablet slowly in mouth using sips of water over about
5-10 min, may sip with water sweetened with nutrasweet as necessary to aid dissolution

e Treatment may take 4—6 weeks to prevent recurrence

e Partial or complete dentures must be removed during this application to permit access of the drug to all mucosal
surfaces

B. Clotrimazole vaginal tablets
e Each tab 100 mg
e 1/2 tablet, b.i.d.

e Dissolve slowly in mouth, using same method as for Nystatin vaginal tablets This method is often used if there has
been inadequate response to nystatin

C. Nystatin cream 10,000 U/g
e Particularly useful if patient has angular cheilitis

e Must use two—three times/day at the same time as treating oral yeast with nystatin or clotrimazole as described
above

D. Nystatin topical powder
¢ 100,000 U/g
e Use two times/day for treatment of dentures

e Apply a fairly even coating to fitting surface of a clean, moistened denture; this supplements other intra-oral
anti-fungal drugs and may be helpful in maintenance therapy

E. Dentures must be treated separately
e Dentures may be soaked in chlorhexidine (after checking that this will not discolor the product)
e Nystatin powder can be added to the liquid for overnight soaking (1/4 teaspoon)

o The denture must be brushed with nystatin and chlorhexidine to ensure removal of residual candida

Table 4.11 Oral candidiasis diagnosis and treatment
A. Diagnosis

About one third of patients with chronic hyposalivation develop oral candidiasis, usually of the chronic erythematous
type (and usually not of the pseudomembranous type—white thrush).

e Symptoms of chronic erythematous oral candidiasis include

o a burning sensation of the mucosa,

o intolerance to acidic or spicy foods, and

o a change in taste or development of a metallic taste.

Some cases are asymptomatic.

e Clinical signs of candidiasis of the erythematous type include

o macular erythema on the dorsal tongue, palate, buccal mucosa, or denture-bearing mucosa,
o atrophy of the filiform papillae on the dorsal tongue, and/or

o angular cheilitis.

The diagnosis can be confirmed by fungal culture of a swab specimen, from such a mucosal lesion, revealing
significant numbers of colony-forming units of a Candida species, usually Candida albicans.

B. Treatment

Adequate treatment usually provides significant improvement of oral symptoms, in spite of continuing oral dryness.




SPB-162136

865
AQ12*
867
868
869
870
871
872
873
874
875
876
877
878
879
880
881
882
883
884
885
886
887
888
889
890
891
892
893
894
895
896
897
898
899
900
901
902
903
904
905
906
907
908
909
910
911

912

Chapter ID 4 May 30, 2011 Time: 12:30 Proof 1

4 Providing Information to Referring Physicians and Patients

Table 4.11 (continued)

In patients with clinically visible salivary secretion, this is most conveniently managed with systemic fluconazole, one
100 mg tablet daily for 2-4 weeks, and monitoring the patient for the treatment endpoints described below.

The patient is informed that if there is no significant resolution of symptoms within 2—4 weeks, then they may be
switched to a topical form of medication.

Patients with severe chronic hyposalivation and lacking visible salivary secretion usually require fopical forms of
anti-fungal drugs that do not contain sucrose or glucose, because they must be administered for periods of weeks or
months.

These topical forms are necessary because systemically administered drugs may not reach the mouth of such patients
in therapeutically adequate amounts via the saliva.

Topical drugs must not increase a patient’s risk for dental caries but, currently, all commercially packaged “oral”
anti-fungal drugs contain glucose or sucrose that presents a significant risk of supporting caries development when
used in these patients.

e Generally, the best topical anti-fungal drug for use in patients with severe hyposalivation and remaining natural
teeth is nystatin vaginal tablets, which contain lactose, but not sucrose or glucose.

e They must be dissolved slowly in the mouth for 15-20 min, two or three times/day.

e Such patients will need frequent sips of water to allow the tablet to dissolve in that time.

o For patients wearing partial or complete dentures, additional instructions and treatment are needed:
1. Dentures must be removed from the mouth before applying the anti-fungal drug.

2. Dentures must be disinfected by soaking overnight in a substance compatible with the denture material (e.g., 1%
sodium hypochlorite for dentures without exposed metal or benzalkonium chloride diluted 1:750 in water for dentures
with exposed metal) and rinsed carefully before reinserting in the mouth.

3. Nystatin topical powder may be applied in a thin film onto the moistened fitting surface of a denture when it is
reinserted in the mouth.

e Treatment endpoint: Treatment should continue until the clinician has observed resolution of all the mucosal
erythema, return of filiform papillae to the dorsal tongue, and resolution of associated oral symptoms (i.e., burning,
intolerance to spicy foods).

e Angular cheilitis: The presence of angular cheilitis almost always indicates concurrent intra-oral candidiasis.

o Angular cheilitis can be treated by nystatin or clotrimazole cream, but in most cases it should not be used without
concurrently treating the intra-oral infection, as described above.

e Recurrence: After treatment is completed, recurrence is fairly common and the patient must be re-treated as
described above.

o After one recurrence, re-treatment should be immediately followed by maintenance therapy (e.g., continued use of
half of a nystatin vaginal tablet slowly dissolved in the mouth each day, indefinitely).

o The patient with a chronic infection should be counseled on the possibility of re-infection with a previously used
lipstick, lip balm, toothbrush, utensil, or other activity (e.g., oral sexual copulation).

and anti-seizure medications used for treatment
of neuropathy may exacerbate dry mouth symp-
toms (Table 4.13, drugs with anti-cholinergic

oral membranes and tongue glide past each other.
We list some guidelines for these problems below.
Table 4.12 outlines hints for dry and painful

mouth. effects).
Physicians need to be alert to medications
that have anti-cholinergic side effects that exac-
erbate dry mouth symptoms. These drugs may 4.8 Summary

include agents such as amitriptyline used for

“fibromyalgia” or over-the-counter sleep reme-
dies that contain anti-cholinergic drugs such as
benadryl. Many anti-hypertensive medications

Symptomatic treatment of SS patients involves
a wide spectrum of medical and oral medicine
specialists. The issues are often “quality of life”
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Table 4.12 Burning mouth and common mouth lubricants
A. Burning mouth syndrome

In some patients, the symptoms of burning mouth are disproportionate to the amount of observed dryness. In these
patients, low-grade oral yeast infection must be ruled out. In particular, look under the dentures for erythematous
candida infection.

In other patients, “burning” mouth syndrome may represent a local neuropathy. The use of Neurontin may be helpful
in some patients. Other options include the topical use of clonazepam (0.5 mg dissolved in 2 ml water) and it is used
asa mouth rinse twice daily.

B. Common products used for dry mouth
Biotene mouth rinse

Biotene mouth spray

Biotene toothpaste

Biotene gum

Oral balance gel (especially at nighttime)
Oasis oral spray

Mouth Kote oral spray

Rain Spy dry mouth spray

Thayer dry mouth spray

Farley’s throat spray

Orahealth mints

Numoisyn lozenges

SalivaSure lozenges

These products are readily available at many retail stores and can be purchased online at sites such as
WWW.amazon.com.

Table 4.13 Drugs associated with decreased salivary secretion and increased oral dryness
1. Blood pressure medications

A. a-Adrenergic blockers (clonidine, Catapres)

B. p-Adrenergic blockers (Inderal, Tenormin)

C. Combined a,B-blockers (Labetalol)

II. Anti-depressants (also used for neuropathy and other causes)
A. Amitriptyline (Elavil)

B. Nortriptyline (Pamelor)

C. Desipramine

D. Parnate, Nardil (MAOQ inhibitors)

E. Mellaril (dopamine blocker)

III. Muscle spasm

A Flexeril

B. Robaxin

C. Baclofen

IV. Urologic drugs

A. Ditropan, Detrol

B. Yohimbe

V. Cardiac

A Norpa

960
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Table 4.13 (continued)
VI. Parkinson’s
A. Sinemet

B. Requite

A. Chlortrimeton
B. Pseudofed (pseudoephedirne)
C. Atarax, Benadryl

rather than “life threatening.” In the limited time
available for the patient at the time of their revisit,
there is-often not available time to deal with
“quality of life” treatments such as dry eyes
or dry mouth. Furthermore, it is assumed that
“another specialist” will handle that problem.
As a result, the patient is left without specific
approaches to their symptomatic problems. This
chapter provides a series of tables that might be
provided to patients and their referring physi-
cians.
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13 Abstract
e Different classification criteria sets have been proposed for Sjogren’s syn-
1 drome (SS) by different leading experts in the field, but none of them have
18 been widely accepted in the scientific community. Finally, the more recently
1 proposed “American and European Consensus Group classification criteria”
» have achieved general consensus and this set now represents a “gold stan-
2 dard” to correctly classify patients with primary and secondary variants of
2 SS. On the contrary, so far, no validated “disease status” indexes have been
z developed for SS. However, in the last few years, two attempts have been
# made on a national basis in Italy and UK to develop activity and damage
= criteria for SS. Nowadays, a multinational consensus is certainly needed in
* order to generate more largely accepted criteria to assess these disease status
7 entities.
28
29 Keywords
30 Sjogren’s syndrome ¢ Classification criteria ® Outcome measures ® Disease
31 activity score * Damage index * Fatigue
32
33
# 5,1 Introduction connective tissue diseases (CTDs) and, together
¥ with the other members of this disease family, it
% Sjogren’s syndrome (SS) is a common systemic  shares the possibility of a multisystemic involve-
¥ autoimmune disease which primarily affects the ment with a very large range of clinical and
*®  salivary and lacrimal glands and usually leads serological manifestations. Besides the disease-
®  to a persistent dryness of the mouth and eyes specific exocrine manifestations, SS may be,
“  due to the lymphocytic infiltration and functional in fact, characterized by constitutional symp-
“ impairment of the exocrine glands [1, 2]. The dis-  toms, arthritis, skin, lung, renal and neurological
#  ease is commonly included in the spectrum of involvement as well as by the production of a
3 plethora of autoantibodies [3].
“ As SS—and CTDs in general—does not
¢ Vitali (59) present a single distinguishing feature which can
4 Section of Rheumatology, Department of Internal allow a correct diagnosis, the presence of a com-
@1 Medicine, Villamarina Hospital, Piombino, Italy bination of clinical and laboratory manifestations
. €-mail: c.vitali@yahoo.it . . . . .

is needed to identify the single disease, and all
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these parameters have been collected in specific
and sensible classification criteria sets. The pur-
pose of the classification criteria is to distinguish
patients with a disease from patients without it
and from normal subjects. Ideally, classification
criteria should have high sensitivity to identify
the particular disease they are created for and
high specificity to distinguish it from other sim-
ilar diseases. Conceptually, classification criteria
and diagnostic criteria could be considered equal
(especially when they are both close to 100%).
However, classification criteria are usually not
completely reliable and a certain percentage of
patients can be misclassified. So they do not
represent the medical standing for a diagno-
sis and finally only the physician can make a
proper diagnosis for an individual patient [4].
Therefore, classification criteria are intended to
select patients for epidemiological, clinical, and
therapeutic studies [4].

CTDs are chronic inflammatory diseases char-
acterized by a relapsing remitting course. Each
flare of these diseases can be spontaneously
remitted or reverted by a proper therapeutic
approach. If this does not happen, irreversible
damage can be caused in the involved organ or
system.

Activity implies reversibility of the process
and it is usually characterized by inflamma-
tory manifestations in various organs or systems.
Damage represents the component of the disease
process that is irreversible and can be defined as
the presence of a permanent loss of function or by
radiographically or histologically evident struc-
tural derangement of the compromised organ or
system [4]. For this reason, the clinical course
of CTDs needs to be monitored by proper instru-
ments which can precisely and correctly measure
the phase of activity and the cumulated dam-
age. SS is generally a relatively stable, slowly
progressive CTD. Nonetheless, it does not elude
these rules and a certain number of patients can
develop activity flares which can lead to acute
involvement and to potential damage of various
glandular and extraglandular organs.

Therefore, the distinction of clinical manifes-
tations of the disease between features related to

indexes is mandatory for SS. This has histor-
ically proven to be crucial in rheumatology,
in particular for clinical research on systemic
autoimmune diseases and therapeutic studies
[3, 6].

5.2  Comparison of the Different
Classification Criteria Sets

for Primary SS

Several classification criteria sets have been pro-
posed for Sjogren’s syndrome (SS) over the years
by leading experts in the field, but none of them
have been widely accepted in the scientific com-
munity [7-9]. The traditional criteria sets most
widely used in the past for the definition of
SS include the San Francisco criteria (proposed
in 1975 and subsequently revised in 1984) [10,
11], the Copenhagen [12], the Japanese [13], the
Greek [14], and the San Diego criteria, all pro-
posed in 1986 [15]. The Japanese criteria have
been subsequently updated over the years and the
latest version was proposed in 1999 [9, 16].

Nearly all of them defined SS as an autoim-
mune exocrinopathy and therefore focused the
efforts of the classification on the main organs
involved: the lacrimal and salivary glands.
Nonetheless, many important differences are
appreciable when compared to each other.
Table 5.1 focuses on their similarities and dissim-
ilarities.

First, all of the criteria sets, except the
Copenhagen one, used the terminology ‘“prob-
able” and “definite” SS, while, only the
Copenhagen and the Greek criteria used the ter-
minology “primary” SS and “secondary” SS [12,
15]. Secondly, much argumentation and concerns
have dealt with the discrepancy between includ-
ing in the classification criteria sets either the sub-
jective symptoms and the objective data or exclu-
sively the easily reproducible objective findings.
Thirdly, as far as ocular tests were concerned,
comparing the different criteria sets, discrepan-
cies emerged related to the tests used, the range
and the cut-off levels of normal values, and the
requirement of solely one abnormal test to allow
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Table 5.1 Copenhagen criteria, Japanese criteria, Greek criteria, San Diego criteria, and San Francisco criteria:
similarities and dissimilarities
Copenhagen  Japanese Greek San San Francisco
(1976) (1977) (1979) Diego (1975, 1984)
(1986)

Subjective dry eye = = -
Subjective dry mouth = i =
Exclusively objective + — — — +
abnormalities
History of parotid gland swelling = + + = =
Ocular tests:
-Schirmer’s-I test +<10mm/5’) +(<10mm/5’) +(<10 mm/5)— +(<9 mm/5’) +(<10 mm/5’)
-Break-up time +(<10s) — — — +
-Rose Bengal (van Bijsterveld’s +(>4) +(>2) +(>4) +(>4) +(>4)
score)
-Fluorescein test — + — + -
One abnormal test as evidence of — - + - -
KCS
At least two abnormal tests as + + — + +
evidence of KCS
Oral parameters:
-Unstimulated whole saliva + - — —
-Stimulated parotid flow rate - — + -
-Scintigraphy + - - - -
-Sialography — + — — —
Minor salivary gland biopsy >1 >1 >2 >2 >1
Minor salivary gland biopsy No No Yes Yes Yes
mandatory criterion
Anti-nuclear antibodies = = = + =
Anti-SS-A/Ro - - - + -
Anti-SS-B/La - - - + -
IgM-RF = - - + -
Terminology probable/definite SS Yy + + + +
Terminology pSS/sSS + — + — +
San Francisco, Copenhagen, Japanese, and San as a crude assessment of the functional status
Diego criteria) (see Table 5.1) [12—-15]. of the salivary glands. Only the Japanese crite-

Similarly, various objective methods have ria used abnormal sialography as a criterion for
been employed in attempts to assess the salivary — salivary gland assessment in SS [13]. In con-
components of SS. Nearly all of the five criteria trast, the Copenhagen criteria employed salivary
sets included salivary flow rate estimation as a  gland scintigraphy, which, even if rather expen-
criterion for the diagnosis of SS salivary impair-  sive, provided a functional evaluation of all sali-
ment. Sialometry was, nonetheless, performed by — vary glands [12]. All these criteria sets included
using different modalities. Even if both unstim- the minor salivary gland biopsy. Both the Greek
ulated and stimulated sialometry were not con- and the San Diego criteria considered the minor|
sidered specific tests, they appeared to be simple —salivary gland biopsy to be mandatory with a
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diagnosis of SS [14, 15]. On the contrary, the San
Diego criteria specified that an abnormal minor
salivary gland biopsy was necessary only for
“definite” SS whereas the category of “probable”
SS could be fulfilled in the absence of a biopsy
[15]. According to the Copenhagen criteria, a
patient could have been diagnosed as having SS
without an abnormal salivary gland biopsy while,
finally, according to the Japanese criteria, biopsy
from tear glands could replace the minor salivary
gland biopsy [12, 13]. As far as the modalities for
performing the biopsy were concerned, all the cri-
teria adopted the guidelines which had been pre-
viously proposed by Daniels et al. in 1975 [10],
in which focal sialadenitis had been differentiated
from chronic non-specific sialadenitis, defining
a focus as a cluster of at least 50 mononu-
clear cells. To diagnose primary SS, an average
focus score per 4 mm? was required, based on
the evaluation of at least four glands. Moreover,
according to Daniels the biopsy sample had to be
obtained through clinically normal mucosa, and
lobules characterized by non-specific infiltrates
had to be excluded from the evaluation [10, 11].
The importance of focus sialadenitis was outlined
by subsequent studies which confirmed that the
histological criterion was highly associated with
parotid flow rate, diagnosis of keratoconjunctivi-
tis sicca, and presence of anti-nuclear or anti-Ro
antibodies [11, 16-18].

Finally, for the first time, the San Diego cri-
teria had utilized for the diagnosis of SS the
presence of autoantibodies (anti-nuclear antibod-
ies, anti-SS-A/Ro, anti-SS-B/La, and IgM-RF),
pointing to the fact that the disease is autoimmune
in origin [15].

Overall, in spite of their differences, these pro-
posed classification criteria hypothetically could
have been able to select and correctly clas-
sify patients affected by SS, when used by sin-
gle groups of investigators. However, the major
limitation of these criteria was that they had
never been validated by multicenter studies or
by means of standard statistical approaches, mak-
ing impossible to carry out comparable epidemi-
ological studies. Furthermore, in many cases,
the sensitivity, specificity, and reliability of the

pmdm&&l@md@h@dﬁﬁnﬁm&hh@ﬂsﬁmﬁzﬁj.i
Fas%em&'med&e%assessed.i‘

5.3  From the Preliminary European
Criteria of the Epidemiology
Committee of the Commission
of the European Communities
to the Revised Version of the
European Criteria Proposed by
the American-European

Consensus Group

In view of the fact that previously proposed crite-
ria did not achieve wide acceptance, in 1988 the
Epidemiology Committee of the Commission of]
the European Communities decided to support a
multicenter study to reach a consensus on classi-
fication criteria for SS [19]. The study began in
1989 and ended in 1993 with the definition of the
Preliminary European Classification Criteria for
SS [20]. Tt is noteworthy that for the first time
this study did not approach the problem using the
Delphi method, which was based on the consen-
sus of the experts, but used the same method-
ology and statistics which have been adopted
by the American College of Rheumatology for
rheumatoid arthritis (RA), deriving the criteria
directly from a real patient cohort [20, 21] The
European criteria were based on a six-item set
and any four of these six items were consid-
ered to be required for the diagnosis. These
items included (i) ocular symptoms, (ii) oral
symptoms, (iii) ocular signs (defined by posi-
tive Schirmer’s-I test and/or Rose Bengal score),
(iv) signs of salivary gland involvement assed by
parotid sialography, scintigraphy, and unstimu-
lated salivary flow, (v) focal sialadenitis observed
in lip biopsy, and (vi) presence of autoanti-
bodies. For primary SS, the presence of four
out of six items had good sensitivity (93.5%)
and specificity (94%). Some exclusion criteria
were also added to this classification set for SS,
following the recommendations made by Fox
et al. [15] and, namely, the presence of pre-
existing lymphoma, acquired immunodeficiency
syndrome, sarcoidosis, and graft-versus-host dis-
ease. The diagnosis of secondary SS could be
made when in the presence of an associated
CTD, and with the exclusion of the autoantibody
item, three out of the remaining five items were
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The criteria set was then validated in a follow-
ing survey carried out on a different population
of patients and controls. The six-item criteria
confirmed it had a high sensitivity (97.5%) and
specificity (94.2%) [22].

After their validation, the European classifi-
cation criteria achieved wide acceptance by the
scientific community in view of their accuracy. In
fact, when previously proposed criteria [12—15]
had been used to classify patients with primary
SS and controls enrolled in the European study,
they all showed a very high specificity (range
97.9-100%) but a lower sensitivity (range 22.9—
72.2%). This could have run the risk of selecting
particular subsets of patients [20]. Other poten-
tial advantageous characteristics of the European
criteria were that they distinguished between
primary SS and secondary SS but avoided the
concept of definite/possible SS. Nonetheless, the
European criteria for the classification of SS gen-
erated extensive discussion. The key point of the
debate was that these criteria could be fulfilled in
the absence of either autoantibodies or positive
findings on labial salivary gland biopsy and then
could also be met by patients with sicca symp-
toms but not strictly primary SS. Furthermore, a
criteria set in which two out of the six items were
devoted to subjective complaints could not allow
a correct classification of the patients with SS but
without symptoms [9, 23, 24].

To overcome these objections and broaden the
acceptance of the European classification crite-
ria, a joint effort was undertaken by the European
Study Group on Classification Criteria for SS
and by a group of American experts. The anal-
ysis was performed by using a receiver operating
characteristic (ROC) curve of the revised criteria.
The curve was obtained by plotting the sensi-
tivity and specificity values calculated for each
different combination of positive tests. Based on
this ROC curve analysis, the condition ‘“positivity
of any four out of the six items” and the con-
dition “positivity of four out of six items with
the exclusion of the cases in which both serol-
ogy and histopathology were negative” showed
the same accuracy (92.7%) which was the highest
among those obtained by different combinations

had a lower sensitivity (89.5% vs 97.4%) but a
higher specificity (95.2% vs 89.4%). The pres-
ence of any three of the four objective crite-
ria items also showed a slightly lower accuracy
(90.5%) but a specificity of 95.2% and a sen-
sitivity of 84.2%. This combination was also
deemed reliable to correctly classify patients
with primary SS. In conclusion, the American—
European Consensus Group, maintaining the pre-
vious European scheme of six items, introduced
the obligatory rule that for a definite diagno-
sis of SS either the minor salivary gland biopsy
or serology had to be positive (see Table 5.2)
[25]. Other modifications were proposed and
included in the European criteria set to make
the item definition more precise. In particular, it
was specified that Schirmer’s-I test should be per-
formed with standardized paper strips in unanes-
thetized closed eyes, following the European and
the Japanese tradition. Moreover, as the Rose
Bengal test is not available in many countries,
other ocular dye scores (i.e., fluorescein stain and
Lissamine Green) were proposed. These modi-
fied criteria also defined a positive minor salivary
gland biopsy as the presence of at least one focus
of lymphocytes, specifying that it/they had to
be adjacent to normal-appearing mucous acini
per 4 mm? glandular tissue. In particular, it was
decided to add hepatitis C virus (HCV) infec-
tion as an exclusion criterion, considering that the
sicca symptoms observed in this kind of patient]
such as extrahepatic manifestations of the virus
needed to be differentiated from primary SS (see
Table 5.2) [26].

The American—European Consensus Group
criteria were published in 2002 and adopted as
gold standard criteria in Europe and in the USA
[25]. In 1999 the revised Japanese criteria for
Sjogren’s syndrome, advocated by the Japanese
Ministry of Welfare, had been elaborated as
well [27]. Compared to the American—European
Consensus Group, the Japanese criteria did not
include symptomatology as an item, although
they stated that clinicians should be aware of the
sicca symptoms. They only relied on objective
test results and required at least two abnormal
tests both for the diagnosis of keratoconjunc-
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Table 5.2 American—European Consensus Group criteria. Revised international classification criteria for SS
L. Ocular symptoms: a positive response to at least one of the following questions:

1. Have you had daily, persistent, troublesome dry eyes for more than 3 months?

2. Do you have a recurrent sensation of sand or gravel in the eyes?

3. Do you use tear substitutes for more than three times a day?

II. Oral symptoms: a positive response to at least one of the following questions:

1. Have you had a daily feeling of dry mouth for more than 3 months?

2. Have you had recurrently or persistently swollen salivary glands as an adult?

3. Do you frequently drink liquids to aid in swallowing dry food?

1. Ocular signs: objective evidence of ocular involvement defined as a positive result for at least one of the following
two tests:

1. Schirmer’s-I test, performed without anesthesia (<5 mm in 5 min)
2. Rose Bengal score or other ocular dye score (>4 according to van Bijsterveld’s scoring system)

IV. Histopathology: in minor salivary glands (obtained through normal-appearing mucosa) focal lymphocytic
sialadenitis, evaluated by an expert histopathologist, with a focus score > 1, defined as a number of lymphocytic foci
(which are adjacent to normal-appearing mucous acini and contain more than 50 lymphocytes) per 4 mm? of
glandular tissue

V. Salivary gland involvement: objective evidence of salivary gland involvement defined by a positive result for at
least one of the following diagnostic tests:

1. Unstimulated whole salivary flow (<1.5 mL in 15 min)

2. Parotid sialography showing the presence of diffuse sialectasis (punctate, cavitary, or destructive pattern), without
evidence of obstruction in the major ducts

3. Salivary scintigraphy showing delayed uptake, reduced concentration, and/or delayed excretion of tracer
VI. Autoantibodies: presence in the serum of the following autoantibodies:

1. Antibodies to Ro(SS-A) or La(SS-B) antigens or both

Revised rules for classification

For primary SS

In patients without any potentially associated disease, primary SS may be defined as follows:

a. The presence of any four of the six items is indicative of primary SS, as long as either item IV (Histopathology) or
VI (Serology) is positive

b. The presence of any three of the four objective criteria items (i.e., items III, IV, V, and VI)

c. The classification tree procedure represents a valid alternative method for classification, although it should be more
properly used in clinical-epidemiological survey

For secondary SS

In patients with a potentially associated disease (for instance, another well-defined connective tissue disease), the
presence of item I or item II plus any two from items III, IV, and V may be considered as indicative of secondary SS

Exclusion criteria

Past head and neck radiation treatment

Hepatitis C infection

Acquired immunodeficiency disease syndrome (AIDS)
Pre-existing lymphoma

Sarcoidosis

Graft versus host disease

Use of anti-cholinergic drugs (since a time shorter than fourfold the half life of the drug)
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anti-SS-A/SS-B autoantibodies, which are abso-
lute requirements for the American—European
consensus Group criteria, were not mandatory
for the Japanese criteria set. Overall, considering
that the American—European consensus Group
criteria can also be satisfied by the presence of
three out of four objective criteria, the differences
between the latter and the Japanese criteria are
not so relevant [28]. Nowadays, looking forward
to worldwide universally adopted criteria, the
American Consensus Group criteria appear to be
the most widely accepted tool presently available
for the classification of patients with primary SS
and secondary SS. A number of epidemiological
studies have so far been performed that aimed at
evaluating the prevalence of SS following these
criteria [29-34].

