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Since the publication of the English translation of “Zur Kenntnis der 
Keratoconjunctivitis Sicca” in 1943, autoimmune Sjögren’s syndrome (SS) 
has become a great interest to many clinicians and researchers worldwide. It 
had been 10 years after Dr. Henrik Sjögren, a Swedish ophthalmologist, pre-
sented 19 cases in his PhD dissertation that consisted of both clinical and 
pathological components of this unknown disease entity at the time. His tire-
less effort to characterize the disease was finally recognized during the 100- 
year anniversary of his birth, which was celebrated internationally in 1999. 
His prominent legacy in the field of SS has lived on ever since.

The etiology of SS is multifactorial and its pathogenesis is enigmatic. The 
unique involvement of the exocrine glands distinguishes SS from other medi-
cal conditions, and patients consequently suffer from severe dry mouth and 
dry eyes (sicca symptoms). However, chapters in this book contributed by 
renowned experts and pioneers cover more than sicca symptoms as SS can 
affect multiple internal organs, leading to various clinical presentations in 
patients. The heterogeneous clinical manifestations of SS and chronicity of 
the condition necessitate multidisciplinary patient care and collaboration 
among clinicians as well as support from political and community leaders. As 
the epitome of the latter, the Sjögren’s Foundation (Sjogrens.org), an interna-
tional, nonprofit organization founded in 1983, should be commended for 
providing excellent medical and educational information and grant resources 
to patients, clinicians, and researchers, and promoting initiatives and public 
awareness for SS over the years.

The overall format of this book consists of three parts. The vast amount of 
current knowledge presented in the book is undoubtedly the result of collab-
orative international efforts, which is important to note. The first part, with 
two chapters, sets the stage for this book by providing an overview of SS, 
recommended medical and dental management, and the importance of saliva 
and oral complications in SS.  Chap. 1 (Stewart) describes the established 
diagnostic criteria and presents the gold standard of lip biopsy and serology 
as important clinical parameters, among others. Since the disease greatly 
affects the oral and dental health of patients, the importance of saliva and sali-
vary components in SS is highly emphasized in Chap. 2 (Heller et al.).

The next five chapters present the immunopathogenesis of SS. More spe-
cifically, these include the molecular mechanisms for SS hyposalivation, 
roles of myoepithelial cell function in salivary gland physiology and disease, 
dysregulated innate immunity and adaptive immunity, and B cell expansion 
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and neoplasia in SS. Dissecting the mechanisms of hyposalivation in SS can 
be a daunting task, since multiple factors are reported to be associated with or 
contributed to dryness in patients. Chap. 3 (Saleh et al.) presents a compre-
hensive review of the molecules involved in secretory dysfunction, with a 
future goal of targeted therapy to restore glandular function in patients. 
Potential roles of myoepithelial cells in SS pathogenesis are brought into 
light in Chap. 4 (Maldorado et al.), thanks to the contribution of the Chirioni’s 
group.

There has been great progress in characterizing the key immunological 
players in SS pathogenesis, which range from characterizations of Th1 and 
Th2 cells and the critical roles of autoantibodies and B cell activating factor 
(BAFF) in SS, to the recent interests in Th17, regulatory T cells, follicular 
helper and regulatory T cells, and marginal zone B cells, especially in asso-
ciation with a risk of non-Hodgkin’s B cell lymphoma. Intensive research 
endeavors on innate immunity have returned with a special focus on the roles 
of dendritic cells and macrophages in sterile inflammation involving self- 
nucleic acid sensors, which is detailed in Chap. 5 by Kiripolsky and Kramer. 
Chap. 6 (Yu) and Chap. 7 (Anderson et al.) describe central players in SS 
immunopathogenesis, such as adaptive immune cells and B cells in neopla-
sia, respectively.

The third part of the book includes SS diagnostics and therapeutics: the 
differential diagnosis of glandular swelling in Chap. 8 (Bhattacharyya and 
Chehal), interventional sialoendoscopy for recurrent parotitis in Chap. 9 
(Karagozgolu et  al.), improved diagnostics by salivary gland ultrasound 
sonography in Chap. 10 (Thatayatikom), up-to-date pharmaceutical manage-
ment of glandular and systemic manifestations of SS in Chap. 11 (Ha and 
Lee), recent therapeutic intervention of gene therapy in Chap. 12 (Yin and 
Chiorini), and clinical management of dry eye in SS in Chap. 13 (Hyon). 
These comprehensive chapters detailing the clinical components and man-
agement of SS will be highly informative, not only to professionals but also 
to patients. Chap. 10 is highly relevant to the emerging cases of SS in children 
and adolescents in recent years.

The highlight of this book is the set of three essays submitted by our 
patients, which follow this preface. Without their contributions, this book 
would have been unable to convey an important message to our readers of 
what it truly feels like to live with SS.  I am immensely grateful to Diane, 
Suzanne, and Cameron for their willingness to share their experiences with 
other patients and readers by sharing their experiences through their essays. I 
would also like to express my sincere gratitude to Alison and Christobel on 
behalf of all our dedicated authors for keeping us on track and accommodat-
ing our needs in a timely and professional manner. The team at Springer has 
always exceeded my expectations since the beginning of my first book proj-
ect with them on Salivary Gland Development and Regeneration.

Future progress in the SS field will certainly require continuous dialogue 
of innovative ideas and the exchange of knowledge and new discoveries 
among all those who are involved, which reminds me of the word 
“Consilience.” This term was first coined by William Whewell in The 
Philosophy of the Inductive Sciences in 1840 and was revived by the  humanist 
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biologist Edward O. Wilson in Consilience: The Unity of Knowledge in 1998. 
As Wilson pointed out in his book, “We can never map it all, never discover 
and explain everything… (But) We can connect threads into broadening webs 
of explanation, because we have been given the torch and the ball of thread.” 
The exciting journey toward the unity of knowledge and novel discoveries in 
the field of SS and pediatric SS will continue.

Seunghee Cha  
Gainesville, FL, USA
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 What Is Sjögren’s Disease to Me?
Cameron Popard

Health care professionals know the clinical definition: “Sjögren’s Disease is 
a disorder of your immune system identified by its two most common symp-
toms—dry eyes and dry mouth.” To me, Sjögren’s is so much more than just 
dry eyes. To me, the definition is very different. To me, Sjögren’s is having to 
remember to take 9 different pills every single night. It is my hands turning 
purple and losing feeling when the temperature drops below 60°. It is joint 
pain that makes it hard to move. It is fatigue and muscle pain so severe that I 
can’t get out of bed without help. It is missing school for days at a time when 
I can’t get out of bed at all. Sometimes it is having to stay home from school, 
not because I am the one who is sick, but because it is too risky to be in a 
building full of other “sick kids.” Sjögren’s is being hospitalized 4 times in 
less than 2 years with meningitis. It is monthly infusions and steroids to quiet 
my immune system and prevent organ damage. It is more needles, doctor’s 
visits, and testing than most people will experience in a lifetime. It is trying 
to explain a disease, which I don’t fully understand myself, to people who say 
“you don’t look sick.” It’s wondering what my future might look like. It is 
worrying if it will be like this forever. Having Sjögren’s is hard. It hurts. It 
makes me sad. I have had to miss out on fun things with my friends and fam-
ily. I have had to cancel trips and events at the last second. But Sjögren’s has 
also made me stronger, patient, more resilient, and more determined. I am 
only 16 years old and I have Sjögren’s disease, but I refuse to let it have me.

 My Journey with Sjögren’s Syndrome
Diane Shurm

After numerous tests, many different doctors, and extensive weight loss (80 
lbs.), I was finally diagnosed with Sjögren’s syndrome, an autoimmune ill-
ness.There is a medical problem….and weight loss is not always involved.

The salivary glands cease to function, causing severe dry mouth, dental 
issues, and dry eye, which are also symptoms.

In my particular case, the severity of dry mouth continues to be much 
worse than dry eye. My ophthalmologist is very well educated in the diagno-
sis and treatment of Sjögren’s so I am very pleased to be in her care. She 
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inserts very tiny plugs into my tear ducts every 3 months to help keep the eyes 
well lubricated.

This condition is usually treated by rheumatologists; however, the biggest 
hurdle for me has been finding one that treats Sjögren’s….as most have mini-
mal information on the condition.

There are just two medications available, Pilocarpine and Cevimeline; 
both have given me minimum success. It seems they each have many side 
effects. Aside from those, most of my treatment has been the “trial and error” 
method of OTC products that are available. The ones I have found to be most 
effective are Biotene products (mouth spray, mouth rinse, and most of all, the 
gel….I really get relief from that!). You must be very careful with everything 
you chose to eat or drink (no hot or spicy foods or drink for me!).

The National Sjögren’s Foundation, located in Washington, DC, has many 
educational tools available and continues to do research to find a cure.

Until then, my prayer is REMISSION!

When Dry Mouth Was Jeopardizing My Career
Suzannah Laski

It’s so easy to dismiss a dry mouth because most of the time the cause is due 
to dehydration. Both patients and doctors easily dismiss dry mouth without 
really thinking about it twice. But the thing is that some of those patients are 
attributing their symptom to the wrong cause. If a patient is brave enough to 
mention that they have dry mouth, please don’t automatically dismiss it 
because the person who has it already did that enough. It happened to me for 
years. I wish my dentist, who I had been going to for decades, addressed the 
issue when I first said that my lips have been losing layers of skin when I 
wake up because they are literally glued to my front teeth. It took me about 
2 years before I said anything. At that point the suction tool they used when 
cleaning my teeth was merely for decoration in my mouth. It no longer made 
the previously “dreadful” slurping noise it did years earlier and instead made 
the same hissing sound it does when sucking nothing but air. After I screwed 
up my courage I asked why has it been happening and if there’s anything I 
can do to fix the issue. Other than adding lip balm and biotene mouthwash to 
my night routine and drinking more water during the day, my dentist and 
other doctors whom I asked all shrugged their shoulders.

It wasn’t until I started pursuing voice over that I started taking my dry 
mouth seriously. A dry mouth with a microphone is one of the most distract-
ing sounds imaginable. You no longer hear the meaning to any words spoken, 
you just hear the clicking, creaking, smacking, popping sounds of the lips, 
cheeks, and tongue make with scant saliva to lubricate the movements. The 
liquid “L”s of the American language are no longer liquid, much less employ-
able. It took endangering my career prospects to start taking my dry mouth 
seriously. But what about the longer term consequences that prolonged dry 
mouth has on a person. What it does to the health of their teeth and gums, and 
what the loss of said teeth has on the person both financially and—more 
importantly—their quality of life. No matter your age, you see yourself 
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differently when you start getting more and more dental issues. You judge 
 yourself the same as you used to judge others with bad teeth, as somehow less 
deserving.

I had specifically asked my doctors if there was a medication out there to 
help with dry mouth. I was told “no” by several doctors and others in the 
health field. Most voice over talent don’t know that medicine is available 
either but some do. After trying all the other tricks of the trade (eating green 
apples, sucking on mint lozenges, drinking lemon water, drinking throat tea, 
drinking 120 oz. of water a day, using all the OTC dry mouth products on the 
market) and failing to get an effect that lasted more than 10 s, it was the voice 
over community that told me to seek a specialist. That specialist was easily 
able to identify and address my issue. I am now a working voice artist. But for 
years I wasn’t and for years I had started having dental and gum issues. 
Although my career turned around, I’ll never know if my gum issues, chipped 
tooth, cavities, and my new crown could have been prevented. I used to be 
proud of my smile and although I still get compliments, I feel like a fraud 
when I hear them since most of the teeth in that smile are not real. Most of the 
population with dry mouth are not in the voice over industry and will not be 
told by that community of a specialist who can save the rest of their teeth and 
sense of self. They will continue on a downward spiral and attribute it to bad 
luck in life. Now you are learning that there is something that can be done, 
please pass that information on. Share it along with the risks someone with 
prolonged dry mouth is susceptible to. Although most people can ignore the 
thirsty feeling, a lot won’t if they knew there’s more going on than that 
feeling.

Living with Sjögren’s Syndrome
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Introduction, Diagnostic Criteria, 
Pharmacotherapy, and Dental 
Management

Carol M. Stewart

1.1  Introduction

1.1.1  History

A Swedish ophthalmologist, Henrik Sjögren 
(1899–1986), recognized a group of female 
patients with arthritis, extreme dryness of the 
eyes and mouth (sicca syndrome). In 1933, he 
published his thesis describing this condition and 
gave the term “keratoconjunctivitis sicca” to the 
ocular dryness. He believed that he had identified 
a new systemic disease, which now bears his 
name.

1.1.2  Definitions

SS is a chronic autoimmune disease character-
ized by lymphocytic infiltration of the exocrine 
glands. SS is defined as primary (pSS) when oral 
dryness (xerostomia) and ocular dryness (kerato-
conjunctivitis sicca) occur alone. When pSS is 
associated with other rheumatologic conditions, 
such as rheumatoid arthritis (RA) or systemic 

lupus erythematosus (SLE), the condition is 
referred to as secondary Sjögren’s (sSS) [1].

1.1.3  Prevalence

After RA, SS is considered to be the most com-
mon rheumatic autoimmune disorder. In the 
USA, estimates are 0.2% or four million. 
Reported prevalence rates around the world 
range from 0.03% in Japan and 0.09% in Greece 
to 2.7% in Sweden [1]. The overall prevalence of 
pSS in Europe is between 0.1 and 4.8% [2]. 
However, due to multiple classification criteria, 
prevalence is difficult to determine. The com-
monly reported frequency ratio of women to 
men is 9:1, but a German report indicated a 
higher female prevalence [3]. In addition to mid-
dle-aged women, children, young adults, and 
teens are affected. As symptoms are often subtle 
and nonspecific, prevalence is likely higher than 
reported.

1.1.4  Disease Spectrum

The clinical disease spectrum is broad, and the 
severity of manifestations is oral, and ocular dry-
ness may be mild and manageable in some 
patients, but others will deal with severe chronic 
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pain, depression, major organ involvement, and 
lymphoma. The diminished quality of life due to 
oral involvement is significant [4]. Extraglandular 
manifestations may involve the skin, vaginal 
mucosa, hair, respiratory tract, gastrointestinal 
tract, kidneys, musculoskeletal, and neurologic 
systems [5–7]. Due to vague symptomology 
often involving multiple systems, disease recog-
nition and diagnosis may be delayed months or 
years. On average, it takes 2.8 years to receive a 
diagnosis of Sjögren’s according to the Sjögren’s 
Syndrome Foundation, and SS has affected every 
racial and ethnic group [8]. Because of the com-
plexity of this disease, manifestations often 
require interdisciplinary treatment. A differential 
diagnosis for possible SS can include other auto-
immune disorders such as SLE, scleroderma, 
RA, and fibromyalgia, as well as HIV infection 
and hepatitis C.  A complication of primary 
Sjögren’s syndrome (pSS) is an elevated risk of 
lymphoma. It has been reported that pSS patients 
have a prevalence ranging from 3.4% in the first 
5 years to 9.8% at 15 years after diagnosis and up 
to a 16-fold increased risk of developing non- 
Hodgkin’s lymphoma (NHL) [9]. The risk of 
NHL in patients with pSS in Norway is increased 
nine times compared with the general population 
[10]. These are often low-grade B-cell lympho-
mas termed MALT or mucosa-associated lym-
phoid tissue lymphoma of the parotid gland. 
Signs may include lymphadenopathy and parotid 
gland enlargement.

1.2  Diagnosis

1.2.1  Signs and Symptoms

Sicca symptoms (dryness) are the most common 
manifestation of SS, occurring in up to 98% of 
cases [11]. Xerostomia and salivary hypofunction 
are the most common oral complications of SS 
[12]. Xerostomia is defined as the patient’s sub-
jective feeling of oral dryness with or without sali-
vary gland hypofunction [13]. Salivary 
hypofunction is the objective measurement con-
firming a low salivary flow rate. Xerostomia may 
commonly be expressed by many patients with 

medical issues such as SS, RA, postradiation ther-
apy for treatment of oral squamous cell carci-
noma, and fibromyalgia. Additional factors linked 
to xerostomia include depression, perceived anxi-
ety, stress, and intake of antihypertensive medica-
tions. All these factors should be considered and 
evaluated in patients presenting with xerostomia.

1.2.2  Diagnostic Criteria

Diagnosis is based on a review of the medical 
history and a complete physical examination, 
which includes at a minimum, a head and neck 
evaluation, salivary flow assessments, oral and 
maxillofacial imaging, and in many cases, a 
labial salivary gland biopsy. Appropriate ophthal-
mological and serological tests are performed as 
described in the following diagnostic criteria sec-
tion. Hypertension, asthma, diabetes mellitus, 
hematological diseases, thyroid diseases, rheu-
matic diseases, gastrointestinal disorders, psychi-
atric disorders, and eating disorders are reviewed 
during the initial evaluation as these conditions 
can have an association with xerostomia and 
hyposalivation or occur concurrently with SS.

The three most commonly used criteria for the 
diagnosis of pSS are as follows:

 1. The Copenhagen criteria proposed in 1986 
included objective evidence of keratoconjunc-
tivitis sicca, salivary gland involvement, and 
whole unstimulated salivary flow [14].

 2. The European classification criteria was ini-
tially proposed in 1996 and was later revised 
in 2002 by the American-European consensus 
group (AECG) [15]. Criteria are found in 
Table 1.1.

 3. The International Collaborative Clinical Alli-
ances Cohort criteria was proposed in 2012 by 
the Sjogren’s International Collaborative Clin-
ical Alliances Cohort [16] and approved by the 
American College of Rheumatology (ACR) 
and Board of Directors and the European 
League Against Rheumatism (EULAR) Exec-
utive Committee in 2016 [17]. The final clas-
sification criteria are based on the weighted 
sum of five items as described in Table 1.1.

C. M. Stewart
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1.2.3  Chairside Clinical 
Observations Indicative 
of Possible Hyposalivation

 1. Lack of saliva pooling in the floor of the mouth.
 2. Adherence or “sticking” of back of the mouth 

mirror or a gloved finger to the buccal mucosa 
or tongue.

 3. A lobulated or deeply fissured tongue could 
indicate inadequate salivary flow 
(Fig. 1.1a).

 4. Cervical caries in more than three teeth 
(Fig. 1.1b).

 5. Lack of clear fluid flowing from Stensen’s 
duct upon “milking” the parotid gland.

 6. Salivary gland enlargement.

Table 1.1 Revised AECG criteria and the Sjogren’s International Collaborative Clinical Alliances Cohort used for the 
diagnosis of primary Sjögren’s syndrome

Revised AECG criteria
Diagnosis of Sjögren’s syndrome defined as the presence of four out of the six items, including positive histology or 
serology, or the presence of three of the four objective items
1. Ocular symptoms: positive response to one of the following questions:
 (a) Have you had daily persistent trouble with dry eyes for more than 3 months?
 (b) Do you have a recurrent sensation of sand or gravel in the eyes?
 (c) Do you use tear substitutes more than three times per day?
2. Oral symptoms: positive response to one of the following questions:
 (a) Have you had a daily feeling of dry mouth for more than 3 months?
 (b) Have you had recurrent or persistent swollen salivary glands as an adult?
 (c) Do you frequently drink liquids to aid swallowing dry food?
3. Ocular signs: positive result for one of the two tests:
 (a) Schirmer’s test performed without anesthesia (<5 mm in 5 min)
 (b) Rose bengal score or other ocular dye score (≥4 according to van Bijsterveld’s scoring system)
4.  Histopathology: focal lymphocytic sialadenitis with a focus score ≥1 focus per 4 mm2 of minor salivary glandular 

tissue
5. Salivary gland involvement: a positive response for at least one of the following diagnostic tests:
 (a) Unstimulated whole salivary flow (<1.5 mL in 15 min)
 (b)  Parotid gland sialography showing the presence of diffuse sialectasis without evidence of obstruction in the 

glands or
 (c) Salivary scintigraphy showing delayed uptake, reduced concentration, and/or delayed excretion of tracer
6. Autoantibodies: presence in serum of antibodies to Ro (SSA) or La (SSB) antigens, or both
2012 American College of Rheumatology classification criteria for Sjögren’s syndrome [17]
1. Positive anti-SSA (Ro) and/or anti-SSB (La) or positive RF and ANA ≥1:320
2. Labial salivary gland biopsy with a focal lymphocytic sialadenitis with a focus score ≥ 1 focus per 4 mm2

3. Keratoconjunctivitis sicca with an ocular staining score ≥ 3
2016 American College of Rheumatology/European League Against Rheumatism classification criteria for Primary 
Sjögren’s Syndrome [18]
1. Anti-SSA/Ro antibody positivity Score = 3
2.  Focal lymphocytic sialadenitis with a focus score of 

≥1 foci/4 mm2

Score = 3

3.  Abnormal ocular staining score of ≥5 (or van 
Bijsterveld score of ≥4)

Score = 1

4. Schirmer’s test result of ≤5 mm/5 min Score = 1
5. Unstimulated salivary flow rate of ≤0.1 mL/min Score = 1

Individuals with signs and/or symptoms suggestive of SS with a total score of ≥4 for the above items meet the criteria 
for pSS. Sensitivity and specificity against clinician-expert-derived case/non-case status in the final validation cohort 
were high, that is, 96% (95% CI 92% to 98%) and 95% (95% CI 92% to 97%), respectively
Table adapted from [16, 17]

1 Introduction, Diagnostic Criteria, Pharmacotherapy, and Dental Management
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1.2.4  Chairside Patient Questions 
to Aid the Detection 
of Hyposalivation and SS 
Diagnosis [18, 19]

• Does your mouth feel dry?
• Do you have difficulty swallowing?
• Does food stick in your mouth or throat?
• Can you eat a dry cracker without water?
• Do you have difficulty speaking?
• Has your taste sensation decreased?
• Do you keep a glass of water at your bedside 

at night?