5.4 Outcome Measures in SS

5.4.1 Outcome Measures in SS: A Brief
History

To date, no status indexes have been proposed
and adopted for SS [35]. Similarly no wide
acceptance has been reached in the evaluation of
generic and SS-specific measures of health status.
Among the generic quality of life questionnaire,
the SF-36 [36, 37] has been widely considered
as the most suitable for SS. Moreover, due to
the peculiarities of the clinical spectrum of SS,
questionnaires specifically devoted to the assess-
ment of sicca symptoms (i.e., Sicca Symptoms
Inventory) [38] and fatigue (i.e., the Profile of
Fatigue and Discomfort (PROFAD)) [39], which
mostly affect the quality of life of SS patients,
have been developed. The PROFAD in partic-
ular was a psychometric instrument specifically
designed for SS and derived directly from spe-
cific symptoms of SS patients. The design of the
PROFAD was a 16-item, 8-point scale, analyzing
6 different facets of fatigue belonging to 2 fatigue
domains (somatic and mental) [39].

The history of status indexes in SS dates
back to 1998 when Sutcliffe et al. [40] deter-
mined the organ damage and health status in a

5 3

patients affected by SLE and patients with both
SLE and secondary SS [41]. The SLICC/ACR
damage index—an index expressly created to
assess damage in SLE [42] and modified by
adding sections for oral and ocular complaints—
was used to assess end organ damage. The study
showed that organ damage was largely restricted
to the oral and ocular components within the pri-
mary SS group, whereas patients with lupus had
more prominent damage within the renal, mus-
culoskeletal, and neuropsychiatric domains. Over
a longer period, in a minority of primary SS
patients (11%), a second component of damage
was represented by the development of lym-
phoma. Overall, this study demonstrated that it
was possible to compare SS patients with patients
affected by other autoimmune diseases and, also,
that it was possible to assess, by using standard-
ized methodology, the extent of damage in these
patients.

Once demonstrated that damage could be
assessed in primary SS, there arose the possibil-
ity that disease activity could also be assessed
independently of damage. Two workshops were
then held in Oxford (2000) and in Bethesda
(2003) to start developing a preliminary core set
of outcome measures to be used in randomized
controlled trials and longitudinal observational
studies in primary SS [43-45]. According to the
workshops’ consensus, the following signs and
symptoms were firstly selected to be assessed
in long-term studies of primary SS: (1) oral
symptoms, (2) ocular symptoms, (3) oral signs,
(4) ocular signs, (5) fatigue, (6) health-related
quality of life measured by SF-36, and (7) IgG
[46]. A number of sicca symptom questionnaires
were suggested in order to assess the subjec-
tive symptoms [38, 47-48] while unstimulated
salivary flow and Schirmer’s-I test were pro-
posed to assess oral and ocular signs, respec-
tively. Analogously, for the assessment of fatigue
in primary SS, the visual analog scale (VAS), the
vitality score of SF-36 [37], and a number of
questionnaires including the mean fluorescence
intensity (MFI) [48] and the PROFAD were taken
into consideration [39].

Beyond these attempts to define outcome mea-

series of patients affected by primary SS and sures for SS, more specifically defined activity

AQ3
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and damage indexes were still lacking. Thus,
there was a consensus that an effort to define
these disease status entities should be made
[48-50].

5.5  SSClinical Activity Index
(SCAI)—A Systemic Disease
Activity Measure for Use in
Clinical Trials in Primary SS and
the SS Damage Index (SSDI):

The UK Study

In 2007, Bowman et al. [50] initiated the devel-
opment and validation of the SS Clinical Activity
Index (SCAI)—a systemic disease activity mea-
sure for use in clinical trials in primary SS.
This was based on the principles of the British
Isles Lupus Activity Group (BILAG) [51] and
a modified version was created and adopted,
which included specific domains for ocular and
oral lesions. In the ten domain structure of
the SCAI (i.e., fatigue, constitutional symp-
toms, arthritis, muscle, gland swelling, skin,
pulmonary, renal, neurological, and hematolog-
ical domains), the items were recorded as O
(absent), 1 (improving), 2 (the same), 3 (worse),
or 4 (new) in the past 4 weeks, compared with
previous disease activity. The raw scores were
then converted into a ‘“domain score” using
a previously agreed scoring algorithm based
on the BILAG approach (intention to treat) of
“A” = requires prednisolone > 20 mg and/or
immunosuppressants, “B” = requires low-dose
prednisolone/anti-malarials/NSAIDs, “C” = sta-
ble, mild disease, “D” = currently inactive but
previously involved, and “E” = system never pre-
viously involved. In order to examine the validity
of the proposed domain structure, a factor anal-
ysis was performed. Moreover, an external vali-
dation was made to compare the SCAI with the
physician’s global assessment (PhGA) as a “gold
standard.” In conclusion, this initial evaluation
supported the potential for the SCAI as a tool
for systemic activity assessment in patients with
primary SS.

In order to develop a tool for longitudinal

assessment of accumulated damage in patients

with primary SS, to be used in both experimen-
tal trials and clinical assessment, damage data
were also collected from a cohort of patients
affected by primary SS [51]. As an instrument

Table 5.3 SS damage index

Ocular domain

Corneal scarring

Schirmer’s-I result 0 mm/5 min in both eyes
Tear duct surgery (punctal plugs or cautery)
Oral domain

Caries

Teeth loss

Salivary gland swelling

Unstimulated salivary flow (0 mL/15 min)
Systemic domains

Neurological

Cranial neuropathy

Peripheral neuropathy

Other CNS pathology

Mononeuritis multiplex

Renal

Nephrocalcinosis

Renal tubular acidosis

Glomerular filtration rate < 50% predicted
Proteinuria >3.5 g/24 h

End-stage renal disease

Pulmonary

Pleural fibrosis

Pulmonary fibrosis

Pulmonary hypertension

Cardiovascular

Cardiomyopathy

Gastrointestinal

Chronic pancreatitis

Musculoskeletal

Erosive arthropathy

Malignancy

Paraproteinemia

Other malignancy

Macroglobulinemia

Cryoglobulinemia

Lymphoma
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to collect the data, the authors revised the draft
damage index derived from 2000 [43], based
on the SLICC damage index. The index was
completed by adding specific domains for oral
and ocular involvement. Namely, damage items
for ocular involvement were corneal scarring,
Schirmer’s-I result 0 mm/5 min in both eyes,
tear duct surgery, cataract, retinal change, and
chronic blepharitis, while those for oral involve-
ment were represented by caries, teeth loss, sali-
vary gland swelling, unstimulated salivary flow
(0 mL/15 min), oral infection, parotid surgery,
gum disease, oral ulceration, and dysphonia.
The systemic domain was further subclassified
into neurological, renal, pulmonary, cardiovascu-
lar, gastrointestinal, musculoskeletal, endocrine,
and malignancy subdomains. Cross-sectional

Table 5.4 SS disease damage index (SSDDI)

analysis of these data was subjected to a process
of expert validations and a new item damage
score was agreed upon, incorporating ocular, oral,
and systemic domains (see Table 5.3). Total dam-
age score correlated with disease duration at
study entry, physical function as measured by
SF-36, and activity as measured by the SCAI
Ocular damage score correlated with the “dry
eye” domain of PROFAD-SSIL.

5.6 Outcome Measures in SS:

The Italian Study

Reflecting the increasing need for primary SS
outcome measures within the scientific commu-
nity, almost contemporary with the UK study,

B-cell lymphoma

Multiple myeloma

Waldenstrom’s macroglobulinemia

SSDDI Definition Score

Item

Oral/salivary damage

Salivary flow impairment Unstimulated whole saliva collection 1
< 1.5 mL/15 min, by standard method

Loss of teeth Complete or almost complete 1

Ocular damage

Tear flow impairment Schirmer’s-I test < 5 mm in 5 min, by standard 1
method

Structural abnormalities Corneal ulcers, cataracts, chronic blepharitis 1

Neurological damage

CNS involvement Long-lasting stable CNS involvement 2

Peripheral neuropathy Long-lasting stable peripheral or autonomic system 1
impairment

Pleuropulmonary damage (any of the following) 2

Pleural fibrosis Confirmed by imaging

Interstitial fibrosis Confirmed by imaging

Significant irreversible functional damage Confirmed by spirometry

Renal impairment (any of the following) 2

Increased serum creatinine level or reduced GFR Long-lasting stable abnormalities

Tubular acidosis Urinary pH > 6 and serum bicarbonate < 15 mmol/L
in two consecutive tests

Nephrocalcinosis Confirmed by imaging

Lymphoproliferative disease (any of the following) 5

Clinically and histologically confirmed
Clinically and histologically confirmed

Clinically and histologically confirmed
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Table 5.5 SS disease activity index (SSDAI)
SSDAI
Constitutional symptoms
Fever >38°C, not due to infections 1
Fatigue Sufficiently severe to affect normal activities 1
Change in fatigue New appearance or worsening of fatigue 1
Change in salivary gland swelling New appearance or increasing swelling of major 3

Articular symptoms (any of the following)
Arthritis
Evolving arthralgias

Hematologic features

Leukopenia/lymphopenia

Lymph node/spleen enlargement
Pleuropulmonary symptoms (any of the following)
Pleurisy

Pneumonia (segmental or interstitial)

Change in vasculitis

Active renal involvement (any of the following)
New or worsening proteinuria

Increasing serum creatinine level

New or worsening nephritis

Peripheral neuropathy

salivary glands, not due to infection or stones

2
Inflammatory pain in >1 joint
New appearance or worsening of joint pain without
signs of articular inflammation
<3,500 mm?/<1,000 mm? 1
Clinically palpable lymph node/spleen 2
4
Confirmed by imaging, not due to infection 1
Ground-glass appearance on computed tomography 2
scan, not due to infection
New appearance or worsening or recurrent flares of 3
palpable purpura
2

>0.5 g/day
Above the normal limits
Glomerular or interstitial, histologically defined

Recent onset (<6 months), confirmed by nerve

an Italian study was undertaken similarly aimed
at constructing indexes to define and measure
disease damage and disease activity in SS [52].
Twelve Italian centers participated in the study
from February 2004 to May 2006. Data from 206
ITtalian patients with primary SS were collected
and analyzed in order to select the individual
clinical variables and the combination of vari-
ables that represent the most valid predictors of
damage and disease activity. The disease had
to be active to some degree in at least 50% of
the patients enrolled in the study. Investigators
judged the level of disease activity in each patient
on the basis of their clinical experience, and
according to the instructions provided in the
study protocol guidelines, and clarified during
the preliminary educational meetings. Patients

conduction studies

who were classified as having active disease at
the time of enrollment were evaluated a second
time by the same investigator after 3 months.
A total of 108 items were evaluated, which had
been classified into 15 domains, according to the
affected organ or system. Univariate and mul-
tivariate analyses were performed to select the
clinical and serologic variables that were the
best predictors of damage and of disease activ-
ity, and these variables were used to construct the
SS disease damage index (SSDDI) and the SS
disease activity index (SSDAI) (see Tables 5.4
and 5.5). The weight of each variable in the
indexes was determined by using multivariate
regression models. The construct validity (i.e.,
external validation) of each instrument was con-
firmed by the close correlation of the derived
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index scores with the physician’s global assess-
ment (external gold standard) of the respective
disease states. Finally, the accuracy of the SSDAI
in distinguishing patients initially classified by
the investigators as having active or very active
disease from those classified as having inactive
or mildly/moderately active disease was assessed
by ROC curve analysis. For this purpose, an
SSDAI score of >5 had high sensitivity (86.5%)
and specificity (87.6%). In its final version, the
SSDDI scale included 6 domains and 15 items,
while the SSDAI included 8 domains and 15
items. Both SSDDI and SSDAI demonstrated
construct validity and SSDAI appeared also to be
sensitive to change [52].

Overall, both the SCAI/SSDI and the
SSDAI/SSDDI represented exploratory attempts
to define activity and damage criteria for SS.
Despite their potential limitations, which were
mainly related to the fact that some rare disease
manifestations might have not been observed in
“national” patient cohorts, they both specifically
reflected the need of the scientific community
to have at disposal validated status indexes in
primary Sjogren’s syndrome (pSS). Ultimately
they served as the basis of a multinational collab-
orative project, which the EULAR has recently
fostered for the development and validation of
outcome measures in pSS [53].

5.7 Late-Breaking Update:

The EULAR Project

During the last few years, the EULAR has pro-
moted an international multicenter collaborative
project aimed at developing consensus disease
activity indexes for SS to be used in both clini-
cal trials and daily practice. To date, two different
tools have been proposed: a systemic activity
score (ESSDAI: EULAR SS disease activity
index) for the assessment of the global activity of
primary SS [54] and a SS patient’s activity score
(ESSPRI: EULAR SS patient reported index) for
collecting the main symptomatic features of the
disease (dryness, fatigue, and arthralgias) [55].
The two indexes have been created with the aim

may be characterized by both subjective glan-
dular symptoms and severe multiorgan involve-
ment. The ESSDAI was intended for clinicians
to assess systemic activity of pSS patients and
was not designed to evaluate patients’ symptoms
and complaints. On the other hand, the ESSPRI
was mainly focused on measuring patients’ dry-
ness, pain, and fatigue. The two indexes resulted
from the collaboration of, respectively, 39 and
21 European and North American SS experts,
headed by a steering committee which included
two experts in clinical epidemiology. The devel-
opment of the ESSDAI and of the ESSPRI had
required several steps. For the ESSDAI the steer-
ing committee members prepared a preliminary
selection of domains significantly associated with
SS disease activity on the basis of their clinical
experience, literature review, and previous work.
This proposal was submitted to the experts and 12
organ-specific “domains,” contributing to disease
activity, were identified. For each domain, fea-
tures of disease activity were classified in three
or four levels according to their severity. A total
of 720 realistic clinical vignettes generated from
96 real patients were then analyzed in a multi-
ple regression model to estimate the weight of
each domain; the physician global assessment
was used as the dependent variable of the model.
In 2010, the ESSDAI was published and later,
during the same year, its sensitivity to change
and accuracy were assessed [56]. In the study, the
ESSDALI seemed to detect changes in SS activity
more accurately than the SSDAI and the SCAI
and, noteworthy, for patients with stable disease
activity, the ESSDAI did not show erroneous
improvement.

In 2011, the ESSPRI was also published
after that 230 patients participated in the con-
struction of this patient-self-administered ques-
tionnaire. Domains relevant to patients were
selected based on literature review and previous
PROfile of FAtigue and Discomfort (PROFAD)
and Sicca Symptoms Inventory (SSI) question-
naires. Identified key patient symptoms included
fatigue, mental fatigue, pain, and dryness. These
symptoms were easily and efficiently measured
by visual analog scales (0—10 patient’s global

ment— A N mu aria ana
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dryness, pain, and fatigue, but not mental fatigue,
were significantly associated with PtGA. Thus,
ESSPRI was redefined as the mean of the three
scales: dryness, pain, and fatigue.

In summary, to date, the first part of the
EULAR project has been completed and the
ESSDAI and the ESSPRI have been developed
as recently reported in three different papers [54—
56]. At the present, in order to adopt the ESSPRI
and ESSDALI for assessing the therapy effective-
ness in clinical trials, the validation of these
scoring systems is ongoing. ESSDAI and ESSPRI
still require to be validated in terms of feasibility,
face and construct validity, reliability, and sen-
sitivity to change and this phase of the EULAR
project has recently begun.

In conclusion, after the achievement of a gen-
eral consensus on the more recently proposed
“American and European Consensus Group clas-
sification criteria,” nowadays, it is to be hoped
that efforts continue. The ultimate goal will be the
elaboration of validated “disease status” indexes
to better understand the natural history, prog-
nosis, functional consequences, and response to
treatment of SS. The project is ongoing at the
moment; nonetheless, it is likely that in a near
future internationally accepted outcome mea-
sures will be available for SS as they are for many
of the other systemic autoimmune diseases.
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Histopathology and Glandular
Biopsies in Sjogren’s Syndrome

Roland Jonsson, Kathrine Skarstein,
and Malin V. Jonsson

Abstract

The glandular inflammatory lesion in Sjégren’s syndrome (SS) is a distinc-
tive but not pathognomonic chronic lymphocytic adenitis best characterized
in salivary glands. The glands are readily accessible; decreased function gives
rise to prominent clinical symptoms and signs; and the glands are affected
in almost all patients. A labial salivary gland biopsy specimen can be very
disease specific for SS if it is obtained through normal-appearing mucosa,
includes >5 separate glands separated from their surrounding connective tis-
sue, is interpreted after lobes or glands showing non-specific changes are
excluded, demonstrates focal sialadenitis in all or most of the glands in the
specimen, and has a focus score that provides a diagnostic threshold. Such
glandular biopsies can also provide tissue diagnosis for conditions that can
resemble SS clinically, particularly sarcoidosis and amyloidosis. The charac-
teristic pathologic lesion is part of classification criteria for SS and probably
provides the best single criterion in terms of its disease sensitivity and speci-
ficity, convenience, availability, and low risk. More recently, studies have
found germinal center reactions in the glandular biopsies indicating a more
severe disease phenotype.

Keywords

Acinar ¢ Chronic inflammation * Degeneration ¢ Ductal e Fibrosis ¢ Focus
score * Focal sialadenitis * Lymphocytes ¢ Mononuclear cells ¢ Salivary
gland
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6.1 Introduction

display a potentially progressive mononuclear
lymphoid cell infiltration. These circumscribed

ably give rise to functional derangements of
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the affected organ and to the diverse clini-

of these islands has been shown to be epithe-

cal presentations/features of the syndrome. The

lial but without clear evidence of myoepithelial

inflammatory-related pathologic findings include
(1) focal mononuclear cell adenitis of sali-

cells. With regard to the terms “Mikulicz disease”
or “Mikulicz syndrome” applied to salivary or

vary, lacrimal, eccrine, and mucosal glands;

lacrimal gland swelling caused by SS, these are

(2) primary biliary cirrhosis, sclerosing cholan-

so ambiguous and ill-defined that they are recom-

gitis, pancreatitis, and atrophic gastritis; (3)

mended not to be used [3]. The solitary diagnosis

interstitial nephritis; (4) lymphocytic interstitial
pneumonitis; (5) peripheral vasculitis; and (6)

of salivary benign lymphoepithelial lesion shoul
suggest the presence of SS and additional diag-

progression to pseudolymphoma or a B-cell lym-

nostic steps should be taken

phoma (MALT lymphoma)

The typical histological finding in glandu-

lar biopsies is a progressive focal infiltration of

Lesion in Sali Gland 4] H s lead; ]

mononuclear lymphoid cells (Fig. 6.1). This cor-

tion and accumulation and the biological role

The salivary glands are the most and best-studied
organs in SS. This is due to the fact that the glands

of the infiltrating cells remain undefined [5]
The infiltrating cells may interfere with glandular

re readily accessible; decreased function gives

function at several levels: destruction of glandular

rise to prominent clinical symptoms and signs;

structures by cell-mediated mechanisms; secre-

nd the glands are affected in almost all patients

tion of cytokines that activate pathways relate

In a great number of patients, the major sali-
vary glands become enlarged and histopathology

to interferons (IFNs); local production of autoan-
tibodies, etc

usually reveals a benign lymphoepithelial lesion

The progression of SS to extraglandular B-

[1]. Historically this lesion, first described by

cell lymphoma is well documented [6-8] and is

Mikulicz (1892) and named by Godwin (1952)

further presented in Chapter 17. The incidence

is characterized by lymphocytic replacement of
the salivary epithelium and by the presence of

of non-Hodgkin’s lymphoma (NHL), which may
be of the MALT type, is in the range of 4-5%

so-called epimyoepithelial islands

[9]. Previous estimates of a more than 40-fol

Histomorphology helps to distinguish this

increased risk of NHL were probably too high

benign lesion from lymphoma [2]. The origin

as a recent large linked registry study showe

Fig. 6.1 Minor salivary gland
tissue sections obtained from
a patient with Sjogren’s

ynaro N

mononuclear cell infiltrates
are surrounded by normal
salivary gland tissue. Note the
varying size of the infiltrates;
maller 11 (rate 1ndica

ed by
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a 16-fold increased risk [10]. Predictive factors
for lymphoproliferative disease are skin vasculi-
tis/palpable purpura, low C3 and C4, CD4* T
lymphocytopenia and a low CD4*/CD8* T-cell
ratio, and parotid enlargement at first study visit
[10, 11].

6.2.1 Major Salivary Gland Biopsy

in Sjogren’s Syndrome

Major salivary gland biopsies, more specifically,
parotid gland biopsies have not been common
for the diagnosis of SS mainly because these
procedures carry the potential surgical risks of
damage to the facial nerve, cutaneous fistula,
and scarring. In addition, parotid gland biopsies
are not included in the established classification
criteria for diagnosing SS [12]. Consequently,
validated histopathological diagnostic criterions
based on the biopsy of the parotid gland are
lacking.

Earlier studies have reported that diagnosing
the salivary component of SS from major sali-
vary gland specimens is problematic as major
salivary glands from individuals who do not have
SS also commonly contain lymphocytic foci [13].
Examinations of a high number of post-mortem
specimen evaluated by focus scoring lympho-
cytic foci occurred commonly and equally in
submandibular, parotid, and lacrimal glands [14].
Inflammatory foci in subjects who had no history
of rheumatic disease in both parotid and sub-
mandibular glands have been reported in other
studies [15, 16].

Lymphomas associated with SS often arise
in the parotid gland [9], and in cases where a
malignant tumor is suspected a parotid biopsy
is performed. Most often lymphoma has been
diagnosed in patients with atypical or persis-
tent parotid salivary gland swelling, and biopsy
of the affected gland histopathologically con-
firmed the diagnosis of MALT lymphoma [17,
18]. Incidentally, localization of lymphoma in the
labial glands has also been reported [19, 20],
underlining the need for degree of awareness of
the possibility of lymphoma in salivary gland
biopsies from patients with features of SS. In

cases where a malignant tumor is suspected a
parotid biopsy is compulsory.

Recently, Pijpe et al. [21] proposed that
histopathology of the parotid gland should be
included in the classification criteria for SS as
an alternative for labial glands. Biopsies from
both labial and parotid glands of a series of
35 patients suspected for SS were performed in
order to assess the value of the parotid biopsy
as diagnostic tool for primary SS. Based on
these data histopathological conditions of the
minor and major glands were reported to be
comparable. As discussed, the approach presents
some limitations, in particular related to the
fact that parotid biopsy requires specific sur-
gical skills/expertise and labial biopsy is more
easily performed. However, the diagnostic poten-
tial of a parotid biopsy should be reconsidered.
Accordingly, there is need for larger compara-
tive studies of labial and parotid glands to find
out the best diagnostic tools for histopathologic
evaluation of SS [22].

6.3  Minor Salivary Gland Biopsy
in Sjogren’s Syndrome—A
Comparison of Biopsy

Techniques

In principal, three methods of performing minor
salivary gland biopsies have been described. A
skin trephine (‘“punch”) to remove a core of tissue
either from the lip or the palate is rapid and eas-
ily done, but most often does not provide enough
glandular tissue for examination. Removing an
ellipse of labial mucosa that includes all tissue
above the orbicularis oris muscle may damage
sensory nerves and is very unpredictable with
regard to representative glandular material for
analysis [23].

The third method, labial salivary gland biopsy
by obtaining separate glands, has become the
most important in establishing the diagnosis of]
Sjogren’s syndrome. It is performed preferen-
tially according to the procedure described by
Daniels (Fig. 6.2) [24, 25]. After local anesthesia,
a 1.5-2-cm linear incision in normal-appearing
labial mucosa is made parallel to the vermilion

AQ2
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Fig. 6.2 Biopsy procedure for minor labial salivary
glands. The area is numbed with adrenaline-containing
local anesthesia. A 1.5-2-cm linear incision in normal-
appearing labial mucosa is then made parallel to the
vermilion border in the middle of the lower lip, between

border in the middle of the lower lip, between
the midline and the corner of the mouth. At least
five lobes of labial glands are then obtained by
blunt dissection, which can be separately pro-
cessed for routine and, if desired, be addition-
ally processed for immunomorphological and/or
transcriptomic/proteomic analysis. The advan-
tage with this method is that it provides enough
minor glands for routine diagnosis, carries a low
risk of sensory nerve damage, and allows a mid-
plane histologic section to be prepared simultane-
ously for all glands in the specimen.

With any of the techniques described, labial
midline biopsies should be avoided because there
are few minor glands in the midline of the lip.

The incidence of permanent sensory loss or
long-term numbness with labial biopsy varies
between different studies [20, 24, 26, 27]. When
comparing the morbidity (pain, sensory loss, and
motor function) of different biopsy techniques
one should be aware of the importance of using
independent clinicians in the assessment of the
adverse effects. It has been demonstrated that
the incision biopsy of the parotid gland in expe-
rienced hands is a safe procedure showing only
temporarily hypoesthesia [21, 28]. Nevertheless,
in skilled hands both labial and parotid
gland biopsies will result in minimal adverse
effects.

the midline and the corner of the mouth. At least five lobes
of labial glands are then obtained by blunt dissection, pro-
viding enough minor glands for routine diagnosis and with
a low risk of sensory nerve damage

After routine histologic fixation and prepa-
ration (embedding in paraffin at a level such
that a section can be cut through the approx-
imate midplane of each gland), the biopsy is
examined/evaluated according to a method in
which a focus is defined as an accumulation of]
at least 50 inflammatory mononuclear cells per
4 mm? (Fig. 6.3) [25]. According to the orig-
inal and revised European criteria [12, 29], a
biopsy is positive if the focus score is more
than or equal to 1 per 4 mm?, whereas the
California criteria define a positive biopsy as
more than 1 focus per 4 mm? [30]. Occasionally,
islands of degenerating epithelium (lymphoep-
ithelial lesions) together with chronic inflam-
matory cells are seen in labial gland biopsies
(Fig. 6.4), but such structures are more common
in the major glands. One differential diagnostic
feature is the presence of granulomatous inflam-
mation, which is seen with sarcoidosis but not
with Sjogren’s syndrome (Fig. 6.4).

When evaluating the biopsies for focus scoring
certain exclusions have to be made: (1) lobes with
duct dilation and extravasated polymorphonu-
clear leukocytes, (2) extensive degeneration, and
(3) extensive fatty replacement or fibrosis of
glandular tissue.

Focal mononuclear cell inflammation may be
observed in cases of obstructed salivary glands
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Fig. 6.3 Determining the degree of inflammation by is then quantified. Focus score is then calculated as the

monly used to determine the total area of the glandular intact minor salivary gland tissue
tissue. The number of foci containing 50 or more cells

b Fat cell degeneration, atrophy of acinar

cells, and tissue
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(mucocele/mucous retention cyst) or under trau-
matized mucosa (biting). The biopsy should
therefore be obtained from clinically healthy and
normal-appearing mucosa.

Chisholm and Mason [31] introduced a grad-
ing system for semiquantitative assessment of
chronic inflammation in labial gland biopsies.
They found that more than 1 focus of lymphoid
mononuclear cells per 4 mm? area of gland was
found only in SS patients and was not present in
post-mortem specimens. In general, focal infil-
tration is an uncommon finding in labial glands
except in SS. However, studies of submandibular
glands have shown a high prevalence of lympho-
cytic foci [32].

The focus scoring utilized most often today
builds on the grading studies by Chisholm and
Mason [31]. This scoring enumerates scores
from 1 to 12 foci per 4 mm? [33] and found
that there was a significant positive correlation
between higher focus scores and larger foci.
Within the foci the proportion of plasma cell or
activated lymphocytes decreased sharply as focus
size increased. A number of studies by Daniels
followed on this theme [24, 25, 34]. Most sub-
sequent studies have verified a high sensitivity
of the labial gland biopsies in SS and present
figures as 68 and 81%, respectively [35, 36].
The specificity of a positive labial salivary gland
biopsy is 86.2%, and the sensitivity is 82.4% in
patients with primary Sjogren’s syndrome diag-
nosed according to the European criteria [37].

Characteristics of Focal
Mononuclear Cell Infiltration
in Labial Minor Salivary Glands

6.3.1

6.3.1.1 Focal Infiltration

The focal infiltration of lymphoid cells in the sali-
vary glands is mostly a slow, progressive process
in Sjogren’s syndrome, as demonstrated by an
increase in the focus score over time [4]. The
focus score is associated with the presence of
keratoconjunctivitis sicca and autoantibodies [34,
38], whereas the correlation with xerostomia is
less evident [4].

Although the methodology in assessing the
focus score of labial salivary glands is standard-
ized and regarded as an important diagnostic
tool in the histopathological evaluation, its repro-
ducibility between the different pathologists and
at different section levels within the same sam-
ples seems to be low [39, 40]. To overcome
the problem with non-homogenous distribution
of the inflammatory infiltrates in the glands and
the sample size, a multilevel analysis of labial
glands was proposed [41]. The authors concluded
that the evaluation of a cumulative focus score
on three different section levels on labial salivary
gland biopsy could improve the diagnostic accu-
racy of the criteria set used for SS classification,
especially in biopsies with a baseline focus score
between 1 and 2.

Another recent study [20] did a retrospective
analysis of 452 patients who underwent mini-
mally invasive minor salivary gland biopsy as a
part of an evaluation of SS in order to evaluate
the efficacy of labial biopsy in diagnostic rou-
tine application. Taking in mind the limitations
of retrospective studies, their data showed that
multilevel examination improved the contribution
of labial salivary gland biopsy to SS diagnosis.
In contrast, others reported persistence of focus
score at different section levels in a smaller cohort
of primary SS patients (n = 24) [42].

The histopathological characteristics of labial
salivary glands in SS are those of a primary lym-
phocytic infiltrate in otherwise generally normal-
appearing glands and include (1) focal aggregates
of at least 50 lymphocytes, plasma cells, and
macrophages, adjacent to and replacing normal-
appearing acini and (2) consistent presence of
these foci in all or most of the glands in the speci-
men, but with variability in the number of foci per
gland [23]. Larger foci often exhibit formation of]
germinal centers in approximately one-fourth of
patients in larger cohorts of SS patients [43—45].

Another pattern of inflammation in labial sali-
vary gland biopsy is chronic sialadenitis, charac-
terized by scattered mononuclear cell infiltration
without focal aggregates and accompanied by
degenerative changes such as acinar atrophy, duc-
tal hyperplasia, fibrosis, and/or fatty infiltration
(Fig. 6.4). This pattern is not considered to be
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associated with primary SS and often progresses
to glandular atrophy and xerostomia.

6.3.1.2 Ectopic Germinal Center
Formation

Germinal centers (GCs) were defined as well-
circumscribed inflammatory foci containing at
least 50 mononuclear cells, presenting with a dark
and light zone, within otherwise normal salivary
gland epithelium [44]. Densely packed prolif-
erating cells (centroblasts) are localized in the
dark zone. The dark zone is surrounded by the
proposed GC light zone which is more richly
supplied with follicular dendritic cells and less
densely packed with cells (centrocytes) [46].

Such lymphoid neogenesis has previously
described with the presence of ectopic folli-
cles/GC in 20-25% of patients with SS [43-45,
47-49]. Similar features have been described in
other autoimmune diseases such as rheumatoid
arthritis (RA) [50], myasthenia gravis [51], mul-
tiple sclerosis [52], during chronic Helicobacter
pylori infections in gastric mucosa [53], in
chronic inflammatory disorders of the liver [54],
Hashimotos disease [55], and in oral buccal
mucosa related to amalgam fillings and lichenoid
reactions [56, 57].

Germinal center formation was investigated in
more detail [48], and the contemporary existence
of GC and FI was disclosed. GCs were character-
ized by B-cell and T-cell organization, increased
levels of proliferating cells, follicular dendritic
cell networks, and the localization of plasma cells
in a mantel zone-like area.

6.3.1.3 Clinical Implications of Ectopic
Germinal Center Formation

By morphology, GC-like structures were detected
in 47/169 of patients [44]. Focus score, IgG lev-
els, and RF titres were elevated compared to the
GC— patients. Mean unstimulated salivary flow
was reduced in the GC+ patients [44].

An association of GC development with
increased risk of B-cell lymphomas has been
proposed [9], wherein formation of proliferat-

transformation and development of MALT lym-
phoma. The estimated life-time risk of lymphoma
in SS has been estimated to be 5-10% [9, 11], but
in general mortality is not significantly increased
compared to the general population [58]. Patients
with SS and chronic H. pylori infection are at
increased risk for developing lymphomas, possi-
bly related to prolonged lymphocytic activation
in the target organ(s) of these patients [59, 60]. In
a recent study, significant predictors of lympho-
proliferative disease were purpura/skin vasculitis,
low levels of complement factors C3/C4, CD4*
T lymphocytopenia and a low CD4*/CD8" T-cell
ratio [11, 61].

Results from Refs. [43, 44] indicate a certain
clinical immunological phenotype for SS patients
with ectopic lymphoid organization, which war-
rant further studies. Whether ectopic GC identi-
fies patients at risk to develop lymphoma remains
to be seen in prospective studies.
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Imaging Technology in Sjogren’s
Syndrome: Non-invasive
Evaluation of the Salivary Glands

Jonn Terje Geitung and Malin V. Jonsson

Abstract

The assessment of salivary gland involvement in Sjégren’s syndrome is tra-
ditionally based on the presence of focal mononuclear cell infiltrates in
the salivary glands and by measures of salivary secretion (sialometry) as
well as subjective symptoms of oral dryness (xerostomia). Although a sali-
vary gland biopsy is considered to be the gold standard, other methods are
needed in cases where a biopsy cannot be performed or need to be supple-
mented. Through the recent years, existing techniques have been improved
and new imaging techniques developed. There is both a need and a possibil-
ity to use other traditional methods such as scintigraphy as well as computer
tomography, ultrasound, and magnetic resonance imaging.

Keywords
Computer tomography ¢ Imaging e Magnetic resonance imaging
Non-invasive e Scintigraphy e Sialography e Ultrasound

Salivary gland tissue in Sjogren’s syndrome is
characterized by focal mononuclear cell infiltra-
tion, loss of salivary gland acinar epithelial tissue,
and degenerative changes such as fibrosis. This
makes functional imaging like scintigraphy and
MRI obvious choices [1, 2]. In contrast to the
histopathological evaluation where the minor or
parotid salivary glands are examined, the gland
of choice for functional evaluation is the major
salivary glands, i.e., the parotid glands. In cases

J.T. Geitung (D<)
Haraldsplass Deaconess University Hospital, Bergen,
Norway

e-mail: jtgeit@online.no;
Tonn-terie-oei no@h d

where the labial salivary gland biopsy is insuf-
ficient or not possible to perform, there is a
potential diagnostic role for sialographic and
scintigraphic examinations [3].

Important to imaging techniques is also the
typical pattern of parotid gland ducts, where the
conventional X-ray sialography is still considered
the gold standard for showing changes [4, 5]. It
has, however, been completely replaced by MR
sialography, and in practice MR sialography is
the only imaging method of the salivary ducts
today.

Imaging procedures have had rapid progress
throughout recent years, both with improvements
in existing techniques and development of new

R.I. Fox, C.M. Fox (eds.), Sjogren’s Syndrome, DOI 10.1007/978-1-60327-957-4_17,

© Springer Science+Business Media, LLC 2011
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[see Chapter 13, oral and dental manifestations
of Sjogren’s syndrome] sialography has tradition-
ally been used to evaluate the salivary compo-
nent. Nuclear medicine (scintigraphy) has had a
role in the diagnosis of Sjogren’s syndrome and
is considered an important diagnostic tool. The
presence of objective salivary gland involvement
is defined by either unstimulated whole salivary
flow of less than or equal to 1.5 mL/15 min,
diffuse sialectasis by parotid sialography, or
salivary scintigraphy showing delayed uptake,
reduced concentration, and/or delayed excretion
of tracer [6]. Other imaging methods are avail-
able but not established as routine in diagnos-
ing Sjogren’s syndrome. The available imaging
methods are conventional radiographs (including
sialography), computer tomography (CT), ultra-
sound (US), magnetic resonance imaging (MRI),
and nuclear medicine (scintigraphy). These will
be further described below.

7.1 Conventional Radiographs

7.1.1 Sialography

Conventional X-rays are used for examinations of
joints, bones, and lungs. This does not give direct
information concerning Sjogren’s syndrome but
information concerning other effects of the dis-
ease. It is also a part of the diagnosis and follow-
up of patients with rheumatic diseases. However,
as a primary diagnostic examination for Sjogren’s
syndrome, plain X-ray is not indicated. CT and
MRI are also used for other organs in connection
with Sjogren’s syndrome and rheumatic diseases
but will not be dealt with here.

For Sjogren’s syndrome in particular, only
sialography has a diagnostic yield, showing the
ducts of the salivary glands [5]. The examina-
tion is performed by installing a contrast medium
into the salivary ducts and then exposing radio-
graphs of the area at different angles. It is a
very good procedure for determining the archi-
tecture and configuration of the glandular ducts.
In patients with Sjogren’s syndrome, the charac-
teristic finding is a snowstorm-like or Christmas

tree pattern. In cases where the glandular tis-
sue is severely damaged, complete absence of
structures may be observed. Sialography is a
well-established method, but has its limitations
as it is time-consuming and may be painful and
risky. In patients with severe salivary gland dys-
function, sialography is even contraindicated; due
to reduced salivary flow, the contrast medium
injected may remain in the gland [7]. It is a cum-
bersome method to perform, uncomfortable to the
patient, and the diagnostic results may now be
achieved with MR sialography [8].

Sialography is not suited for repetition and,
therefore, not applicable for patient follow-up.
Various stages of sialectasis can be detected in
patients with Sjogren’s syndrome, and an abnor-
mal result was determined in 72—-86% of patients.
Second only to lip biopsy and histopatholog-
ical evaluation of the salivary glands, parotid
sialography yielded the highest accuracy for the
diagnosis of patients with Sjogren’s syndrome
[9]. However, in a healthy population, 15-29%
of otherwise healthy and asymptomatic individu-
als may also demonstrate sialectasis, and chronic
sialadenitis of other causes may also show the
same pattern, diminishing the value of the test,
reviewed in Ref. [10].

7.2 Computer Tomography

As MRI, CT is also based on ionizing radiation
with an X-ray tube rotating around the patient.
CT will thus expose patients to a significant
radiation dose, and this may exclude younger
patients.

At first, this technique gave cross-sectional
slices. Today CT gives a volume that can be
analyzed in different planes as well as three-
dimensionally, all with a high spatial resolution.
It is in many ways an excellent method but not
for Sjogren’s syndrome. CT is the best method
for detecting stones in the salivary ducts and is
often used for preoperative staging of tumors in
the salivary glands [11]. The tissue resolution is
not sufficient for detecting tissue changes in the
salivary glands, such as fibrosis [12].
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7.3  Ultrasound

The salivary glands are situated superficially
and thus well situated for the use of high fre-
quency transducers (Fig. 7.1a, b). Ultrasound
is based on sound waves, like SONAR. Piezo-
electric crystals emit and receive sound, and
the higher the frequency, the better the spatial
resolution. The development of transducers has
provided both high spatial and tissue resolu-
tion, giving excellent examinations of the salivary
glands, and changes in tissue due to inflam-
mation may be seen [13]. The salivary ducts
can also be seen, but the anatomical overview
is difficult. One investigation compared US and
scintigraphy and found US to be better [14]
while another found US to be equivalent to MRI
[15]. Ultrasound is easily available and “comfort-
able” to the patient as well as providing good
access to the parotid and submandibular glands.
Accordingly, it is natural that during the devel-
opment of ultrasound, several investigations on
ultrasound and Sjdgren’s syndrome have been
made [16].

7.4  Magnetic Resonance Imaging

The patient lies in a large magnet, the patient’s
nuclear spin will then align parallel or anti-
parallel to the magnetic field. A radio frequency
is sent to the patient. The frequency will be

" PARQTIS

chosen as to obtain resonance with given atoms.
When the radio frequency is off, one measures
given time constants in order to find the amount
of given atoms, mainly hydrogen atoms. The
making of an image is based on this information.
MRI gives better tissue resolution, but poorer spa-
tial resolution, than CT and provides a similar
anatomic overview. It too is used for preoperative
staging of tumors, but due to better tissue resolu-
tion, it is better than CT in detecting and delineat-
ing pathologic tissue (Fig. 7.2a, b) [11, 17].

A large number of articles concerning MRI—
sialography and Sjogren’s syndrome have been
published [18, 19]. Dynamic MR sialography,
by stimulating with citric acid, has been intro-
duced as an improved method for Sjogren’s syn-
drome [20]. When performing MRI of the parotid
glands, a small coil with a small field of view
is used. This gives a high tissue and spatial res-
olution, not only for the parotid glands, but for
labial salivary glands as well [21]. It has been
called MR microscopy of the salivary glands [22].
This method provides a resolution at least as
good as ultrasound, a better overview over the
entire glands and salivary ducts (MR sialography,
Fig. 7.3), and may with contrast media provide
information regarding function.

The recent development of MRI in the diag-
nosis of Sjogren’s syndrome is toward func-
tional examinations, using perfusion techniques
and diffusion-weighted techniques [2, 23, 24].
MR spectroscopy has been used for improving
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Fig. 7.1 Ultrasound. a Photograph showing a normal parotid gland, illustrating how well the structure of the gland is
seen. b We see a slightly dilated duct in a submandibular gland of patient (marked with crosses)
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Fig.7.2 MRI. The figure shows very irregular parotid
ducts bilaterally, a typical finding in a patient with severe
symptoms of Sjogren’ syndrome. a Very clearly seen are

Fig.7.3 MR sialogram. MR
sialogram showing a slightly
irregular parotid duct. We also
see a cyst in contact with the
duct, a typical finding in
Sjogren’s syndrome. We do,
however, not see a
“Christmas” tree, but still it is
the same pattern

diagnosis of tumors but so far not in Sjogren’s
syndrome. This, in addition to- MR microscopy
and MR sialography, probably at present makes
MRI the state-of-the-art in imaging of the salivary
glands and thus primary imaging of Sjogren’s
syndrome.

7.5 Nuclear Medicine

7.5.1 Scintigraphy

Scintigraphy is a method used to evaluate the
function of the salivary glands. Technetium 99m

the irregular parotid glands. Some of the submandibular
glands may be seen as well and appear to be just as irregu-
lar. b The same as above but with a fat saturation technique

Tc-sodium pertechnetate (99mTc—PT) is used,
and the velocity and density of this marker is
observed and evaluated in the salivary glands.
The radioactively marked fluid is injected intra-
venously, and the examination is performed
when/as the marker is expected to be in or pass
the glands. Several registrations-are necessary to
achieve a dynamic examination. The examination
is a registration of the amount of radioactively
marked substance. Scintigraphy is commonly
used to determine whether the patient responds
to-stimulationor not.- A dynamic scintigraphy
will give information about the function of the
salivary glands [25].
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To the authors’ knowledge, studies regard-
ing the function of salivary glands in Sjogren’s
syndrome, with positron emission tomography
(PET), have not yet been performed. PET has a
potential for functional imaging that in the future
may give information not obtainable by other
methods.

The resolution of scintigraphy is not compara-
ble to the other imaging methods previously men-
tioned. However, functional studies providing a
quantitative evaluation of parotid function still
make scintigraphy a frequently used imaging
method for Sjogren’s syndrome [1, 25, 26].
Reported sensitivity of scintigraphy ranges from
75 to 87%, but has low specificity [27-29]. In
addition, scintigraphy may only be performed
in a hospital setting, thus limiting the accessi-
bility and applicability. Furthermore, there may
be difficulties in the ability of the procedures to
differentiate between uptake and secretory fail-
ure. Scintigraphy is, as sialography, unsuited for
repetition [30]. Nonetheless, one study indicates
that scintigraphy still is better than ultrasound as
a diagnostic tool for Sjogren’s syndrome [29].
Scintigraphy is an imaging method in common
use for diagnosis of Sjogren’s syndrome and is
an accepted method in overall approaches for
diagnosing Sjogren’s syndrome [30, 31].

Table 7.1 A review of current methods

7.6  Comparison of Nuclear

Medicine, Ultrasound, and MRI

MRI and US may detect small amounts of fibrotic
tissue or edema in glands. With contrast media
they may also provide information regarding
function of the salivary glands, more so MRI than
US. MRI may also give an excellent anatomic
overview. Both MRI and US have excellent spa-
tial and tissue resolution.

Nuclear medicine provides a dynamic exam-
ination, making it possible to quantify function.
The impression, however, is that MRI is the bet-
ter method, but both availability and the need of
expertise may have limited the application and
use of this method. In addition, so may also costs
and time consumption.

Scintigraphy, on the other hand, is a well-
established method and incorporated in diagnos-
tic approaches. One may expect ultrasound to
challenge that position as it is easily available
and has proven to be of equal diagnostic value.
However, ultrasound is more user-dependent than
the other methods and is not as easily documented
as compared to scintigraphy.

An overview of current methods is provided in
Table 7.1.

and spatial

resolution
Existing experience +++ +
Seeing the ducts — T+

MRI sialography

Topic Scintigraphy MRI us Clinical comparisons
Functional +++ +(+) + Scintigraphy
information Detection of isotopes  Examination of Perfusion superior

perfusion and

diffusion
Morphological + +++ ++ MRI superior in
information Low resolution Excellent both tissue  Excellent tissue resolution and in

resolution but
problems with
anatomic overview

++

)

making anatomical
“maps”

Scintigraphy is a
well-established
method. Ultrasound
is also widely used,
whereas the use of
MRI will increase

MRI is the only
method showing the
ducts
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Genomics and Viruses in Sjogren’s
Syndrome

Kathy L. Moser and John B. Harley

Abstract

Contributions from both genetic and environmental factors to the etiology of
Sjogren’s syndrome (SS) are being discovered, though their roles in disease
pathogenesis remain obscure. An important key to fully understand how
genetic variation leads to disease is to comprehensively test all potential
variation for association. Extraordinary developments in our understanding
of the inherent variation present in the human genome and rapid advances in
the technical capacity to evaluate this variation are moving us closer to under-
standing the genetic etiology for numerous complex diseases. In particular,
major shifts in the past few years from small candidate gene studies to large
genome-wide screens for association of human variation with disease have
been remarkably successful. Dozens of new disease associations previously
thought intractable to discovery have now been identified in complex dis-
eases. Although the genetics of SS remains vastly unexplored, rapid advances
in our understanding of related autoimmune diseases illustrate the potential
complexity of the expected genetic landscape for SS with several emerging
themes. First, multiple genes contribute to increasing disease risk. Second,
many genes have now been associated with multiple autoimmune disorders.
Third, the frequencies of some disease-associated variants are relatively
common while others are rare within populations. In addition, the frequency
of any given disease risk allele often varies between different racial groups.
Fourth, certain disease variants are more strongly associated with clinically
recognizable disease subgroups or manifestations as opposed to more general
susceptibility risk to disease. Overall, studies in autoimmune diseases related
to SS provide an encouraging glimpse into the potential for success in estab-
lishing the genetic basis for SS. We discuss how genetics is transforming
our understanding of autoimmunity with relevance to SS and review evidence
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Keywords

8.1 Introduction

Essentially all human traits, including suscepti-
bility to disease, are governed by genetics and
influenced to varying degrees by environmen-
tal exposures. Indeed, a new era has emerged
during the past decade in our basic under-
standing of human genomes and our techni-
cal capacity to detect and characterize genetic
variation. The application of modern genetic
and genomic tools is revealing revolutionary
insights into disease mechanisms for a multitude
of complex diseases. Importantly, the compre-
hensive and unbiased nature of genome-wide
screens removes the severe limitations imposed
by employing more traditional hypothesis-driven
candidate gene studies as the only approach
to genetic discovery. Using genome-wide asso-
ciation (GWA) study approaches, tremendous
progress has recently been made in identifying
dozens of genetic loci that confer risk to autoim-
mune phenotypes, including systemic lupus ery-
thematosus (SLE), rheumatoid arthritis (RA),
multiple sclerosis (MS), and Crohn’s disease.
These successes provide unequivocal evidence
that modern genetic studies using state-of-the-art
tools can lead to novel and important insights into
disease pathogenesis.

In contrast, the genetic factors associated with
SS are virtually unexplored. Large-scale studies
in SS are in the very earliest stages of planning
and implementation. Despite the current lack of
comprehensive genetic studies in SS, collective
evidence from mouse models, family studies,

suggesting how environmental influences on susceptible genetic back-
grounds may conspire to generate disease. We also discuss recent advances
in transcriptional profiling and proteomic studies, which are beginning to
provide global views of gene or protein expression profiles. Collectively,
the broad views offered by these powerful and complementary approaches
are revealing important disease-associated pathways and enhancing our
understanding of the etiological mechanisms in SS.

Sjogren’s syndrome ° Genetics ® Genomics ¢ Proteomics ® Viruses

candidate gene studies, and genetic findings in diagnosis of primary SS (pSS), were described in

related diseases (e.g., SLE and RA) support an
underlying etiology with complex genetic archi-
tecture. In this chapter, we review the existing
evidence to support genetic contributions to SS,
summarize the evidence for the few candidate
genes studied to date, and briefly describe poten-
tial environmental influences that may interact
with genetic risk loci to promote development
of disease. We also discuss emerging genomic
and proteomic data that provide useful insight
into the underlying signaling pathways that are
dysregulated in SS.

8.2  Evidence Supporting a Genetic

Component in SS

Twin studies and family-based studies are often
used as a first step toward estimating the rel-
ative influence of genetic versus environmen-
tal influences on disease. Studies demonstrating
increased concordance rates of disease among
monozygotic twins and familial aggregation
showing that a phenotype clusters in families at
rates above the population prevalence are often
taken as evidence to support a genetic etiology.
Such reports in SS are extremely limited. A few
case reports of twins with SS have been pub-
lished, but reliable twin concordance rates have
not been estimated [1—4]. Scofield et al. reported
a case of monozygotic twins with Sjogren’s syn-
drome who both had increased serum levels of
anti-60-kDa Ro/SS-A autoantibodies [4]. A set
of adolescent dizygotic twins, both with shared
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2005 by Houghton et al. [3]. Interestingly, one of
the two sisters presented with pulmonary symp-
toms, uncommon in pediatric pSS. Using SLE
and RA as closely related traits to estimate the
potential genetic contribution to SS, if we may
use SLE and RA to make a crude guess, then twin
concordance could be expected to be between
those of RA (15%) and SLE (25%), with a
female sibling or fraternal twin rate of 2—4% and
estimated odds of female sibling concordance
(A(lambda)) between 8 and 20.

Several families consisting of multiple indi-
viduals with SS have been described [5-10]. SS
patient family histories commonly include rela-
tives with other autoimmune diseases (30-35%)
and most often include SS (12%), autoimmune
thyroid disease (AITD, 14%), RA (14%), and
SLE (5-10%) [8, 11]. Multiple sclerosis has also
been shown to cluster with SS in families [12]. In
a large family study of SLE, 8 out of 60 members
were found to share a diagnosis of SLE. Among
individuals with SLE, all shared positive anti-
nuclear autoantibodies (ANAS), six shared pleuri-
tis and malar rash, five reported photosensitivity,
and four shared nephritis. Of the 51 relatives who
contributed samples and for which results were
obtained, 29% had autoantibodies and 18% had
autoimmune disease including 1 with SS [10].
These studies provide supportive evidence that
underlying disease mechanisms among related
autoimmune diseases are likely to be shared. This
is also intuitively expected considering that so
many immunologic, immunogenetic, and clinical
features of SS are found in nearly every other
autoimmune rheumatic disease.

Additional support for a genetic component
to SS has been obtained from mouse models.
Approximately 20 models have been reported and
are reviewed in detail elsewhere [13]. At present,
no individual mouse model fully represents the
majority of key disease manifestations of human
disease. However, most models available develop
sialadenitis and/or dacryoadenitis, so these mod-
els do constitute valuable tools for evaluating
initiation of disease, various components of the
overall SS phenotype such as autoantibody pro-
duction, and the effects of immune manipulation.