If a patient answers “yes” to three or more 
questions, additional objective assessments 
should follow. These might include measurement 
of stimulated and unstimulated salivary flow rate 
to more accurately determine xerostomia from 
salivary hypofunction. In addition, a labial sali-
vary gland biopsy, imaging of the salivary glands, 
and screening blood work for an autoimmune 
disorder such as SS and/or referral to a rheuma-
tologist would follow.

1.2.5  Xerostomia, Salivary 
Hypofunction, and Sialometry

Xerostomia is defined as the subjective com-
plaint of dry mouth [20]. Unfortunately, the 
importance of xerostomia is sometimes mini-
mized. Xerostomia or “dry mouth” has a signifi-

cant adverse impact on patients’ attitudes and 
emotional well-being. The complaint of oral dry-
ness requires a complete evaluation of a patient’s 
overall health, oral motor, and sensory abilities, 
as well as salivary flow rates. It is often deter-
mined that patients with complaints of xerosto-
mia do not demonstrate low flow rates based on 
objective sialometry measurements. Symptoms 
may be related to other conditions, hence the 
need for a comprehensive evaluation [21].

Salivary hypofunction is applied to salivary 
gland function below expected ranges. The nor-
mal stimulated salivary flow rate for healthy non- 
medicated adults averages 1.5–2.0    mL/min, 
while the unstimulated salivary flow rate is 
approximately 0.3–0.4  mL/min [22, 23]. Flow 
rates will vary between individuals. Salivary 
hypofunction is defined as an unstimulated whole 
salivary flow rate (UWSFR) of <0.1 mL/min [24] 
and a stimulated whole salivary flow rate 
(SWSFR) of <0.7 mL/min [23, 25].

Salivary hypofunction may lead to oral prob-
lems such as dental caries and oral candidiasis 
[26–29]. Due to salivary hypofunction, the 
important caries preventive actions of saliva are 
reduced. These include flow rate which aids in a 
“flushing action” of organisms from the oral cav-
ity and buffer effects which help neutralize the 
harmful effects of acids. It has been reported that 
the risk of developing dental erosions is five 
times more frequent in patients with UWSFRs 
≤0.1 mL/min [23]. Even with good oral hygiene, 
individuals with Sjögren’s syndrome experience 

a b

Fig. 1.1 Dry mouth complications. (a) Fissured tongue, (b) Class V decay and multiple crowns and missing teeth

C. M. Stewart
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dental decay and tooth loss [30]. In Chap. 2, a 
thorough review of saliva, the components, and 
its importance will be presented.

Sialometry is an objective measurement of 
salivary flow rate, which will assist the health 
care team in the determination of the patient’s 
caries risk assessment and hyposalivation. For 
the most accurate assessment of salivary flow 
rate, the patient should refrain from smoking, 
eating, or drinking for at least 1  h prior to the 
saliva collection. (Patients may drink water dur-
ing this time.) When both the whole unstimulated 
and whole stimulated flow rates are planned for 
the same appointment, the unstimulated mea-
surement should be performed first, before the 
stimulated flow rate.

To assess the patient’s UWSFR, the patient is 
asked to sit with their head slightly tilted forward, 
without talking or chewing, and expectorate (spit 
or drool) into a preweighed collection tube for a 
preset time, usually 10 or 15  min. The tube is 
weighed following the collection and the differ-
ence is calculated. The weight difference is 
divided by the number of collection minutes to 
determine the rate of flow in mL/min. An assump-
tion is made that saliva is similar to water, where 
1 g of water/saliva at 4 °C equals 1 mL of saliva/
water [31]. UWSFRs may be a more important 
parameter than the stimulated flow rate due to 
unstimulated salivary flow rates being below nor-
mal even when the stimulated flow is not affected 
[32]. To measure the SWSFR, the patient is asked 
to sit with head slightly tilted forward and chew 
on a small square of sterile paraffin wax for a pre-
set time, often 10  min, while expectorating the 
saliva generated into a preweighed tube or con-
tainer. Expectorating may be done at 30  s or 
1-min intervals as appropriate. The tube is 
weighed again at completion of the collection 
period. The flow rate calculation is determined by 
dividing the difference between the two tube 
weights by the number of minutes, 10 min in this 
case. As previously stated, the normal stimulated 
salivary flow rate is greater than 0.7 mL/min.

A screening test for salivary flow has been 
reported using calibrated filter paper (Whatman 
no. 41) placed in the floor of the mouth. The 

length of wetness is measured after 5  min. 
Sometimes it is referred to as an oral Schirmer’s 
test, due to similarities with the technique used 
by ophthalmologists to measure tear film wet-
ness. The oral Schirmer’s test is useful, objective, 
and easy to perform. The sensitivity and specific-
ity are adequate for purposes of screening, and 
the procedure is well accepted [33, 34].

1.2.6  Lab/Serological Testing

Immunofluorescence testing for antinuclear anti-
bodies (ANA) is highly relevant for the diagnosis 
of connective tissue disorders. In one report, up 
to 83% of patients with pSS tested positive for 
ANA. The association of positive ANA with the 
presence of anti-Ro/SS-A and anti-La/SS-B anti-
bodies reached statistical significance at a titer of 
ANA >1/80 (p < 0.001) [33]. However, positive 
ANA titers can be found in seemingly healthy 
people. While assays vary, it has been reported 
that up to 20% or more of otherwise healthy peo-
ple can express ANA. Females express this more 
commonly than males [35, 36]. Anti-SSA/Ro and 
anti-La/SSB are the hallmark antibodies in 
pSS. Anti-Ro/SSA and/or anti-La/SSB antibod-
ies are found in approximately 40%–75% and 
23%–52% of pSS patients, respectively [1]. 
Among these investigations, anti-Ro/SSA anti-
bodies and an abnormal labial salivary gland 
biopsy have the highest specificity.

1.2.7  Labial Salivary Gland Biopsy

According to the 2012 criteria approved by the 
Sjögren’s International Collaborative Clinical 
Alliances Cohort and Academy of Rheumatology 
[16], the labial salivary gland biopsy is one of the 
two most reliable criteria for a Sjögren’s diagno-
sis. The second is anti-Ro/SSA antibodies. In the 
clinical practice, the lip biopsy is especially help-
ful for those patients with glandular dysfunctions 
and negative antibodies.

The lower lip contains a multitude of minor 
salivary glands that will show a characteristic 
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histopathologic pattern in patients with Sjögren’s 
syndrome. The salivary glands are easily accessi-
ble lying just below the surface of the lower lip. 
After infiltration of local anesthesia, a small inci-

sion (5 mm) is made in the left or right side of 
midline in the lower lip. Approximately, 5–7 lob-
ules of accessory salivary glands are harvested 
and placed in 10% formalin fixative for delivery 
to the specially trained pathologist (Fig. 1.2). The 
incision is closed with resorbable sutures. The 
patient should be instructed to expect some 
 tenderness for a few days after the procedure. 
Approximately, 1–2% of individuals will notice 
some tingling and/or numbness of the lip for a 
period of 2–3 months. In rare instances, the altered 
lip sensation or partial numbness may persist.

It is essential that the labial salivary gland 
biopsy be interpreted by pathologists familiar 
with oral pathology and specifically salivary 
gland pathology. One of the key features found in 
the histopathology of the minor salivary gland in 
Sjögren’s syndrome is “focal lymphocytic sialad-
enitis.” It is characterized by periductal lympho-
cytic clusters (more than 50 lymphocytes) 
adjacent to normal-appearing mucous-secreting 
acini. The number of lymphocytic aggregates per 
4 mm2 of glandular tissue section is termed the 
“focus score.” A focus score ≥1 is the validated 
criterion for the classification of Sjögren’s syn-
drome from non-Sjögren’s control subjects [37] 
(Fig.  1.3). If the diagnosis is not supportive of 
Sjögren’s syndrome, the lip biopsy may reveal 
other types of glandular inflammation such as 
chronic sialadenitis or sarcoidosis.

Fig. 1.2 Labial salivary gland biopsy procedure demon-
strating harvesting accessory salivary gland lobule

a b

Fig. 1.3 Histopathology for labial salivary gland biopsy 
supportive of SS diagnosis. (a) Labial salivary gland 
biopsy demonstrating distinct focal lymphocytic clusters, 

H&E 10×, (b) lymphocytic focus surrrounding duct, with 
normal-appearing adjacent acini, H&E 20×. (Both photos 
taken by Dr. Indraneel Bhattacharyya)
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1.2.8  Salivary Gland Enlargement 
and Lymphoma

Roughly one-third of Sjögren’s patients report 
salivary gland enlargement. This may be episodic 
or chronic and may occur unilaterally or more 
common bilaterally [38]. Enlargement that does 
not respond to short-term therapy must be further 
assessed to rule out the possibility of NHL of 
B-cell type. NHL has been reported to occur in 
5% of patients with pSS [9]. These are low-grade 
B-cell types that are usually slow-growing and 
respond well to treatment. Predictors for NHL in 
Sjogren’s patients include monoclonal gammopa-
thy, C4 hypocomplementemia, and cryoglobuli-
nemia [39]. Additional information regarding 
salivary gland enlargement and diagnostic 
approaches will be further discussed in Part III.

1.2.9  Sialendoscopy

Sialendoscopy is a minimally invasive diagnostic 
and therapeutic technique for the management of 
obstructive salivary gland disorders [40]. The 
main indication for sialendoscopy is obstructive 
sialadenitis from sialolithiasis, mucus plugs, and 
anatomic ductal abnormalities [41–43]. Recent 
studies have shown that patients with radioiodine- 
induced sialadenitis and patients with salivary 
glands affected by autoimmune diseases, such as 
SS, felt relief from symptoms after sialendos-
copy. A report of SS patients and controls stated 
that irrigation of the major salivary glands in 
patients with SS-enhanced salivary flow and 
reduced xerostomia up to 6 months after sialen-
doscopy [44]. The procedure is also associated 
with complications. In a SS cohort in Amsterdam, 
overall rate of complications was limited, and the 
sialendoscopic complications in patients with SS 
were regarded as minor by the authors. Most 
complications involved the submandibular glands 
in SS patients. Careful preoperative selection of 
patients and salivary glands was recommended to 
reduce the rate of complications and yield more 
predictable results [40].

1.3  Pharmacotherapy

1.3.1  Caries Prevention 
and Home Care

Nonprescription, or over the counter (OTC), 
agents play a role in the management of Sjögren’s 
syndrome. Meticulous home care is essential for 
caries management. Patients should brush their 
teeth 2–3 times per day with a soft manual brush 
or ultrasonic device. Ideally, rinsing with water 
and/or brushing after each sugar intake would be 
beneficial. Patients could be encouraged to take 
a toothbrush to their place of employment, if 
possible. Flossing once per day will help remove 
dental plaque. Patients with severe hyposaliva-
tion should avoid toothpastes containing abra-
sive agents. Toothpastes designed for the relief 
of dry mouth usually do not contain sodium lau-
ryl sulfate (SLS) and tend to be less irritating to 
the tissues [45]. Recall dental examinations 
every 4 months can serve to closely monitor car-
ies disease activity and continue to educate and 
encourage the patient to assume partnership in 
their oral health. In a culture focused on a “beau-
tiful white smile,” the issue of whitening tooth-
pastes and agents must be addressed. Whitening 
toothpastes often contain peroxide and agents 
harmful to gingival tissues and as well as enamel. 
Due to potential injury to enamel and gingival 
tissues, it is prudent to avoid these or consult the 
dentist if whitening is desired prior to special 
social occasions.

Salivary stimulation is widely accepted as a 
basic therapeutic measure for preventing caries in 
SS patients with dry mouth. Mechanical stimula-
tion by chewing sugar-free gum or lozenges is 
often used by patients with mild salivary hypo-
function [46]. A list of nonprescription agents 
that could be useful are listed in Table 1.2. These 
agents are relatively short-acting but may provide 
symptomatic relief. Commonly, these strategies 
are ineffective in providing adequate comfort and 
oral health. In patients without contraindications, 
the medical team will employ prescription anti-
cholinergic sialogogues.
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Artificial saliva or saliva substitutes, available 
without a prescription, are often used to lubri-
cate the mouth, but do not permanently increase 
salivary flow. They are available in gels, sprays, 
and solutions. Some common ones are Biotene®, 
Oral Balance® moisturizing gel and oral rinse, 
Mouth Kote® dry mouth spray, Oasis® mouth 
moisturizing spray, and many others contained 
in Table 1.2. Many products provide short-term 
relief of oral mucosal dryness by increasing  
the product  viscosity with components as 
carboxymethylcellulose- type agents. Some also 
contain calcium, fluoride, and flavoring agents. 
Individual patients will determine what product 
provides them the greatest comfort.

1.3.2  Agents for Caries Prevention: 
Fluoride

The Sjögren’s Syndrome Foundation Oral 
Working Group conducted an evidence-based 
examination of current research. The group 
reported a high level of confidence that topical 
fluoride should be used in Sjögren’s patients 
with hyposalivation and rated it as a “best clini-
cal practice” [47]. A neutral sodium fluoride 
(0.05%) mouth rinse at bedtime may be recom-
mended by the dentist. More commonly, for 
patients with high caries risk, the dentist will 
prescribe a 1.1% neutral sodium fluoride-con-
taining toothpaste (such as Prevident 5000® for 
dry mouth) for use once per day in place of the 
regular toothpaste. Alternatively, 1.1% neutral 
sodium fluoride gels may be administered in 
custom-made trays prepared by the dentist. In 
the evening before bedtime, the fluoride gel is 
placed in the tray (1/2 to 3/4 full) and left for 
4–5  min. The excess gel is expectorated. 
Fluoride-containing products should not be 
swallowed. Patients should be reminded to avoid 
rinsing, eating, or drinking, for 30 min after the 
use of fluoride toothpaste and gels.

1.3.3  Agents for Caries Prevention: 
Non-Fluoride Remineralizing 
Agents

The Sjögren’s Foundation Oral Working Group 
reviewed non-fluoride remineralizing agents 
such as amorphous calcium phosphate (ACP), 
casein phosphopeptide-ACP, calcium sodium 
phosphosilicate, and tricalcium phosphate. These 
had moderate support and could be considered 
adjunctive therapy in patients with Sjögrens dis-
ease with dry mouth and a high root caries rate. 
This recommendation was based on demon-
strated benefit of calcium phosphate rinse [47]. 
These agents may deliver calcium and phosphate 
to the tooth surface, enhance the function of fluo-
ride, and help treat early non-cavitated lesions.

Table 1.2 Products with potential benefit for symptom-
atic relief for xerostomia “dry mouth”

Nonprescription topical saliva substitutes and 
salivary stimulants
Chewing gum
Biotene® Chewing Gum, Biotene® Dry Mouth Gum
OMNI® Thera Gum; 100% xylitol sweetened gum
Spry® Gum with xylitol
XyliChew™ 100% xylitol chewing gum
Lozenges and mints
OMNI®Thera Mints: 100% xylitol sweetened mints
OraMoist™ Dry Mouth Discs
XyliChew™ 100% xylitol mints
TheraBreath dry mouth lozenges and spray
Xylimelts dry mouth lozenges
MighTeaFlow Natural Dry Mouth Lozenge w/Xylitol 
(Green tea-containing product)
Oral lubricating agents (moisturizers and sprays)
Biotene® Moisturizing Mouth Spray
Moi-Stir® Oral Spray
Mouth Kote® Dry Mouth Spray
Oasis® Moisturizing Mouth Spray
Moisyn Spray
Prescription products
NeutraSal® Calcium Phosphate Rinse (packet contents 
must be mixed with water)
Numoisyn® lozenges
Numoisyn® liquid
Electrical stimulation (electrode-based removable 
appliance, Saliwell)

Note. The efficacy of nonprescription agents has not been 
universally validated via evidence-based scrutiny in peer 
review publications
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1.3.4  Antimicrobial Agent for Caries 
Prevention: Chlorhexidine

Chlorhexidine gluconate rinse (0.12%) is an anti-
microbial agent with some antifungal activity as 
well. It is used to decrease the level of 
Streptococcus mutans in the oral cavity, which 
plays an important role in caries development. 
Due to oral dryness in SS patients, the suscepti-
bility to oral candidiasis is increased and 
chlorhexidine rinse provides an added benefit. 
Chlorhexidine varnish and gel have been used to 
reduce the concentration of bacteria and candida 
in the oral cavity. While these products may 
impart a brownish surface stain to the teeth, the 
stain can be removed with a dental prophylaxis. 
Chlorhexidine may be helpful for SS patients as 
it reduces the microbial load of Streptococcus 
mutans. However, the working group analysis 
concluded that support was weak as studies have 
not been conducted with SS patients [47].

1.3.5  Prescription Sialogogues

Results of enhanced patient comfort and changes 
in salivary flow with two commonly used pre-
scription anticholinergic sialogogues, pilocar-
pine (Salagen®) and cevimeline (Evoxac®), have 
been reported. Prescription sialogogues may 
improve comfort and Sjögrens patient’s ability 
to chew, swallow, taste, and speak as well as 
their self- esteem and ease in social settings. 
They may be helpful for those who wear remov-
able dental prosthetic appliances such as conven-
tional removable complete dentures and 
removable partial dentures. The effectiveness of 
these agents requires the presence of functional 
glandular tissue.

1.3.5.1  Pilocarpine
Several studies have reported that pilocarpine can 
improve salivary flow in Sjögren’s patients [48–
50]. Pilocarpine is a cholinergic parasympatho-
mimetic agent, which will stimulate secretion of 
exocrine glands via muscarinic activity. The 

sweat, salivary, lacrimal, gastric, pancreatic, and 
intestinal glands and the mucous cells of the 
respiratory tract may be stimulated. The recom-
mended starting dose for SS patients is 5 mg tid 
for adults. Dosage may be increased based on 
therapeutic need by the physician [48, 51]. 
Commonly reported adverse effects include 
sweating, warmth and flushing sensation, 
increased urinary frequency, headache, and 
abdominal discomfort. Pilocarpine toxicity is 
characterized by an exaggeration of its parasym-
pathomimetic effects. These may include: head-
ache, visual disturbance, lacrimation, sweating, 
respiratory distress, gastrointestinal spasm, nau-
sea, vomiting, diarrhea, atrioventricular block, 
tachycardia, bradycardia, hypotension, hyperten-
sion, shock, mental confusion, cardiac arrhyth-
mia, and tremors [51]. Pilocarpine is 
contraindicated in patients with a known hyper-
sensitivity to pilocarpine, uncontrolled asthma, 
acute iritis, and narrow-angle (angle closure) 
glaucoma [48, 51].

1.3.5.2  Cevimeline
Cevimeline hydrochloride is a cholinergic agent 
with muscarinic agonist activity prominently 
affecting the M1 and M3 receptors prevalent in 
exocrine glands. It is indicated for treatment of 
salivary gland dysfunction in SS patients. Reports 
indicate the 30 mg three times per day was well 
tolerated and provided relief of xerostomia symp-
toms [52, 53]. Common side effects are sweating, 
excessive salivating or drooling, nausea, loss of 
appetite, runny or stuffy nose, flushing, frequent 
urge to urinate, dizziness, weakness, diarrhea, 
constipation, blurred vision, and muscle pain. 
Both pilocarpine and cevimeline are relatively 
contraindicated in patients with uncontrolled 
asthma or chronic pulmonary disease and in 
β-adrenergic blocker users and should be used 
with caution in patients with active gastric ulcers 
or uncontrolled hypertension [48].