While genetic mapping in mouse models of SS is of studies considered standard just a few years

far from complete, several genes have been iden-
tified. For example, the NFS/sld mouse develops
sialadenitis that is characterized by inflammatory
lesions containing CD3* and CD4™ cells with few
CDS8" and B cells. The mice carry an autosomal
recessive gene, sld, and autoimmunity appears
to be driven by reactivity against the cytoskele-
tal protein a(alpha)-fodrin [14, 15]. However, no
anti-Ro/SS-A or anti-La/SS-B is detected in the
NFS/sld model [16]. Another model, the aly/aly
mouse, carries an autosomal recessive alympho-
plasia (aly) mutation mapped to a gene that codes
for an NF-k(kappa)B-inducing kinase [17]. CD4"*
T cells infiltrate the lacrimal and salivary glands
at 3 months, but no autoantibodies against nuclear
elements or salivary gland have been identified
[18]. Another model includes the 1d3 knockout in
which T-cell receptor-mediated thymic selection
at the time of T-cell development is disrupted.
Mice deficient in Id3 develop anti-Ro/SS-A and
anti-La/SS-B antibodies, dry eyes and mouth, and
experience lymphocyte infiltration in lacrimal
and salivary glands [19]. Recovery of salivary
function and improvements of histopathology
were observed following treatment of a CD20
monoclonal antibody that depleted B lympho-
cytes [20]. Perhaps the Id3 knockout model will
prove to be a useful animal model to guide
immunotherapy development in pSS patients.

As with the majority of SS mouse models,
dissection of the genetic loci that drives lym-
phocytic infiltration, aberrant cytokine produc-
tion, development of autoantibodies, and glan-
dular dysfunction will provide important tools
for understanding complex pathogenic mecha-
nisms in human disease. Likewise, identification
of causal genes in humans will be of extraordi-
nary benefit for fully informing the development
of mouse models that more accurately represents
human disease.

8.3  Technological Influences
on Gene Discovery
Traditional scientific inquiry is hypothesis-

driven. From a genetics perspective, the kinds
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ago included genotyping of one or a few vari-
ants within a given candidate gene for a few
hundred subjects. To provide perspective on how
increased technical capacity for genotyping has
led to the remarkable success of discovery-based
approaches in disease gene mapping, we sum-
marize key features of the human genome and
describe important advances in our understanding
of variation.

The human genome contains approximately
3 billion base pairs of genetic sequence.
Approximately 21,000 genes are encoded, the
majority of which give rise to multiple messen-
ger RNA (mRNA) transcripts and protein iso-
forms through processes such as alternative splic-
ing or post-translational modifications. Naturally
occurring genetic variation in the human genome
is abundant, dispersed throughout the genome,
and includes single-nucleotide polymorphisms
(SNPs), variable number short tandem repeats
(VNTRs), insertion/deletions (indels), and gene
copy number variation (CNV). Across all classes
of variation type, approximately 90% of sites that
are polymorphic between any two copies of the
human genome are SNPs [21].

Within the human genome, approximately
90% of heterozygosity is attributable to some 10—
15 million variants (primarily SNPs) considered
to be common as defined by population allele
frequencies >1%. The remaining 10% are consid-
ered rare or even absent (i.e., monomorphic) in
certain populations [22, 23]. The large contribu-
tion of common variation to human heterogeneity
is the result of the shared ancestry and popula-
tion history of human populations with impor-
tant implications for disease gene mapping. The
majority of genetic variation arose before the dra-
matic expansion and dispersal of the African pop-
ulation 10,000—40,000 years ago and is shared by
all humans.

This shared ancestry of humans explains the
extensive correlation among nearby chromoso-
mal variants, termed linkage disequilibrium (LD)
or haplotypes. Studies have shown that through-
out much of the genome, a high degree of ances-
tral LD is observed (termed “haplotype blocks™),
with only 3—5 common haplotypes accounting for

given region [21, 24]. Disease variants that were
deleterious during evolution (such as mutations
that cause early-onset severe diseases) are typi-
cally rare, due to selection. Conversely, disease
variants that act after reproduction may have been
neutral or subject to balancing selection (e.g.,
sickle cell and malaria). In such cases, the genetic
variation underlying disease may be common.
An important implication of the patterns of]
variation in the genome for association studies
is that a relatively small number of variants can
often be informative surrogates for nearby vari-
ants and essentially “tag” the common variation
within a large interval. Thus, not all variation
needs to be genotyped in order to detect a genetic
association effect. Indeed, genotyping of about
1% (~1 million) of all SNPs can “capture” the
great majority of the association effects orig-
inating from the ~10 million variants present
in the human genome. Genotyping technologies
have been built around selecting the most infor-
mative subset of SNPs based on these patterns
of LD for screening the genome. On the other
hand, not every genetic association detected with
the screening SNPs in a genome scan means
the true disease causal variant has been geno-
typed. A screening SNP may simply be in LD
with the nearby true causal variant and serving
as an informative marker. Additional genotyp-
ing (“fine mapping”) and sequencing are nearly
always required to more precisely determine the
true causal variant detected in association studies.
A rapid and unprecedented swell of new
genetic discoveries has been fostered by the
development of affordable, high-throughput
genotyping  technology.  Microarray-based
platforms that provide technical capacity for
genome-wide association (GWA) studies interro-
gating between 300,000 and 500,000 SNPs have
been exceptionally fruitful for prostate cancer,
breast cancer, and autoimmune diseases such as
TID, RA, and SLE [25-30]. For example, we
now recognize over 30 genes/loci in which robust
genetic association with SLE is established
[31]. In Crohn’s disease, association with more
than 30 genes/loci has also been identified [32].
Ongoing studies are expected to continue to




SPB-162136

197

198

199

200

201

202

203

204

205

206

207

208

209

210

211

212

213

214

215

216

217

218

219

220

221

222

223

224

225

226

227

228

229

230

231

232

234

235

236

237

238

239

240

Chapter ID 8 May 28, 2011 Time: 8:7

Proof 1

B8 Genomics and Viruses in Sjogren’s Syndrome

F*F*—

Genome Transcriptome Proteome

Fig. 8.1 Components of genomic studies amenable to
high-throughput technologies. Genetic studies using
genome-wide association approaches to characterize vari-
ation in DNA can test >1 million variants using microar-
rays. Gene expression studies also employ microarray
technology to measure levels of mRNA transcripts for
essentially every gene, defined as the transcriptome.
Proteomic studies use large-scale methods such as mass
spectrometry to characterize structure and function of the
entire set of proteins

to SLE and other autoimmune diseases related
to SS.

More recently, further increases in through-
put for genotyping technology allow simulta-
neous interrogation of over 1 million genetic
variants in a single experiment and often within
an economic realm of feasibility to include sev-
eral hundreds, if not thousands, of subjects.
Advances in genotyping technologies that allow
high throughput, unbiased interrogation of essen-
tially all genes are complemented by parallel
technologies that interrogate RNA transcripts or
proteins at the genome-wide level using cost-
effective approaches (Fig. 8.1). These tremen-
dously more comprehensive, discovery-based
approaches allow detection of novel genes, tran-
scripts, and proteins that are associated with dis-
ease but have never before been hypothesized to
have a role in disease.

Lessons from SLE and Other
Autoimmune Diseases

8.4

Numerous genetic loci that are associated with
more than one autoimmune disease have been
identified in recent years, confirming a basis for
shared etiology. Associations of certain human
leukocyte antigen (HEA) loci, such-as HLA-DR
variants (alleles), have been extensively reported
in-SS, SLE, RA, and others [33]. The list of
non-HLA genes implicated in multiple autoim-
mune diseases also continues to grow. Example

da 0ccapiatint—0 A -4 A N
udae associration o =4—W

1 diabetes (T1D); celiac disease; Wegener’s gran-
ulomatosis; SLE; vitiligo; Addison’s disease, and
RA [34-41]; PD-1 with RA, TID, and SLE
[42]; and PTPN22 with SLE, RA, and TI1D;
Graves’s disease and Hashimoto’s thyroiditis
[43-48]; CTLA-4 (cytotoxic T-lymphocyte anti-
gen 4), PTPN22 (protein tyrosine phosphatase,
non-receptor type 22), and PD-1 (programmed
death 1) are all expressed in lymphocytes and
play important regulatory roles during immune
responses. Interestingly, /RF5 (interferon regula-
tory factor 5) and STAT4 (signal transducer and
activator of transcription 4) are genes strongly
associated with SLE and implicated in multiple
autoimmune diseases including recent data sug-
gesting association with pSS [49]. Both IRF5
and STAT4 regulate innate immune responses
involving interferon pathway signaling. Murine
studies are also consistent with models of multi-
genic inheritance, and numerous susceptibility
loci have been identified that are shared across
different autoimmune mouse models for SS as
well as for other autoimmune diseases [50].

Of the diseases most commonly thought to
overlap with SS, SLE has received the most
attention in comparison studies and provides a
model of the expectations for genetic studies
in SS. Genetic studies in SLE are perhaps the
most advanced and successful in terms of overall
progress toward understanding etiology, largely
due to recent GWA studies [31, 51]. Before 2007,
there were nine established SLE susceptibility
genes identified through candidate gene stud-
ies or family-based linkage approaches. Among
the more than 30 genetic associations now rec-
ognized in SLE, 3 major biological themes
are confirmed by the specific genes involved:
immune complex processing, Toll-like recep-
tor (TLR) function and type-I interferon (IFN)
signaling, and signal transduction in lympho-
cytes (reviewed in Harley et al. [51] and Moser
et al. [31]). Multiple genes from each of these
three pathways are associated with SLE. Genes
involved in immune complex processing include
Fc receptors (e.g., FcGR2A, FcGR3B, FcGR3A),
complement components (e.g., C4A, C4B, C2,
Clq), and others (e.g., CRP, ITGAM). Genes

nvolved 1n /1IN
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STAT4, SPP1, IRAKI, TREXI, and TNFAIP3.
In addition to HLA-DR, other genes involved
in lymphocyte signal transduction include BLK,
LYN, BANK1, TNFSF4, and FcGR2B. Additional
genes of unknown function have been identified
that will undoubtedly expand on these themes
as our understanding progresses (e.g., ICAI,
SCUBE]I, and PXK). Importantly, ongoing stud-
ies are in progress that indicate many additional
novel associations with SLE will be established.

Familial clustering and sharing of clinical and
serological features of SS with SLE, RA, and
other autoimmune diseases has long been the
foundation for suspecting shared etiology. For
example, subsets of patients with SLE or SS may
manifest similar symptoms (commonly including
arthralgias, myalgias, fatigue, rashes, and vis-
ceral involvement from vasculitis) or serological
abnormalities such as ANAs, anti-Ro/SS-A, or
anti-La/SS-B autoantibodies [52]. Certain fea-
tures of SS are more commonly shared with RA
patients, such as production of rheumatoid fac-
tor (RF) antibodies. Identification of genetic loci
that influence expression of specific “subpheno-
types,” such as particular autoantibody specifici-
ties, kidney disease, and others, is beginning to
emerge and will likely lead to deeper understand-
ing of why such clustering of disease features
occurs.

An important consideration when reviewing
the current state of our genetic understanding
in SLE is that the bulk of discoveries have
been made in European-derived populations.
Additional layers of the complex genetic archi-
tecture for SLE provided by other populations
are only beginning to be delineated. The rela-
tive contribution from rare variants and structural
variants such as CNVs is largely unknown as
well. Interestingly, genetic effects influenced by
gender or age are also possible and supported by
studies of SPP1 (osteopontin), showing strongest
association in men as well as in women with
early-onset disease [53]. Thus, we are most likely
still viewing the “tip of the iceberg” for total
number of genes that influence risk of develop-
ing SLE and the heterogeneous subphenotypes
characteristic of this complex disease.

8.5 Genes Implicated in SS

There is no reason to suspect that the genet-
ics of SS will be significantly less complex than
the picture emerging for related diseases such
as SLE, and it will be fascinating to eventually
understand where the genetic similarities and dif-
ferences lie. Large-scale genetic studies in SS,
either with respect to number of variants tested
or sample sizes evaluated, have not been done.
In the meantime, the relatively few genetic stud-
ies performed to date are consistent with asso-
ciation of multiple genes with SS, several of
which are well established in other autoimmune
diseases.

Current literature includes approximately 30
genetic studies in SS, nearly all of which describe
testing a total of about 20 candidate genes. This
reflects less than 0.1% of the estimated 21,000
genes in the human genome. In addition, sample
sizes included in the SS genetic studies reported
to date are typically less than 200 cases and
controls. These studies are profoundly under-
powered, from a statistical perspective, to detect
the small effect sizes (OR = <1.3) generally
anticipated. Consequently, such small studies are
usually unreliable. Replication of genetic effects
has also been problematic and is not surprising
given the limitations of studies reported to date.
By contrast, the largest ongoing genetic studies in
SLE are evaluating nearly 20,000 subjects assem-
bled by the constructive cooperation of multiple
groups around the world.

While the size and scope of the SS studies
reported to date are far removed from the large-
scale studies being conducted for numerous other
autoimmune diseases, they do suggest several
genes that warrant more rigorous studies evaluat-
ing larger cohort sizes that are statistically robust
and fine mapping to more comprehensively char-
acterize the genetic effects.

Historically, genetic studies in SS were dom-
inated by evaluations of the HLA region prior to
1995 (reviewed by Cobb et al. [54]). Evidence
for association between SS and several non-HLA
genes has been reported (Table 8.1), some of
which have been associated with primary SS
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Table 8.1 Putative non-HLA
candidate genes associated
with SS

Locus

ApoE
BAFF
CCR5

Fas

FasL
GSTM1
HA-1
IgKM
IkBa(alpha)
IkBf(beta)
IL-1RN

IL-1RA
IL-10

IL-4Ra(alpha)
IRF5

MBL

PTPN22
STAT4

TcRBV
TGF-B(beta)l
TNF-a(alpha)
52 kDa Ro/SS-A

and/or various forms of secondary SS or specific
autoantibodies. As summarized below, pathways
involve both innate and adaptive arms of the
immune system and broadly include interferon
signaling, cytokines, antigen presentation, lym-
phocyte signaling, and apoptosis.

The role of innate immune disease mecha-
nisms in SS and other autoimmune diseases has
received increased attention over the last sev-
eral years. Dysregulation of interferon pathways
in particular has emerged as a major focus. In
SS, overexpression of type-I IFN-inducible genes

Population (SS case sample size) Reference
Finnish (63) [55]
Australian (112) [56]
Czech (39) [571
Norwegian (70) [58]
Norwegian (70) [58]
Japanese (106) [59]
Mixed Caucasian (88) [60]
Australian (26) [61]
Taiwan (98) [62]
Columbian (67) [63]
French (36) [64]
Northern European (36) [64]
Finnish (66) [65]
Spanish (63) [66]
Japanese (47) [67]
Korean (45) [68]
French (100-212) [69, 70]
Swedish (228) [71]
Norwegian (140) [71]
Japanese (104) [72]
Japanese (101) [73]
Spanish (81) [741
Columbian (70) [75]
US Caucasian (124) [49]
Swedish (228) [71]
Norwegian (140) [71]
United Kingdom (61) [76]
French (129) [77]
French (35) [78]
Norwegian (70) [79]
Japanese (111) [80]

salivary gland tissue, lacrimal gland tissue, and
peripheral blood [81-84]. Interferon regulatory
factor 5 (IRF5), a member of a family of tran-
scription factors, acts downstream of Toll-like
receptors and type-I IFN stimulation to promote
the expression of proinflammatory cytokines,
including TFN-a(alpha) [85, 86]. Association of]
IRF5 with SS has now been demonstrated in
independent cohorts [69—71]. There is a 5-bp
insertion/deletion polymorphism located in the
promoter that may increase expression levels of
IRF5 in SS. In SLE, this gene has been associated

(the "interferon signature) has been detected 1n

1n genetic studies of Asian, Caucasian, Hispanic,
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and African—American populations with sev-
eral independent genetic effects conferring risk
[87-93], supporting complex patterns of how
various polymorphisms relate to specific SLE-
related phenotypes [94]. Additional studies will
be required to more fully understand the role
of this important risk factor for SS and related
autoimmune diseases.

Mannose-binding lectin (MBL), a serum pro-
tein, is also important in innate immune mech-
anisms. MBL is critical for host recognition of
microorganisms and contains a domain that can
bind to the receptor collectin on the surface of
phagocytes aiding in phagocytosis [95]. MBL
also mediates the activation of the complement
pathway by lectin [95]. A mutation in codon 54
of the MBL gene, in addition to other MBL poly-
morphisms, affects serum levels [72]. Wang et al.
reported a higher allele frequency of wild-type
MBL codon 54 in Japanese SS patients than con-
trols [72]. Tsutsumi et al. found homozygosity for
the codon 54 mutation to be associated with SS in
a separate cohort of Japanese SS cases and con-
trols [95]. Neither Mullighan [96] nor Aittoniemi
[97] could confirm association between MBL
polymorphisms and SS. A recent study reported
by Ramos-Casals et al. included evaluation of
clinical and immunological manifestations of dis-
ease and suggested that patients with MBL-low
genotypes have milder disease [74].

Alterations of cytokine expression patterns
in SS have been described and are potentially
influenced by genetic variants [98]. Association
of SS with polymorphisms in interleukin (IL)-10,
IL-6, IL-1RA, IL-4Ra(alpha), TNF-a(alpha),
interferon gamma (IFN-y(gamma)), BAFF,
and transforming growth factor-beta 1 (TGF-
B(beta)l) have been reported but in many cases
not confirmed in independent studies [54].
Small sample sizes, population differences, and
incomplete evaluation of the genetic variation
across these loci are likely to contribute to the
difficulties with confirmation of reported associa-
tions. As larger studies are eventually performed,
establishing association with these genes and
understanding functional consequences of rele-
vant variants may help explain specific features

. within the MHC region, such as TNF-a(alpha)

of SS such as increases in T-cell/B-cell prolif-
eration and antibody production (e.g., BAFF,
IL-10, IL-6, IL-4Ra(alpha)). Additional studies
may also shed light on the role of cytokines in
specific disease manifestations. For example,
the interleukin 4 receptor alpha (IL-4Ra(alpha))
gene has been evaluated in several studies of
SS, suggesting association with disease suscep-
tibility as well as parotid gland enlargements,
increased levels of rheumatoid factor, and other
immunological markers [68, 99].

Transforming growth factor-betal (TGF-
B(beta)l) has also been implicated in the
pathogenesis of SS [78]. TGF-f(beta)1 is a profi-
brotic, immunosuppressive cytokine expressed
by many cell types and is known to be under-
expressed in salivary glands of SS patients as
compared to controls [77]. Gottenberg et al. ana-
lyzed a number of cytokine gene polymorphisms,
including TGF-f(beta)l, and identified a variant
with increased allele frequency in SS patients
with anti-La/SS-B autoantibodies and patients
who carry the HLA-DRB1*3 haplotype [77].
They hypothesized that both the TGF-p(beta)l
polymorphism and the HLA-DRB1*3 haplotype
act in combination to promote the production of]
anti-La/SS-B autoantibodies.

Adaptive immune responses in SS are influ-
enced by antigen presentation. In humans, the
major histocompatability complex (MHC) region
on chromosome 6 contains 140 genes between
flanking genetic markers MOG and COLI11A2
[100]. The subset of HLA genes located within
the MHC region are the most well-characterized,
encode cell surface antigen-presenting proteins,
and are well-documented risk factors for the
development of autoimmune disorders [101,
102]. Associations of HLA alleles (mostly Class
Il genes, HLA-DR, or HLA-DQ) have been
described, and specific alleles vary in different
ethnic groups with SS [103]. In most studies,
when an HLA association with SS was demon-
strable, a stronger association could be found to
the anti-Ro/SS-A and anti-La/SS-B autoantibody
responses. The HLA class I genetic associations
with SS are less powerful than the HLLA associ-
ations at HLA-DR and HLA-DQ. Other genes
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and TAP2, may be more strongly associated in
patients who are seropositive for anti-Ro/SS-A.
All of these studies are complicated by exten-
sive LD structure in this region of the genome,
increasing the difficulty in pinpointing true causal
variants. Studies in SLE have also indicated asso-
ciations with these loci, and ongoing efforts sug-
gest that more than one independent effect origi-
nates from this region. Detailed studies across the
MHC locus in SS are needed to further clarify the
physical genetics so that their etiologic role can
be addressed.

Polymorphisms that shape the autoantibody
repertoire may be important in SS. The anti-
Ro52 autoantibody was discovered and demon-
strated to be present in SS by Ben-Chetrit et al.
[104]. Curiously, a polymorphism in intron 1
of the Ro52 autoantigen has also associated
with SS by Nakken et al. in SS patients posi-
tive for anti-Ro/SS-A [79]. Similarly, Imanishi
et al. reported a polymorphism in intron 3 that
may influence the presence of anti-SS-A/Ro52
antibody in SS patients [80]. Recent studies by
Espionosa et al. have shown that Ro52 is an
important negative regulator of proinflammatory
cytokine production regulated by IRF transcrip-
tion factors through the IL23-Thl7 pathway
[105]. Furthermore, allotypes, originally defined
by allospecific sera, are heritable differences in
antibody structure and may contribute to genetic
risk. Whittingham et al. reported evidence for
association of anti-La/SS-B autoantibodies with
KM(1) allotype in SS [61]. This discovery was
replicated 20 years later by Pertovaara et al. [55],
but not in another study of comparable sam-
ple size [106]. Finally, Lawson et al. observed
a decreased frequency of the deleted/deleted
genotype of the T-cell receptor beta variable
(TCRBV) gene in SS patients compared to
controls [76].

Lymphocyte signaling molecules that regu-
late proliferation, activation, and effector func-
tions have been identified as candidates in SS.
STAT4 (signal transducer and activator of tran-
scription 4) is a lymphocyte signal transduction
molecule involved in IL-12 and IL-13 signaling
[49]. STAT4, a member of the STAT family of

... CTLA-4 can also trigger apoptosis of activated

transcription factors, encodes a protein that trans-
mits signals induced by interleukin-12, type-I
IFNs (thus linking innate and adaptive immu-
nity), interleukin-23, and other cytokines. Upon
activation by cytokines, STAT4 stimulates tran-
scription of IFN-y(sigma), a key inducer of T-cell
differentiation into type-I T-helper cells. The pro-
tein encoded by STAT4 is required to regulate
T-helper cell responses [107, 108]. SNPs in the
STAT4 gene have also been found to be strongly
associated with SLE and RA [94].

Another signaling molecule, protein tyrosine
phosphatase non-receptor type-22 (PTPN22), has
been suggested as a candidate gene in SS.
PTPN22 is expressed primarily in lymphoid tis-
sues. This gene encodes for the protein Lyp that
dephosphorylates kinases Lck, Fyn, and Zap-70,
all known to have prominent roles in T-cell sig-
naling. This protein also interacts with Src tyro-
sine kinases (Csk) and the adaptor molecule Grb2
leading to downregulation of T-cell signaling
[109]. In a collection of SS Colombian cases and
matched controls, Gomez et al. found the 1858
T allele to be a risk factor for SS [75]. However,
an independent study by Ittah et al. found no sig-
nificant difference in the 1858 T allele frequency
[109]. This allele has been shown to interrupt
the interaction of Lyp and Csk leading to aber-
rant activation of T cells [109]. Criswell et al.
also reported no association with SS in their col-
lection of 265 multiplex autoimmune families
[110]. The 1858 T allele of PTPN22 is associ-
ated with multiple autoimmune diseases includ-
ing type 1 diabetes [44], RA [43, 47, 110-112],
juvenile idiopathic arthritis [112, 113], SLE [26,
47, 110, 114], Graves’ disease [48, 115], myas-
thenia gravis [116], generalized vitiligo [117],
and Wegener’s granulomatosis [118]. Additional
studies in larger cohorts of SS patients should
be evaluated to more definitively determine the
potential role of this important “autoimmunity”
locus in SS.

Cytotoxic T-lymphocyte-associated antigen
4 (CTLA-4) is another important negative
regulator of immune responses in T cells.
CTLA-4 acts to suppress T-cell activation and
proinflammatory cytokine production [119].
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T cells [119]. In 2006, Downie-Doyle et al.
reported association of CTLA-4+49G/A and
CT60 haplotypes with susceptibility to SS [119].
Soon afterward, Gottenberg et al. reported results
from two separate cohorts of SS patients and
controls [120]. In the first cohort, allele fre-
quency differences between patients and controls
were observed for the CTLA-4+49G/A allele but
not CTLA-4 CT60. In a second cohort, however,
allelic distributions for both CTLA-4+49G/A
and CT60 variants were not significantly dif-
ferent between SS patients and controls [120].
Inconsistencies between studies may be due in
part to analytical differences between haplotype
versus single SNP analyses. The +49A:CT60G
haplotype has also been associated with SLE;
however, association with additional haplotypes
has also been observed but remains to be fully
defined [121, 122].

An important role for apoptosis has long
been hypothesized in SS. FAS and FAS ligand
(TNF receptor superfamily, member 6) have been
implicated in the pathogenesis of various diseases
of the immune system, including SS. These cell
surface molecules are responsible for transduc-
ing a death signal into the cytoplasm, leading
to apoptosis [58]. Bolstad et al. observed sig-
nificant differences in frequencies of three FAS
alleles in patients compared to controls [58].
However, Mullighan et al. did not find FAS alleles
associated with SS in their collection [123].

Other associations have been reported with
SS, but have yet to be replicated. One such exam-
ple is the glutathione-S-transferase MI (GSTM1)
and GSTTI genes. In Japanese patients, 57.5%
of SS patients shared a GSTMI homozygous
null genotype compared to 44.1% of controls
and were found to have higher levels of anti-
Ro/SS-A autoantibodies [59]. Another example
was reported in a study of Finnish Caucasian
patients with SS, where the apolipoprotein E
(ApoE) epsilon4 allele was found to be associated
with early onset of SS [124].

Thus, much work remains to firmly estab-
lish and characterize genes that confer risk to
developing SS and related disease manifestations.
We have an abundance of evidence that the nec-

c tools are in hand waitine o 1

applied to SS. Assembling large cohorts of care-
fully evaluated patients will be necessary and
will require collaborative international efforts.
The value in using discovery-based approaches
can then be realized and followed by studies that
are hypothesis-driven in both humans and highly
relevant mouse models.