Studies have compared profiles and efficacy 
of pilocarpine and cevimeline in secretion of 
saliva. They reported that the efficacy of pilocar-
pine (5  mg three times a day) and cevimeline 
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(30 mg three times a day) in secretion of saliva 
was similar, but cevimeline had less side effects 
particularly in long-lasting therapy [54, 55].

1.3.5.3  Electrostimulation
Neural electrostimulation of salivary gland func-
tion by application of electrical current through 
the oral mucosa on afferent nerve pathway recep-
tors has been reported to increased production of 
saliva. A removable oral device for management 
of xerostomia consists of a custom-fitted tray 
upon which the electrical circuitry, stimulation 
electrodes, a battery, a wetness sensor, and the 
remote-control receiver are mounted using a 
sandwich technique. This device has reported to 
improve symptoms of xerostomia with no 
 significant side effects [56]. A recent meta- 
analysis of transcutaneous nerve stimulation 
(TENS) identified six randomized control trials 
(RCTs). Results showed that the effect of TENS 
on salivary flow rate was not statistically signifi-
cant. However, the devices provided symptom-
atic improvement of xerostomia [57].

1.3.6  Medication-Induced 
Hyposalivation

Many medications can induce salivary gland dys-
function. These include the following [58, 59]:

• Antiemetics: Block neurotransmitter dopa-
mine D2, serotonin types 2–4, (5HT2–4), his-
tamine type 1 (H1), and acetylcholine 
(muscarinic types M1–5 receptors)

• Antiobesity agents: Inhibit the neuronal 
uptake of norepinephrine, serotonin, and 
dopamine in the central nervous system

• Antiepileptics: Act centrally by inducing a 
decrease in the release of neurotransmitters 
such as glutamate, norepinephrine, serotonin, 
and dopamine

• Antihistamines: Central inhibitory action on 
histamine type 1 receptors and muscarinic 
receptors

• Analgesics: Inhibit the salivary reflex arc in 
the central nervous system by blocking nor-
adrenaline reuptake

• Cardiovascular agents, including antihyper-
tensive and antiarrhythmic: Block muscarinic 
receptors and a1- and b1-adrenergic receptors

• Gastrointestinal agents: Block muscarinic 
receptors

• Obstructive airway disease agents: Block 
muscarinic receptors M1 and M3

• Ophthalmologicals: Inhibit acetylcholinester-
ase inhibitors and block a2-adrenergic

• Muscle relaxants: Act as central a2-adrenergic 
receptors agonists

• Psycholeptics: Enhance GABA effect in the 
central nervous system, downgrade salivary 
secretory reflex, and block muscarinic and a1- 
and a2-adrenergic receptors

• Psychoanaleptics: Inhibit acetylcholinester-
ase, block serotonin, histamine, dopamine, 
and norepinephrine reuptake

• Obstructive airway disease agents: Block 
muscarinic receptors M1 and M3

• Urologicals: Block muscarinic receptors and 
a1-adrenergic receptors

Sometimes the physician can reduce the dose 
of the xerogenic medication or substitute a medi-
cation that is less xerostomia-inducing [24]. 
Since saliva has a diurnal variation, the mornings 
and especially evenings are often most problem-
atic. When possible, patients should avoid taking 
medications known to produce oral dryness at 
bedtime.

1.3.7  Conventional Systemic 
Pharmacotherapy

The decision to adopt systemic treatment, and 
the choice of the specific treatment in pSS, is 
often driven by the level of disease activity and 
the involved organ system. The few randomized 
control studies evaluating the use of conven-
tional disease-modifying antirheumatic drugs 
(DMARDs) inpatients with pSS did not provide 
conclusive evidence supporting their efficacy. 
Thus, treatment strategies frequently are based 
on experiences acquired in other autoimmune 
rheumatic diseases, such as SLE or RA. 
Following the indications given for other con-
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nective disorders and in view of its favorable 
side effect profile, hydroxychloroquine is the 
drug of choice for inflammatory musculoskele-
tal pain, and various mild-to-moderate systemic 
manifestations, such as arthralgia, arthritis, and 
cutaneous lesions. If hydroxychloroquine is not 
effective, methotrexate may be considered [47]. 
Long-term (more than 1 month) ≥15 mg per day 
of corticosteroids may be useful in the manage-
ment of moderate inflammatory musculoskele-
tal pain in primary Sjögren’s, but efforts should 
be made to find a steroid-sparing agent as soon 
as possible.

1.4  Dental Management

1.4.1  Caries Prevention 
and Management: Patient 
Counseling

Prudent dietary selections and lifestyle choices 
can support caries prevention. Minimal sugar 
intake between meals should be encouraged. 
Sugar-free snacks which contain sweetening 
agents that do not promote dental caries, such as 
xylitol, are acceptable. Chewing gum and loz-
enges sweetened with xylitol promote saliva pro-
duction, thereby increasing comfort during the 
day. While xylitol is safe for humans, patients 
should be advised to store xylitol-containing 
agents away from dogs due to toxicity and poten-
tial death from hypoglycemia [60].

Drinking water throughout the day to maintain 
hydration is helpful as well [61]. When taking 
prescription sialogogues, hydration is very 
important. Patients with Sjögren’s should avoid 
alcohol consumption and alcohol-based mouth 
rinses, which might promote xerostomia. Other 
lifestyle modifications to help address oral dry-
ness include maintaining adequate hydration by 
frequently sipping water or sucking on finely 
crushed ice. Patients should be instructed to avoid 
sipping on carbonated beverages throughout the 
day. Generally, these will have an acidic pH. SS 
patients lack adequate salivary buffering proper-
ties to mitigate this effect. Consequently, the 
sugar and low pH will promote dental caries.

Patients may express a decrease in appetite 
and changes in taste. They often experience intol-
erance to acidic food as salad dressings, citrus, 
and spicy foods, such as hot peppers. In addition, 
patients may have altered taste sensations, a 
diminished ability to enjoy flavors, and an overall 
decrease in pleasure when eating a meal. 
Gastroesophageal reflux disease (GERD) is a 
common manifestation in patients with SS.  In 
addition to discomfort, acidic stomach contents 
reflux back into the mouth and can reduce sali-
vary pH. Acidic or low salivary pH will contrib-
ute to dental erosion. Sjögrens patients should 
adhere to physician-prescribed medication for 
GERD, dietary instructions, and perhaps sleep 
semi upright to minimize reflux issues.

Smoking, including vaping and use of 
e- cigarettes, has a strong association with dry 
mouth and should be minimized or discontinued 
altogether [62]. For patients who smoke, integrat-
ing smoking-cessation counseling and associated 
treatment are basic components for xerostomia 
management [63, 64]. Excessive alcohol intake 
and the use of alcohol-containing mouth rinses 
should be avoided due to enhanced effects of 
mucosal dryness.

1.4.2  Management of Oral 
Candidiasis

Patients with SS are at higher risk of oral candi-
diasis than a healthy control group. In a cohort of 
pSS patients, 74% were found to have oral candi-
diasis vs. 23% in the healthy control group. The 
erythematous type located on the dorsal tongue 
and angular cheilitis was most commonly found 
[65]. Signs of this include angular cheilitis, pain-
ful fissures at the labial commissures, erythema 
of the tongue and/or palate, altered often metallic 
taste, and a burning sensation of the tongue or 
affected area. An inverse relationship between 
stimulated salivary flow rates and the level of 
Candida infection in SS patients has been 
described [28]. After confirmation of the diagno-
sis via smear or culture, treatment with antifungal 
agents, such as nystatin ointment or tabs, or 
clotrimazole ointment or troches could be 
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appropriate. Some prescription rinses may con-
tain sucrose and sugars that can promote dental 
decay if used on a long-term basis. For angular 
candidiasis, clotrimazole ointment or triamcino-
lone/nystatin ointment could be applied [13]. 
Specially formulated troches or rinses com-
pounded by a pharmacy using alcohol sugars as 
artificial sweeteners are preferred to sucrose-con-
taining rinses. For patients who are severely com-
promised and/or do not respond to these agents, 
fluconazole (Diflucan®) would be a reasonable 
consideration. Before prescribing any medica-
tion, a knowledge of drug interactions and con-
traindications must be reviewed.

SS patients with oral candidiasis should 
receive instructions regarding home care proce-
dures.

• Improve salivary flow by chewing sugar-free 
gum or sugar-free lozenges

• Replace their toothbrush with a new one
• Clean dental prosthesis with antifungal agents 

such as nystatin solution or chlorhexidine glu-
conate/water 50:50. Soak for 30 min and then 
rinse thoroughly

• Avoid wearing removable dental appliances 
during sleep—if possible

1.4.3  Review of Periodontal Disease 
in Sjögren’s Syndrome 
Patients

Periodontal disease is an inflammatory disease 
that results in damage to the periodontal soft tis-
sue and bone surrounding the tooth. Studies have 
reported that SS patients have 2.2 times higher 
risk of having adult periodontitis than healthy 
controls [66]. A 2015 report regarding SS patients 
indicated that the mean number of decayed, miss-
ing and filled teeth (DMFT) was significantly 
higher in SS patients than in non-SS patients. The 
plaque index, gingival index, and papillary bleed-
ing index were higher in SS patients than in non-
 SS patients [67].

Additional reports have not supported the 
association of an elevated risk of periodontitis in 

Sjögren’s patients [68–71]. Kuru reported that no 
significant differences could be detected in either 
clinical or microbiological parameters of primary 
or secondary SS patients compared with that of 
age- and gender-matched control subjects. This 
was a small study. A larger study using the 
Copenhagen criteria for determination of pSS 
reported periodontal pockets of 4–5 mm as well 
as pockets >5 mm occurred with similar preva-
lence among the two groups. Smoking habits did 
not influence the results. The authors concluded 
that the health status of the gingival and peri-
odontal tissues was thus similar in SS and con-
trols. For optimal patient oral health, measures to 
avoid periodontal disease, such as meticulous 
oral hygiene and smoking cessation, should be 
stressed.

1.4.4  Review of Periodontal Disease 
in Secondary Sjögren’s (sSS) 
with Rheumatoid Arthritis

Some studies report that periodontal disease may 
be associated with rheumatoid arthritis. While a 
definitive relationship is yet to be determined, 
current thoughts are of interest to those managing 
sSS.  Rheumatoid arthritis and periodontal dis-
ease are both chronic inflammatory diseases that 
share characteristics such a bone erosion/bone 
loss, certain immunologic features, and charac-
teristic cytokines. Anti-citrullinated protein anti-
bodies (Anti-CCP) are found in both diseases. 
Porphyromonas gingivalis, a gram-negative 
anaerobic bacterium involved in periodontal dis-
ease, is capable of citrullinating local antigens 
and, therefore, potentially initiating anti-CCP 
antibodies. Anti-CCP antibodies have been 
detected in joint fluid of RA patients, but the P. 
gingivalis organism has not. Periodontal local 
treatment only affects the clinical periodontal 
status and does not alter circulating levels of IL-6 
tumor necrosis factor-alpha or C-reactive protein, 
both associated with rheumatoid arthritis [72]. A 
recent study of anti-CCP-positive patients with-
out RA, anti-CCP+ with RA and healthy con-
trols, reported that “In individuals at risk of RA, 
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periodontitis and P. gingivalis were increased 
before joint disease and may be a target for pre-
vention” [73].

1.4.5  Review of Orofacial Function 
and TMD in Sjögren’s 
Syndrome

Orofacial function appears to be adversely 
impacted in Sjogren’s patients. Temporomandib-
ular disorders seem to be more prevalent in SS 
patients, diagnosed with the AECG criteria, when 
compared with a cohort of “healthy” people. 
These include xerostomia, dysgeusia, dysphagia, 
and TMD symptoms to include muscle pain on 
chewing and difficulty in mouth opening. Based 
on clinical examination, myofascial pain and 
deviation on function were significantly higher in 
the SS group than controls [74]. Another recent 
study reported statistical significance in SS 
patients regarding myofunction function and jaw 
functional limitation when compared with con-
trols [75]. These findings suggest that SS patients 
should be evaluated and monitored for orofacial 
concerns as they can impact quality of life and 
nutritional factors.

1.4.6  Restorative Considerations

A report regarding SS patients indicated that the 
DMFT was significantly higher in SS patients 
than in non-SS patients [67]. For short-term dis-
ease control, restorative agents such as silver 
diamine fluoride and glass ionomer cement have 
been suggested [76].

1.4.7  Dental Implants

Due to the high rate of caries in SS patients, many 
patients undergo extensive dental work including 
root canals and crowns. Preventing recurrent 
decay around crown margins is a challenge, and 
unfortunately, teeth must often be extracted. Due 
to sensitive oral mucosa, oral dryness, and inad-

equate denture retention, many SS patients are 
unable to adapt to conventional dentures. After 
consultation with their dentist, SS patients may 
select oral rehabilitation which includes dental 
implants. Early in the implant evolution, physi-
cians and dentists were concerned that implants 
would not properly osseointegrate in SS patients 
due to the immune-compromised status and 
polypharmacy issues. Recent research has indi-
cated that implants are a viable option for SS 
patients. The probability of failure was 2.8% 
(95% confidence interval 1.6–4.1%). A system-
atic analysis reported the failure rate of 4.1% at 
12.9 ± 31.7 months. Implants failed at a mean 
time of 12.9 ± 31.7 months (range 1–160 months 
after implant placement). The mean marginal 
bone loss around implants (−2.190 ± 1.384 mm) 
was higher for SS patients than the general pop-
ulation [77].

Another cohort study, 4.8% of the implants in 
SS patients (5 of 104) had to be removed vs. none 
in the controls. The majority of SS patients (75%) 
were highly satisfied with the implants, and 97% 
would recommend implants to other SS patients 
[78]. A retrospective study of 50 SS patients in 
Netherlands concluded that SS patients seemed 
to perform at a comparable level with implants in 
healthy patients. Peri-implantitis around one or 
more implants was seen in 14% of the SS patients 
(11% of the implants) and in 12% of the healthy 
controls. Implant survival was 97% in SS patients 
(median follow-up 46  months). A total of 125 
implants were inserted in the 50 matched healthy 
controls, and no implants were lost during a com-
parable follow-up period. Overall patients’ satis-
faction was high. Oral functioning correlated 
negatively with dryness, patients’ satisfaction, 
and chewing ability in SS patients [79].

1.4.8  Quality of Life

One of the most bothersome and depressing 
symptoms of SS is xerostomia. Sjögren’s syn-
drome has a significant adverse impact on the 
patient’s quality of life. The dryness is often 
problematic in the morning, slightly improves 
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during the day, but is most severe during the eve-
ning. Evening dryness may be mitigated by using 
a humidifier. For some, severe oral dryness is 
experienced throughout the day. Swallowing 
finely chopped ice may be helpful or chewing 
sugar-free gum could be helpful. Difficulty swal-
lowing and speaking create significant challenges 
in socializing, eating with friends and family, 
teaching, lecturing or public speaking, as well as 
singing [4]. Physical fitness programs and/or 
meditation to counter fatigue and improve energy 
are often helpful suggestions after approval from 
the multispecialty care team. An effective multi-
pronged approach to manage xerostomia and 
salivary hypofunction with commonly associated 
depression may be needed. Combining important 
lifestyle changes with pharmacological interven-
tions may be a successful approach [64, 80].

1.5  Extraglandular 
Manifestations

While the oral health team will not be actively 
involved in treating extraglandular manifesta-
tions, they should be aware of them to better 
communicate with the patient and their physi-
cians. As mentioned in the Disease Spectrum sec-
tion above, extraglandular manifestation is 
multiple and varied among patients. Treatment is 
decided on an individual patient basis according 
to disease activity and the presence and extent of 
extraglandular manifestations. In patients with 
sSS, the indication for treatment is based on the 
underlying disease manifestations. The most 
common extraglandular manifestations are 
arthralgia and a usually nonerosive polyarthritis, 
which occur in approximately 50% of patients 
[81]. Pulmonary involvement beyond the sicca 
complex typically manifests as interstitial lung 
disease or follicular bronchiolitis, normally after 
many years of disease activity [82]. About 10% 
of patients have cutaneous lesions, the majority 
in form of a vasculitis with involvement of small 
and medium vessels of the lower limbs. In addi-
tion, other less common skin manifestations may 
occur, such as annular erythema, urticarial vascu-
litis, or hypergammaglobulinemic purpura [81]. 

Renal involvement, which is found in approxi-
mately 5% of patients, is usually associated with 
tubulointerstitial changes. Glomerulonephritis is 
rare in patients with pSS [83]. The decision to 
intensify treatment is dependent on disease activ-
ity and the organ system involved. However, the 
few RCTs evaluating the use of conventional 
DMARDs or biologic agents in patients with 
Sjögren’s syndrome did not provide conclusive 
evidence supporting their efficacy [38, 84]. The 
Sjögren’s Syndrome Foundation clinical practice 
guidelines (CPGs) recommendations included a 
decision tree for the use of which included the 
use of rituximab in selected clinical settings for 
oral and ocular dryness and for certain extraglan-
dular manifestation including vasculitis, severe 
parotid swelling, inflammatory arthritis, pulmo-
nary disease, and mononeuritis multiplex. The 
CPG committee strongly discouraged the use of 
tumor necrosis factor inhibitors for sicca symp-
toms and for the majority of clinical contexts in 
pSS [84].

A recent systemic review of therapeutic 
options included seven RCTs carried out in pSS 
patients. The RCTs using infliximab, anakinra, 
and baminercept found no placebo differences for 
primary outcomes. The largest studies with ritux-
imab or placebo reported no significant result in 
the primary outcome, but prospective studies sug-
gested efficacy in systemic disease [85].

1.6  Outcomes Assessments

Tools to assess outcomes and patient improve-
ment have been developed and are being vali-
dated. These are critical for research protocols, 
early diagnosis, specific descriptions of system 
involvement by system, and for appropriate clini-
cal care. To measure treatment outcomes, deter-
mining what defines minimal clinically important 
improvement (MCII) and patient acceptable 
symptom state (PASS) are powerful measures. 
Two disease activity indices commonly used are 
the EULAR SS disease activity index (ESSDAI) 
and the EULAR SS patient-reported index 
(ESSPRI). The ESSDAI measures systemic dis-
ease activity, which is ranked via a point system, 
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as low, moderate, and high-activity levels [86]. 
Some consider the ESSDAI to be a gold standard 
to measure disease activity in clinical studies, 
and as an outcome measure, even a primary out-
come measure, in current randomized clinical tri-
als [87]. Hence, refining the domains is an 
important endeavor. Initial reports have indicated 
good construct validity and reliability in scores 
for both measures [88]. The ESSPRI has been 
used to assess a relationship between the inten-
sity of oral dryness and other signs and symp-
toms commonly found in SS patients. A 
significant correlation was reported with quality 
of sleep, anxiety and depression, and a trend for 
anxiety and depression. No significant correla-
tion was found between extraglandular and 
immunological features. In the same study, mul-
tivariate regression analysis showed that fatigue 
measured by ESSPRI (p = 0.049), sleep quality 
(p = 0.008), and hypercholesterolemia (p = 0.008) 
were independently associated with dry mouth 
[89]. The ESSDAI and ESSPRI support the need 
for a multidisciplinary therapeutic approach.

1.7  Conclusion

SS is a complex disease with multiple compo-
nents and manifestations. The oral health team 
may be the first to suspect the condition. The 
overall management will certainly include the 
dental team who must be knowledgeable about 
the disease spectrum to successfully communi-
cate with other providers. Working collabora-
tively, optimal patient care can be provided.
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2.1  Introduction

Oral fluid commonly referred to as “saliva” takes 
its origin from exocrine secretions. This mixed 
oral fluid is composed mainly of the salivary 
secretions, as well as non-exocrine components 
(cells, microorganisms, and gingival crevicular 
fluid). The presence of saliva is vital for main-
taining oral health and facilitating oral functions. 
The lack of saliva results in a rapid deterioration 
in oral health and impacts patient’s quality of life. 
A review of the complexity of this oral fluid and 
its role in Sjögren’s syndrome (SS) is best appre-
ciated by consideration of its many and varied 
components and functions.

2.2  The Exocrine System

The exocrine secretion is formed within the 
acini of the exocrine glands. The acini are a 
small cluster of cells at the origin of the glandu-
lar ducts. The exocrine glands are found 
throughout the body within several organs, and 
they perform various functions including food 
digestion, mucosal protection, thermoregula-
tion, and lubrication. Saliva, the exocrine secre-
tion in the oral cavity, is produced by three 
pairs of major salivary glands present in bilat-
eral pairs: parotid, submandibular, and sublin-
gual glands, as well as large number of minor 
salivary glands that are distributed underneath 
the oral mucosa, with higher density in the buc-
cal mucosa and the lip [1–3]. Although the 
accumulated biofluid in the oral cavity is largely 
composed of glandular secretions, it is usually 
mixed with additional non-salivary components 
such as epithelial cells, blood cells, microor-
ganisms and their products, constituents of 
blood and serum, gingival crevicular fluid, 
nasopharyngeal sputum secretions, and food 
debris [3, 4]. Thus, the term “whole saliva” or 
“oral fluid” is used to describe a mixture of 
glandular secretion of the salivary glands and 
non-exocrine components [3, 5].

D. Heller (*) 
Post Graduate Program in Dentistry, Cruzeiro do Sul 
University, Sao Paulo, Brazil 

Experimental Research Center, Albert Einstein Israeli 
Hospital, São Paulo, São Paulo, Brazil
e-mail: debora.heller@cruzeirodosul.edu.br 

I. Al-Hashimi 
Division of Oral and Maxillofacial Surgery, 
Department of Surgery, University of Texas 
Southwestern Medical Center, Dallas, TX, USA 

V. B. Pacheco 
Post Graduate Program in Dentistry, Cruzeiro do Sul 
University, Sao Paulo, Brazil

2

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-72029-2_2&domain=pdf
https://doi.org/10.1007/978-3-030-72029-2_2#DOI
mailto:debora.heller@cruzeirodosul.edu.br


22

2.3  Salivary Gland Anatomy 
and Physiology

The salivary glands consist of secretory units that 
are linked to the oral cavity by an intricate net-
work of salivary ducts [2, 6]. Each salivary gland 
produces a specific type of secretion directly 
dependent on its acinar cell type. The main types 
of secretory cells are called serous or mucous 
cells. These acinar cells form a globular structure 
with an opening in a single intercalated duct, and 
this globular structure is called the acini [2]. 
Serous acini release aqueous proteins with little 
or no glycosylation. The mucinous acini produce 
a viscous secretion as they contain salivary 
mucins. Mixed or seromucous acini contain both 
types of secretory cells, with a predominance of 
one secretory type (mucus or serous).

The parotid gland is made entirely of serous 
acini. The remaining major salivary glands are 
mixed, containing both serous and mucous acini. 
The submandibular gland contains more serous 
acini, whereas the sublingual gland contains 
more mucous acini. The minor salivary glands 
are mucous or seromucous in nature [2]. 
Differences in acinar cell types are reflected in 
the differences in proteins that each gland synthe-
sizes. For example, parotid secretion is rich in 
amylase [7], proline-rich proteins [8], agglutinins 
(gp-340) [9] statherin [10], and histatins [11] and 
is mucin-free. Submandibular secretion is the 
major source for cystatins [12] and mucins 5B 
(MUC 5B; formerly known as MG1) and 7 (MUC 
7; formerly known as MG2) [13]. This gland also 
synthesizes proline-rich proteins, statherins, and 
histatins. Like submandibular secretions, sublin-
gual secretions contain high concentrations of 
salivary mucins [14, 15].

Serous acini produce an aqueous secretion, 
and mucous cells produce a viscous mucin-rich 
secretion. These secretions arise by the formation 
of interstitial fluid from the capillaries, which are 
then modified by the end cell to produce fluid that 
is secreted into the lumen. From the lumen, it 
passes through the ductal system where it is fur-
ther modified. Most modifications occur in the 
striated ducts where ion exchange occurs, and 
secretions are changed from isotonic to hypo-

tonic solutions. The composition of saliva is fur-
ther modified in the excretory ducts prior to their 
final secretion in the mouth. Parotid secretion 
enters the oral cavity through parotid duct, known 
as Stensen’s duct; its orifice is located in the buc-
cal mucosa at the level of the upper first/second 
upper molar tooth.

Submandibular and sublingual secretions 
enter the oral cavity through Wharton duct, which 
is located in the anterior sublingual region imme-
diately adjacent to the lingual frenulum. Several 
small ducts derived from the sublingual glands 
enter the oral cavity bilaterally in the posterior 
sublingual space.

Salivary secretion is under the control of the 
autonomic nervous system, and it is, therefore, 
regulated by both parasympathetic and sympa-
thetic nervous systems. Fluid secretion and mac-
romolecules secretion occur by separate but 
synergistic processes. Parasympathetic nerves 
release acetylcholine and stimulate fluid secre-
tion, while sympathetic nerves release norepi-
nephrine and stimulate protein secretion [16]. It 
is estimated that a person produces on average 
0.5–1.5 L of saliva per day [4]. These volumes 
vary depending on salivary flow rates [3], which 
in turn are influenced by several factors [17, 18], 
such as the degree of hydration, circadian rhythm 
[19–22], circannual rhythms, exposure to light 
[21], type and timing of salivary stimulant [23], 
and medications. When salivary flow is not stim-
ulated (resting salivary flow), the contributions of 
the parotid, submandibular, sublingual, and 
minor glands are about 25%, 60%, 7–8%, and 
7–8%, respectively [3, 4]. However, when the 
salivary glands are stimulated usually by chew-
ing, the contribution of the parotid glands 
increases to about 50% of the total salivary vol-
ume, while the submandibular glands contribute 
about 35%. The sublingual and smaller glands 
remain to be similar to resting, which is, each 
contributes about 7–8% [4, 17, 24]. Several large 
population studies of healthy individuals found 
the normal level of unstimulated salivary flow 
rate to be about 0.3  mL per minute (mL/min). 
However, there is great variability between nor-
mal salivary flow rates amongst individuals. 
Whether the flow rate is high or low appears to be 
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less important than whether it has changed 
abruptly in a particular individual [3, 4, 25]. An 
unstimulated salivary flow rate of less than 
0.1  mL/min is considered as an indication of 
hyposalivation.

2.4  Salivary Components 
and Their Functions

Saliva is made up of more than 98% of water, car-
rying a multitude of dissolved proteins and inor-
ganic components. The inorganic constituents 
mainly consist of electrolytes. Their concentra-
tions depend on salivary flow and type and dura-
tion of stimulation [26]. The total ionic strength 
of glandular secretions and total saliva may range 
from 10 to 50% of the serum ionic strength [27], 
indicating that oral fluid is always hypotonic at 
all physiological flow rates. The only electrolyte 
that has higher saliva concentrations than that 
found in serum is phosphate, ranging from 4.0 to 
8.0 milliequivalents per liter of saliva, while sali-
vary and serum calcium levels are both 1.0 mil-
liequivalents per liter. Calcium and phosphate 
electrolytes are important because their salivary 
ion product is equal to or greater than the disso-
ciation constant of hydroxyapatite (HA), which is 
the major constituent of enamel mineral. This 
indicates that salivary secretion is always super-
saturated in relation to HA. The consequence of 
supersaturation might result in precipitation of 
calcium phosphates, but such precipitation may 
not occur in the presence of specific salivary pro-
teins, statherin, and proline-rich proteins that act 
as inhibitors of crystal growth and calcium phos-
phate precipitation, respectively.

2.5  Saliva Organic Constituents

Almost all organic constituents of salivary gland 
secretions consist of specific and unique salivary 
proteins and glycoprotein. In whole saliva, sev-
eral of these proteins undergo proteolytic degra-
dation [28]. Classical biochemical isolation and 
characterization work have led to much insights 
into the structure and function of the most preva-

lent salivary proteins (Table 2.1). One of the most 
interesting findings of the structural studies was 
the polymorphism associated with salivary pro-
teins. About 20 major saliva protein families 
account for over 95% of the total salivary protein 
content [29]. Functional investigations in saliva 
indicated that most of its protective function is 
related to salivary macromolecules (proteins and 
glycoproteins). Proteomic studies employing 
mass spectrometry, performed in more recent 
years, revealed the presence of 914 proteins in 
the parotid and 917 proteins in the submandibu-
lar/sublingual secretion [30]. Similar studies on 
proteome and peptidomics of total saliva indi-
cated the presence of more than 2000 proteins 
and peptides [30–35]. Other studies, including 
quantitative approaches, have shown that most of 
these components belong to low- and medium- 
abundance proteins and peptides. Low-abundance 
components are unlikely to play a significant 
functional role in oral defense mechanisms. 
These components, however, are present at con-
centration levels suitable for other functions, 
such as signaling and cell-to-cell communica-
tion. Results of proteomic studies suggested that 
50% of the salivary proteome is amylase. It is 
interesting to note that the ten major protein fam-
ilies including amylase, total proline-rich pro-
teins, cystatins, mucin 5B, S-IgA, mucin 7, 
statherins, carbonic anhydrase, histatins, lyso-
zyme, albumin, secretory component of S-IgA, 
IgG, and IgM account for 99% of total salivary 
proteome. The complexity of the oral fluid and its 

Table 2.1 Functions of salivary proteins

Function Saliva component (s) involved
Lubrication and 
viscoelasticity

Mucins, proline-rich 
glycoproteins

Antimicrobial Immunoglobulin sIgA, lysozyme, 
lactoferrin, lactoperoxidase, 
histatins, mucins, cystatins, 
agglutinin

Digestion Amylase, lipase, protease, 
DNAse, RNAse

Buffering Bicarbonate, phosphate, carbonic 
anhydrase, salivary proteins

Remineralization Proline-rich proteins, statherins, 
calcium, phosphate

Inhibition of 
demineralization

Calcium binding proteins and 
phosphoproteins
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rich set of components will be most appreciated 
if we consider its many and varied functions 
(Table 2.1). For the most part, they have protec-
tive functions. The presence of saliva is vital for 
maintaining the health of oral soft and hard tis-
sues and essential to facilitate oral functions.

2.6  Protective Functions 
of Saliva

Saliva is responsible for the formation of a sero-
mucous film known as the salivary pellicle that 
covers all hard and soft tissues of the oral cavity. 
The source of this integument has been the focus 
of many studies and found to be the result of a 
selective adsorption process of salivary proteins 
and peptides to the oral surfaces [36–41]. Salivary 
pellicle plays important roles in the oral cavity 
including lubrication, facilitation of oral func-
tions, protection of oral mucosa and teeth, and 
modulation of the oral microbiota [42–44]. The 
salivary mucins play an important role in the for-
mation of salivary pellicle and maintain tissue 
hydration. Salivary mucins are highly glycosyl-
ated glycoproteins, and they are produced by the 
submandibular, sublingual, and minor glands 
[45–47]. The salivary mucins possess unique 
properties, such as low solubility, high viscosity, 
high elasticity, and strong adhesiveness. Such 
characteristics not only allow saliva to form a 
layer over the oral surfaces to protect them from 
dryness and environmental insults, but also give 
saliva its “waterproof” capability [45, 48, 49]. In 
addition to salivary mucins, proline-rich glyco-
proteins are also an effective lubricant [50]. In 
addition, saliva can promote healing of oral 
wounds, which is attributed to salivary proteins as 
a tissue factor [51, 52], leukocyte protease inhibi-
tor, and histatins [53]. Saliva is also essential to 
maintain physiologic pH of the oral cavity [4]. 
The major pH-regulating factor, especially during 
drinking or eating, is bicarbonate, and salivary 
phosphate, urea, and histatins have also been 
reported to contribute to buffering action [4, 48]. 
Saliva also helps maintain the integrity of the 
teeth by regulating demineralization and reminer-
alization processes on the tooth surface. Salivary 
proline-rich phosphoproteins play a role in modu-

lating calcium phosphate and protect the tooth 
surface from demineralization and calculus for-
mation [54, 55]. Saliva also contains a spectrum 
of specific and nonspecific immune components 
that exhibit antimicrobial properties and facilitate 
the elimination of bacteria from the oral cavity 
[56]. Some salivary proteins and glycoproteins 
have bacteriostatic and bactericidal activity, such 
as lysozyme [57–59], histatins [11, 60], and cys-
tatins [61]. Salivary histatins also possess antifun-
gal activity against Candida albicans [11, 60, 62].

2.7  Speech, Digestion, 
and Related Functions

Saliva is the first-body fluid that comes into con-
tact with food. Due to its aqueous nature, saliva 
facilitates mastication, bolus formation, and aids 
in swallowing [48]. At the same time, due to their 
viscoelastic properties, salivary components such 
as high molecular weight mucin-5B (MUC5B), 
mucin-7 (MUC7), and proline-rich glycoproteins 
(PRG) add lubricity-facilitating ingestion. Saliva 
also contains enzymes such as amylase, prote-
ases, lipases, and glycosidic hydrolases that facil-
itate the breakdown of food. Several of these 
enzymes are of non-exocrine origin including 
gingival crevicular fluid, oral bacteria, and des-
quamated epithelial cells [63]. Among these 
enzymes is salivary α-amylase, which is pro-
duced by salivary glands, and is quantitatively the 
most abundant component of saliva. It is believed 
that taste perception is dependent on many 
organic and inorganic constituents of saliva. The 
low ionic strength of saliva, as compared to 
serum, is also believed to be important for taste 
perception of food and drinks. Finally, salivary 
mucins are critical for the hydration and lubrica-
tion of the oral cavity, having an important role 
facilitating oral functions and speech [16].

2.8  Salivary Flow and Oral Health

The presence of saliva is crucial for maintaining the 
health of the oral cavity, and the integrity of the 
teeth and oral mucosa. Reduction in salivary func-
tion not only results in deterioration of oral health, 
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but also has a detrimental impact on oral functions, 
nutrition, and overall health and quality of life. 
Clinically, reduced salivary function is manifested 
as dry mouth (xerostomia). Patients with dry mouth 
have difficulty eating, speaking, wearing a prosthe-
sis, and present mucosal ulceration, taste alteration, 
burning mouth, recurrent candidal infections, and 
high incidence of tooth decay (Table 2.2).

2.9  Sjögren’s Syndrome

SS is an inflammatory disease of the exocrine 
glands, which leads to exocrine gland dysfunc-
tion including the salivary and lacrimal glands. 

Dry mouth is one of the most frequently reported 
symptoms of SS [64, 65]. However, due to the 
abundance, high number of the salivary glands, 
and the subjectivity in the perception of dryness 
symptom, early manifestations of decreased sali-
vary function might not be expressed as dry 
mouth but rather conveyed as increased tooth 
sensitivity, dental caries, traumatic lesions on the 
cheeks and tongue, oral ulcers, burning mouth, 
and/or intolerance to spicy and acidic food and 
drinks, all of which are a reflection of the impact 
of decreased salivary output on oral health. 
Furthermore, patients may not consider dry 
mouth as a significant symptom and do not report 
it unless specifically asked if their mouth feels 
dry or if they need frequent sips of liquid during 
the day or at night. Studies have reported that up 
to 26% of patients with SS may not report dry 
mouth despite having decreased salivary function 
[66]. Therefore, using a questionnaire addressing 
the impact of oral dryness and its associated 
symptoms might be useful for screening patients 
with SS [65].

Patients with SS are at high risk for dental and 
oral mucosal diseases. The teeth are the only 
mineralized tissue in the body that is exposed 
directly to the external environmental insults, 
which includes oral microorganisms, acidic food 
and drinks, and allergens. The continuous flow of 
saliva, its buffering capacity, and physiologic pH 
are important for neutralizing the acids produced 
by food, drinks, and bacterial metabolites. The 
continuous flow of saliva ensures continual 
removal of debris, bacteria, allergens, and nox-
ious substances from the mouth. This removal is 
facilitated by swallowing reflex, which is stimu-
lated by the accumulation of saliva in the mouth. 
Studies have shown that the accumulation of less 
than 1.5 mL of saliva triggers swallowing reflex. 
However, swallowing does not remove the entire 
saliva from the mouth. A small portion of the 
saliva remains in the mouth as a coat covering the 
oral mucosa and teeth, which is referred to as 
salivary pellicle (dental pellicle and mucosal pel-
licle). Dental pellicle is the salivary coat that cov-
ers the teeth, and mucosal pellicle is the salivary 
coat that covers the oral mucosa.

The dental pellicle plays an important role in 
maintaining the integrity of the teeth [48]. 

Table 2.2 Signs and symptoms of dry mouth in SS 
patients

Oral mucosa Dry erythematous mucosa
Allergic mucositis
Burning mouth
Opportunistic infection (candidiasis)
Fissured tongue
Atrophic depapillated tongue
Traumatic ulcers

Teeth Enamel erosion
Enamel hypocalcification
Chalky enamel
Tooth sensitivity
Increased plaque accumulation
Gingival inflammation
Increased dental caries
Root caries
Dental attrition

Lips Dry/cracked lip commissure
Peeling
Angular cheilitis

Oral 
functions

Difficulty chewing
Difficulty swallowing (dysphagia)
Difficulty talking
Parafunctional habits
Need for frequent sips of water
Altered taste sensation (dysgeusia)
Impaired phonation
Halitosis
Hoarse voice

Salivary 
glands

Swelling with/without pain or 
sialadenitis
Discomfort/pain with eating/drinking
Recurrent salivary gland infection

Quality of 
life

Inconvenience due to need to carry 
liquid everywhere
Disruption of sleep
Frequent chocking
Social withdrawal
Economic burden
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Reduction in salivary output is associated with 
reduced buffering capacity of saliva, decline in 
salivary pH, decreased oral clearance, and com-
promised the dental pellicle. These changes sub-
ject the teeth to environmental insults. Salivary 
proteins and glycoproteins that contribute to the 
formation of the dental pellicle are selectively 
adsorbed to the tooth surface. They possess anti-
microbial activity that modulates the microbial 
flora around the teeth, contain proteins and gly-
coproteins that secure the mineral component of 
the enamel tooth surface, and protect the teeth 
from demineralization by acids produced by oral 
bacteria and food and drinks. The reduction in 
salivary function compromises the tooth structure 
resulting in enamel hypocalcification, which is 
manifested as increased tooth sensitivity and 
appearance of chalky areas on the tooth surface 
due to leakage of calcium from the enamel, as 
shown in Fig. 2.1. The hypocalcified areas of the 
teeth become a footing for bacterial growth and 
colonization, especially cariogenic bacteria lead-
ing to dental caries. Progressive dental caries is a 
widespread problem in patients with SS due to 
bacterial colonization [67]. Higher levels of car-
iogenic bacteria were reported in patients with 
SS as compared to healthy controls [68]. The cer-
vical portion of the teeth is a common site for 
caries, which is known as “amputation caries” as 
it often cause fracture of the tooth at the gingival 
margin [69]. The decreased salivary function in 
SS also disrupts the balance of the microbial 
microbiota of the oral cavity, which allows the 
growth of pathogenic/cariogenic bacteria, espe-

cially areas with potential for plaque accumula-
tion, such as the cervical region of the tooth [68, 
70]. Studies have reported that the number of cer-
vical decay lesions was negatively correlated 
with salivary flow rate, i.e., the lower salivary 
output, the higher number of teeth with cervical 
dental caries. Furthermore, studies have also 
shown that patients with SS are also at higher risk 
for periodontal diseases [70–72].

The reduction in salivary output and the shift 
in bacterial balance also foster the growth of 
opportunistic infections, particularly candidiasis 
[73]. Recurrent oral candidiasis is prevalent 
among patients with SS [74–76], as shown in 
Fig. 2.2. Previous studies have demonstrated that 
SS patients with severe reduction in salivary out-
put have higher number of candida in their mouth 
than those with moderate loss of salivary output, 
and the number of oral candida microorganism 
correlates adversely with the level of salivary 
output [77]. These findings support the important 
role of saliva in modulating microbial flora and 
maintaining oral homeostasis.

The salivary tissue coat “blanket” that covers 
the oral mucosal surface is known as mucosal 
pellicle. The mucosal pellicle provides a protec-
tive physical barrier for the underlying tissue. It 
prevents desiccation of the oral mucosa, protects 
from external environmental insults, and pro-
vides lubrication of the oral tissues to facilitate 
oral functions. Diminished salivary flow deprives 
the patients of the salivary protection and sub-
jects the oral mucosa to variety of physical and 
environmental insults. SS patients have higher 

Fig. 2.1 Enamel hypocalcification, plaque accumulation, 
gingival inflammation, and dental attrition in a patient 
with Sjögren’s syndrome

Fig. 2.2 Sjögren’s syndrome patient with depapillated 
tongue, glossitis, and angular cheilitis due to atrophic oral 
candidiasis
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incidence of traumatic ulcers, especially of the 
tongue and cheeks, and difficulty talking, eating, 
and swallowing due to lack of salivary lubrica-
tion. The oral mucosa also becomes more 
 vulnerable to developing mucosal allergies (con-
tact mucositis) and lichenoid lesions to variety of 
food, drinks, dental materials, and oral hygiene 
products [78]. Burning mouth and intolerance to 
acidic and spicy food and drinks is one of the 
most prevalent oral mucosal conditions in 
patients with dry mouth and SS. It occurs due to 
the diminished salivary function and disruption 
of the mucosal pellicle, which results in mucosal 
desiccation, atrophy of the oral mucosa, allergic 
mucositis, and recurrent oral candidiasis.