8.6  Viral Influencesin SS
In addition to a potentially complex genetic archi-
tecture in SS, the etiology of SS is certain to be
further complicated by “environmental” factors
such as viruses. Monozygotic twin concordance
rates, although not formally measured in SS,
are less than 35% in related diseases such as
SLE [31]. Understanding how pathogens interact,
with an autoimmune-prone genetic background
to result in expression of disease manifestations
is critical for a more complete understanding of]
etiology. In a recent review, Munz et al. discuss in
detail multiple mechanisms by which viral infec-
tions may trigger autoimmune disease or vice
versa [125]. Prevailing hypotheses for potential
autoimmune disease mechanisms triggered by
infection include (1) adjuvant effect of pathogens
in priming autoreactive immune responses; (2)
molecular mimicry; and (3) bystander activation
of autoreactive cells and epitope spreading. On
the other hand, evidence also supports mecha-
nisms in which autoimmune disease could affect
anti-viral responses through (1) bystander activa-
tion; (2) increased pathogen replication; and (3)
redistribution of anti-viral immune responses to
sites of autoimmune inflammation. Support for
each of these mechanisms has been observed in
various autoimmune diseases and with respect to
various viruses. Of course, the role of viruses
in inducting, promoting, sustaining, or exacerbat-
ing infections in any autoimmune disease could
be complicated by the influence of more than
one virus acting simultaneously or sequentially to
generate a specific phenotype.

In SS, numerous infectious agents have
been considered and include Epstein—Barr virus
(EBV), human T-cell leukemia virus 1 (HTLV1),
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hepatitis C (HepC), endogenous retroviral par-
ticles, and coxsackieviruses [126]. Specific evi-
dences supporting these candidate viruses vary,
but generally include small studies aimed at
detecting viral nucleic acids or proteins or sero-
logical evidence of past infection. Controversial
results have been reported for virtually all viruses
studied to date in SS and association with any sin-
gle virus has not been firmly established. Other
lines of evidence to support role of viral infec-
tions in SS include such properties as the ability
of certain viruses to directly infect cells in the
salivary gland and/or immune system, sequence
similarities between viral proteins and autoanti-
gens (particularly Ro/SS-A and La/SS-B) that
may promote autoantibody production through a
molecular mimicry mechanism, elevation of viral
antibodies or viral sequences in SS patients, asso-
ciation between viral infection and lymphocyte
transformation into lymphoma, and association
of symptoms mimicking SS following viral infec-
tion [126, 127]. Regardless of the specific virus,
mechanisms of host—virus relationships that con-
trol or perpetuate latency and re-activation cycles
of viral replication and inflammatory responses
(such as production of IFNs) are complex but
likely to be important in SS.

The complex set of possible host—environment
interactions spreading over a lifetime undoubt-
edly contributes to difficulties in study design and
the ability to establish robust associations with
a particular virus. Perhaps the most significant
insight into understanding this relationship comes
from a variety of studies in SLE consistent with
a role for EBVs that are potentially informative
for SS [127, 128]. A model developed from stud-
ies during the past decade is depicted in Fig. 8.2.
First, genetic predisposition could include numer-
ous potential variants that influence subsequent
steps in this model. Specific variants in genes that
are involved in activation and regulation of IFN
responses (e.g., IRF5 or STAT4), antigen presen-
tation and specificity (e.g., T-cell receptors and
HLA), and lymphocyte function (e.g., PTPN22
and BAFF) would be required to increase risk
of developing autoimmunity after the necessary
environmental exposures are encountered. As
i i 0 genes in

have now been identified, illustrating that the
predisposing genetic backgrounds are likely to
be quite complex. Next, serologic exposure and
evidence of viral EBV DNA have been shown
to be highly associated with SLE in children
and adults, consistent with a necessary but not
sufficient role of viral infection. Furthermore,
studies in patients where samples were available
prior to development of autoimmune responses
provide compelling evidence for cross-reactive
responses between EBV and SLE/SS autoantigen
responses as a critical step. A single first epi-
tope targeted by anti-Ro autoimmune responses
in SLE is TKYKQRNGWSHKD, which then
spreads over time to possibly more than 20 differ-
ent secondary epitopes. Antibodies that bind the
initial Ro epitope have been shown to cross-react
to an EBV epitope, GGSGSGPRHRDGVRR of
the viral EBNA-1 protein. Another important
and interesting finding was originally reported by
Arbuckle et al., showing that the development
of anti-Ro and anti-La precedes the appearance
of clinical manifestations and diagnosis of SLE
by more than 3 years [129]. In SS, low lev-
els of anti-Ro and anti-La have been associated
with subclinical dry eyes and dry mouth in other-
wise apparently healthy individuals. Progressive
production toward high levels of these autoanti-
bodies would be expected to result in fully blown
autoimmune disease.

Similar models for EBV and other viruses
have also been suggested in SS. For example,
cross-reactivity between another Ro epitope and
a peptide derived from the Coxsackievirus 2B
protein has been reported in SS patients [130].
Of course, not all SS patients produce anti-Ro
autoantibodies. Indeed, associations of HCV with
SS appear to be enriched in patients who are
negative for anti-Ro, reviewed by Ramos-Casals
et al. [131]. In both SS and HCV-associated lym-
phomas and lymphoproliferative diseases, cross-
reactivities or molecular mimicry have been sug-
gested based on similarity of antigen receptor
gene segments expressed [132].

Thus, multiple viruses are potentially asso-
ciated with SS, and our understanding of their
role in contributing to SS is far from complete.
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Fig. 8.2 Potential model for
development of autoimmunity
through molecular mimicry of
EBV EBNA-1 and Ro
epitopes

to overall risk of disease as well as progression at
each step shown in Fig. 8.2 are likely to exist but
yet to be fully elucidated.

8.7 Insights from Genomic
and Proteomic Studies

Biological networks and pathways that define
human physiology are immensely complex. As
opposed to the traditional “reductionist” view
of dissecting individual components of a dis-
ease state, understanding mechanisms of disease
that take into consideration these complexities
is fast becoming the focus of a relatively new
area that has emerged in the last decade of “sys-
tems biology.” Either subtle or significant alter-
ations in normal levels of gene expression and/or
their protein products may correlate with dis-
ease states. Two major approaches developed in
recent years provide opportunities to gain further
insight into etiology of disease. The first is tran-
scriptional or gene expression profiling, which
measures levels of mRNA at a global level. The
second is proteomics, which has similar goals for
the detection of comprehensive sets of proteins.

—
{é Genetically Susceptible Individual
/

Healthy, no autoantibodies

+ ﬁ Environrner*#l Exposure (EBV?)
Anti-EBV Response (anti-EBNA17?)

Cross-Reaction (EBNA1 & Ro)

¢

_& Autoantibody Production (anti-Ro)

Epitope spreading (within & between antigens)

¢

Pathology

Both have been applied in SS and are facilitat-
ing the identification of important disease-related
pathways.

High-throughput transcriptional profiling
using microarray technology has been applied
to SS, SLE, RA, and numerous other complex
diseases. These studies aim to comprehensively
characterize patterns of gene expression in
isolated cells from normal and diseased tissues.
Studies in SS, SLE, and RA have demonstrated
characteristic peripheral blood cell (PBC)
gene expression fingerprints or “signatures.” A
prominent signature that has been repeatedly
observed in autoimmune phenotypes including
SS is marked by overexpression of interferon
(IFN)-inducible genes [133]. In SS, our group
has evaluated PBC gene expression patterns
using microarrays that interrogate over 22,000
mRNA transcripts and identified IFN signaling
as the most significantly dysregulated pathway
in PBCs [81]. This IFN signature appears to
be most prominent in the subset of patients
who produce anti-Ro/anti-La autoantibodies.
We also identified additional pathways that are
dysregulated in peripheral blood cells of SS
patients including B-cell and T-cell receptor
signaling, insulin-like growth factor 1, granu-
locyte macrophage colony-stimulating factor,
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peroxisome  proliferator-activated  receptor- Conclusion
a/retinoid X  receptor-a, and PI3/AKT Genomic studies in SS strongly support the
signaling. role of innate and adaptive immune mecha-

Several gene expression profiling studies of
salivary gland tissue and saliva in human SS have
also been reported. One of the most consistent
findings across all these studies is the dysregu-
lation of IFN pathways. In a study by Hjelmervik
et al., patients with primary SS and controls with
symptoms of SS but no objective criteria were
evaluated [83]. RNA was extracted from minor
salivary gland tissue and hybridized to cDNA
microarrays with features representing ~16,000
transcripts. The highest ranked transcripts were
from the T-cell receptor B(beta) locus and numer-
ous other genes consistent with a chronic inflam-
matory state. Genes involved in IFN responses
were also noted. In addition, downregulation of
the expression of carbonic anhydrase II was also
found. This gene is essential in saliva production,
and secretion may thus contribute to direct func-
tional abnormalities in SS. Using a similar study
design, Gottenberg et al. also evaluated minor
salivary gland tissue and identified genes impli-
cating IFN-mediated innate immune mechanisms
in the pathogenesis of pSS [82]. This study also
demonstrated the presence of plasmacytoid den-
dritic cells, a major producer of IFN, in salivary
gland tissue of all SS patients but none in the con-
trols. More recently, IFN-related gene expression
patterns were also reported in a third study of
three pSS and three controls [134]. Furthermore,
activation of IFN-related pathways in saliva has
also been reported using both transcriptional pro-
filing and proteomic approaches [84]. Finally,
a recent study evaluating gene expression pro-
files in salivary gland epithelial cells revealed
significant dysregulation of apoptotic and IFN
pathways. These data were then coupled with
genome-wide association study to identify chro-
mosomal regions that appear to harbor genetic
loci that influence quantitative transcript lev-
els associated with SS [135]. Future studies
will be necessary to further test the candidates
identified.

nisms in the pathogenesis of SS. A proposed
model suggests that genetic susceptibility
involves specific variants in a potentially long
list of genes. Genes involved in innate immune
mechanisms, such as apoptosis, IFN signal-
ing, cytokine levels, expression of autoanti-
gens, and T-cell and B-cell function, are
all likely to be important. Initial triggers of]
autoimmunity may involve several mecha-
nisms such as molecular mimicry between
certain viruses and common autoantigens in
SS. Once cross-reactive autoantibodies are
produced and immune responses mature, con-
tinued stimulation by immune complexes (and
perhaps viruses) of TLRs in salivary glands
and downstream signaling pathways may be
dysregulated and contribute to the persistence
of what is observed as the IFN signature [82].
Other pathways, such as apoptosis and lym-
phocyte signaling, contribute to the overall
complex etiology of SS.

Identifying the genetic factors that cause
SS lags far behind the remarkable progress
that has recently been observed in other
closely related autoimmune diseases. Full
leveraging of the powerful tools available
for genetic discovery has been hampered by
lack of large, well-characterized cohorts of
patients. SS genetics investigators are work-
ing toward assembling the samples and data
needed to launch large-scale genetics stud-
ies with the expectation that fundamental
new knowledge about this complex disease
will be discovered, allowing for more precise
definition of pathogenic mechanisms lead-
ing to the overall SS phenotype as well as
clinically heterogeneous subsets of patients.
Important opportunities for rapid transla-
tion into improved diagnostic and therapeutic
approaches for SS and its spectrum diseases
are certain to follow.
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Autoantibodies and Autoantigens
in Sjogren’s Syndrome

Kazuhisa Nozawa, Minoru Satoh, Seunghee Cha,
Yoshinari Takasaki, and Edward K. L. Chan

Abstract

Over the past 30 plus years since the identification of the now classic anti-
SS-A/Ro and anti-SS-B/La autoantibodies in Sjogren’s syndrome, there have
been a few new and interesting autoantibodies including anti-fodrin, anti-M3
muscarinic receptor, anti-NA14, and other autoantibodies that are reported
to be closely linked to this disease. This chapter describes the current data
available for the specificities of these antibodies, their usefulness in diagnosis
and prognosis of the disease, and hypotheses on the nature of autoantibody

production.

Keywords

Apoptosis

Abbreviations

AGAs anti-Golgi complex antibodies

APCs antigen-presenting cells
ANA santi-nuclear antibodies
CHB congenital heart block

GC germinal center

M3R muscarinic type 3 receptor

NA14 nuclear autoantigen 14 kDa
PM/DM  polymyositis/dermatomyositis
RA rheumatoid arthritis

SLE systemic lupus erythematosus

E.K.L Chan (><)
Department of Oral Biology, University of Florida
College of Dentistry, Gainesville, FL, USA

Autoantigen ¢ Autoantibody e Systemic autoimmune disease ® Sjogren’s
syndrome SS-A/Ro ¢ SS-B/La * NA14 « M3 muscarinic receptor ® Fodrin ¢

e-mail: echan@ufl.edu damage is apparcntl;! multifactorial ilel!ljng

SS Sjogren’s syndrome
SSc scleroderma

9.1 Introduction

Sjogren’s syndrome (SS) is a systemic autoim-
mune disease in which the immune response
is activated to attack and destroy the exocrine
glands that produce tears and saliva [1, 2]. The
disease may be isolated (primary SS) or it may
occur in association with other rheumatic dis-
eases (secondary SS) such as rheumatoid arthritis
(RA), scleroderma (SSc), and systemic lupus ery-
thematosus (SLE). The etiology of SS remains
unknown, but the pathogenesis of exocrine cell

R.I. Fox, C.M. Fox (eds.), Sjogren’s Syndrome, DOI 10.1007/978-1-60327-957-4_9,

© Springer Science+Business Media, LLC 2011
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a:tl::)l:n?ii;l()d:se\ilsl;lggerzrfl,s Autoantibodies ISJIr?valer’lce in primary References

syndrome ( ;;;))gren s syndrome
Non-organ specific
Anti-SS-A/Ro 60-75 [7]
Anti-SS-B/La 25-50 [7,198]
Anti-M3 muscarinic receptor 63 [197]
Anti-a-fodrin 40-70 [120, 129]
Rheumatoid factor 60-80 [199]
Anti-neutrophil cytoplasmic 10-25 [200, 201]
Anti-phospholipid 20 [202]
Anti-centromere 2-20 [24]
Anti-mitochondrial 13 [203]
Organ specific
Anti-smooth muscle 62 [198]
Anti-thyroid 28 [204]
Anti-salivary duct Rare [205]

both environmental and genetic factors. One
of the central clues comes from the observa-
tion that the immune system in SS targets a
restricted and highly specific group of intracel-
lular autoantigens [3-5]. The disease is char-
acterized by hypergammaglobulinemia and the
presence of the non-organ-specific autoantibod-
ies such as anti-SS-A/Ro, anti-SS-B/La, and
various kinds of organ-specific autoantibodies.
Table 9.1 summarizes the autoantibodies often
recognized in patients with SS along with their
prevalence. Unique feature of autoantibody pro-
duction in SS is that prevalence of organ-
specific autoantibodies is relatively high com-
pared to other systemic autoimmune diseases,
suggesting that organ-specific ~autoantibodies
may play a role in the disease pathogenesis
of SS.

The intracellular autoantigens targeted by the
high-titer autoantibody response are a diverse
group of macromolecules that are ubiquitously
expressed [4]. In systemic autoimmune diseases,
many of these cellular antigens are components
of protein—nucleic acid complexes but other-
wise share no obviously common features in

terms of subcellular distribution, protein struc-
ture, or function [6]. In spite of the diversity,
the specificity of the autoimmune response is
remarkably predictive of disease phenotype, such
that specific autoantibodies have become use-
ful diagnostic and prognostic biomarkers [7—10].
The predominant target autoantigens in SS are
the ribonucleoprotein autoantigens SS-A/Ro and
SS-B/La [3], which are included in the disease
diagnostic criteria [11]. Although autoantibod-
ies to SS-A/Ro and SS-B/La are indicative of
SS, their presence, especially in the case of
anti-SS-A/Ro antibodies, is not specific since
they are found with some frequency in patients
with other systemic autoimmune diseases such
as SLE [3, 7]. Two additional autoantigens, o-
fodrin [12] and muscarinic type 3 receptor (M3R)
[13, 14], were identified more recently as tar-
gets for SS-specific autoantibodies. Although the
interests of many researchers have focused on
these autoantibodies, they have not been yet
established as SS-specific autoantibodies for clin-
ical diagnostic use. Furthermore, there have been
many reports of other less prevalent autoanti-
bodies such as nuclear mitotic apparatus protein




SPB-162136

97

98

99

100
101
102
103
104
105
106
107
108
109
110

111

113
114
115
116
117
118
119
120

121

123
124
125

126

128
129

130

132
133
134
135
136
137
138
139
140
141
142
143

144

Chapter ID 9 May 27, 2011 Time: 17:26

Proof 1

9 Autoantibodies and Autoantigens in Sjégren’s Syndrome |

(NuMA) [15, 16], members of golgin autoanti-
gen protein family [17], poly-(ADP)-ribose poly-
merase (PARP) [18], 90-kDa nucleolar organizer
region protein (NOR90/hUBF) [19], p80-coilin
[20], nuclear autoantigen of 14 kDa (NA14) [21,
22], and many others that have been described
in SS. However, they are mostly not restricted to
SS. Here, we review the representative autoanti-
bodies frequently recognized in patients with SS
and discuss the major factors for autoantibody
production in relationship to the pathogenesis
of SS.

9.2 Autoantigens and
Autoantibodies in Sjogren’s
Syndrome

9.2.1 Anti-SS-A/Ro and Anti-SS-B/La

Antibodies

Anti-SS-A/Ro and anti-SS-B/La are the most
clinically important and best-characterized

autoantibodies in SS [3]. The SS-A/Ro autoanti-
gen was first identified as a specific precipitin
Ouchterlony double-immunodiffusion

in the

Fig. 9.1 Nuclear and nucleolar staining of SS-A/Ro sera
in different HEp-2 cell substrates. a HEp-2 cells from
BION, Inc. showed discrete nuclear speckles (arrows)
while the nucleoli (arrowheads) were negative when
stained by human prototype anti-SS-A/Ro serum Ge at
1:200 dilution. b The HEP2000 cells (Ro60-transfected
HEp-2 cells, Immunoconcept) stained similarly with

assay and later shown to be the 60-kDa protein
(Ro60) existing as ribonucleoprotein complexes
with four small hY (human cytoplasmic) RNA
molecules [23-26]. In anti-nuclear antibody
assay performed in clinical laboratories, anti-
SS-B/La and anti-SS-A/Ro are often reported
as nuclear speckles and/or nucleolar staining
(Fig. 9.1). The cellular function for Y RNAs
remains unknown but Ro60 protein is currently
postulated to play roles in small RNA quality
control and the enhancement of cell survival
following exposure to ultraviolet irradiation [27].
Anti-SS-B/La antibodies were first defined by
immunodiffusion in association with SS-A/Ro
precipitins [24, 28]. SS-B/La is a distinct 47-kDa
protein (Fig. 9.2a) and associates with a variety
of small RNAs derived from RNA polymerase
II including Ro hY RNAs, pre-5S RNA, pre-
tRNAs as well as many viral RNAs [29, 30].
The SS-B/La protein has been described to have
multiple functions including as a transcription
termination factor for RNA polymerase [31, 32]
and a factor in mediating the correct ribosome
translational start sites [33]. Anti-SS-B/La
antibodies are almost invariably accompanied by
anti-SS-A/Ro antibodies, reflecting the physical

serum Ge gave nuclear speckles in untransfected cells
and much brighter staining in transfected cells (arrow)
showing intense homogeneous nucleolar staining (arrow-
head). ¢ HEp-2 showed an interesting serum Pa containing
both anti-SS-A/Ro (nuclear speckles) and anti-golgin-245
autoantibody (Golgi staining, arrows)
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Fig. 9.2 Immunoprecipitation analysis of human anti-
SS-A/Ro and anti-SS-B/La sera. a Five sera (lanes 1-5)
containing various levels of anti-SS-A/Ro and anti-SS-
B/La and a control normal human serum (NHS) were
analyzed by immunoprecipitation using cell lysates from
human K562 cells metabolically labeled with [33S]-
methionine. Ro60, Ro52, and SS-B/La (La) can be dif-
ferentiated using gels with acrylamide:bisacrylamide ratio
166:1 [195, 196]. b Effects of different concentration of
NaCl on the interaction of Ro60 (Ro) and La. [3°S]-
Methionine-labeled K562 cell extract was prepared using

association of these molecules in SS-A/Ro and
SS-B/La ribonucleoprotein particle complex, but
anti-SS-A/Ro antibodies frequently occur in the
absence of anti-SS-B/La antibodies.

It has been shown that most anti-Ro60-
positive sera also react with a structurally unre-
lated 52-kDa protein (Ro52, also known as
TRIM21) [26, 34, 35]. There has been report of
association of Ro60 and Ro52 via direct protein—
protein interaction [36]; however, the interaction
may be weak or transient and was not observed by
other investigators (Fig. 9.2b) [37]. In 2006, the
laboratories of Kamitani and Wahren-Herlenius
independently reported that Ro52 is an E3 ubig-
uitin ligase [38, 39]. Thus it is possible that Ro60
and/or SS-B/La are substrates for Ro52-mediated
ubiquitinylation and somehow they are stabilized
during certain disease states and the complexes
contribute to the formation of autoantibodies to
these components.

The reported prevalence of anti-SS-A/Ro and
SS-B/La antibodies depends on the method and
sensitivity of detection. Overall, anti-SS-A/Ro
antibodies occur in approximately 60-75% of

NET/NP40 buffer (0.15 M or 0.75 M NaCl, 2 mM EDTA,
50 mM Tris—HCI pH 7.5, 0.3% NP40), immunoprecip-
itated with anti-Ro60 or anti-La prototype serum, or
normal human serum (NHS), and washed using the same
buffer with different concentrations of NaCl. NaCl con-
centrations of the buffer used were as follows: lane 1:
cell extract 0.15 M, washing 0.15 M; lane 2: cell extract
0.15 M, washing 0.75 M; lane 3: cell extract 0.75 M, wash-
ing 0.75 M. Ro + La: anti-Ro60 + La prototype serum
under the condition 3. *, **, and *** in panels a and b
indicate the use of the same serum

antibodies have been reported to occur in up
to 50% of primary SS patients. Kelly et al.
reported that the presence of anti-SS-A/Ro anti-
bodies identified patients with more severe sys-
temic diseases [31]. Davidson et al. described
that parotid swelling and lymphadenopathy were
more common in anti-SS-A/Ro and anti-SS-B/La
antibodies-positive patients and the risk of devel-
oping non-Hodgkin’s lymphoma was higher in
this group compared to anti-SS-A/Ro and anti-
SS-B/La antibodies seronegative patients [32].
It is interesting that a recent study including
321 SS patients showed that among anti-SS-
A/Ro, anti-SS-B/La, and anti-fodrin antibodies,
anti-SS-B/La antibodies were strongly correlated
to organ involvement and cytopenias, and thus
could serve as a prognostic marker in primary
SS [40].

Considerations regarding the role of anti-
SS-A/Ro and anti-SS-B/La antibodies in the
pathogenesis of SS include (1) their asso-
ciation with high frequency of severe sali-
vary gland destruction and hematologic disor-

der such as thrombocytopenia, leukopenia, and
. o )
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salivary glands and conjunctival epithelial cells
from SS patients [43-45]; (3) salivary enrich-
ment of anti-SS-A/Ro and SS-B/La antibodies in
patients with SS, suggesting local production in
salivary glands [46, 47]; and (4) presence of anti-
Ro052, anti-Ro60, anti-SS-B/La autoantibodies-
producing cells in salivary glands of patients with
SS [48, 49].

Gordon et al. have proposed to divide the
pathogenesis of SS-A/Ro and SS-B/La in SS to
consist of three steps starting with the initiation
of autoimmunity, diversification of autoantibod-
ies, and antibody-mediated tissue injury [50].
In the initiation step, the key finding is that
intracellular autoantigens including SS-A/Ro and
SS-B/La are clustered in membrane blebs (apop-
totic bleb) at the surface of apoptotic cells. It
has been proposed that apoptotic cells serve
as a source of immunogen of intracellular pro-
teins for the production of autoantibodies [51].
Redistribution of SS-A/Ro and SS-B/La polypep-
tide into the blebs may produce neo-epitopes
during apoptosis via exposure of cryptic epi-
topes or molecular modifications (posttransla-
tional modification—discussed in a subsequent
section) such as oxidation, proteolytic cleav-
age, or conformational changes [51-53] and they
termed the neo-epitopes induced by apoptosis
as “apotopes” [50]. In genetically susceptible
individuals, the generation of non-tolerized epi-
topes of SS-A/Ro and SS-B/La may initiate an
autoimmune response, particularly in situations
of increased apoptosis or where the clearance
of apoptotic cells is impaired [54-56]. To date,
there are several interesting reports on apotopes
and posttranslational modification of Ro60 and
SS-B/La [53, 57-59]. Traditional mapping tech-
niques of ELISA or immunoblotting have iden-
tified three immunodominant epitopes of SS-
B/La: LaA (aa 1-107), LaC (aa 111-242), and
Lal2/3 (aa 346—408) [60-62]. Passively trans-
ferred of IgG specific for LaA and LaC could
bind cell membrane of apoptotic cells in a
murine xenograft model, whereas IgG specific for
LalL2/3 did not bind and identical findings were
observed ‘in cultured human fetal cardiocytes
rendered apoptotic in vitro [63]. Therefore, LaA
and d drc ExXposcd C C

ApOoLlop Wn11e 9

maintaining an intracellular location in apoptotic
cells. Furthermore, sera from mothers of infants
with congenital heart block (CHB) react with
LaA and LaC, indicating that these apotopes may
be targets of maternal autoantibodies [63].

The presence of anti-Ro52 without anti-Ro60
antibodies has been correlated with SS, whereas
the presence of both anti-Ro52 and anti-Ro60
antibodies, or anti-Ro60 antibodies alone, has
been correlated with other rheumatic diseases
such as SLE [64]; however, these have not
remained consistent findings. In the study of
Ro60 apotopes, a surprising report showed that
Ro60 apotope was highly specific for a subset of]
SLE patients with anti-Ro60 alone without anti-
SS-B/La, but not detected in anti-Ro60-positive
patients with primary SS, irrespective of the pres-
ence of anti-SS-B/La [65]. Interestingly, SLE
patients with anti-Ro60 antibodies alone have
been shown to have a high risk of nephritis
and seizures than those with both anti-Ro60 and
anti-SS-B/La antibodies [66], raising the pos-
sibility that specificity for Ro60 apotopes may
predict clinical outcomes toward SLE. In con-
trast to Ro60, Ro52 has been reported to be not
detected on cell surface of early and late apop-
totic cells using human Jurkat and HeLa cell
lines [57]. This contrasts with earlier studies,
in which surface binding of anti-Ro52 antibod-
ies to apoptotic fetal cardiocytes and impairment
of their clearance were reported [55, 67]. These
observations suggest that translocation of Ro52
to the cell membrane may be cell-type specific
or caused by a mechanism unique to methods in
the experimental induction of apoptosis [68—70].
Alternatively, Ro52 may be translocated to the
surface of apoptotic HelL.a and Jurkat cells but
have no attachment site to anchor it to the cell
surface. Therefore, maternal anti-Ro52 antibody
may also contribute to CHB by binding to live
cardiomyocytes and inducing calcium overload
and apoptosis [71, 72].

Once the initiation step of autoantibodies pro-
duction is established, it has been thought that
intrastructural—-intermolecular epitope spreading
occurs for the diversification of anti-SS-A/Ro
and anti-SS-B/La autoimmune responses [73].
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clustering of autoantibody specificity in patients
with SS is thought to arise by a process of B-
cell epitope spreading between components of
SS-A/Ro-SS-B/La ribonucleoprotein complexes
after the initiation of immunity to a single com-
ponent of this structure. Such spreading has
been reported in mice immunized with SS-A/Ro
or SS-B/La proteins or corresponding shorter
synthetic peptides [74-78] and rabbits follow-
ing immunization with Ro60 peptide [79]. The
B-cell epitope spreading in patients and exper-
imental animals is hypothesized to result from
collaboration between T and B cells specific for
epitopes on the SS-A/Ro and SS-B/La polypep-
tides non-covalently linked together in a ribonu-
cleoprotein particle, a mechanism that has been
termed intramolecular—intrastructural help [80].
McClain et al. reported that early Ro60 response
in lupus crossreacts with a peptide of the latent
viral protein Epstein—Barr virus nuclear antigen
(EBNA-1), suggesting that molecular mimicry
plays a role in the initiation step [81].

After the establishment of autoimmune
response, some pathological autoantibodies
may subsequently have a capability of causing
tissue destruction. Although a mechanism of the
tissue destruction of anti-SS-A/Ro and SS-B/La
autoantibodies has not been elucidated, some new
observation concerned with the tissues destruc-
tion of anti-SS-A/Ro and SS-B/La autoantibodies
has been reported in the CHB model [67]. In a
fetus diagnosed with isolated CHB, evaluation
of the maternal serum almost invariably reveals
the presence of autoantibodies against SS-A/Ro
and SS-B/La and in vitro and in vivo studies
suggest that one pathogenic cascade linking the
antibodies to eventual scarring may be induced
via apoptosis. Clancy et al. reported that nuclear
injury and the translocation of SS-A/Ro and SS-
B/La antigens to the fetal cardiomyocyte plasma
membrane were common downstream events of
Fas and TNF receptor ligation, requiring caspase
activation [67]. These investigators also showed
that cultured fetal cardiomyocytes expressed
phosphatidylserine receptors (PSRs), which are
known to mediate phagocytosis of apoptotic
cells, and the phagocytic uptake was blocked

DOJ ana wd oniican

inhibited following pre-incubation of apoptotic
cardiomyocytes with IgG from anti-SS-A/Ro and
anti-SS-B/La autoantibodies-positive mother of]
a CHB child. These investigators proposed that
resident cardiomyocytes participate in the phys-
iologic clearance of apoptotic cardiomyocytes
and that the clearance is inhibited by opsoniza-
tion via maternal autoantibodies, resulting in
accumulation of apoptotic cells, promoting
inflammation, and subsequent scaring [67]. The
report by Kuhn et al. also provides evidence
in support of a role for SS-A/Ro and SS-B/La
antigens in apoptotic clearance in the epidermis
of patients with cutaneous lupus erythematosus
after ultraviolet irradiation [82]. Interestingly,
in Ro60 knockout mice, it has been reported
that UVB irradiation resulted in significantly
increased numbers of apoptotic cells compared
with wild-type mice [83]. One interpretation
of these data is that Ro60 is involved in cell
survival, and thus increased apoptosis is a
reflection of the loss of survival signals, with
the net effect being exaggerated apoptosis.
Furthermore, SS-A/Ro and SS-B/La may have
dual functions depending on whether they are
intracellular protein in live cells or translocated
to the cell surface of apoptotic cells. In any case,
the model of the tissue destruction of SS-A/Ro
and SS-B/La antibodies leading to perturbation
of apoptotic cell clearance by binding these
autoantibodies is currently an attractive hypoth-
esis for the autoimmune pathogenesis. Further
studies will be needed to define the molecular
pathways whereby SS-A/Ro and SS-B/La are
redistributed to the cell surface during apop-
tosis, identification of the functional domains
on the apotopes involved in physiological
clearance, and characterization of their inter-
actions with molecular chaperones and counter
receptors.

AQ3

9.2.2 Anti-muscarinic Type 3 Receptor
(M3R) Autoantibodies

One of the potentially very important break-

throughs in the understanding of defective secre-
. S 00
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1997. In the first study, the binding of a radio-
labeled muscarinic type 3 receptor (M3R) ago-
nist [*H]-quinuclidinyl benzilate (QNB) to M3R
of purified rat parotid gland membranes was
inhibited in a non-competitive manner when the
membrane was pre-incubated with primary SS
sera [84], suggesting that circulating antibodies
against rat parotid gland M3R were present in
the sera of primary SS. Studies using a mouse
model further defined that sialadenitis is to be
due, in part, to a general loss of neurotransmitter
responsiveness in the salivary gland cells rather
than lymphocytic infiltration [85, 86]. Other stud-
ies later have also demonstrated the presence
and functional/pathological roles of anti-M3R
autoantibodies in human sera as well as in ani-
mal models of SS [13, 14, 87-95]. The classical
model (apoptosis model), which claims defec-
tive secretory function in SS is a consequence of
cytotoxic immune response that causes apopto-
sis of fluid secreting acinar cells is challenged by
this non-apoptotic model that mainly emphasizes
functional suppression of M3R-mediated path-
way by anti-M3R autoantibodies [96]. The latter
model can explain why patients who are free of
lymphocytic infiltration in the salivary glands still
develop severe dryness.

Acetylcholine (Ach) mediates important phys-
iological responses such as muscle contrac-
tion, salivary and tear secretion, and cardiac
rate through a family of muscarinic receptors.
Muscarinic receptors, G-protein-coupled seven
transmembrane receptors, are widely distributed
throughout the human body and mediate dis-
tinct physiological functions according to loca-
tion and receptor subtype. Five distinct mus-
carinic receptor subtypes (M1-M5) are known
to exist, although the exact location and func-
tional roles of all subtypes have not been fully
elucidated to date [97]. Human and rodent stud-
ies identified that both M1 and M3 receptors are
present in the salivary glands, whereas the parotid
glands express predominantly M3 receptors [98—
100], playing a pivotal role in the production of
saliva by serous and mucous cells of the aci-
nar structures [101]. Therefore, it was anticipated
that the impairment of this pathway by anti-M3R
DOAIES M4d C CIC C C

patients positive for the autoantibodies. The reg-
ulation of saliva secretion via M3R in the acinar
cells and the consequence of anti-M3R antibody
on secretion is illustrated in Fig. 9.3.

Some of the controversies regarding anti-M3R
autoantibodies lie in their prevalence and speci-
ficity. The prevalence of these receptors ranged
from anywhere between 9 and 90%, depending
on the sensitivity of assay systems developed
and targeted epitopes on M3R [93, 102, 103].
ELISA (or its variants) has been the most com-
mon screening method for this antibody and
linear peptides were not suitable for detection
or inhibition studies, indicating that M3R epi-
tope(s) is discontinuous or conformational [104].
In fact, the highest prevalence originated from a
study utilizing GST-fusion recombinant peptides
allowing dimerization of linear peptides, thus,
maintaining a native tertiary structure found in
vivo [102]. Although the critical epitope(s) of
M3R have not been clearly defined to date, the
dominant epitope was presumed to be present in
the second extracellular cellular loop (aa 213—
228) where a receptor and ligand-binding site is
located [87]. However, later studies pointed out
other potential M3R epitopes such as the third
extracellular loop (aa 514-527) [105] or second
extracellular loop encompassing the transmem-
brane domain (aa 213-237) [92]. More impor-
tantly, it is still questionable if anti-M3R bind-
ing is specific to M3R, as indicated by a study
where anti-peptide M3R (aa 208-228) antibod-
ies strongly bind to MI1R [103]. Nonetheless,
full mapping of M3R epitopes, improvement of]
sensitivity/specificity of assays, proper and well-
defined selection of disease and healthy controls,
and large patient-oriented studies will allow more
consistent findings and thorough information on
prevalence and specificity.

Does the presence of the anti-M3R autoan-
tibody guarantee secretory hypofunction?
Antagonistic roles of anti-M3R antibodies in
M3R-mediated pathway have been tested in
various ways. Infusion of purified serum IgG or
F(ab’)2 fragments from parental NOD mice or
human primary SS patients, but not serum IgG
from healthy controls, alters stimulated saliva

On 4]. Anti-M3R an

AQ5
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Fig. 9.3 Autoantibody influencing saliva secretion medi-
ated by acetylcholine muscarinic type 3 receptor (M3R)
signaling in acinar cells. Binding of acetylcholine to
the M3R stimulates phospholipase C to generate inosi-
tol 1,4,5-triphosphate (IP3). IP3 binds to and opens the
IP3 receptor on the endoplasmic reticulum at the apical
pole of the cell, causing the release of Ca”*. Release of
Ca”* stimulates Ca>*-induced Ca release via IP3 receptor

inhibited carbachol-evoked increase in intracel-
lular calcium in both mouse and human acinar
cells by approximately 50% [106]. Functional
assays utilizing mouse bladder smooth muscle
supported the hypothesis that chronic stimu-
lation of membrane-bound M3R can result in
desensitization of the receptor [91]. Furthermore,
inhibitory function of anti-M3R antibody on
postganglionic cholinergic neurotransmission
appears to be reversed when intravenous IgGs
from healthy adults were present. Anti-idiotypic
antibodies present in pooled IgG neutralized
patient IgG-mediated inhibition of M3R cholin-
ergic neurotransmission, providing a rationale
for IVIg as a treatment of autonomic dysfunction
in patients with SS [107].

Presence of putative autoantibodies against
cell surface M3R expressed in the exocrine
glands strongly indicates that SS also has a
characteristic of not only systemic non-organ-
specific autoimmune diseases but also organ-

Na"’\
lateral

specific autoimmune disease characterized by and/or verification is required.

H,0
apical (lumen)

and ryanodine receptor which both amplify and propa-
gate the Ca”* signal. Increased Ca>* activates the apical
membrane Cl~ channel. Efflux of CI™ into acinus lumen
draws Na' across the cell to maintain electroneutrality,
and the resulting osmotic gradient generates fluid secre-
tion. Autoantibodies to M3R may influence its activity and
potentially signal apoptosis. Modified from Dawson et al.
[197]

anti-receptor antibodies such as those described
in myasthenia gravis and Grave’s disease [108].
Receptor dysregulation by anti-M3R autoanti-
bodies rather than direct damage to the cells via
apoptosis may have a key role in the development
of salivary gland hypofunction through the func-
tional suppression of the M3R pathway (Fig. 9.3).
Other potential factors contributing to the patho-
genesis have been proposed including cytokines,
cholinesterase [109, 110], and aquaporins [111,
112]. Interestingly, there has been accumulating
evidence for additional roles of anti-M3R autoan-
tibodies in interstitial cystitis, mild cognitive
impairment, overactive bladder syndrome, and
autonomic nervous system dysfunction involving
gastrointestinal and the urinary systems observed
in patients with SS [88, 113-115]. Wide dis-
tribution of M3R in various organs and high
homology among these receptors make autoan-
tibody involvement in those clinical symptoms
sound convincing although further investigation
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9.2.3 Anti-a-fodrin Antibody

a-Fodrin belongs to the family of a-spectrin fam-
ily and has been known, alternatively, as non-
erythroid a-spectrin (also called calspectin or
a-spectrin ITY 1) [116]. In humans, four spectrin
genes have been identified, which include o-
spectrin and B-spectrin genes [116]. Genes for
fodrin encode proteins that are approximately
60% identical to their erythroid counterparts
[117]. a-Fodrin is expressed ubiquitously in non-
erythroid tissues and is similar to erythroid spec-
trin in some respects, including immunochem-
ical reactivity, rod-like appearance on electron
microscopy, tetramer formation, and ability to
bind actin and ankyrin [118]. Unlike erythroid
spectrin, a-fodrin is not uniformly distributed
along the cell membrane. Although the cur-
rent understanding of the function of a-fodrin is
incomplete, it has been suggested that a-fodrin
maintains the spatial organization of specialized
membrane proteins and mediates their attachment
to the actin cytoskeleton [116]. Interestingly, -
fodrin is known to associate with membrane ion
channels and pumps such as Na*/K*-ATPase in
salivary gland via various ankyrin species [119].
In mice, a-fodrin is a 240-kDa protein form-
ing a heterodimer with B-fodrin and it has been
shown that a-fodrin is cleaved by caspase-3 into
small fragments of 150 and 120 kDa [120-122].
Haneji et al. identified the 120-kDa a-fodrin as
an organ-specific autoantigen from salivary gland
of NFS/sld mouse, a mouse model of human SS
[12]. Subsequently, Yanagi et al. reported that,
in NOD mice, specific autoantibody production
was found against 120-kDa a-fodrin, and that
it was closely related to autoimmune sialadeni-
tis, which resembles human SS [123]. Current
data suggest that fragmented o-fodrin appears
as a result of apoptosis and raises the possi-
bility that apoptotic signal might take part in
the mechanism to produce anti-a-fodrin autoan-
tibody in the pathogenesis in SS [124, 125]. In
human, it has also been reported that anti-o-
fodrin antibody is predominantly detected in the
sera from SS patients compared to SLE, suggest-
ing that anti-a-fodrin autoantibody is valuable

against PB-fodrin also has been described, clin-
ical associations have not been reported [127].
Witte et al. also reported that IgA antibod-
ies against a-fodrin are useful markers for SS
[128]. The frequency of anti-a-fodrin antibod-
ies in SS varies between 40 and 70% [129].
Although anti-o-fodrin autoantibodies originally
were described as SS-specific autoantibodies,
recent data have shown that anti-a-fodrin autoan-
tibodies are present in 10-30% of patients with
active inflammatory diseases, such as RA or SLE
and 2% in healthy blood donor [129, 130]. In a
2005 review article, it was concluded that anti-
a-fodrin clearly involved in the pathogenesis of
murine models of SS but there were conflicting
data regarding the prevalence and significance of
anti-o-fodrin in human SS [120]. In the same
year, Sordet et al. reported that anti-a-fodrin anti-
bodies are not useful diagnostic markers for SS
[131]. Also in 2005, Ruiz-Tiscar et al. reported
that the frequency of anti-a-fodrin in SS is lower
than previously reported but there are some anti-
a-fodrin-positive SS patients who are negative
for anti-SS-A/Ro [132]. However, in a 2008
study using 321 primary SS patients, investiga-
tors reported that antibodies to a-fodrin were not
diagnostically superior to conventional anti-SS-
A/Ro and anti-SS-B/La testing [40]. One possible
explanation regarding the current discrepancy in
the literature is that the production of anti-fodrin
autoantibody in SS may be more specific in
Asians or specifically Japanese population than
others.

9.2.4 Antibodies to Nuclear Protein
NA14

We have reported a novel class of coiled-coil-
rich proteins that are recognized as cytoplas-
mic organelle-associated autoantigens in sys-
temic autoimmune diseases [17, 133]. These
include a family of Golgi complex autoantigens
known as “golgins” such as giantin [134], golgin-
245 (see Fig. 9.1c) [135], Golgi-associated
microtubule-binding protein (GMAP-210) [136],
golgin-95/GM130 [137], golgin-160 [137], and

g o1 ; . 0
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and CLIP-170 [140], and centrosomal proteins
pericentrin [141], ninein [142], and Cep250 and
Cepl10 [143]. The mitotic organelles are also
known to be associated with coiled-coil-rich
autoantigens, including NuMA [15, 16, 144], and
centromere-associated proteins CENP-E [143,
145, 146] and CENP-F [147, 148]. These cyto-
plasmic organelle-associated autoantigens are
proteins with high molecular masses and high
content of coiled-coil domain and autoantibodies
against these proteins have been often recognized
in patients with SS although their prevalence is
generally low at 1-2%. It is not clear why coiled-
coil-rich proteins can selectively elicit autoim-
mune response; however, one possibility is that
physical features of coiled-coils are more stable
or resistance to proteases and their enhanced sta-
bility promotes the induction and production of
antibodies in certain disease states. The immune
response appears to be not merely directed at
crossreactive coiled-coil structures, because the
human autoimmune response to coiled-coil-rich
proteins appears to be highly specific [134, 149].

Nuclear autoantigen 14 kDa (NA14) was orig-
inally identified as a novel coiled-coil autoanti-
gen recognized by an autoimmune serum from
a patient with SS [21]; in fact, the same SS
patient serum was used to screen a cDNA library
and another coiled-coil-rich Golgi-associated
microtubule-binding protein (GMAP-210) was

Fig. 9.4 Autoantibodies to
nuclear antigen NA14 are
detected primarily in primary
Sjogren’s syndrome. ELISA
analysis of anti-NA14 in
rheumatic disease cohorts
using recombinant NA14 as
antigen. Sera were tested at
1:1000 dilution and the cut-off
value designating a positive
reaction was the mean

OD405 nm of normal healthy

0D405

-

multiple comparison test

controls plus five standard §

.. .. . N
deviations. Statistical analysis ) &'bd b‘bd QQ\ °
was performed by e ()0(\

Kruskal-Wallis with Dunn’s <

cloned and characterized [136]. Transfected
NA14 localized to the nucleus and thus NA14
was reported as a nuclear autoantigen [21].
However, more recent reports showed that NA14
proteins also localized to centrosomes and play
an important role in cell division and proliferation
[150, 151].

There was no report regarding the prevalence
of autoantibodies to NA14 in systemic autoim-
mune diseases until our published study [22].
In this study, anti-NA14 autoantibodies were
determined in patients with various rheumatic
diseases from cohorts in both United States
and Japan. Figure 9.4 shows representative data
from our US cohort only. The combined preva-
lence of anti-NA14 were 18/132 (13.6%) pri-
mary SS, 0/50 (0%) secondary SS, 2/100 (2%)
SLE, 1/43 (2.3%) SSc, 0/54 RA (0%), and 1/29
(3.4%) PM/DM. Anti-NA14 antibody-positive
sera were observed most frequently in primary
SS. Interestingly, none of the secondary SS
patients had autoantibodies to NA14. There were
no obvious differences observed between patient
cohorts in Japan and United States. Although
a few anti-NAl4-positive sera were observed
in other rheumatic diseases like SLE, SSc, and
PM/DM, anti-NA14 autoantibodies were almost
exclusively observed in only primary SS com-
pared to other rheumatic diseases. Our data

1
P <0.05

17— P <0.05 '
P<0.05
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showed that anti-NA14 antibodies appeared inde-
pendent of anti-SS-A/Ro and anti-SS-B/La anti-
bodies and 36.4% (4/11) of anti-NA14-positive
sera was negative for anti-SS-A/Ro and anti-
SS-B/La antibodies. It has been proposed that
primary SS negative for SS-A/Ro and SS-B/La
antibodies represents immunologically distinct
populations compared to SS-A/Ro and SS-B/La
antibody-positive population. Primary SS may
be divided into clinically distinct groups based
on the presence of specific autoantibodies such
as anti-SS-A/Ro antibodies. Although we have
not analyzed the clinical characteristics of anti-
NA 14 antibody-positive patients, the detection of
anti-NA 14 antibodies may provide useful infor-
mation with primary SS and future studies will
be needed to examine correlations with clinical
activities.

9.3  Major Factors of Autoantibody
Production in Sjogren’s

Syndrome

The autoimmune etiopathogenic model of SS is
based on the existence of altered immune sys-
tem incapable of discriminating between “for-
eign” and “self” macromolecules. The abnormal
autoimmune response may be initiated by the
altered/abnormal self-antigens expressed at the
epithelium of exocrine glands or other organs
through a specific combination of intrinsic and
exogenous factors. The abnormal responses of
both T and B cells against autoantigens may
contribute to the histopathological lesions char-
acteristically observed in SS and to alteration
in the production of cytokines and chemokines,
thereby helping to perpetuate the autoimmune
lesion. Later activation of tissue damage leads
to chronic inflammation of exocrine glands,
with fibrosis and loss of physiological func-
tion. Various recent studies have contributed
to a better understanding of these autoimmune
etiopathogenic processes. Figure 9.5 summa-
rizes a four-step working hypothesis on the
major factors for autoantibody production and
how they may contribute to the pathogenesis

of SS. to cause B-cell or T-cell hyperactivation rather

9.3.1 Initiation Phase

The first step is the initiation phase required for
the supply of autoantigens. The major source of
autoantigen may derive from increased apoptosis
in acinar and other unknown target cells induced
by various factors such as viral or bacterial infec-
tion, dysregulation of apoptotic pathway, autore-
active cytotoxic T cells, and pro-inflammatory
cytokines. The released autoantigens from apop-
totic cells are physiologically not recognized by
immune system and immune response is not
evoked. In keeping with the trend of research
into the role of apoptosis in disease pathogene-
sis, a variety of studies have been published in
relation to SS [152]. Using in situ techniques,
it has been shown that apoptosis is enhanced in
glandular tissue from SS patients as compared
with both normal controls and patients with non-
specific sialadenitis [153, 154]. A greater amount
of apoptosis in acinar and ductal epithelial cells
has also been shown, with limited apoptosis in
the infiltrating lymphocytes. There is greater cel-
lular expression of pro-apoptotic molecules in
acinar and ductal cells (CD95/Fas) than the anti-
apoptotic proteins Bcl-2 and Bel-XL [153, 154].
Although aberrant pro-inflammatory cytokines
like IFN-y and TNF-a have also been shown
to modulate Fas-mediated apoptosis in SS [155,
156], cell-mediated death is considered to play
a central role for the Fas-mediated cytotoxic
cell damage of acinar/ductal cells by Fas lig-
and. Fas ligands on activated T cells or soluble
Fas ligands released by activated T cells are both
known to mediate apoptosis [157]. However, the
incidence of apoptosis in SS is still somewhat
controversial since it has been reported that Fas-
induced apoptosis is uncommon in SS [158]. It
is unclear whether increased apoptosis in other
cell types may contribute to the development of
autoantibodies in SS. Indeed, the serum levels
of soluble Fas ligand are reported to be elevated
in patients with SS [159], suggesting that other
organ involvement cannot be ruled out.

Certain viruses such as HTLV-1, EBV, HIV-
1, HHV-6, and HCV have been reported in SS
[124]. Some viruses, such as EBV, are known

AQ6
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1. Initiation phase
infectious damage (virus, bacteria, etc)

autoreactive cytotoxic lymphocyte (CTL)

2. Recognition phase

= cryptic epitope

3. Establishment phase

4. Effector phase

autoantibodies
= autoantibodies dependent cell death

receptor

» increased apoptosis

discussion

than apoptosis. Furthermore, molecular mimicry
of viral-related molecules has been suggested in
the pathway of autoantibody production. The SS-
A/Ro and SS-B/La autoantigens have been found
to share sequence similarities with some viral
proteins. It has been shown that there is homology
between six regions of Ro60 and the nucleocap-
sid protein of vesicular stomatitis virus [160].
Some of the immunoreactive regions within the
SS-B/La protein have been found to have homol-
ogy with proteins of EBV, HHV-6, and HIV-1
[161]. Although there is no direct evidence that
specific viral infection led to increased apopto-
sis in tissues of SS patients, not all SS patients
are positive for anti-viral antibodies, and pre-
sumably as many virally infected individuals do
not develop SS, it remains possible that these
viruses promote autoantibody production through
molecular mimicry.

aberrant expression of pro/anti-apoptotic molecules

pro-inflammatory cytokines (TNF-a, IFN-y, etc)

= posttranslational modification (apoptosis, infection, etc)

= autoreactive lymphocytes (B and Th cell) dysregulation
= aberrant stimulatory cytokines production (BAFF, etc)
= intermolecular-intrastructural help for diversification

= impaired clearance of apoptotic debris by binding of

= impaired cellular function by blocking functional

= further enhancement of autoantibody production

 Contribution of autoantibodies to the pathogenesis of Sjogren’s syndrome

Increased apoptosis

l

Recognition of autoantigen
by immune system

l

Establishment of
autoimmune response

!

Autoantibodies mediated
cellular hypofunction and
destruction

l

Organ failure

VAVAVAV

Fig. 9.5 Outline of the putative contributions of autoantibodies to the pathogenesis of Sjogren’s syndrome. See text for

Aberrant activation of autoreactive lympho-
cytes might be one of the causing factors
for the progression to increased apoptosis.
Immunohistological analysis of salivary gland-
infiltrating cells normally shows a predominance
of T cells. Most T cells in the lymphocytic infil-
trates are CD45 RO+ memory phenotype CD4*
T cells and express the o/ T-cell receptor and
LFA-1. These CD4* T cells may contribute to
B-cell hyperreactivity. In addition, salivary aci-
nar cells are not just innocent bystanders since
they can also serve as active participants in the
immune process by upregulating cytokines, MHC
class II, and/or co-stimulatory molecules. Active
and constant antigen presentation by salivary
epithelial cells as antigen-presenting cells may be
associated with germinal center (GC) formation
in about 17% of patients with SS [162—-165].
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9.3.2 Recognition Phase

As discussed above, aberrant regulation of apop-
tosis occurs in tissues of exocrine glands or
other affected organs of SS patients. Increased
apoptosis serves not only as source of autoanti-
gens but also changes non-immunogenic anti-
gens to potentially immunogenic autoantigens by
posttranslational modifications that can expose
cryptic epitopes. Posttranslational modifications
occur in a variety of proteins of eukaryotic cells
and are significant for a number of cellular func-
tions and the maintenance of homeostasis. It
has long been hypothesized that posttranslation-
ally modified self-proteins could act as means to
induce autoimmunity [166]. After the modified
self-proteins are taken up, digested, and pro-
cessed in antigen-presenting cells (APCs), poten-
tially self-reactive T and B cells can recognize
them, resulting in the breaking of tolerance. One
explanation for the mechanisms of loss of toler-
ance to unmodified proteins following immune
response to cryptic epitope is through a pro-
cess called epitope spreading in part contributed
by intermolecular—intrastructural help [80]. The
immune response may be spread to unmodified
self-proteins and through the continuous sup-
ply of unmodified self-proteins, resulting in the
establishment of an autoimmune reaction [166].
The most frequently observed posttranslational
modifications include glycosylation, phosphory-
lation, acetylation, citrullination, and cleavage
by apoptosis [5, 149, 167-169]. Several stud-
ies have shown that posttranslational modifica-
tions can affect autoantibodies binding onto dif-
ferent autoantigens in various systemic autoim-
mune diseases [5, 149, 167-169]. Interests in
Ro60 epitope (aa 169-190) have been renewed
recently, as McClain et al. demonstrated that
this sequence could be involved, through molec-
ular mimicry mechanisms with viral proteins,
in the initiation of the autoimmune response
[81]. They also showed that purified antibodies
against the epitope crossreacted with the pep-
tide aa 58—72 sequence of the latent viral protein
Epstein—Barr virus nuclear antigen-1 (EBNA-1).
Phosphorylation of the linear B-cell epitope of

susceptibility to efficient cleavage by a caspase
is a frequent feature of several SS autoantigens, it
is not a universal feature of all the autoantigens.
For example, caspase-mediated proteolytic cleav-
age SS-A/Ro has not been observed [170]. Thus
Rosen and co-workers have speculated alterna-
tive mechanisms such as cleavage by granzyme
B, which is another effector protease especially
in cell killing mediated by CD8* cytotoxic T lym-
phocytes and natural killer cells [5]. Furthermore,
it is known that apoptosis also can mediate not
only proteolytic cleavage but also citrullination
or oxidation [171]. For example, oxidized low-
density lipoproteins have been found on apoptotic
cells, and mice immunized with apoptotic cells
develop high titers of autoantibodies to vari-
ous oxidized epitopes, whereas mice immunized
with viable or necrotic cell do not [172]. These
data indicate that the posttranslationally mod-
ified self-antigens found on apoptotic cell are
“neoantigens” capable of eliciting an immune
response.