Salivary gland enlargement/swelling with/or 
without sialadenitis is another complication of 
SS.  In a prospective cohort study of 484 SS 
patients, 20% of the patients had salivary gland 
enlargement [79]. Recurrent salivary gland infec-
tion may precede the onset of dry mouth, espe-
cially in children [80, 81].

In recent years, scientific investigations have 
evaluated salivary proteome to identify new bio-
markers to diagnose, monitor, or prognosticate 
SS [82]. For instance, analysis of mucin compo-
sition has been carried out in SS patients and 
healthy age-matched controls, where heavily gly-
cosylated mucins MUC5B and MUC7 showed a 
reduction in glycosylation in Sjögren’s patients, 
particularly on MUC7 [83]. Furthermore, immu-
nological proteins such as the major SS-related 
autoantibodies, anti-Ro/SSA and/or anti-La/SSB, 
and several cytokines have shown significantly 
increased levels in saliva of patients suffering 
from SS [84]. Moreover, proteome studies 
employing mass spectrometry carried out in more 
recent years revealed the presence of distinct pro-
tein patterns characteristic of SS [85, 86].

Furthermore, whole stimulated saliva col-
lected from primary SS patients overexpressed 
proteins vital for immune regulation such as 
CD44 and beta-2 microglobulin compared to the 
level in non-SS patients [87]. Interestingly, 
microbiome diversity and relative abundance of 
bacterial genus or subspecies in SS saliva remains 
to be similar to those found in healthy subjects 
although more research is warranted to confirm 

the data [88, 89]. The observed changes on the 
biochemical properties of saliva that correlate 
with xerostomia could play a potential role in 
diagnosis and future therapies for this multifacto-
rial syndrome [90, 91].

Lastly, it is important to realize that saliva is 
important for our social and physical well-being. 
The lack of saliva in SS also compromises 
patients’ health and nutrition because reduction 
in saliva also diminishes taste perception and 
decreases patients’ ability to process food, lead-
ing to alteration in food selection [92, 93]. 
Enjoyment of talking, eating, and drinking is a 
key component of social activities and interac-
tions. The compromised oral functions in patients 
with SS hamper their social life and often lead to 
social withdrawal, which might contribute to the 
high frequency of depression among Sjögren’s 
patients [78, 94, 95]. Furthermore, the deteriora-
tion of oral and dental health necessitates fre-
quent dental visits, thereby imposing additional 
financial burden and psychological stress for the 
patients. The combined physical, social, finan-
cial, and psychological stress associated with SS 
has a profound impact on patients’ quality of life.
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3.1  Introduction

3.1.1  Autoimmune Sjögren’s 
Syndrome (SS)

Sjögren’s syndrome (SS) is a chronic autoim-
mune disorder with unique clinical features of 
oral and ocular dryness due to the infiltration of 

immune cells in the exocrine glands, such as the 
salivary and lacrimal glands, respectively. The 
disease’s features consist of, but are not limited 
to, female predominance, hypergammaglobu-
linemia, high levels of serum autoantibodies, 
and upregulation of type I interferon (IFN)-
associated molecules [1, 2]. The fact that some 
of these features are also found in other systemic 
autoimmune disorders implies common, under-
lying pathogenic mechanisms present in auto-
immune diseases. The overactive immune cells 
stimulated by the aberrant innate immune 
responses result in dysregulated B and T cell 
functions. Levels of proinflammatory cytokines 
are upregulated in the blood and in the target 
organs of SS [3, 4]. Genetic and epigenetic fac-
tors, hormonal influences, and the immunologi-
cal basis for underlying pathogenesis of SS 
have been extensively studied over the years. As 
there are countless factors contributing to secre-
tory dysfunction in SS and the degree of dry-
ness widely varies among SS patients, this 
chapter will cover the roles of inflammatory 
mediators encompassing inflammatory cyto-
kines, autoantibodies, microRNAs (miRNAs), 
reactive oxygen species (ROS), factors impair-
ing the calcium signaling pathway, and other 
variables like sex hormones (Fig. 3.1).
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3.1.2  Neural Regulation 
of Secretion

The regulation of exocrine gland secretion is con-
trolled by the autonomic nervous system. 
Dysautonomia, due to cholinergic dysfunction, 
can cause xerostomia (dry mouth) and xerophthal-
mia (dry eyes) in primary SS (pSS) patients [5]. 
The secretion of saliva is controlled by sympa-
thetic and parasympathetic stimulation. The para-
sympathetic stimulation of the salivary secretion is 
mediated by acetylcholine and  substance P, which 
control the serous salivary secretion via musca-
rinic type 3 acetylcholine receptor (M3R) and sub-
stance P receptors, respectively. Norepinephrine, 
which is secreted by the sympathetic adrenergic 
nerves, regulates the  secretion of mucous saliva 
mediated by the ɑ- adrenergic receptor [6].

Innervation of the lacrimal gland is through 
sensory nerves as well as parasympathetic and 
sympathetic innervation. Parasympathetic nerves 
dominate around most acini [6]. Sympathetic 
innervation is less presented, and the sensory 
nerves regulate minimum innervation [7]. The 
sensory neuropeptides cause partial lacrimal gland 
secretion. Parasympathetic nerves release the neu-
rotransmitters of acetylcholine and vasoactive 
intestinal peptide (VIP). M3R located in the baso-
lateral membranes of lacrimal acinar cells causes 
tear secretion  through acetylcholine stimulation 
[7]. In lacrimal gland ductal cells, M3R can also 
promote tear movement [8]. In addition, sympa-
thetic nerves are activated by the sensory nerves of 
the ocular surface and neurotransmitters of norepi-
nephrine and neuropeptide. Acetylcholine, VIP, 
and norepinephrine stimulate independent path-
ways although their pathways interact [9].

3.2  Factors Influencing Secretion 
in SS

3.2.1  Cytokines

3.2.1.1  Potential Mechanisms 
of Secretory Dysfunction by 
Inflammatory Cytokines

Induction of Apoptosis. One of the most stud-
ied mechanisms of SS is apoptosis of fluid 

secreting acinar cells [10]. Moreover, apopto-
sis of acinar cells may act as a fundamental and 
immunological basis for homing of inflamma-
tory cells to target tissues, which precipitates 
glandular damage. Studies have been inconclu-
sive as to whether there is increased apoptosis 
of glandular epithelial cells that is intrinsic to 
the target organs or infiltrating immune cells 
cause apoptosis via cytotoxic T effector cells 
and inflammatory cytokines. It was suggested 
that cell death may be activated in the cells by 
autocrine or paracrine manners as conse-
quences of infiltrating Fas (CD95)-bearing T 
cells [11]. A study has also suggested that IgG 
fraction of SS can penetrate A-253 cells of 
human salivary glands (HSG) and initiate the 
apoptosis process, suggesting autoantibody- 
induced apoptotic cell death [12].

Disruption of Tight Junctions. Expression 
and organization of abnormal tight junction (TJ) 
proteins in SS salivary glands has been reported 
[13]. Downregulation of ZO-1 and occludin-G 
and overexpression of claudin-1 and claudin-4 
were detected in minor salivary gland cells of 
SS patients [13]. Moreover, in Par-C10 cells (rat 
parotid gland cell line), IFN-γ and/or TNF-ɑ 
have been shown to disrupt TJ barrier monolay-
ers [14], causing changes in TJ morphology and 
decrease expression of TJ proteins [15]. It is 
presumed that altered TJ by inflammatory cyto-
kines disrupts the establishment of proper 
osmolality between the lumen and the blood 
side of the secretory end units in the exocrine 
glands, contributing to secretory dysfunction.

Induction of Matrix Metalloproteinases 
(MMPs). An  increased production of MMP-3 
and MMP-9 by ocular surface cells in response 
to inflammation has been observed in SS [16]. 
MMP-9 lyses TJ proteins found in the apical 
epithelium, causing disruption of the  corneal 
barrier function and exposing the nerve endings 
that terminate in the subapical cell layer [17]. 
MMP-3 is a physiological activator of MMP-9. 
IL17, produced by Th17 and T cells, was 
reported to stimulate MMP-3 and MMP-9 pro-
duction and disrupt the corneal barrier in mouse 
models [18, 19]. Schenke-Layland K et  al. 
reported that lymphocytic infiltration in NOD 
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mice with SS-like exocrinopathy was associated 
with an upregulation of MMPs [20].

Alteration of Neurological Regulation of 
Secretion. Inflammatory changes in lacrimal 
glands may lead to reduced  secretion through 
inhibition of neurotransmitter release or action, 
damage to secretomotor innervation, or inflam-
matory cytokines and autoantibodies [21]. 
Inflammation of the lacrimal gland alters the epi-
thelial phenotype, sensitizes nerve endings, and 
causes death of apical epithelial cells [22, 23]. 
The potential sources of inflammatory cytokines 
in damaged lacrimal glands  include epithelial, 
endothelial, and neural cells as well as infiltrating 
lymphocytes [24].

Alteration of Myoepithelial Cell (MEC) 
Morphology and Function. Since MECs are 
responsible for the production of extracellular 
matrix and basement membrane components 
[25], Hawley et al. found that chronic inflam-
mation of the SS lacrimal glands causes a 
harmful impact on MEC morphology and func-
tion. They reported that less contractile pro-
teins and oxytocin receptors were expressed in 
chronically inflamed lacrimal glands of mice. 
Moreover, oxytocin stimulation failed to cause 
acinar contraction of diseased lacrimal glands, 
which highlighted the adverse effect of inflam-
mation on contractile function of MEC and 
acini [26].

3.2.1.2  Proinflammatory Cytokines 
in SS

Knockout of cytokine genes in clinical trials as 
well as in animal models suggest that CD4+ T 
cells have a distinctive role in the initiation and 
progression of SS. The main repertoire of cells 
include Th1, Th2, and Th17 cells [27, 28]. Some 
researchers suggest that a Th2 response predomi-
nates in the initial manifestation of the disease 
[29] while others found that Th17 as well as Th1 
cytokines initiate and maintain the disease [30]. 
Th1 cells secrete IFN-γ and IL-2. Th2 cells pro-
duce IL-4, IL-5, IL-6, IL-10, and IL-13 [31, 32]. 
In addition, Th17 cells represent a principal 
source of IL-17A, IL-17F, and IL-22. The patho-

genic roles of these inflammatory cytokines in SS 
are detailed below.

IL-17. Under normal conditions, Th17 
cells play a potent role in immunity against extra-
cellular bacteria and fungi by secreting cytokines 
and chemokines [33]. The TH17-derived IL-17A 
has been implicated in a growing list of autoim-
mune diseases, such as rheumatoid arthritis (RA), 
systemic lupus erythematosus (SLE), and SS 
[34]. IL-17 and other Th17-related cytokines 
were upregulated in salivary gland tissues as well 
as in saliva of SS mice and patients [35, 36]. IL-6, 
TNF-α, and IL-17 were elevated in SS-related 
dry eye [37–39]. In addition, aqueous tear defi-
ciency is identified to be associated with eleva-
tion of proinflammatory cytokines in tear, which 
was detected by microarray [40].

TNF-α. Elevated TNF-α expression in serum 
and salivary cells of SS patients was detected in 
comparison to the expression in the cells derived 
from non-SS sicca patients [41, 42]. Multiple 
in  vitro studies have reported the induction of 
apoptotic changes of HSG by TNF-α, alone or 
in combination with other inflammatory cyto-
kines [14, 43]. TNF-α in salivary glands is pro-
duced by the salivary gland epithelium as well 
as salivary gland-infiltrating CD4+ and CD8+ T 
cells [44].

BAFF. B-cell activating factor (BAFF) is a 
member of the TNF ligand superfamily, which is 
known to rescue B cells from apoptosis or stimu-
late B-cell survival [45]. High levels of BAFF 
were detected in patients with SLE, SS, and RA 
[44]. BAFF plays a major role in the complex 
interactions between natural and acquired immu-
nity. It is produced by monocytes, T cells, B cells, 
and epithelial cells. Significantly elevated BAFF 
levels were reported in SS, especially in anti-Ro/
SSA and anti-La/SSB sero-positive patients. 
Furthermore, a correlation between higher BAFF 
levels and B-cell lymphoma in SS was reported 
[46]. An  association between the  clonal expan-
sion of B cells and upregulation of BAFF was 
detected in the salivary gland cells of SS patients, 
and those were correlated with disease activity 
[47, 48].
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Because of the important pathological roles in 
BAFF in SS, a BAFF inhibitor that was initially 
approved for SLE was applied to treat patients 
with SS.  Belimumab is a  monoclonal antibody 
that antagonizes BAFF, resulting in the inhibition 
of B-cell survival [28, 49]. It directly decreases 
the activation of B cells and indirectly decreases 
the development of IgD+CD27+ class-switched 
memory B cells, plasma blasts, and plasma cells 
in studies [50–52]. A prospective, open-label, bi- 
centric study on belimumab revealed an improve-
ment of the subjective symptoms and physician 
evaluation on systemic activity by 30% [53, 54].

IL-1β. Inflammasomes represent a group of 
complex polypeptide proteins of the major innate 
immune response. The  activation of inflamma-
somes is induced by various pathogenic mole-
cules as nucleic acids and can lead to 
proinflammatory cytokine production such as 
IL-1β and IL-18 [55, 56]. Studies in animal mod-
els and patients with dry eye disease (DED) 
revealed that inflammasomes are involved in exo-
crinopathy of the glands [57]. IL-1β is an inflam-
matory mediator, which plays a major role in 
keratinizing squamous metaplasia in SS. In addi-
tion, mucin glycan acidification has been acceler-
ated with the  interruption of IL-1R1 signaling 
[58]. IL-33, a derivative of IL-1 cytokine, appears 
to be increased in the SS patient’s serum and acts 
as a danger signal since it is mostly secreted from 
affected cells [59].

IL-18. IL-18 belongs to the IL-1 superfamily 
[60]. It is a multi-target cytokine which partici-
pates in both innate and adaptive immune 
responses. A high correlation between IL18 and 
the degree of disease severity in SS patients was 
reported [60]. IL-18 is released subsequent to the 
activation of purine nucleotide (P2X7) receptor. 
P2X7 receptor stimulation by ATP has also 
emerged as an essential regulator of autonomic 
function in the salivary glands. In addition, 
the  activation of the P2X7 receptor causes  the 
inhibition of M3R-induced fluid secretion [61], 
failure of salivary secretion, and salivary gland 
inflammation in pSS through interfering with 
autonomic signaling [62]. The P2Y2 receptor  is 
another nucleotide receptor that was upregulated 
in vivo after 3 days from ligation of rat salivary 

gland duct [63]. Salivary gland cells of the 
SS-prone NOD.B10 mouse model showed 
an  upregulation of the  P2Y2 receptor [64]. In 
addition, the authors suggested that P2Y2 recep-
tors for cytokine-like nucleotides have an impor-
tant role in inflammation [65].

IL-12. The principal cell type of IL-12 secre-
tion includes dendritic cells and macrophages. 
IL-12 plays an important role in the  differentiation 
of T cells that produces IFN-γ [66]. IL-12 can 
augment the immune system through a contribu-
tion to the  proliferation and movement of NK 
cells and T cells [66]. Authors have reported the 
high level of IL-12 in the affected organs of SS 
patients [67, 68]. Noticeably high levels of IL-12 
mRNA and protein levels were reported at 
the  earlier stages of SS in mouse  models com-
pared to the control [69]. Besides, as detailed by 
Vosters et  al., thyroid gland-specific IL-12- 
transgenic mice illustrated SS-like organ inflam-
mation of salivary glands, anti-La/SSB 
autoantibody production, and secretory dysfunc-
tion [70].

IFNs. IFNs play an essential role within the 
pathogenesis of SS.  The presence of an  IFN- 
induced gene expression has been illustrated 
within the salivary organs, peripheral mononu-
clear cells (PBMC), monocytes, and B cells of SS 
patients [71–73]. Significant correlation between 
the type I IFN (IFN-ɑ/IFN-β) signature with 
higher disease activity and higher levels of auto-
antibodies was reported in SS patients [74]. 
Recently, upregulation of type II IFN (IFN-γ)-
induced gene expression within the salivary 
organs of pSS has been documented [75, 76]. 
Type I and II IFNs bind to distinctive receptors 
and induce overlapping gene expression patterns. 
Hence, it can be challenging to determine which 
type of IFN triggers the IFN-induced gene 
expression profile seen in pSS [77]. IFN-γ is the 
major cytokine produced by Th1 cells that directs 
activation of NK cells, macrophages, CD8  +  T 
cells, and mediates immune responses [78, 79]. 
IFN-γ causes the  cornification of corneal and 
conjunctival epithelial cells and cellular apopto-
sis [47]. In animal models with dry eyes, progres-
sive loss of conjunctival goblet cells as well as 
expanded expression of IFN-γ was identified 
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[48]. For differentiation between SS-related 
aqueous tear deficiency and non-SS aqueous tear 
deficiency, high level of IFN-γ was detected in 
blood, tears, conjunctiva, and salivary glands of 
patients with SS-related tear deficiency [42, 80].

IL-4. IL-4 plays a principal role in SS patho-
genesis. Elevated IL-4 has been detected in the 
biopsied minor salivary gland with lymphocytic 
infiltration of SS patients [29, 81, 82]. Studies 
performed in NOD and NOD.B10-H2b mice 
reported that  the deficiency of IL-4 or STAT6 
gene prevented the formation of IgG1-type anti- 
M3R autoantibody, which was known to function 
to block the secretory pathway in SS [69, 83, 84]. 
Likewise, while NOD.B10-H2b mice have the 
ability to induce salivary dysfunction in C57BL/6 
mice after a passive transfer, those from STAT6- 
deficient NOD.B10-H2b mice did not induce loss 
of secretion in the C57BL/6 mouse [84]. This 
indicates the  crucial role of IL-4  in STAT6- 
mediated isotype switching of anti-M3R and 
consequent secretory dysfunction [69, 83, 84].

IL-13. IL-13 is a Th2 cytokine and has an 
impact on B cells and macrophages [85, 86]. 
IL-13 mRNA was found in the parotid and sub-
mandibular glands of SS patients [29, 87]. It was 
detected in the lymph nodes that drain the sali-
vary glands of SS mice [88]. It was discovered 
that blocking the function of IL-13 in mice with 
neutralizing antibodies improved salivary secre-
tion [88]. These results highlight the pathogenic 
role of IL-13 in secretory dysfunction of SS [89].

IL-6. An increased level of IL-6 on the ocular 
surface has been consistently reported [90]. 
IL-6 is a well-known neural sensitizer, and it 
can reduce the stimulatory threshold of corneal 
nerve endings, making patients more sensitive 
to normal environmental stress factors such as 
low humidity air drafts [91]. IL-6 augments 
the disease phenotype by inhibiting regulatory T 
cells and stimulating IL-17 T cells, which are 
the key immune cells in the pathogenesis of SS 
[92–94]. IL-6 was reported to be elevated in 
the  serum, saliva, and tears of pSS individuals 
[95]. IL-6 is also known to be correlated with 
cell hyperactivity and enhances STAT-3 activa-
tion. In Sle1.Yaa mice that develop lupus- and 
SS-like symptoms, the deficiency of IL-6 allevi-

ates autoantibody production and salivary gland 
inflammation [96].

3.2.2  Autoantibodies

One of the major characteristics of SS is hyperac-
tivity of B cells, shown as production of autoanti-
bodies against many cellular autoantigens [97]. 
Studies have indicated that although most 
 autoantibodies in SS do not cause clinical mani-
festations of dryness, autoantibodies affecting the 
neural regulation of secretion may contribute to 
glandular dysfunction, even in the absence of 
immune cell infiltration in the target glands or 
destruction of the salivary parenchyma. Since 
autoantibodies are critical for SS diagnosis, com-
monly detected autoantibodies in SS are listed in 
this section, regardless of their roles in affecting 
saliva secretion.