9.3.3 Establishment Phase:
Autoreactive T and B
Lymphocytes Dysregulation and
Aberrant Cytokines Production

The production and persistence of autoantibod-
ies in autoimmune conditions may be caused
by immune dysregulation with autoreactive T-
lymphocyte and B-lymphocyte hyperactivation
and aberrant cytokines production. Infiltrating
lymphocytes and dendritic cells in affected tis-
sues interact with salivary gland epithelial cells
and contribute to the perpetuation and progres-
sion of the disease. In this context, dysregulation
of cytokines production (e.g., Th1/Th2 imbal-
ance, elevated BAFF production) and chronic
B-cell hyperactivity are consistent and promi-
nent immunoregulatory abnormalities in SS [2,
173-176]. Recent studies have demonstrated the
B-cell hyperactivity in the inflamed tissues, espe-
cially in SS patients with detectable ectopic GC-
like structures [177]. Similar ectopic lymphoid
structures have also been described in the target

SS-B/La (aa 349-368) enhances autoantibody
.. . . .. 0

tissues of several other autoimmune conditions




SPB-162136

625
626
627
628
629
630
631
632
633
634
635
636
637
638
639
640
641
642
643
644
645
646
647
648
649
650
651
652
653
654
655
656
657
658
659
660
661
662
663
664
665
666
667
668
669
670
671

672

Chapter ID 9 May 27, 2011 Time: 17:26

Proof 1

K. Nozawa et al|

as RA [178, 179], SLE [178, 180], and chronic
autoimmune thyroiditis [181, 182]. Delineation
of common and diverse mechanisms of SS may
underlie the B-cell disturbances, and the develop-
ment of ectopic GC-like structures in SS entities
should be important for our understanding of
their immunopathogenesis.

Chronic ~ focal  periductal  lymphocytic
sialadenitis is a hallmark of SS and it is generally
thought to be a stepwise process [2, 173, 174].
This process may include (1) a sequence of
scattered tiny perivascular lymphoid infiltrates,
(2) subsequent development of the typical focal
periductal lymphoid sialadenitis/formation of
ectopic GC-like structures, and (3) eventually
the destruction and replacement of the affected
glandular tissue [177]. In this process, cytokine
and/or autoantibody-mediated endocrine glan-
dular tissue dysfunction may occur [106, 183].
These ectopic GC-like structures of the inflamed
tissues bear a histological resemblance to the
native GCs that are physiologically generated
from primary B-cell follicles of secondary lym-
phoid organs during T-cell-dependent immune
response. The ectopic GC-like structures contain
T and B cells aggregate with proliferating
lymphocytes, a network of follicular dendritic
cells, and activated endothelial cells with the
morphology of high endothelial venules [163,
179, 180, 184, 185]. Hanson et al. have explained
abnormal B-cell differentiation pathways result-
ing in autoantibody production from the ectopic
lymphoid tissues by “niche” theory [177].
The ectopic GCs represent a niche where B
cells, which are recruited by chemokines into
the microenvironment of chronically inflamed
tissues, may escape from peripheral check points
against autoreactivity and are abnormally stimu-
lated. B cells may proliferate and incompletely
differentiate via T-cell-dependent or indepen-
dent pathway into memory B cells and plasma
cells, resulting in autoantibody production.
Furthermore, the autoreactive B cells may be
additionally stimulated by cytokines such as
BAFE.

9.3.4 Establishment Phase:
Intermolecular-Intrastructural
Help

Autoantigens are usually macromolecular com-
plexes such as SS-A/Ro and SS-B/La, and link-
ages of autoimmune response among the com-
ponents of the complex are often observed in
patients with SS and other systemic autoim-
mune diseases [186, 187]. For instance, anti-Sm
antibodies always occur with anti-UIRNP, and
anti-SS-B/La is also associated with antibod-
ies against SS-A/Ro and the Y5 small RNA
molecule [188—190]. This phenomenon was also
observed in autoantibodies to PCNA [191]. Such
linked sets of autoantibodies, reacting with mul-
tiple components of the same macromolecular
complex, may be the products of intermolecular—
intrastructural help, which plays a key role in
the immune system [192]. The importance of
intermolecular—intrastructural help in the pro-
gression of autoimmunity is also supported by
peptide immunization studies in SS-A/Ro and
SS-B/La antigen—antibody systems in which
mice immunized with recombinant murine SS-
B/La develop not only anti-SS-B/La antibodies
but also anti-SS-A/Ro antibodies [74, 76]; con-
versely, immunization with SS-A/Ro causes the
production of both anti-SS-B/LLa and anti-SS-
A/Ro antibodies [74, 76]. Gordon et al. have also
reported similar results in which sera from mice
immunized by Ro52 and Ro60 showed reactiv-
ity against the fragment of SS-B/La protein [73].
The explanation for these observations is that T
cells specific for the immunized antigen can pro-
vide help to B cells carrying receptor for other
components such as in the case of SS-A/Ro-SS-
B/La complex. Alternatively, or in addition, the
spread of autoimmunity to other proteins within
a macromolecular complex may come from dis-
tinct products of the antigen processing by APC
[193, 194]. This suggests that activated autore-
active B cells (or professional APC) can prime
autoreactive T cells.
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9.3.5 Effector Phase

Although tissue destruction mediated by autore-
active cytotoxic T cells and aberrant cytokines
such as TNF-a is considered as major factor
of the tissue damage of SS, antibody-mediated
tissue destruction is also believed to play an
important role in the process. Clancy et al.
recently reported novel effector mechanisms
of tissue destruction mediated by autoantibod-
ies [67]. They demonstrated that anti-SS-A/Ro
and anti-SS-B/La antibodies bound to apoptotic
cardiomyocytes caused an impaired clearance
of the apoptotic cells. Blocking physiologic
apoptotic cell clearance by autoantibody bind-
ing of apoptotic cells would be expected to
skew the pool of IgG autoantibody—apoptotic
cell complexes toward pro-inflammatory reaction
by infiltrating macrophages [67]. If inhibitory
(or stimulatory) antibodies are produced against
functional receptors on cell surface such as
M3R, the cellular functions will be impaired
by the autoantibodies resulting in tissue hypo-
function (or hyperfunction) and organ failure.
The autoantibody-mediated cellular destruction
and hypofunction eventually result in organ fail-
ure such as dry eye and/or dry mouth. It is
important that autoantibody-induced tissue dam-
age may further increase apoptosis and amplify
the autoantibody production, contributing to the
diseases progression of SS.
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B-cell Epitopes of Sjogren’s 1
Syndrome-Related Autoantigens
Ro/SSA and La/SSB

Athanasios G. Tzioufas, John G. Routsias,
and Haralampos M. Moutsopoulos

Abstract

A common laboratory finding in Sjogren’s syndrome (SS) is the presence of
autoantibodies against intracellular autoantigens. These autoantibodies usu-
ally target the Ro/La RNP complex, consisting of at least three proteins,
the Ro52, La, and Ro60 autoantigens non-covalently associated with one of
the four small, uridine-rich hY RNAs (human cYtoplasmic RNAs). In this
review, we first provide a brief overview of the antigenic determinant types
that have been identified on the corresponding autoantigens. The antibody
targets of autoantigens include primary, secondary, tertiary, and quarternary
structure epitopes as well as cryptotopes and neoepitopes. We next focus on
the functional, structural, and antigenic features of the components of the
Ro/La ribonucleoprotein particle and address the clinical value of the autoan-
tibodies against them. We also discuss in detail the regulation of autoantibody
production via idiotypic/anti-idiotypic network and the diversification of their
specificity via epitope spreading. Finally, we describe the ability of post-
translational modifications to induce autoreactive immune attack via the
generation of neoepitopes and we summarize the potential of synthetic epi-
topes for future development of new diagnostic tests and novel therapeutic
strategies.

Keywords
Sjogren’s syndrome ¢ Ro/SSA e La/SSB ¢ B-cell epitopes ¢ Anti-idiotypic
antibodies ¢ Autoantigens

10.1 Introduction

Over the past several years, different laborato- determinants (or B-cell epitopes), preferentially
ries have tried to define the fine specificity of recognized by autoantibodies. Characterization

autoantibodies to intracellular antigens by iden-
tifying within the antigen moiety the antigenic

of B-cell epitopes might give useful information
on putative mechanisms of autoantibody produc-
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and self-proteins) and epitope spreading (expan-
sion of a B-cell autoreactive clone from a single
determinant to other sites on the autoantigen)
[1]. Furthermore, definition of B-cell epitopes
with high sensitivity and specificity may allow
development of immunoassays based on single
epitopes (usually produced as synthetic peptides)
that can be utilized for detection of autoantibod-
ies. When used as antigenic substrates in diagnos-
tic assays, synthetic peptides have several advan-
tages over recombinant antigens. In contrast to in
vivo production of recombinant proteins, peptide
synthesis is a controlled chemical process that
leads to high purity and homogenous, stable anti-
gen preparations, allowing generation of highly
sensitive and specific assays [2]. Such laboratory
test systems can be useful for defining subgroups
of a disease and may offer important informa-
tion on the prognosis and natural course of the
disease [3]. Furthermore, clinically relevant pep-
tides, corresponding to B-cell epitopes, have been
proposed as potentially useful in the treatment of
autoimmune diseases via the use of immobilized
peptides to remove pathogenic autoantibodies or
as vaccine components [4, 5].

The identification of B-cell epitopes of
autoantigens has raised an array of questions.
Do autoimmune epitopes constitute a few dom-
inant sequences or do they represent multiple
disparate regions on a single autoantigen? Are

Quarternary structure epitope

Secondary structure epitope

Cryptic epitope

frequency and significance of epitope spread-
ing important for maintenance and perpetuation
of the autoimmune response? Are the molec-
ular structures of epitopes suitable to provide
support for the hypothesis of epitope mimicry
as a trigger for autoimmunity? Does knowledge
of epitopes provide information on the regula-
tion of the autoimmune response? In this review,
we will discuss the clinical and biological rele-
vance of epitopes to Ro/SSA and La/SSB, major
autoantigens in Sjogren’s syndrome (SS).

10.2 Classification of B-cell Epitopes
of Intracellular Autoantigens

The B-cell epitopes are classified according to

their structure as follows (Fig. 10.1):

1. Primary structure epitopes (identified also
as linear epitopes) are composed of sequen-
tial amino acids. Such epitopes have been
identified by synthetic peptide mapping in
the majority of autoantigens discussed here,
including Ro60, Ro52, La, Sm B, Sm D,
RNP70, and Scl-70.

2. Secondary structure epitopes are formed by
amino acids distributed in simple three-
dimensional structures, such as a(alpha)-
helices or p(beta)-sheets. They reside in
a local a(alpha)-helical secondary structure

Modified epitope
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stretch with all amino acids relevant for anti-
body binding located on one side of the helix.
Other secondary structure epitopes have been
described in Ro52 and Ro60 leucine zipper
and zinc finger motifs, in patients with neona-
tal lupus and primary SS, respectively.

3. Tertiary structure epitopes are formed by dis-
tant regions of the protein sequence coming
together in the tertiary structure. Such confor-
mational epitopes may be the main targets of
some autoantibodies (e.g., anti-Ro60).

4. Quaternary structure epitopes consist of
amino acids distributed over different subunits
within a macromolecular complex, interacting
transiently or permanently to form a structure
recognized by the autoantibody. Such epi-
topes have been identified in the Ro/La RNP
complexes as well as in nucleosome subunits
composed of histones and DNA elements.

5. Cryptic epitopes (cryptotopes) are usually lin-
ear epitopes hidden in the native structure
of the autoantigen. They become accessible
to antibody binding after disruption of the
three-dimensional structure by denaturation,
proteolytic degradation, or chemical modifi-
cation of the autoantigen. These epitopes are
observed in a number of nuclear autoantigens.

6. Modified epitopes (neoepitopes) contain post-
translationally modified amino acid residues
[6]. Examples of these modifications include
(1) serine, threonine, and tyrosine phospho-
rylation; (2) lysine acetylation or ubiquiti-
nation; (3) cysteine lipidation or oxidation
(disulfide-bond formation); (4) glutamic acid
methylation or gamma-carboxylation; (5) glu-
tamine deamidation; (6) asparagine (N-linked)
and serine/threonine (O-linked) glycosyla-
tion; (7) arginine citrullination or symmet-
ric/asymmetric dimethylation; and (8) pro-
teolytic cleavage or degradation. In some
instances, side chain modifications of specific
amino acids, such as citrullination of arginine
residues, are responsible for epitope high-
affinity binding [7]. Such modified amino
acids have been reported in a variety of human
nuclear proteins, including the Sm antigens
D1 and D3 [8], fibrillarin [9], and nucleolin

0. chaperone capable of transient bipartite (5'-end

10.2.1 Ro/La RNP Particles

In patients with systemic lupus erythemato-
sus (SLE) and SS, the Ro/La RNP is one of
the main targets of autoantibodies (Fig. 10.1).
Human Ro/La RNP is composed of one of
the four small, uridine-rich hY RNAs (human
cYtoplasmic RNAs) non-covalently associated
with at least three proteins, the Ro52, La, and
Ro60 autoantigens [11, 12]. Additional com-
ponents of the complex have been identified
recently as the proteins calreticulin [13] and
nucleolin [14]. The localization of these com-
plexes is exclusively cytoplasmic but their protein
components can be found in the nucleus as well.

10.2.2 La/SSB

The La/SSB antigen is a 47-kDa phosphopro-
tein that associates with a variety of small RNAs,
including 5S cellular RNA and tRNA, 7S RNA,
and hY RNAs, all transcribed by RNA poly-
merase III. In molecular level, it binds a short
poly-uridylate sequence (poly-U) that exists at
the 3 end of almost all nascent pol III tran-
scripts (and in mature hY RNAs) [15-17]. In this
regard La mediates transcript release from RNA
polymerase III and facilitates multiple rounds
of transcription/reinitiation by RNA polymerase
III. In addition to immature RNA polymerase
III products and hY RNAs, La can bind to viral
RNAs (e.g., adenovirus VA, Epstein—Barr EBER)
and the RNA component of telomerase complex
[18, 19]. La/SSB autoantigen has additional cel-
lular functions: (1) La is an essential factor for
cap-independent translation (La binds to IRES
elements of the 5’'-untranslated region of viral or]
human mRNAs promoting their cap-independent
translation at the correct AUG) [20]; (2) La acts
as an adenosine triphosphate (ATP)-dependent
helicase able to melt RNA-DNA hybrids [21];
(3) La unwinds double-stranded RNA inhibiting
the double-stranded RNA-dependent activation
of protein kinase PKP [22]; (4) La can associate
with telomerase and influence telomere home-
ostasis in vivo [18]; and (5) La is an RNA
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and 3’-end) binding of nascent RNA transcripts
(e.g., tRNA precursors) [23].

Structurally, human La is a multidomain pro-
tein that contains the La motif in its N-terminal
region, a typical RNA recognition motif (RRM)
in its central part, and an unusual RRM, encom-
passing residues 229-326 (RRM_3). The latter
is followed by a long, flexible polypeptide that
contains a short basic motif (SBM), a regula-
tory phosphorylation site on Ser’®, and a nuclear
localization signal (NLS). Recently, the three-
dimensional structure of the La motif, the central
RRM, and the carboxyl-terminal RNA recog-
nition domain of the autoantigen was solved
[24, 25] (Fig. 10.2). The La motif folds into
a winged-helix motif elaborated by the inser-
tion of three helices. The central RRM con-
sists of a four-strand B(beta)-sheet attached to

La/SSB

Fig. 10.2 Modeled structure of the human La region 5—
326aa in complex with part of the hY1-RNA (shown
in yellow ribbons), containing the La motif, the central
RRM, and carboxyl-terminal RRM (RRM_3). The epi-
topes 145-164 and 289-308 are represented with green
and blue wire surface

two a(alpha)-helices, while the C-terminal RRM
folds to generate a five-stranded, anti-parallel
B(beta)-sheet surface that is terminated by a long
a(alpha)-helix. It seems that both the La motif
and the adjacent central RRM are required for
high-affinity poly-U RNA binding and that the
C-terminal RRM, in conjunction with the SBM
downstream, contributes to La interactions with
non-poly-U RNA targets such as viral RNAs
and TOP (terminal oligopyrimidine) mRNAs
[24, 26].

During the last decade, the target epitopes of
anti-La/SSB autoantibodies have been mapped
(Fig. 10.3). Early efforts to identify epitopes on
the La antigen began by using enzymatic diges-
tion of the native protein and large recombinant
fragments. In this regard, antigenic sites covering
the larger part of La autoantigen were identi-
fied. These sites were called LaA (amino acids
1-107, 1-107aa), LaC (111-242aa), and Lal.2/3
(346—408aa) [27]. Later, more detailed and ana-
lytical epitope mapping revealed the exact local-
ization of its antigenic determinants. Some of
the La epitopes were found to reside in func-
tional regions of the autoantigen, like the RNA
recognition motif (RRM) and the ATP-binding
site [28-30]. The interaction of hY RNA with
the RRM motif, however, did not affect autoan-
tibody binding in the same region [28]. In con-
trast, the interaction of the ATP-binding site with
ATP abolishes autoantibody binding at the same
part of the protein [29]. B-cell epitope mapping
of La/SSB was also performed in our labora-
tory using 20-mer synthetic peptides overlapping
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Fig. 10.3. Schematic representation of autoepitopes of
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eight amino acids and covering the whole
sequence of the protein. Peptides highly antigenic
were those spanning the sequences; HKAFKGSI
(147-154aa), NGNLQLRNKEVT (291-302aa),
VTWEVLEGEVEKEALKKI (301-318aa), and
GSGKGKVQFQGKKTKEF (349-364aa) [31].

The first epitope (147-154aa) is located in
the center of the RRM motif (112—183aa) while
the second and third epitopes (291-302aa and
301-318aa) are located within the RRM_3 motif
(231-334aa). The fourth epitope (349-364aa) is
the most sensitive and specific epitope for the
detection of autoantibodies, demonstrating a sen-
sitivity and specificity of greater than 90% [32].
The existence of autoantibodies to the La/SSB
epitope, 349-364aa, is also positively associated
with longer disease duration, recurrent or per-
manent parotid gland enlargement, and a higher
proportion of non-exocrine manifestations com-
pared to SS patients without autoantibodies [33].
Additional epitopes have also been identified in
other parts of the molecule by various investi-
gators using recombinant fragments of La/SSB
or synthetic peptides (Fig. 10.3). Their existence
is believed to be correlated with the extended
intramolecular spreading of epitopes to the whole
La/SSB molecule that occurs during the course of
the disease.

Recent studies reported the recognition of
“apotopes” (epitopes expressed on apoptotic
cells) by anti-La/SSB autoantibodies [34, 35]. It
is well known that Ro and La antigens translo-
cate to surface blebs during apoptosis. It seems
that the La antigen is translocated during late
apoptosis, since anti-La autoantibodies can bind
exclusively to late apoptotic cells. The apotopes
of La are located in the amino terminal 60% of
the protein (comprising LaA and LaC fragments)
[34], which possesses La, RRM, and RRM_3
motifs (see Fig. 10.3g), but detailed information
about the fine location of the apotopes is not
currently available.

10.2.3 The Ro60 Autoantigen

Ro60 antigen is found in virtually all vertebrate

Ro/SSA

“n

Fig. 10.4 Modeled structure of the human Ro60 com-
plexed with RNAs (shown in yellow ribbons). The epi-
topes 169-190 and 211-232 are represented with green
and blue wire surface

-~

[36] and functions in the quality control and the
discard pathway for nascent transcripts synthe-
sized by RNA polymerase III (e.g., 5S rRNA
precursors). In this regard, Ro60 binds misfolded
small RNAs (e.g., 5S RNA), leading them to
degradation. Recently, the structure of Xenopus
laevis Ro60, 78% identical to human Ro60,
was solved and found to consist of two distinct
domains (Fig. 10.4) [37]. One domain is similar
to the von Willebrand Factor A (VWFA) domain,
which is found in proteins that function in cell
adhesion. The other domain consists of a series of]
alpha(a)-helical repeats (HEAT repeats) that are
arranged orbicularly around an inner hole of 10—
15 A (“doughnut™like structure). This hole most
probably holds the 3’-ends of misfolded RNAs,
while the YRNAs bind to conserved residues to
the outside of the “doughnut.” Another conserved
role for the Ro60 in facilitating cell survival
after ultraviolet irradiation has recently emerged
from studies in radiation-resistant eubacterium
Deinococcus radiodurans [38] and mammalian
cells lacking Ro60 [39]. Studies of mice lack-
ing the Ro60 kDa protein suggest also that the
normal function of Ro may be important for
the prevention of autoimmune disease [39]. In
these studies, mice lacking Ro were found to
develop autoantibodies and membranoprolifera-
tive glomerulonephritis.

Epitopes of Ro60 have been defined previ-
ously using a variety of epitope mapping pro-
cedures [1, 40] (Fig. 10.5). Three major studies

s and e C habditis el
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i

Fig. 10.5 Schematic representation of autoepitopes of
the Ro60 kDa protein. a [44, 45, 95-97]. b [44]. ¢ [43].
d [41]. e Veldhoven [98]. f [40]. g [47]. h [48] (initial pre-
disease epitope in SLE). i [51] (apotope). Major epitopes

[41-43] using recombinant fragments of Ro60
identified a major epitope within the central
part of the molecule (within 181-320aa, 139-
326aa, and 155-295aa regions of the sequence,
respectively). The exact locations of the antigenic
determinants were revealed only after the appli-
cation of synthetic peptides. Wahren-Herlenius
et al. [40] identified a major epitope using syn-
thetic peptide 216-245aa. Scofield and asso-
ciates, using synthetic octapeptides, identified
numerous epitopes covering the entire length of
Ro60 [44, 45]; most probably due to epitope
spreading to the entire length of Ro60 antigen
that had occurred in the sera used in this study.
The same investigators reported that one of the
peptides (485-492aa) shared sequence similar-
ity with the N-protein of vesicular stomatitis
virus (VSV) and speculated that VSV might
be involved in the pathogenesis of SLE [41].
However, in a subsequent study, the popula-
tion of anti-Ro60 antibodies directed against the
above-mentioned region was found to be lim-
ited [46]. In our laboratory, epitope mapping with
synthetic peptides revealed the precise antigenic
regions of Ro60, in the 169—190aa and 211-
232aa parts of the antigen [47]. One of them,
the 169-190aa epitope (originally described as
SLE-associated epitope), was recently found to
be the initial pre-disease target of autoantibod-
ies in individuals who developed SLE several
years later [48]. Our recent results indicate that
although the 169—190aa and 211-232aa epitopes
were identified as small peptide moieties (22aa
in length), their recognition by autoantibodies

D DEED B ED D EE B EE =} a.
(5] b.

C——————— c.

[ 1 1 d.
) e.

— f.

(5 s | | g-

1] h.

I

are shown in orange, minor epitopes are shown in cyan.
Domain organization: TROVE = domain found in RNA-
binding components of Telomerase, Ro, and Vault RNPs

is conformation-dependent, and their antigenicity
is dramatically enhanced upon interaction with
the molecular chaperone, calreticulin [49]. Other
studies in our laboratory have identified an epi-
tope within the zinc finger motif of the Ro60
protein. Synthetic peptide analogues correspond-
ing to this region, 301-327aa, were reacted with
the majority of anti-Ro/SSA and La/SSB-positive
sera from patients with primary SS in the absence
of zinc ions. In contrast, the native form of the
zinc finger domain, in the presence of zinc ions,
could bind to Ro52 but not to autoantibodies
[50]. Recently the “apotopes” of Ro60, which
are recognized by anti-Ro60 autoantibodies in the
surface of apoptotic cells, were defined [51].
Ro60 autoantigen is translocated in the mem-
brane early in apoptosis (before the transloca-
tion of La antigen) [35]. The apotopes of Ro60
are located within a large region spanning the
residues 82-244 of the protein (about one-third of
the molecule comprising HEAT repeats, includ-
ing the hY RNA recognition sites) [34, 51].
Similar with La there are no detailed apotope
mapping currently available. Interestingly, Ro60
apotopes are recognized in a greater extent by
anti-Ro60 antibodies of SLE sera (62%) as com-
pared with anti-Ro60 antibodies with SS sera
(20%). More distinguishable are the sera with
anti-Ro60 antibodies alone (commonly found in
SLE sera) which recognize the apotope at 92%,
while the sera where anti-Ro60 antibodies are
accompanied by anti-La antibodies (usually SS
sera) recognize the apotope at only 13% [51].
Similar disease specificity of the epitopes was
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reported in the initial epitope mapping of the anti-
gen by our group (epitopes 169—90 and 211-232
were characterized as SLE and SS-related epi-
topes, respectively) [47] and this discrimination
of the anti-Ro60 specificities was attributed by
the presence of accompanying anti-La antibodies
by another group [52].