3.2.2.1  Anti-Ro/SSA and Anti-La/SSB
Anti-Ro/SSA antibodies react with two differ-
ent proteins, Ro52/TRIM21 and Ro60/TROVE2. 
Ro52 is an IFN-inducible protein, which serves 
as a negative regulator for proinflammatory 
cytokine production [98, 99]. The protein local-
izes to the cytoplasm and functions as an 
E3-ubiquitin- protein ligase that plays a role in 
controlling cell proliferation as well as cell 
death [98]. Ro60/TROVE2 protein is a ring-
shaped RNA- binding protein which participates 
in the control of nascent transcripts, including the 
recognition and leading of misfolded defective 
RNAs to degradation [100]. La/SSB is RNA-
binding protein, which can bond to precursor 
RNA molecules protecting them from deteriora-
tion and stimulating their correct processing, 
folding, and expansion by particular ribonucle-
ases [101]. Anti-Ro/SSA and anti-La/SSB are the 
most frequently detected autoantibodies in 
patients with SS.  Anti-Ro52 shows the highest 
specificity in SS patients (66.7%). Anti-Ro60 and 
anti-La/SSB were reported in 52.1% and 49% of 
SS patients’ sera, respectively [99, 102]. In 
mouse models of SS, such as NOD.H2h4 mice, 
autoantibodies to Ro and La were identified at 
8 weeks of age, preceding the follicular lymphoid 
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changes detection in the salivary glands [103]. 
The American- European Classification criteria of 
SS diagnostic criteria and the recent 2016 ACR/
EULAR criteria emphasizes anti-Ro/SSA as the 
major autoantibodies for pSS diagnosis [104, 
105]. The association of the presence of these 
autoantibodies with early disease onset, longer 
disease duration, parotid gland enlargement, 
higher frequency of extraglandular manifesta-
tions, and more intense lymphocytic infiltration 
of the minor salivary glands has been reported 
[106, 107]. Extraglandular manifestations associ-
ated with positive anti-Ro/SSA and anti-La/SSB 
include splenomegaly, lymphadenopathy, vascu-
litis, and Raynaud’s phenomenon [107, 108]. The 
anti-Ro/SSA and anti-La/SSB antibody profile in 
SS patients seems to remain constant throughout 
the course of the disease even after the adminis-
tration of B-cell depletion therapy with ritux-
imab. The treatment did not appear to alter 
secretory functions in patients [109], except for 
one SS study that indicated improved stimulated 
and unstimulated whole saliva flow rates with 
rituximab [110].

3.2.2.2  Anti-Nuclear Antibodies (ANA)
Anti-nuclear antibodies (ANA) are a group of 
autoantibodies that react with various nuclear 
and cytoplasmic components of normal human 
cells [111]. The gold standard method for ANA 
detection is by indirect immunofluorescence on 
HEp-2 cells [112]. Positivity of ANA in 59–85% 
of pSS was reported [113]. Moreover, pSS ANA 
was reported to be correlated with a higher num-
ber of involved organs as well as higher levels of 
autoantibodies, anti-Ro/SSA, anti-La/SSB, posi-
tive RF, and antiphospholipid antibodies [113]. 
ANA is not SS-specific as individuals with other 
autoimmune conditions can show ANA positivity 
[114].

3.2.2.3  Rheumatoid Factor (RF)
Rheumatoid factor (RF) is an autoantibody that 
acts against the Fc portion of IgG immunoglobu-
lin. Levels of RF in SS patients range between 
36% and 74% [113, 115]. Higher levels of RF in 
SS patients were correlated with the younger age 
of patients and female predominance. 

Furthermore, it was correlated with positive 
minor salivary gland biopsies [113]  and higher 
disease activity [116]. Higher levels of both IgM 
and IgA RF have been reported in SS patients, 
specially IgA RF, which have been correlated 
with higher levels of other autoantibodies of SS, 
focal scores of salivary gland biopsies, and renal 
diseases [117].

3.2.2.4  Autoantibodies to Aquaporins 
(Anti-AQP5)

Aquaporins (AQPs) is a family of 15 water 
channels, which plays a critical role in water 
secretion across the plasma membranes [118]. 
AQPs, especially AQP1 and AQP5, have been 
detected in the salivary glands and lacrimal 
glands [119, 120]. In salivary glands, AQP5 is 
expressed on acinar cells while AQP1 is 
expressed on endothelial and myoepithelial 
cells [121]. In mouse lacrimal glands, AQP5 is 
localized mainly in the ductal cells rather than 
acinar cells [122]. Detection of anti-AQP1 and 
anti-AQP5 was reported in sera of patients with 
pSS and they were correlated with low salivary 
flow rate during rest [123–125]. In addition, 
antibodies to AQP8 and AQP9 were detected in 
SS patient sera [125].

To clarify the mechanism by which autoanti-
bodies to AQP5 play a role in SS, AQP5 contains 
6 transmembrane α helices which are joined by 2 
intracellular loops and 3 extracellular loops. 
Extracellular loop E and intracellular loop B aid 
in the formation of a water channel where 2 NPA 
motifs (asparagine-proline-alanine) from each 
loop overlap [126, 127]. Autoantibodies to AQP5 
bind to extracellular loops A and C and to the 
pore-forming extracellular loop E of AQP5, caus-
ing the inhibition of water flow. Extracellular epi-
topes of loops A, C, and E were detected in 89% 
of the SS samples compared to only 0.5% of the 
control samples [126].

3.2.2.5  Autoantibodies to Carbonic 
Anhydrase 6 (CA6), Salivary 
Protein 1 (SP1), and Parotid 
Secretory Protein (PSP)

Unexplained dry eye or dry mouth may not show 
positivity to anti-Ro/SSA or anti-La/SSB.  This 
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necessitates other markers for diagnosis of 
SS.  Autoantibodies to carbonic anhydrase 6 
(CA6), salivary protein1 (SP1), and parotid secre-
tory protein (PSP) have been recently introduced 
as early autoantibodies detected in SS patients 
[128–130]. CA6 is an enzyme that plays a role in 
the buffering capacity of saliva. In parotid and 
submandibular glands, CA6 was detected in the 
cytoplasm and the secretory granules of the serous 
acinar cells [131]. Anti-CA6 is one of the most 
common autoantibodies in patients with dry eye. 
It is also correlated with disease severity and 
younger age patients [132]. PSP is a secreted pro-
tein that can bind and clear many infectious agents 
[133]. SP1 was initially identified to be expressed 
at high levels in mouse submandibular glands as 
well as lachrymal glands [134].

Matossian and Micucci detected autoantibod-
ies to SP1, PSP, and CA6  in 91% of the SS 
patients with positive SS biomarkers [135], 
which highlights the role of the new biomarkers 
in the earlier diagnosis of SS. Autoantibodies to 
SP1, PSP, and CA6 showed early expression in 
SS mice models than anti-Ro/SSA and anti-La/
SSB [136]. Furthermore, these autoantibodies 
were produced in SS patients and patients with 
idiopathic dry mouth as well as dry eye [136, 
137]. They were reported to be positive in 45% of 
SS patients who were seronegative for anti-Ro/
SSA and anti-La/SSB [136]. In a study of group 
of patients who had xerostomia, xerophthalmia, 
and at least 3 positive SS criteria, 76% of patients 
were positive for autoantibodies to SP1, PSP, and 
CA6. However, positive anti-Ro/SSA and 
Anti-La/SSB antibodies were only 31% [137].

One study demonstrates that 62% of SS 
patients had antibodies to Ro or La. Among 
those who are positive, 54% had antibodies to 
SP-1, 54% had antibodies to CA6, and 69% had 
antibodies to SP-1 or CA6. Only 20% of patients 
had antibodies to only CA6 or SP-1. In this 
cohort, 18% had antibodies to PSP and 38% 
lacked antibodies to either Ro or La. Evaluating 
a sex and age matched cohort of normal controls 
revealed that 4.3% of the controls had antibodies 
to Ro or La, 4.3% had antibodies to SP-1, 3% 
had antibodies to CA6, and 10% had antibodies 
to PSP [136].

3.2.2.6  Anti-Muscarinic Type 3 
Receptor (M3R) Autoantibodies

Muscarinic receptors represent acetylcholine 
receptors, which are G protein-coupled receptor 
complexes in the neuronal plasma membranes. 
There are 5 identified types of muscarinic recep-
tors (M1R-M5R). M3R is expressed in exocrine 
glands and it has an essential role in saliva 
 secretion. M3R is stimulated by acetylcholine 
secreted from postganglionic fibers of parasym-
pathetic innervation [138]. For saliva secretion, 
acetylcholine binds to M3R and causes increase 
in the level of intracellular Ca2+ through inositol 
1, 4, 5-triphosphate (IP3) and IP3 receptors. After 
that, increased intracellular Ca2+ induces salivary 
gland secretion through activation of apical mem-
brane Cl− [139]. Anti-M3R autoantibodies were 
detected in pSS patients [140]. Studies have 
shown the antagonistic roles of anti-M3R in 
secretory dysfunction in SS [140, 141] [142, 
143]. Anti-M3R autoantibodies were reported to 
downregulate M3R and major histocompatibility 
complex I from the plasma membrane in primary 
HSG by clathrin-independent endocytosis, which 
may be associated with consequent pathogenesis 
of salivary dysfunction in pSS patients [144].

3.2.2.6.1 Detection of Anti-M3R 
Autoantibodies in Patient Sera
Bacman et al. detected circulating autoantibod-
ies against acinar cells and M3R by ELISA uti-
lizing both rat exorbital lacrimal acinar cell 
membranes and synthetic 25-mer peptide of the 
second extracellular loop in human M3R [140]. 
Furthermore, the IgG fraction and anti-M3R 
peptide autoantibodies were able to activate 
nitric oxide synthase attached to lacrimal gland 
M3R in the same patients [145]. Inhibition of 
carbachol-induced intracellular calcium release 
was detected in IgG- treated HSG cells [142]. In 
addition, Gao et al. showed that 60% of pSS and 
100% of sSS patients were positive for IgG when 
an assay with M3R expressed on transfected 
Chinese hamster ovarian cells was utilized while 
none of the healthy controls were positive for 
anti-M3R autoantibodies. Multiple isotypes of 
anti-M3R were detected in SS patients’ sera and 
the most common types were IgG1, IgG3, and 
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IgA [141]. A cohort study detected anti-M3R 
autoantibodies in 90% of pSS patients [143]. 
Moreover, a higher frequency of leukopenia was 
reported in positive anti-M3R pSS patients com-
pared to patients without anti-M3R autoantibod-
ies [143]. Interestingly, Dawson et al. showed in 
their in  vitro study that neither sera from pSS 
patients nor from healthy controls contained 
anti-M3R IgG fractions [146].

Autoantibodies to the extracellular domains 
(N terminal region, the first, the second, and the 
third extracellular loop) of M3R were examined 
in 42 SS and 42 healthy controls by ELISA using 
synthesized peptide antigens encoding these 
domains. Titers and positivity of anti-M3R anti-
bodies to every extracellular domain of M3R 
were significantly higher in SS patients than in 
healthy controls [147]. Anti-M3R autoantibodies 
in the sera of pSS patients were detected by He 
et  al., which reported that antibodies against 
cycle second extracellular domain of M3R pep-
tide in the sera of 62.2% of their patients with 
pSS [148]. Nevertheless, autoantibodies against 
the functional epitopes of anti-M3R were 
reported in less than 50% of SS patients [149].

Recently, Zuo et al. reported that there was 
high prevalence of anti-M3R antibodies in 
adsorbed SS patient plasma (75%), which was 
significantly higher than the healthy controls 
(2%) [150]. In addition, anti-M3R antibodies 
were significantly associated with anti-Ro/SSA 
in their analysis Therefore, authors proposed 
that anti-Ro/SSA in combination with anti-
M3R autoantibodies are the most sensitive and 
specific for SS, which potentially enables non-
invasive identification of pSS patients without a 
lip biopsy [150].

3.2.2.6.2 Anti-M3R Autoantibodies in SS 
Studies with Animal Models
Because M3R is a major receptor responsible for 
saliva secretion in the salivary glands, animal 
studies involving M3R or anti-M3R are described 
herein. Induction of the SS mouse model by 
immunization of a mixture of peptides whose 
sequences were derived from the extracellular 
loops of M3R was described by Yang et al. [151]. 
They found the signs of inflammation in the lac-

rimal glands, salivary glands, and the intestines 
in the mouse model. Interestingly, Qian et  al. 
reported that chronic activation of M3R in lacri-
mal glands stimulated downregulation of post- 
receptor signaling molecules without significant 
changes in their molecular contents [152]. 
Cytokines were also implicated in the inhibition 
of neurotransmitter release from the lacrimal 
gland efferent nerves [153]. Zoukhri et al. discov-
ered in the study that IL1α and IL1β, along with 
TNF-α, produced by invading lymphocytes in the 
lacrimal gland acini cause blocking of neu-
rotransmitter release from the lacrimal gland 
nerves in mice [153].

Cavill et al. reported that IgG raised in rabbits 
against a peptide of the second extracellular loop 
of human M3R was able to directly inhibit 
carbachol- induced smooth muscle contraction of 
the murine colon, confirming the antagonistic 
potency of anti-M3R autoantibodies [154]. Iizuka 
et  al. transferred monoclonal antibodies against 
conformational epitopes of M3R into mice [155]. 
They described two anti-M3R IgM monoclonal 
antibodies capable of binding to the extracellular 
surface domain of M3R-expressing COS-7 cells, 
which decreased the pilocarpine-induced produc-
tion of saliva and inhibit the membrane- associated 
expression of AQP-5 [155].

M2R and M3R work in concert to initiate con-
traction of smooth muscles [8]. Waterman et al. 
demonstrated that serum and purified IgG frac-
tion from SS included antibodies that maximally 
inhibited response to carbachol-induced contrac-
tion of the mouse isolated bladder by 50%, while 
the muscarinic receptor antagonist 4-DAMP 
eliminated the response [156]. Park et al. demon-
strated that contraction of the smooth muscle in 
the gastrointestinal tract and contractile motility 
of colon were inhibited in patients with pSS IgG 
and anti-M3R activity [157]. A new model with 
M3R-induced sialadenitis was generated by 
using Rag1−/− mice which were inoculated with 
splenocytes from M3R−/− mice immunized with 
M3R synthetic peptides. It was found that severe 
SS-like sialadenitis was developed in mice with 
M3R-induced sialadenitis [158]. Cell transfer 
experiments using M3R−/− x IFNγ−/− mice and 
M3R−/− x IL-17−/− mice indicated that IFNγ and 
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IL-17 are key cytokines in the pathogenesis of 
sialadenitis, reemphasizing the crucial roles of 
M3R-reactive Th1 and Th17 cells in autoimmune 
SS [158].

Most recently, Chen et al. investigated whether 
antibodies against linear epitopes of M3R are 
pathogenic in vivo [159]. They found that trans-
fer of the antibodies derived from mice immu-
nized with linear or cyclic peptides encoding for 
the second extracellular loop of M3R to Balb/c 
mice revealed no inhibitory effect on pilocarpine- 
induced saliva or tear production in the recipient 
animals. These results suggest that antibodies 
against linear or cyclic epitope within the second 
extracellular loop of M3R may not be pathogenic 
in regard to impairment of secretion function of 
exocrine glands [159]. M3R expression on the 
membrane of HSG cells and carbachol-induced 
[Ca2+] transients (CICTs) were significantly 
decreased after preincubation of HSG cells with 
pSS IgG.  However, control IgG preincubation 
had no effect on both the M3R expression level 
and CICTs [160].

In addition, M3R activation plays a major role 
in trafficking of AQP5 from the cytoplasm to the 
apical membrane, which accelerates water trans-
port across the cell membrane [158]. A study 
demonstrated that SS-derived IgG inhibited 
carbachol- induced AQP-5 trafficking to the 
plasma membrane by using an AQP5-transfected 
HSG cell line expressing AQP-5 as a GFP-tagged 
protein with a confocal imaging system [161]. 
While internalization or direct suppression of 
M3R by anti-M3R autoantibody plays a role in 
secretory dysfunction, the autoantibodies were 
also shown to modulate submandibular gland 
Na+/K +  -ATPase activity via prostaglandin E2 
and cyclic AMP [162].

3.2.3  MicroRNAs (miRNAs)

3.2.3.1  Roles of miRNA in Dry Mouth
MicroRNAs (miRNAs) represent single-stranded 
RNA molecules that regulate post-transcription 
of gene expression in plants and animals [163]. 
Translation of messenger RNAs was prevented 
by miRNA, so it can downregulate target mole-

cules within various genomic contexts as growth, 
inflammation, and regeneration [164]. miRNA 
has been involved in autoimmune disorders as it 
was utilized as a micromanager of numerous 
stages of immune regulations [165]. 
Dysregulation of miRNA was implicated in a 
wide variety of diseases, such as cancer, 
 neurodegenerative diseases, cardiovascular dis-
eases, and autoimmune conditions [166]. The 
reported SS-associated miRNA studies have pro-
vided valuable tools to discover the impact of 
miRNAs on SS disease pathogenesis [166–170]. 
Comparative array analysis of miRNA expres-
sion in salivary glands of SS and control subjects 
had revealed distinct miRNA signatures in SS 
patients, associated with glandular inflammation 
and dysfunction [171]. miRNAs in SS MSG 
revealed a correlation between relative expres-
sion of selected miRNAs and the minor salivary 
gland focus score. Furthermore, studying miR-
NAs from patients with preserved salivary flow in 
comparison to low salivary flow reported nine of 
differentially expressed miRNA, seven of which 
were upregulated in the group with decreased 
salivary gland function [167].

Alevizos et  al. reported the presence of 
miRNA in SS salivary gland cells. MicroRNA 
expression patterns clearly separated patients 
with SS from non-SS control subjects. 
Furthermore, they showed that miRNA expres-
sion can differentiate SS patients in relation to 
the lymphocytic infiltration and salivary hypo-
function [167]. Pauley et al. reported overexpres-
sion of miR-146a in the PBMCs of SS patients in 
comparison to healthy controls [165] as well as in 
the salivary glands of 8 weeks age mice prior to 
disease onset. Twofold increased level of miR- 
155 has been found also in cultured salivary 
gland epithelial cells from SS than controls [172]. 
Other studies supported the upregulation of miR- 
146a in PBMCs from SS patients [173–175]. 
Furthermore, miR-146a and miR-155 were over-
expressed in B lymphocytes as well as purified 
T-lymphocytes [176]. Authors measured the lev-
els of miR-155  in salivary gland cells of SS 
patients and the controls. They found the levels of 
miR-155 was twice in SS patients in comparison 
to the controls [177]. Recently, Wang et  al. 
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reported downregulation of miR-16 and miR- 
181a in minor salivary glands of SS patients 
[169] and Peng et al. also reported that miR-181 
was highly expressed in PBMCs of SS, which 
was correlated with ANA levels. They assumed 
that B cells could contribute to miR-181a expres-
sion and both can have a major role in SS patho-
genesis [170]. Although miRNA deregulation 
was detected in PBMCs, sera, and saliva of SS, 
their role in the pathogenesis of SS needs more 
investigations.

Epstein–Barr virus (EBV) DNA was detected 
in salivary gland cells of SS patients [178–180]. 
In EBV salivary infected cells, EBV secretes 
miRNAs which could infect the normal salivary 
cells [181]. ebv-miR-BART13 is miRNA secreted 
by EBV and showed higher expression in sali-
vary cells as well as B cells of pSS patients [182]. 
In addition, it showed downregulation of key pro-
teins involved in Ca2+ signaling in the salivary 
glands. STIM1 and STIM2 are stromal interact-
ing molecules 1 and 2. They can detect changes 
in Ca2+ concentrations inside the endoplasmic 
reticulum (ER) [183, 184]. STIM1 can detect 
store-operated Ca2 entry (SOCE) which provides 
influx of Ca2+ in salivary cells. It is an important 
regulator for fluid secretion in salivary glands 
[185]. Gallo et al. concluded in their study that 
ebv-miR-BART13-3p reduces STIM1 expres-
sion. They concluded that miRNAs have a patho-
genic role in calcium signaling defects which 
results in dysfunction of saliva secretion [182].

3.2.3.2  Roles of miRNA in Dry Eyes
miRNAs were correlated with the physiological 
and pathological processes in the ocular surface 
[186]. miRNAs can act as diagnostic biomarkers 
for diseases as they resist degrading enzymes 
such as RNases. In addition, they are detected in 
all cells and in body fluids [187]. miRNAs have a 
role in several physiological events and in media-
tion of disease. They inhibit gene expression by 
blocking messenger RNA. Autoimmune diseases 
such as SS are known to show altered expression 
of specific miRNAs. These miRNAs play key 
roles in modulating inflammation, delaying or 
enhancing wound healing, cell differentiation 
metabolism, and survival [188]. Most recently, 

Kim et al. investigated the expression of miRNAs 
in the tears of SS patients and compared them to 
healthy controls. They found that the expression 
of 14 miRNAs were significantly different in SS 
patients compared to that in the controls [189].

It has been reported that samples of patient’s 
pterygium showed that miRNA-145 is 
 downregulated in the ocular surface disease and 
is inversely related to the extension, severity, and 
vascularity [190, 191]. Higher expression of 
miRNA-146a and miRNA-155 was reported to 
be correlated with the clinical manifestations of 
SS [165] [175]. In a mouse model of SS, it was 
reported that miRNA-146a was relatively highly 
expressed at 8 weeks in submandibular gland as 
well as lacrimal gland, and in the kidney at 
20 weeks of age [165]. miRNAs in SS may be 
correlated with SS biomarkers, anti-Ro/SSA as 
well as anti-La/SSB autoantibodies. The Ro and 
La proteins are utilized by infective virus to rep-
licate inside of the cells. Virus infection is one of 
the proposed etiologies for DED and ocular sur-
face disorder. It can induce the production of neo-
antigens, plasma cells, cytotoxic T cells, 
chemokines, cytokines, immunoglobulins, mem-
ory lymphocytes, and tissue damage and dys-
function due to apoptosis and inflammation in the 
target tissues [192]. One can predict that produc-
tion of disrupted miRNAs can be induced by Ro 
or La proteins modified by viral RNA which can 
deviate them from normal function as well as it 
can induce inflammatory changes in SS [193].

3.2.4  Reactive Oxygen Species 
(ROS)

3.2.4.1  Roles of ROS in Salivary 
Dysfunction of SS Patients

Higher levels of tissue damage are due to imbal-
ance between ROS levels and the ability of the 
body to detoxify ROS [194]. ROS are highly 
reactive free radicals which are secreted by acti-
vated cells of the immune system. They are more 
reactive than molecular oxygen [195]. Protection 
of the body against the damaging effect of ROS 
is achieved through the endogenous antioxidant 
enzymes such as superoxide dismutase (SOD) 
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and catalase (CAT) that cleave ROS [196]. 
Oxidative stress caused by ROS has been 
detected in autoimmune diseases as rheumatoid 
arthritis, SLE, and SS [197–200]. It was also 
implicated in apoptosis of the living cells [201]. 
Stimulation of submandibular gland with anti-
M3R resulted in upregulation of SOD and CAT 
levels in the sera of pSS patients, which was 
associated with detection of presence of anti-Ro/
SSA, dry mouth, xerophthalmia, and xeroderma 
[196]. The authors concluded that increased 
SOD and CAT acted as a defensive reaction to 
the increased ROS, which can cause irreversible 
cellular and tissue damage and potentially con-
tributing to salivary dysfunction.

Protein carbonyl (PC) and advanced oxidation 
protein products (AOPP) are two markers of pro-
tein oxidation, which can be used to measure the 
levels of oxidative stress in pSS [202]. Higher 
levels of both markers were detected in SS 
patients when compared to the healthy controls, 
but there was no associations between fatigue 
levels and PC or AOPP in those patients [202]. In 
addition, labial biopsy specimens from SS 
patients revealed the high levels of oxidative 
stress markers [203]. Cell damage markers, such 
as lactate dehydrogenase (LDH), hex-anoyl- 
lysine (HEL), 8-hydroxy-2 -deoxyguanosine 
(8-OHdG) and a mitochondrial glutamic- 
oxaloacetic transaminase (m-GOT), were used 
for salivary gland damage. Elevated levels of 
8-OHdG and HEL were measured in SS patients’ 
saliva. However, in normal patients and other 
salivary gland disorders, no changes of those 
markers were detected [200]. High levels of oxy-
gen stress markers, such as oxidative DNA dam-
age and propanoyl-lysine, were detected in saliva 
from SS patients and there was a link between 
oxidative stress and mitochondrial dysfunction in 
SS patients [204].

3.2.4.2  Roles of ROS in Dry Eyes of SS 
Patients

SS adversely affects lacrimal gland function, 
reducing tear secretion due to inflammation and 
ROS formation [205–207]. The oxidative stress 
caused by ROS can be involved in eye pathology 
in various conditions, such as DED, conjunctivo-

chalasis, age-related macular degeneration, and 
ocular surface epithelial damage induced by UV 
light and tobacco smoke [207]. A study utilizing 
a murine DED model showed high correlation 
between excessive oxidative stress and epithelial 
damage of the ocular surfaces as well as lacrimal 
gland secretory dysfunction [208]. Inhibition of 
the oxidative stresses might be used for prevent-
ing cell death as a therapeutic management of 
DED in which the management not only aims to 
substitute the tear film, but also to decrease the 
inflammation through inhibition of oxidative 
stress on ocular tissues [204, 209, 210].

Evaluation of conjunctiva in dry eye patients 
showed high levels of oxidative stress in com-
parison to healthy control subjects [211]. 
During evaluation of the lipid oxidative stress 
markers in conjunctiva and tears of SS patients 
and healthy controls, authors found SS patients 
had worse tear stability and vital staining 
scores more than the controls. In addition, the 
density of conjunctival inflammatory cell was 
significantly higher in SS subjects [207]. The 
authors suggested that the increased membrane 
lipid peroxidation may increase the immune 
and inflammatory response, activate gene 
expression and cell proliferation, or initiate 
apoptosis. Therefore, the pathogenesis of ocu-
lar surface changes in SS may be related to per-
oxidative lipid membrane destruction, high 
levels of ROS, inflammatory pathologic 
changes, or variability of ocular surface anti-
oxidant status [207].

Čejková et al. measured the level of antioxi-
dant enzymes, such as SOD, CAT, and glutathi-
one peroxidase, in the conjunctival epithelium of 
SS patients by IHC [212]. High expression of 
antioxidant enzymes was reported in normal 
eyes. However, in dry eyes, the level of those 
enzymes was much less noticeable if correlated 
to the symptoms of severe dry eye symptoms. So, 
the authors assumed that oxidative injuries of 
anterior eye surfaces in SS patients may be 
related to lower levels of antioxidant enzymes. 
Cytokines also are involved in causing oxidative 
stress in lacrimal glands as Beauregard et  al. 
found that IL1β can induce nitrous oxide produc-
tion in the lacrimal gland [213].
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3.2.5  Calcium Signaling in SOCE

3.2.5.1  Overview
Stimulation of fluid secretion from cells is 
enhanced by increasing cytosolic [Ca2+] ([Ca2+]i) 
as it regulates ion channel activities and derives 
secretion movement across the apical membrane 
using osmotic gradient [214, 215]. In salivary 
acinar cells, increase in [Ca2+]i is initiated in 
response to release of Ca2+ from ER which is 
mediated by inositol 1,4,5, trisphosphate (IP3) 
with the help of inositol trisphosphate receptor 
(IP3R). IP3R is an intracellular Ca2+ release chan-
nel. In salivary gland cells, the major subtypes of 
IP3Rs found are IP3R2 and 3, both of which are 
localized in the apical region of the acinar cells 
[216, 217]. Unregulated increases in cytosolic 
Ca2+, due to release from either ER or other intra-
cellular stores, or Ca2+ entry, can be extremely 
deleterious to cells [218]. Deficits in Ca2+ signal-
ing have been associated with cellular and func-
tional damage in many cell types, including 
neuronal cells and lymphocytes [216].

3.2.5.2  Calcium Signaling for Saliva 
Secretion

Increased level of [Ca2+]i is accomplished through 
activation of SOCE, which can convert the tran-
sient high level of [Ca2+]i to continuous elevation 
that can stimulate normal secretion of salivary 
glands [216]. The key proteins involved in gen-
eration of [Ca2+]i signal include M1R, M3R, 
G-protein-coupled receptor-signaling complex, 
IP3Rs, and SOCE [219, 220]. High levels of 
[Ca2+]i activates the K+ and Cl− channels as well 
as the Na+-K+-2Cl− cotransporter and Na+/H+ and 
Cl−/HCO3− exchangers [221]. Additionally, 
recruitment of AQP5 into the apical plasma mem-
branes is triggered by the rise in [Ca2+]i, thus 
resulting in increased salivary fluid secretion 
[222]. One of the best Ca2+channels is the IP3R 
in the ER [217]. IP3R is controlled by both IP3 
and Ca2+. This regulation of IP3R by IP3 and 
[Ca2+]i ensures that the channel is relatively more 
active when [Ca2+]i is low and less active when 
[Ca2+]i is high, thus protecting ER Ca2+ stores and 
regulating [Ca2+]i within the physiological range 
required for the cell function [223]. This feed- 

forward and feedback regulation of IP3R can 
also explain the spread of the Ca2+ wave from the 
apical to the basal membrane in salivary gland 
cells [214].

3.2.5.3  Mechanisms and Physiological 
Relevance of SOCE

IP3-mediated Ca2+ release via IP3R and conse-
quent depletion of ER Ca2+ are the main trigger-
ing event in the activation of Ca2+ entry via the 
SOCE mechanism [224]. SOCE is achieved by 
the gating of plasma membrane Ca2+ channels, 
e.g., Orai1 (calcium release-activated calcuim 
channel protein 1) and TRPC1 (transient receptor 
potential canonical 1) [225, 226].

STIM1 and Orai are well-known as important 
components of SOCE [226]. STIM1 is an ER 
Ca2+-binding protein and responds to dimin-
ished ER [Ca2+]. It goes through extensive con-
formational changes that cause extension of its 
C-terminal domain, and translocation to the 
periphery of the cells where it clusters at specific 
ER-plasma membrane junctions [216, 227, 228]. 
Orai1 has been well-known as calcium release- 
activated calcium channel protein 1 and it is the 
foremost pore-forming component of SOCE- 
activated Ca2+ channels in the membrane [226] 
Orai1 function has been studied in two other 
exocrine glands, lacrimal and pancreatic. 
Orai1−/− mice display loss of lacrimal gland 
function and reduced SOCE in lacrimal gland 
acinar cells [229].

STIM2 is a second ER-localized Ca2+-sensor 
protein and is correlated with SOCE and Ca2+ 
signaling. It shares significantly sequence homol-
ogy with STIM1. STIM2 has a comparatively 
lower Ca2+affinity and can detect small deple-
tions of ER [Ca2+], whereas STIM1 has higher 
affinity for Ca2+, responding only to substantial 
Ca2+depletion in the ER [230]. Similar to STIM1, 
STIM2 translocates and clusters to form puncta 
in ER-plasma membrane junctions, where it clus-
ters with Orai1 and STIM1 [231, 232]. In mice 
salivary gland cells, it was reported that STIM2 
knockout caused decrease in salivary gland secre-
tion while salivary acinar cells showed a reduc-
tion of [Ca2+]i, which was increased by 
stimulation with muscarinic receptor agonists. 
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STIM2 recruits STIM1 and enables formation of 
STIM1 puncta in ER-plasma membrane junc-
tions by low intensity of the stimulus [233]. 
These findings demonstrate a critical role for 
STIM2  in regulating SOCE-mediated Ca2+ sig-
naling and cell function. However, other studies 
indicate that involvement of STIM2  in SOCE 
might vary [234]. Bird et al. have previously sug-
gested that the oscillatory pattern of SOCE is pri-
marily dependent on the mobilization of STIM1, 
not STIM2 [235].

TRPC1 is a principal channel for salivary 
gland function and secretion. Lack of TRPC1 
caused decrease of SOCE and diminished sali-
vary secretion [236, 237]. In addition, TRPC1 is 
essential for other cellular physiological func-
tions such as protein secretion in acinar cells of 
pancreas [238, 239]. TRPC1 and TRPC3 chan-
nels generate relatively non-selective, Ca2+-
permeable channel. Reduced SOCE and fluid 
secretion was found in mice lacking TRPC1 or 
TRPC3 [39]. These findings assumed that func-
tion and activation of TRCP1 after depletion of 
ER-Ca2+store mainly depend on Orai1 [185, 216, 
240]. Another study done by Chen et al. showed 
that recruitment of TRPC1 to the plasma mem-
brane was triggered through Orai1-mediated 
Ca2 + entry [185].

3.2.5.4  Impaired Ca2+Signaling in SS
Decrease in Ca2+signaling in salivary acinar cells 
of SS patients who had lower level of inflamma-
tory cell infiltration in the glands was reported 
[216, 241]. Toes et  al. performed a study on 
biopsy of minor salivary glands in SS patients. 
They reported that Ca2+signaling stimulation by 
neurotransmitter was impaired and it was associ-
ated with diminution of salivary secretion.

We have also shown that anti-M3R autoanti-
bodies suppress carbachol-medicated 
Ca2+signaling pathway, as described earlier in 
this chapter. Furthermore, they showed that 
minor salivary gland acinar cells had low to rel-
atively high lymphocytic infiltration which was 
associated with a decrease in carbachol- 
stimulated Ca2+ increase [241].

It was reported that disruption of IP3Rs causes 
a defect in agonist-induced intracellular Ca2+ 
release. Loss of IP3R2 and mislocalization of 

IP3R3 were detected in cells situated in intact 
sites of the salivary glands from SS patients 
[216]. In addition, Zeng et  al. had confirmed 
these findings in the NOD mouse model for pSS 
by showing that IP3R insufficiency in salivary 
acinar cells contributes to the salivary dysregula-
tion of pSS [216, 242]. Loss of lacrimal and sali-
vary secretion as well as progressive eye 
inflammation was reported in mice lacking IP3R2 
and IP3R. Decreased levels of IP3R2 and intracel-
lular Ca2+release was reported in salivary acini 
from IL14α transgenic mice with SS [216, 243].

A study reported a targeted deletion of both 
STIM1 and STIM2  in T-lymphocytes of mice 
with SS [244]. Authors presented lower levels of 
SOCE as well as cytokines in T-lymphocytes. 
Moreover, other studies with ablation of STIM1 
and STIM2 in T cells found that mice developed 
loss of saliva secretion and exocrinopathy. In 
addition, higher level of SS serum autoantibodies 
and lymphocytic infiltration was detected in sub-
mandibular gland cells [183, 216].

Lower levels of STIM1 and STIM2 proteins 
were detected in PBMCs from pSS patients in 
comparison to the healthy controls [216, 245]. 
Furthermore, SOCE is reduced in T cells from 
those patients. These findings may suggest that 
there was a correlation between deficiencies of 
STIM1 or STIM2 in T cells and the presence of 
abnormalities in T cell function. This further 
indicates that abnormal SOCE may be a contrib-
uting factor in the pathogenesis of salivary gland 
dysfunction in SS patients. Loss of STIM1 causes 
defects in IP3R and an impairment of SOCE and 
Ca2+signaling in salivary gland acinar cells of SS 
patients [216, 245, 246]. Feske et al. showed that 
STIM1 deficiency were associated with the clini-
cal signs of lymphoproliferation and autoimmu-
nity as well as secretory dysfunction in SS.

3.3  Other Conditions 
Contributory to SS Secretory 
Dysfunction

3.3.1  Effect of Sex Hormones in SS

SS almost affects women and is usually associ-
ated with diminished tear secretion, destruction 

W. Saleh et al.



47

and dysfunction of glandular epithelium, and 
inflammation of lacrimal glands [21]. This female 
predominance and onset of SS after menopause 
suggest that sex hormones are involved in patho-
genesis of SS [247].

Estrogen is a primary female sex hormone. It 
is responsible for regulation of the female repro-
ductive system and secondary sex characteristics 
[248]. Androgens are steroid hormone that pro-
motes male secondary sex characters [249]. 
Estrogen can activate B cells which leads to pro-
duction of antibodies and autoantibodies, but 
androgens were found to decrease maturation of 
B cell which results in decrease of antibodies 
production [250]. Interestingly, lower dose of 
estrogen secreted after occurrence of menopause 
are still capable of enhancing B-cell activation 
and antibody production suggesting that estrogen 
in general may provide a protective role against 
development of SS [251, 252]. Recently, Tellefsen 
et al. reported that sex-related differences in gene 
expression of lacrimal glands in MRL/lpr and 
NOD mice contributed to lacrimal gland disease 
in SS [253].

Estrogen deficiency was studied in female SS 
model mice NOD.B10.H2 in which ovariectomy 
resulted in significantly increased inflammation 
of lacrimal glands while estrogen replacement of 
the same mice resulted in reducing inflammation 
through decreasing B and T cells infiltration 
[252]. Ishimaru et al. recommended the need of 
estrogen for salivary gland health. They per-
formed ovariectomy in healthy female mice 
which resulted in SS-like disease with apoptosis 
of salivary gland epithelial cells [254]. Low cir-
culating estrogen levels were found to be associ-
ated with ocular dryness in SS patients [255]. 
However, other studies have reported the impli-
cation of estrogen in the pathogenesis as well as 
progression of SS [256].

Increased apoptosis of lacrimal gland and ele-
vated levels of oral dryness in SS were found to 
be correlated with lower levels of circulating 
androgens [255, 257]. In female MRL/lpr and 
NZB/NZW FI mouse models of SS, higher levels 
of androgens were able to suppress inflammation 
of the lacrimal glands [258, 259]. Similarly, 
administration of testosterones to female mice 
models of SS as MRL/lpr and NZB/NZW F1 

were found to increase the function of lacrimal 
glands as well as decrease inflammation [259–
261]. In addition, testosterone was found to 
 alleviate dry eye signs and symptoms and stimu-
late tear secretion in SS patients [256]. Most 
recently, Morthen et al. reported that testosterone 
was able to cause significant decrease of numer-
ous immune-related genes which were associated 
with inflammatory process as lymphocyes activa-
tion and cytokines production in SS mice [262].

3.3.2  Meibomian Gland 
Dysfunction in SS

Meibomian glands are lipid-secreting glands, 
located in the tarsal plate of eyelids. Each gland 
consists of many acini connected by common 
duct through the entire length of the gland [263]. 
The meibomian gland has sympathetic, parasym-
pathetic, and sensory innervation, and it was 
reported that the parasympathetic neurotransmit-
ters activate muscarinic acetylcholine receptors 
resulting in increased intracellular [Ca2+] and 
promotion of cell proliferation [8]. Meibomian 
gland dysfunction (MGD) is commonly charac-
terized by terminal duct gland obstruction and/or 
qualitative/quantitative changes in glandular 
secretion [263]. MGD is a major cause of evapo-
rative dry eye by destabilizing the tear film, 
enhancing evaporation and osmolarity of the tear 
film, decreasing tear stability and lubrication, and 
damaging the ocular surface epithelia [21]. SS 
patients had a higher prevalence of MGD, which 
is associated with diminished expression and 
quality of meibum and higher meibomian gland 
dysfunction. Furthermore, it was reported that SS 
patients are more liable to reduced volume, sta-
bility and surface activity of tears as well as 
higher rate of ocular surface damage and DED 
[24, 264]. Villain et  al. found that SS patients 
with dry eye have higher acinar cell reflectivity 
and peri-glandular inflammation of meibomian 
gland in comparison to normal control patients 
[265]. SS patients have higher meibomian gland 
dropout scores [266]. Chen et al. reported higher 
scores of dry eye symptoms, higher osmolarity of 
the tear film, decreased tear production, increased 
meibomian gland atrophy, and higher lid margin 
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abnormalities in pSS patients compared to the 
control group [267]. The meibomian gland is sig-
nificantly more damaged in SS patients (57.9%) 
than in non-SS patients [268].

Possible explanations of MGD in SS patients 
include damage of the gland by inflammatory 
cells and cytokines, as meibomian glands repre-
sent major autoimmune target in SS. In addition, 
cytokines and inflammatory cells secreted locally 
from the conjunctiva or reached the conjunctiva 
through the lacrimal secretion may cause direct 
damage to the meibomian glands [269]. 
Additional possible mechanisms of meibomian 
gland damage in SS include lymphocytic infiltra-
tion adjacent to tarsal conjunctiva [268] and 
neural- meibomian gland epithelial cell disrup-
tion by cytokines [268]. Furthermore, it was 
assumed that hyperkeratinization of the terminal 
duct epithelium of meibomian glands was 
induced by conjunctival inflammatory cytokines 
secreted into the tear [21].

3.3.3  Conjunctival Disease in SS

The conjunctiva is a moist mucous membrane 
which consists of an epithelium covering a lam-
ina propria with loose connective tissue [270]. It 
secretes a variety of products into the tears and 
helps as a barrier against various antigens from 
the outer environment [270]. However, kerato-
conjunctivitis sicca is one of the primary clini-
cal and histological manifestations of SS.  It is 
not documented if these ocular changes are due 
to inflammatory infiltration of conjunctiva or 
secondary to inflammation of lacrimal glands 
and DED. Histological changes of conjunctiva 
in SS include lymphocytic infiltration, squa-
mous metaplasia, and decrease in goblet cell 
number [271]. Other changes include increased 
osmolarity and apoptotic cells in the conjunc-
tiva [272]. The study reported that the conjunc-
tival disease was not a result of decreased tear 
volume, but due to inflammation. You et  al. 
studied the ocular surface disease in mice and 
their association with development of SS-like 

lacrimal gland disease. It was reported that 
SS-prone mice developed higher conjunctival 
goblet cell loss, inflammatory infiltration of the 
lacrimal glands as well as conjunctiva and 
higher expression of inflammatory cytokines 
[273]. Contreras-Ruiz studied keratoconjuncti-
vitis sicca in the thrombospondin- 1 deficient 
mouse model of SS [274]. Authors detected 
inflammation in the conjunctiva, which disturbs 
the secretory function of goblet cells and com-
promises the protective function of tears, lead-
ing to ocular surface damage in the mouse 
model.