10.2.4 The Ro52 Autoantigen

Ro52 functions as a transcription modulator due
to its domain organization [53]. The two zinc
finger motifs in Ro52 are not of the types that
promote binding of nucleic acid but instead usu-
ally promote protein—protein interactions [54].
DNA-binding activity has, however, been sug-
gested for Ro52, and a consensus-binding motif
has been described. In line with many other
RING-containing proteins, a role for Ro52 in
ubiquitination has been suggested [55]. Ro52
can also homodimerize through its leucine zip-
per domain [56]. The epitopes of Ro52 have been
mapped in various studies with different methods
(Fig. 10.6). The major immunoreactivity of Ro52
autoantigen was identified, using recombinant
Ro52 fusion proteins, in the middle coiled-coil
region of Ro52 [57-59]. The 190-245aa region
of the sequence was reactive with almost all
anti-Ro52-positive sera and was independent of
associated diseases [58]. An epitope spanning the
200-239aa region of Ro52, which contains the

= O =] =]

complete leucine zipper, has also been identified
[60]. High levels of autoantibodies against this
epitope were associated with NLE and congen-
ital heart block [61]. These autoantibodies can
bind directly to the cell surfaces of cardiomy-
ocytes in primary culture and cause dysregulation
of the Ca®* homeostasis, which is followed by
apoptosis [62].

10.2.5 The Multifunctional Chaperone
Calreticulin

The protein calreticulin is an exemplary multi-
functional molecule of the endoplasmic reticulum
capable of interacting with proteins, peptides,
sugars, and nucleic acids [63]. The exact mode of]
interaction with other Ro/La RNP complex com-
ponents is controversial since it has been found
to interact with Ro52, hY RNA, and the epi-
topes of Ro60 autoantigen [13, 49]. Some of the
numerous functions of calreticulin include (1)
regulation of Ca®* homeostasis; (2) chaperon-
ing of glycoproteins in the endoplasmic reticulum
to ensure proper folding; (3) action as a stress
protein; (4) regulation of integrin-mediated adhe-
sion (surface calreticulin); (5) modification of]
gene expression by binding to the glucocorticoid
receptor; (6) a role as a component of cytotoxic
T-lymphocyte/natural killer cell (CTL/NK) gran-
ules; and (7) action as Clq receptor (surface
calreticulin) [63]. Its immunoreactivity, which

Fig. 10.6 Schematic representation of autoepitopes of
the Ro52 kDa protein. a [99]. b [100]. ¢ [57]. d [101].
e [58]. £[102]. g [59]. h [103]. g [61] (CHB-related epi-
tope). Domain organization: RING = type of zinc finger
domain involved in protein—protein interactions, BBOX
- i ociated with RING finger and

~T@mpao0TD

a coiled-coil motif to form the so-called tripartite motif
that is commonly found in transcription factors, SPRY =
domain named from SPla and RYanodine Receptor, PRY
= domain associated with SPRY domain. Segments of low
compositional complexity are shown in green
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is rather limited, involves antigenic regions in
the N terminus (1-24aa) and the central part of
the molecule (193-207aa, 253-282aa) [64, 65].
Previous studies showed that animal immuniza-
tion with Ro60 (but not with La) autoantigen led
to spreading of immunity to calreticulin indicat-
ing that calreticulin is associated with a subpopu-
lation of Ro particles from which La has already
dissociated [66].

In addition, it was found that when Ro epi-
topes are complexed together with calreticulin,
the antigenicity of the complex is increased
compared to that of calreticulin or the Ro epi-
topes alone [49]. Using complexes of highly
purified human calreticulin with the linear epi-
topes of Ro60, almost all positive anti-Ro60
sera were found to bind strongly onto the
newly formed conformation of the epitopes [49].
When calreticulin or the linear epitopes of Ro60
were tested individually with the same sera,
the prevalence of positive reactions was much
lower. These observations suggest conformation-
dependent enhancement of antigenicity of the
Ro60 epitopes upon interaction with the chap-
erone protein calreticulin. Such complexes can
potentially be used as substrates for the efficient
detection of autoantibodies.

10.3 Clinical Significance of
Epitopes in Sjogren’s Syndrome
and Specific HLA Associations

The clinical significance of autoantibodies to lin-
ear epitopes of Ro/SSA and La/SSB was inves-
tigated in a European multicenter study, which
examined sera from 88 patients with primary
Sjogren’s syndrome (pSS). It was found that
autoantibodies to the La/SSB epitope, p349-—
364aa, were associated with longer disease dura-
tion (p < 0.05), recurrent or permanent parotid
gland enlargement (p < 0.005), and a higher
proportion of non-exocrine manifestations (p <
0.005) compared to patients without autoantibod-
ies. In addition, the presence of anti-Ro/SSA and
anti-La/SSB autoantibodies was associated with
the presence of HLA-DRB1*03 and DQB1*02
= 0.038 and p = 0.034, respectively). This

association was even more prominent and
extended to HLA-DQA1*0501 when patients
were stratified according to the presence of
autoantibodies to discrete La/SSB B-cell epi-
topes in comparison with autoantibody-negative
patients (p < 0.01). In particular, they were found
also to be highly associated with the alleles HLA-
DQB1*02 and HLA-DQA1*0501 as well as with
the presence of a shared amino acid motif in the
region 59—69aa of DQB1 first domain (p < 0.01).
Therefore, it appears that HLA-restricted presen-
tation of La/SSB peptide determinants is crucial
for development of autoimmune response against
La/SSB [33].

10.4 B-cell Epitopes for the
Investigation of the
Autoimmune Response

10.4.1 Complementary Epitopes
and Anti-idiotypic Antibodies

The idiotypic network theory was proposed by
Nobel laureate Niels Jerne [67], who hypothe-
sized that antibodies could act as antigens and
elicit anti-antibodies (called anti-idiotypic anti-
bodies). When anti-idiotypic antibodies target the
antigen-binding sites of the idiotypic antibodies,
then they can either (a) compete with the anti-
gen for the same binding site (Ab2_anti-idiotypic
antibodies according to Jerne’s classification) or
(b) elicit anti-anti-idiotypic antibodies with sim-
ilar antigenic specificity with the idiotypic anti-
bodies [68]. Thus, anti-idiotypic antibodies can
either “neutralize” idiotypic antibodies or elicit
antibodies with the same antigenic specificity of]
idiotypic antibodies. In fact, under these condi-
tions, an anti-idiotypic network is established that
regulates the production of idiotypic antibodies.
Based on the detailed knowledge of the antigenic
structures that are recognized by autoantibodies,
one can design complementary epitopes that are
expected to be recognized by anti-idiotypic anti-
bodies, using the “molecular recognition” theory
[69]. According to this theory, a sense pep-

tide, transcribed and translated from a nucleotide
. P . )
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N

epitope

complemetary
epitope

Fig. 10.7 Schematic representation of the similarity of
epitopes and complementary epitopes with regions located
in F(ab), of anti-idiotypic and idiotypic antibodies,
respectively

complementary peptide counterpart and is tran-
scribed and translated in frame with that of its
sense peptide from a nucleotide sequence read in
the 5'— 3/ direction on the opposite DNA strand.
Interestingly, many experimental data suggest
that these interacting peptides have the ability to
generate and detect interacting pairs of idiotypic
and anti-idiotypic antibodies [70] (Fig. 10.7).
Recent findings indicate that autoimmunity
can be initiated through an immune response
against a peptide that is complementary to
the autoantigen [71]. Pedergraft and co-workers
demonstrated that a subset of PR3-ANCA
patients harbors antibodies directed against
the protein product of the middle fragment
(105-201aa) of the antisense RNA of PR3,
termed complementary PR3 or cPR3 [72]. These
antibodies were not present in patients with
anti-MPO autoantibodies (MPO-ANCA), SLE
patients, or healthy controls. It was also demon-
strated that human anti-cPR3 and anti-PR3 anti-
bodies are an idiotypic—anti-idiotypic pair, that
mice immunized with cPR3 develop anti-cPR3
and anti-human PR3 antibodies, and that comple-
mentary PR3 transcripts are present in peripheral
leukocyte RNA from a subset of ANCA patients
[71, 72]. Recent studies in our laboratory have
demonstrated that in SLE and SS there is also an
active idiotypic—anti-idiotypic network targeting

the two major B-cell epitopes of La/SSB and their
complementary peptides [73]. The anti-idiotypic
antibodies were isolated using the complemen-
tary epitopes and were found to bind anti-La/SSB
antibodies, competing with La/SSB epitopes for
their antigen-binding site. In some cases, these
anti-idiotypic antibodies were capable of com-
pletely masking anti-L.a/SSB antibodies, abolish-
ing their anti-La/SSB reactivity. A specific pro-
cedure, developed with the use of complementary
peptides for the release of anti-La/SSB antibodies
from their anti-idiotypic counterpart, was applied
in 44 anti-La (—), anti-Ro/ANA (+) sera from
patients with SLE and SS. Ninety-four percent
of SS sera and 80% of SLE sera were found to
be negative for anti-epitope 349—364aa antibod-
ies prior to the treatment with complementary
epitope. After treatment, all SS and SLE sera
became positive for anti-epitope 349-364aa anti-
bodies, while none of the normal sera exhibited
a positive reaction. Heating without addition of]
complementary epitope 349-364aa had no effect
on patient sera reactivity. Thus, virtually all anti-
Ro/ANA (+) sera possess hidden anti-La/SSB
antibodies that can be unmasked by treatment
with the complementary epitope. Animal stud-
ies also demonstrated that mice immunized with
complementary epitopes of La/SSB develop anti-
human La/SSB antibodies [74]. Thus, the com-
plementary epitopes of La/SSB appear to have
the potential to induce an autoimmune response
against La/SSB autoantigen.

In recent work from our laboratory, the role
of anti-idiotypic antibodies to anti-La/SSB in the
pathogenesis of neonatal lupus syndrome (NLS)
was investigated [75]. We found that mothers giv-
ing birth to a healthy child and with no history
of a child with NLS exhibited statistically signif-
icant higher prevalence of anti-idiotypic activity
to autoantibodies against the major B-cell epitope
of La/SSB compared to mothers carrying a child
with NLS or mothers giving birth to a healthy
child but who previously gave birth to a child with
NLS. Thus, the presence of anti-idiotypic anti-
bodies to autoantibodies against La/SSB seems to
protect the fetus, most probably by blocking the
entrance of pathogenic maternal autoantibodies

via the placenta (Fig. 10.8) [75]
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Fig. 10.8 Proposed mechanism for the role of anti-
idiotypic antibodies in CHB. a In CHB pathogenic mater-
nal anti-La autoantibodies enter the fetal circulation via
the placenta and bind to the La autoantigen exposed on
the surface of apoptotic cardiomyocytes. b The pres-
ence of anti-idiotypic antibodies to autoantibodies against
La/SSB can protect the fetus by blocking the entrance of
pathogenic antibodies to its circulation

10.4.2 Early Epitope Recognition
in Autoimmune Diseases
and Epitope Spreading

Autoimmunity typically commences when tol-
erance to self-antigens is lost, a phenomenon
that has fascinated immunologists for more than
a century. During the past few decades, inno-
vative methodologies for screening and analyz-
ing cellular and biochemical processes have led
to an extensive body of literature that char-
acterizes human autoimmune diseases on mul-
tiple levels. Nevertheless, the precise etiology
of most human autoimmune diseases remains
largely unexplained, and the initiating immuno-

gens are unclear. In addition, other possible cross-reactions of

In SLE, the onset and progression of autoan-
tibody development before clinical diagnosis
have been studied. Using the US Department of
Defense Serum Repository with over 30 million
specimens prospectively collected from 5 million
US Armed Forces personnel, Arbuckle et al. eval-
vated serum samples obtained from 130 persons
before they received a diagnosis of SLE [76].
They found that in 115 of the 130 patients with
SLE (88%), at least 1 SLE autoantibody tested
was present before the diagnosis (up to 9.4 years
earlier, mean, 3.3 years). ANA, APL, anti-Ro,
and anti-La antibodies were present earlier than
anti-Sm and anti-snRNP antibodies. Anti-dsDNA
antibodies were found later than ANA and earlier
than anti-snRNP antibodies. The earliest autoan-
tibodies detected in the pre-clinical period, as
individuals progressed toward clinical SLE, were
antibodies to Ro60 (mean, 3.7 years before the
disease onset).

McClain et al. mapped the initial, pre-disease
target of the anti-Ro60 autoantibody response
to the region, 169—180aa (TKYKQRNGWSHK),
of the autoantigen [48]. This region belongs
to the SLE-related 169-190aa epitope, previ-
ously identified by Routsias et al. [47]. This
169-180aa epitope was found by McClain
and co-workers to cross-react with a peptide
(GGSGSGPRHRDGVRR, 58-72aa) from the
latent viral protein Epstein—Barr virus nuclear
antigen-1 (EBNA-1) [48]. Notably, no areas
of primary sequence homology exist between
EBNA-1 58-72aa and Rol69-180aa although
these peptides have similar high isoelectric points
(12.0 and 10.5, respectively). However, ani-
mals immunized with either the 169-180, epi-
tope of Ro60 or the cross-reactive EBNA-1
epitope progressively developed autoantibodies
binding multiple epitopes of Ro and spliceosomal
autoantigens. These animals eventually devel-
oped some of the clinical symptoms of lupus,
such as leukopenia, thrombocytopenia, or renal
dysfunction. Although these experiments indi-
cate a possible cross-reaction between the ini-
tial epitope of Ro60 and the 58—72aa region of
EBNA-1, any involvement of Epstein—Barr virus
in the pathogenesis of SLE has to be proved.
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Ro60 169-180aa epitope with various xenoanti-
gens have to be studied (e.g., the Ro60 169—
176aa, TKYKQRNG, with that of L-polymerase
53—60aa, TKYKIRNG of human parainfluenza

virus 1).
After the initial response against Ro60
autoantigen, autoantibody targets can be

expanded to the whole Ro60 by a procedure
known as epitope spreading. The term epitope
spreading was introduced in the early 1990s
to describe the ability of the B-cell and T-cell
immune response to diversify, at the level of
specificity, from a single determinant to many
sites on an autoantigen [77]. This process is
not a feature restricted to systemic autoimmune
diseases but is a common characteristic of
the natural immune response mounted against
some pathogens. Our studies with rabbit immu-
nizations revealed that immunization with a
single synthetic epitope of La/SSB produced
epitope spreading to other B-cell epitopes of the
molecule. Yiannaki et al. showed that immuniza-
tion of rabbits with an antigenic peptide of La
autoantigen led to antibodies to multiple epitopes
of La [78]. These results demonstrate that loss of
tolerance to a single antigenic determinant of the
autoantigen can begin an autoimmune response
that virtually recreates the humoral autoimmune
specificity seen in human SLE. Clues to the
mechanisms involved in the aforementioned
production of cross-reactive antibodies to the
common spliceosomal proteins have been
reported by Monneaux et al. [79, 80]. According
to their model, a consensus sequence (the RNP
motif) conserved in many nuclear, nucleolar, and
cytoplasmic antigens plays the role of a “driver”
epitope. Cross-reactive autoantibodies targeting
this epitope have the potential to spread the
autoimmune response to other RNA-binding pro-
teins through molecular mimicry. Subsequently,
intramolecular spreading to these specific pro-
teins can occur. This hypothesis is based on the
observation that this “driver” epitope sequence
in the RNP motif is recognized by CD4* T
cells from lupus mice and is often targeted by
autoantibodies very early during the course of
the disease [79, 81]. Remarkably, this sequence

Omponen O NO d

as Ro60 (119-131aa), La (146-158aa), and
nucleolin  (346-358aa, 517-529aa) as well
as in spliceosomal proteins, such as RNP70
(139—151aa) and RNP A (47-59aa, 239-251aa).
Several other sequences might also be considered
as important “initiator” sequences, e.g., the recur-
ring proline-rich sequence, PPPGMRPP, present
in several snRNPs or the dimethylarginine-
modified CRG repeats present on the B, D1, and
D3 autoantigens [82].

10.4.3 Post-translational Modifications
(PTMs) of B-cell Epitopes

The majority of mammalian proteins have PTMs,
which potentially can be recognized by the
immune system as self-neoepitopes. PTMs are
either driven by enzymes or occur spontaneously,
but the extent of protein modification varies in
inflammatory and autoimmune disorders. These
associations have been known for sometime,
but their effects on disease etiology are still
unclear. Two amino acid modifications have been
described as targets of systemic autoimmunity.

1. Arginine modifications. Arginine residues are
susceptible to three forms of modification:
methylation, deimination, and citrullination.
Two of them have been correlated with sys-
temic autoimmunity.

a. Dimethylation: The Sm proteins D1, D3,
and B/B’ contain a C-terminal rich in argi-
nine and glycine residues that is conserved
in most eukaryotic organisms. Studies
using mass spectrometry and sequenc-
ing of the C terminus of these Sm pro-
teins have shown that repeated RG dipep-
tide regions in Sm D1 and Sm D3 and
repeated GRG triplets in Sm B/B’ contain
symmetric dimethylarginine residues [83,
84]. Dimethylation of arginine residues of
the major Sm D1 and Sm D3 autoepi-
topes remarkably increases binding by SLE
autoantibodies. Moreover, a particular Sm
D3 peptide represents a highly specific sub-

strate for detecting a subclass of anti-Sm

antibodies by ELISA [85]. Thus, symmetri-
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for autoantibodies in SLE. It was recently
shown that the same autoantigens contain
asymmetric dimethylarginine in addition to
the already-reported symmetric dimethy-
larginine residues [86]. The effect of this
modification in autoantibody binding has
not been studied yet.

b. Citrullination: Removal of the imine group
from an arginine residue produces cit-
rulline, which lacks the positive charge
of arginine. This reaction is catalyzed by
the peptidylarginine deiminase (PAD) fam-
ily of enzymes. Citrulline has recently
attracted interest as an autoantibody target
in RA [87]. One of the major autoanti-
gens in RA, filaggrin, is citrullinated
by PAD and provides several targets for
autoantibody binding. However, citrullina-
tion of B-cell epitopes of Ro 60, span-
ning the sequence 212-232aa, in the argi-
nine residues, did not reveal alterations in
antibody-binding capacity [88].

2. Serine/Threonine Phosphorylation: Phospho-
rylation is the most common and ubig-
uitous form of enzyme-mediated PTM. It
has been implicated in the recognition of
nuclear autoantigens by the immune system
in SLE. In fact, phosphorylated components
of Ul snRNP particles are specifically rec-
ognized by autoantibodies of SLE patients
and CD4" T cells from lupus-prone mice
(MRL/lpr mice). La protein can be phos-
phorylated at position 366. La phosphory-
lated at serine 366 is nucleoplasmic and is
associated with nascent RNA polymerase III
transcripts while non-phosphorylated La is
cytoplasmic and is associated with a subset
of mRNAs that contain 5'-terminal oligopy-
rimidine (5-TOP) [89]. Thus, La exists in
distinct states that differ in subcellular local-
ization and is associated with RNAs, which
can be discriminated by serine 366 phospho-
rylation. Proteomic analyses of parotid glands
of patients with Sjogren’s syndrome and con-
trols revealed that patients with Sjogren’s
syndrome express only the phosphorylated
forms of the molecule [90]. This specific

phosphorylation resides within an antigenic tion of autoimmune response. In this regard,

determinant of La/SSB. This major B-cell epi-
tope was previously identified in our labora-
tory and was found to reside in the 349-368aa
region of La/SSB [31]. Our studies indicate
that the antigenicity of the epitope is sig-
nificantly enhanced upon phosphorylation of
serine 366 [91].

10.5 Summary and Future
Directions

The extensive study of B-cell epitopes of intra-
cellular autoantigens provides useful insights into
the diagnosis, classification, and prognosis of]
autoimmune diseases. The successful develop-
ment of diagnostic assays is hindered by a num-
ber of factors concerning epitope recognition in
autoimmune disorders, such as cross-reactivity,
epitope spreading, epitope masking, and epi-
tope modification. Issues regarding the simulta-
neous analysis of a large number of autoanti-
body specificities in a single test also have to
be considered. The analysis of B-cell epitopes
of autoantigens provides clues to overcome these
problems.

1. Autoantibody screening test methodologies
can be improved using large-scale arrays with
specific autoantigen epitopes. These arrays
are able to perform large-scale multiplex
characterizations of autoantibody responses
against structurally diverse autoantigens [92].
Chemical modifications of autoepitopes can
provide better antigenic substrates mimick-
ing naturally occurring PTMs. The lesson of
citrullinated peptides taught us that recom-
binant proteins are not always the preferred
substrate for autoantibody detection and that
synthetic peptides can be successfully used in
diagnostic assays if the exact structure of the
autoantibody target is known [3].

2. Complementary peptides can efficiently neu-
tralize anti-idiotypic antibodies, enhancing
the interaction of the idiotypic autoantibod-
ies with their target epitope. The analysis of]
B-cell epitopes of autoantigens provides a
better understanding of the origin and evolu-
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foreign epitopes, mimicking complemen-
tary epitopes or post-translationally modified
peptides, could be the initiating agents of
autoimmune disease. In addition, the spread-
ing of autoimmune response from the initial
epitope to others can be utilized for moni-
toring the evolution of autoimmune disease.
Finally, the analysis of B-cell epitopes of
autoantigens can provide potential therapeutic
regimens, using epitopes with high specificity
as vaccines, as tolerogens, or as modifiers of
the autoimmune response via the idiotypic—
anti-idiotypic network.

10.
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Abstract
Sjogren’s syndrome (SS) is characterized by diminished production of]
secretes from exocrine glands and sicca complex, which occur in an autoim-
mune context; 90% of patients are women, usually developing the disease
when they are 40-50 years old. This characterization comprises several
neuroimmunoendocrine aspects. The sympathetic, parasympathetic, vascular,
acinar, and myoepithelial systems normally work in a co-ordinated fashion
in two phases, resting and stimulated phases, corresponding to the secretion
of resting and stimulated saliva. Stimulation of the exocrine flow with acetyl-
choline is coupled with a proportional local release of acinotrophic vasoactive
intestinal peptide (VIP) from post-ganglionic parasympathetic nerve termi-
nals, which helps to recover and repair the acinar cell during the “resting”
(recovery) phase. Lost (dead and detached) acinar cells are replaced by
remodeling based on an asymmetric division of the intercalated duct progen-
itor cells, which as a result are able to maintain their unipotent stemness and
at the same time able to replace the lost acinar cells. This remodeling is main-
tained by dehydroepiandrosterone (DHEA) produced in the reticular zone of
the endocrine adrenal gland in an endocrine process, but is locally in exocrine
glands converted to dihydrotestosterone (DHT) in an intracrine process. SS
is characterized by deranged intracrine enzymatic machinery and impaired
DHEA-to-DHT conversion. This impairment leads particularly in women to
acinar cell atrophy/loss and a reciprocal ductal cell hyperplasia. Men are pro-
tected because they feed the intracrine machinery also with testosterone, only
one step away from DHEA. Abnormally processed self is released from dying
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cells and breaks the immunologic tolerance so that autoantibodies are
formed against previously hidden endotopes. Immune inflammation leads to
synthesis and release of tumor necrosis factor-«, interleukin-18, and other
cytokines, which impair signal transduction in acinar cells and add to the

Keywords
Sjogren’s syndrome

11.1 Introduction to Sjogren’s

Syndrome

Sjogren’s syndrome (SS), originally mostly
defined according to the Copenhagen criteria [1],
is nowadays usually defined using the European—
American inclusion and exclusion criteria and
classification rules [2], although this praxis can
in the clinical setting also be questioned [3].
Emphasis is on lacrimal and salivary gland dys-
function and mucosal membrane drying, which,
however, must occur in an autoimmune setting.
Half of the patients have circulating SS-A/Ro
and/or SS-B/La autoantibodies, in the rest focal
adenitis is often the clue. Basically all known
causes for somewhat similar histopathology
and/or clinical manifestations form exclusions,
“pseudo-Sjogren’s syndromes.” The “true” syn-
dromes occur as “primary Sjogren’s syndrome”
(pSS) or develop to complicate some underly-
ing disease, like rheumatoid arthritis (“secondary
Sjogren’s syndrome,” sSS). Because its cause
and even pathomechanisms are largely unknown,
creation of such relatively widely accepted diag-
nostic classification criteria can be considered as
a major policy achievement. At the same time,
these widely cited criteria represent nothing but
our consensus what we believe, without actually
knowing, is SS.

SS is also characterized by non-ocular and
non-oral sicca symptoms, general symptoms,
and visceral manifestations and complications,
all nicely described in the so-called wheel

burden of the inflammatory functio laesa.

e Salivary glands e
Neuropeptide * DHEA e Cytokines

Acinus ¢ Acetylcholine e

of Oxholm [4]. Apart from keratoconjunctivi-
tis sicca and Xxerostomia, also nose, throat,
vagina, and skin are dry. General symptoms
comprise fatigue, often in patient-centered stud-
ies experienced as the most difficult individual
disease manifestation, arthralgia/arthritis, myal-
gia/myositis, lymphadenopathy, and Raynaud’s
phenomenon. Internal organ changes include
involvement of the central and peripheral ner-
vous systems, thyroiditis, interstitial lung disease,
chronic atrophic gastritis, celiac disease, primary
biliary cirrhosis and other liver manifestations,
interstitial nephritis, lymphocytic and collagen
colitis, and interstitial cystitis. Complications
include caries, candidiasis, middle ear infec-
tions, dry cough and bronchoconstriction, respi-
ratory tract, and other infections associated with
the sicca syndrome, congenital heart conduction
abnormalities, and neonatal subacute lupus as a
result of SS antibodies (transferred via the pla-
centa from the mother to the developing fetus)
and, last but not least, lymphoma associated with
the B-cell hyperreactivity [5]. These lymphomas
are usually extranodal, mucosal-associated lym-
phatic tissue tumors (MALTomas) [6, 7] often
developing in pre-existing lymphocyte infiltrates
in lacrimal, salivary, or thyroid gland, inter-
stitial lung tissue, or chronic atrophic gastri-
tis lesions. They can present as “premalignant
lesions,” myoepithelial sialadenitis (MESA) or
lymphoepithelial sialadenitis (LESA), character-
ized by clustered B cells interdigitating with duc-
tal epi