3.4  Conclusion

SS is heterogeneous in terms of its clinical mani-
festations. It is a multi-factorial disease, as exem-
plified in the low concordance rates of SS in twin 
studies [275, 276]. Delineating the factors that 
trigger onset, precipitate progression, and dam-
age the target organs that lead to deficient secre-
tion can be a daunting task. The molecules 
described here could essentially be a small part of 
the bigger picture. Some patients may suffer from 
severe dry mouth and eyes due to more promi-
nent apoptotic cell death and complete loss of 
glandular acinar cells while others may retain 
intact glandular architecture with a high titer of 
anti-M3R autoantibodies or altered SOCE that 
impair the normal secretory pathway. Some may 
have both in place, causing dryness. Therefore, the 
differential roles of these factors in each SS 
patient need to be taken into consideration when 
evaluating sicca symptoms. If any of these con-
tributing factors can be quantitatively measured 
and monitored through the development of per-
sonalized medicine, it will certainly prevent  the 
rapid deterioration of glandular functions in 
patients with SS.
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Myoepithelial Cell Function 
in Salivary Gland Physiology 
and Disease

José O. Maldonado, Paola Pérez Riveros, 
and John A. Chiorini

4.1  Introduction

In humans, there are three pairs of major salivary 
glands (SG): the parotid (PG), submandibular 
(SMG), and sublingual (SLG); as well as hun-
dreds of minor or accessory SG (MSG) located 
throughout the oral cavity and upper airway 
immediately subjacent to the mucosa (e.g., lin-
gual, labial, palatal, pharyngeal, buccal) [1, 2]. 
SG are compound exocrine tubuloacinar glands 
whose major function is to produce and release 
saliva into the oral cavity [2]. The major SG are 
responsible for over 90% of the total saliva and 
they are most active during the process of masti-
cation/eating, while minor SG produce less than 
10% of total saliva. MSG are active throughout 
the day providing constant lubrication and buff-
ering to the oral mucosal tissues [3, 4]. The acini 
are formed by serous cells, mucous cells, and/or 
seromucous cells, and myoepithelial cells (MEC) 
that envelope the secretory acini and intercalated 
ducts (Fig. 4.1) [5, 6].

The proportion and distribution of these cell 
types vary between the different types of 
SG. The biology and physiology of acinar cells 
(serous and mucous) is well documented (see 
[7–9] for comprehensive review); however, the 
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Fig. 4.1 Salivary gland (SG) secretory units. 
Representation of a mixed SG.  SG contain three major 
cell types: acinar cells, myoepithelial cells, and ductal 
cells. The acinar cells (i.e., mucous, serous, and seromu-
cous cells) compose the SG glandular secretory end piece, 
acini, that makes saliva. The acini and intercalated ducts 
are surrounded by the myoepithelial cells, which display 
between 4 and 8 processes that contract to squeeze saliva 
from the acini upon nerve stimulation. The saliva is then 
pushed through the duct system and into the oral cavity. 
Serous acinar cells produce a watery secretion containing 
proteins. Mucous acinar cells produce a viscous secretion 
rich in glycoproteins. Seromucous acinar cells produce 
secretions of both types. The duct secretes bicarbonate to 
keep the secreted proteins in a soluble state. Each of the 
major SG contains different proportions of each acinar 
cells. The salivary secretion found in the acini is isotonic 
and it becomes hypotonic as it moves through the interca-
lated and striated ducts. The gray box represents the 
serous acinar cell presented in Fig. 4.2
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exact physiology and pathophysiology of MEC 
is relatively unknown. In this article, we review 
the classical mechanisms of saliva production 
and secretion involving acinar and ductal cells 
and summarize the current knowledge regard-
ing the MEC including their histology, struc-
ture, function, and role in the pathophysiology 
of SG.

4.2  General Morphology 
of Human Salivary Glands

The paired PG are the largest of the major SG, 
with a size of approximately 4 by 6 cm on the 
widest sections and weighing 15–30  g each. 
The PG are on each side of the face in the 
parotideomasseteric fascia, anteroinferior to 
external acoustic meatus, inferior to the zygo-
matic arch, superior to the inferior border of 
the mandible, and posterior to the anterior 
border of the masseter. The PG are loosely 
encapsulated by a fibroconnective tissue cap-
sule exhibiting an inverted pyramidal shape. 
Uniquely, the PG is composed entirely of 
serous acini which secrete serous fluid, a pro-
tein-rich watery solution [9, 10].

At about half the size of the PG, the SMG 
measure approximately 5 by 1.5 cm and weigh 
7–15 g each. SMG are firm organs with a dense 
fibroconnective tissue capsule and are shaped 
roughly like a triangular prism oriented just lat-
eral to the anteroposterior axis in the subman-
dibular space. The acini of this gland secrete 
both serous and mucus fluids owing to the 
roughly equal distribution of serous and mucous 
acini.

The third, and least voluminous, of the major 
SG are the SLG. These glands measure approx-
imately 3 × 1.5 cm, are ellipsoid in shape, and 
produce a secretion that is a mixed, although 
mainly mucous fluid. MSG are numerous (600–
1000), measure between 1 and 5  mm and are 
spheroid in shape. MSG are widely distributed 
in clusters in the submucosa throughout the 
upper aerodigestive tract (i.e., palate, uvula, 

oral mucosa, floor of the mouth, retromolar 
area, posterior tongue, peritonsillar area, para-
nasal sinuses, pharynx, and larynx), and pri-
marily produce a mixed, although mainly 
mucin-rich  secretion thought to provide lubri-
cation and protection of the local mucosal 
structures [1, 2, 6, 8].

4.3  General Histology 
of the Salivary Glands

SG are compound exocrine tubuloacinar glands 
that are comprised of secretory units and ducts. 
The primary fluid secretion is synthesized in the 
acini and transported to the oral cavity via a net-
work of specialized ducts (i.e., acini terminate 
in the intercalated ducts [ID]; the ID terminate 
in the striated ducts [SD]; the SD terminate in 
the excretory ducts [ED] which terminate in the 
oral cavity). During the salivary transport pro-
cess, the ducts fine-tune the composition of 
electrolytes and regulate the salivary pH.  The 
acinus structure is composed of mucous, serous, 
and/or seromucous cells (Fig. 4.1). Mucous aci-
nar cells are columnar cells with a basally situ-
ated nucleus and apically oriented secretory 
granules. These cells synthesize, store, and 
release viscous glycoproteins that form mucus 
when hydrated. Serous acinar cells exhibit a 
similar structure, but synthesize, store, and 
release a protein secretion from secretory gran-
ules that may be glycosylated or non-glycosyl-
ated (Fig.  4.2). Seromucous acinar cells 
commonly exhibit a demilune shape and contain 
components of both mucinous and serous acinar 
cells [8, 11]. The MEC are located between the 
secretory cells and basal lamina of the acinus 
and the intercalated ducts. These cells lie on top 
of the basal portion of the acini and intercalated 
ducts, exhibit a flat body and multiple 
pseudopodia- like extensions that form a mesh-
work that when contracted, impart force onto 
the lumen of the acini to eject secretions of the 
primary saliva from the acinus via the ducts into 
the oral cavity (Figs. 4.1 and 4.3) [5, 6].
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4.4  Salivary Secretion

In the basal physiologic state, saliva is a clear, 
mucoserous exocrine fluid that plays a vital role 
in daily activities such as talking and swallowing 
by providing mucosal lubrication. The latter 
reduces friction between hard materials, such as 

the teeth and food, and the oral soft tissues by 
providing smooth, low adherence surfaces. 
Lubrication permits the food bolus smooth transit 
through the esophagus and initiates the digestion 
process. Saliva serves an important role in taste 
by activating the taste buds and permitting tastant 
chemicals to be liberated and solubilized from 

Fig. 4.2 Salivary secretion is controlled by sympathetic 
and parasympathetic nerves. Representation of a serous 
acinar cell. Salivary secretion is primarily dependent on 
acetylcholine (Ach) activation of the muscarinic M3 
receptors (M3R) and alpha 1 adrenergic receptor (α1-Adr). 
Intracellular signaling is through the G proteins (Gq), 
phospholipase C (PLC), and the receptors for inositol tri-
phosphate (IP3R) and ryanodine (RyR). Activation of the 
IP3R via inositol triphosphate (IP3) results in an increase 
in intracellular calcium (Ca2+) due to release from the 
endoplasmic reticulum (ER) and activation of the RyR by 
the released Ca2+. This pathway may be activated, in part, 
by the sympathetic nerves by activating α1-Adr. Increased 
intracellular Ca2+ levels result in chloride release (Cl−) 
from the apical side of the acinar cell, K+ release from the 
basolateral side, and water flow through activation of the 
apical water channel aquaporin 5 (AQP5). Cell volume 

then recovers by activation of the ion channels and cou-
pled transporters in the basolateral membrane of the aci-
nar cell (i.e., K+, Na+, and Cl−). The electrochemical 
gradient between the basal and apical acinar cell surfaces 
produces a transepithelial potential difference that induces 
Na+ diffusion across the epithelial tight junction. Protein 
secretion is primarily driven by the release of noradrena-
line (NA) from sympathetic nerves which activates beta 2 
adrenoceptors (β2-Adr), which in turn activates G proteins 
(Gs) and adenylate cyclase (Adc). This intracellular sig-
naling results in an increase in cyclic AMP (cAMP), 
which then activates protein kinase A (PKA) and subse-
quently, activation of the SNARE pathway, leading to 
exocytosis of protein storage in granules and release into 
saliva. The exocytosis secretion process consists of vesi-
cle trafficking, tethering, docking, fusion, and protein 
release
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the food bolus. This saliva-tastant solution is ulti-
mately diffused throughout the oral cavity and 
delivered to the taste pores for binding to their 
cognate receptor. Saliva functions to dilute and 
clear substances from the mouth, promotes tooth 
remineralization, buffers the pH, and influences 
the oral microbiome [7, 12].

4.4.1  Salivary Secretion Flow Rate

Whole saliva is a complex physiological fluid 
secreted by the major and MSG that consist of 
approximately 99% water and 1% of other com-
ponents, such as electrolytes (e.g., potassium 
(K+), bicarbonate (HCO3

−), chloride (Cl−), cal-
cium (Ca2+), sodium (Na+), fluoride (F−), magne-
sium (Mg2+), and proteins (e.g., enzymes, 
mucosal glycoproteins, immunoglobulins A, G, 
and M, albumin, histatins, defensins), in addition 
to glucose, amino acids, and urea [1, 7]. A healthy 
individual produces an average daily flow of 0.5 
to 1.5 L of saliva [13]. Each SG contributes a dif-
ferent percentage of unstimulated saliva through-
out the day: SMG contribute the most (65%), 
followed by PG (20%), and MSG and SLG 
(~10%) and (~5%), respectively. The normal, 
healthy state, whole unstimulated saliva flow 
(WUSF) rate is 0.3–0.5  mL/min, thus WUSF 
above 0.3 mL/min is considered normal. WUSF 
<0.1  mL/min is considered clinical SG hypo-
function and may result in xerostomia, the sub-
jective feeling of dry mouth [14, 15]. After 
stimulation (e.g., food, citric acid, etc.), the PG 
can increase their production up to tenfold and 
contribute at least 50% of the total volume to 
whole stimulated saliva (WSS) [3]. The normal 
WSS flow is in the range of 2–5 mL/min.

4.4.2  Autonomic Control of Salivary 
Fluid and Protein Secretion

Saliva secretion is largely under the control of the 
autonomic nervous system with parasympathetic 
and sympathetic inputs. This dual innervation 
corresponds with two major secretory pathways: 
fluid and ion secretion, and protein exocytosis. 

The acinar cells present a different set of ion- 
transport proteins in the apical membrane com-
pared to the basal membrane. Neighboring acinar 
cells, through tight junctions, aid in the mainte-
nance of the cell polarity; these junctions allow 
the movement of water, small molecules, and 
selected ions, such as Na+, that together with the 
net isotonic secretion by acinar cells leads to 
water movement and the formation of isotonic 
salivary secretion (Fig. 4.2).

The protein exocytosis is stimulated by sym-
pathetic nerve fibers through synergistic action of 
alpha 1 (α1) and beta 2 (β2) adrenergic receptors. 
The β2 receptors activate adenylate cyclase to 
increase intracellular cyclic AMP (cAMP) and 
the α1 receptors increase Ca2+ to modulate the 
cAMP-activated secretory process. The increase 
of cAMP causes the docking, fusion, and exocy-
tosis secretory granules that contain proteins and 
mucins. Parasympathetic stimulation works 
mainly through M3 receptors (although animal 
models and histological studies in human suggest 
the participation of M1 and M5 receptors as well 
[16]), which activates phospholipase C [17, 18]. 
This interaction increases the intracellular levels 
of Ca2+, leading to aquaporin 5 (AQP5) channels 
translocation towards the apical pole of acinar 
cells and activation of ion transporters and chan-
nels, which results in the production and secre-
tion of water and electrolytes (Fig. 4.2) [19].

Intracellular Ca2+ increase also synergizes 
with cAMP to augment protein secretion, while 
Ca2+ increase alone causes minimal protein secre-
tion [20]. cAMP which increases through activa-
tion of the G protein-coupled adenylate cyclase 
activity in response to noradrenaline released 
from the sympathetic nerve fibers is the major 
mediator of protein secretion. Simultaneous acti-
vation of parasympathetic and sympathetic nerve 
fibers at physiological low stimulus intensity 
results in maximal elevation of proteins secretion 
through synergy between cAMP and Ca2+ signal-
ing pathways [21–23]. Activation of the auto-
nomic nerves results in fusion of the storage 
granules with the apical membrane of acinar cells 
and release of the protein content into the acini 
lumen (Fig. 4.2) [24, 25]. The neuronal control 
herein described makes minor contributions to 
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the MSG secretions under physiological condi-
tions [7, 26].

4.4.3  Salivary Secretion 
Modification

Acinar cell polarity is necessary for the proper 
movement of salivary fluid and protein into the 
acinar lumen, then through the SG ductal network 
and into the oral cavity. In contrast to SG acinar 
cells, the SG ductal epithelial cells have water 
impermeable tight junctions that play an important 
role in the modification of the salivary secretion as 
it progresses through the ducts becoming hypo-
tonic [27]. Lysozyme and lactoferrin are added to 
saliva in the intercalated ducts, while the striated 
ducts reabsorb Na+ and Cl−, and add K− and bicar-
bonate to create the proper hypotonic salivary 
secretion [28]. Salivary secretion hypotonicity is 
affected by flow rate, thus stimulated salivary 
secretion presents higher Na+ and Cl− concentra-
tion. Conversely, during hyposalivation, levels of 
Na+ and Cl− are decreased.

Most of the knowledge accumulated to date 
on the secretion of salivary fluids was obtained 
by studying isolated acinar and ductal cells. A 
knowledge gap remains as to how these two cell 
types interact and function in concert with MEC 
to maintain SG healthy homeostasis and normal 
flow of saliva.

4.5  Myoepithelial Cells

4.5.1  Development and Structure

MEC are stellate-shaped cells located at the base 
of epithelial cells between the epithelial cells and 
the extracellular basal membrane of the terminal 
portion of most exocrine glands. Although MEC 
are of ectodermal origin, they present both epi-
thelial and mesenchymal structure and function. 
An immunohistochemical study using several 
markers for MEC showed they appear early in the 
development of the SG (weeks 10–18). By weeks 
19 to 24, the MEC start to express actin and begin 
to form actin microfilaments before acinar and 

ductal cells appear. Once acinar cells mature, the 
MEC elongate their cytoplasm. From weeks 25 
to 32, the MEC further elongate, flatten, and 
develop contractile characteristics between 
weeks 33 and 40 [29]. These findings are in line 
with more recent studies using single cell RNA 
sequencing in an in  vitro mouse model for SG 
development (Fig. 4.3).

The distribution of MEC in the major SG are 
similar; they surround the acini, intercalated 
ducts, and some striated ducts, but are absent in 
the excretory ducts (Fig.  4.1) [30, 31]. In the 
MSG, MEC surround the acini and its projec-
tions are present in the intercalated ducts, but not 
in the striated and excretory ducts. MEC sur-
rounding acini present a star-shaped form, with 
numerous branching processes, up to 30 termi-
nal processes (four to eight primary processes 
with two or more secondary branches for each 
primary process), a flattened nucleus, and a 
small peri-nuclear cytoplasm. In contrast, the 
MEC associated with intercalated ducts are fusi-
form and elongated with fewer processes 
(Fig. 4.3) [11, 31]. Due to the numerous MEC 
processes, all the acinar cells are in contact with 
MEC, thus the ratio of MEC to acinar cells is 
lower. Furthermore, acinar cells have a portion 
of their basolateral plasma membrane in direct 
contact with the basal lamina of the extracellular 
matrix (Figs. 4.1 and 4.3). A study of the major 
SG by Hardy et al. (1998), found that the distri-
bution of MEC are more abundant in pure 
mucous acini than the pure serous acini of the 
SMG and SLG, with PG showing a lower distri-
bution per surface area [30].

Most of the initial characterization of MEC 
has been done with electron microscopy and 
immunohistochemistry because they are diffi-
cult to identify in regular histology owing to 
their stellate shape. These cells are character-
ized by the expression of smooth muscle actin 
(SMA) (Fig.  4.3b), calponin, S100 calcium-
binding protein, integrin β1 (CD29), and p63. 
The nucleus of MEC is fusiform and parallel 
to the long axis of the cell surrounded by a 
minima of organelles. The remaining cyto-
plasm is occupied by parallel arrays of micro-
filaments that gather in dense bodies 
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terminating into the plasma membrane. These 
structural characteristics correlate with the 
ability of MEC to contract. Numerous physio-
logical studies in several animal models indi-
cate that MEC contract under both sympathetic 
and parasympathetic nerve stimulation [32–
34]. This makes physiologic sense since fluid 
and protein vesicle secretion are regulated 
chiefly by parasympathetic and sympathetic 
stimuli, respectively.

Ultrastructurally, MEC attach to the extracel-
lular matrix through hemidesmosomes forming 
an interconnected meshwork across the basolat-
eral surface of the acini or ducts. The area of the 
MEC that approximate the termination of nerve 
fibers are the caveolae [35]; however, the exact 
function of the caveolae in the physiology of 
MEC has not been studied. One can speculate 
that their distribution suggests a role similar to 
that of the caveolae in smooth muscle where they 

Myoepithelial cell
Basal Lamina

Desmosome

Smooth muscle actin

Dense Bodies

Caveolae

Acinar cellsAcinar cells

A’
a’a
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Intercalated duct cell

Fig. 4.3 Myoepithelial cells (MEC), relationship with 
acinar cells and principal structural characteristics. (a) 
Representation of an acini and the relationship with 
MEC.  Per each acinus, there are about two to four 
MEC. The MEC of acini have several extensions that sur-
round the acini like a basket. The intercalated duct has 
fewer MEC and they are more elongated with just two 

extensions. (a′) Representation of a single MEC showing 
the principal subcellular structural characteristics. (b) 
Immunofluorescence of smooth muscle actin in a human 
parotid gland, showing the typical staining of MEC 
(green). The extensions of the MEC appear as a discrete 
segment of staining
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play a role in coordinating the contractibility of 
the muscle. Caveolae, which are associated with 
stress fibers, could provide an important strategy 
for cells to deal with mechanical stresses 
(Fig. 4.3) [35]. MEC attach to the epithelial cells 
through desmosomes [36]; the latter are charac-
terized by resisting mechanical stress because 
they adopt a hyper-adhesive state [37]. Given the 
adhesive properties of desmosomes, this interac-
tion likely provides more than structural support, 
possibly promulgating a dynamic cell-to-cell 
communication network. In SG, despite being 
clearly identified in electron microscopy, the 
molecular structure of the desmosomes that con-
nect epithelial cells to MEC has not been ade-
quately described.

4.5.2  Functions of Myoepithelial Cells

Since the MEC were first described in the SG of 
cats, their principal role was thought to be a 
mechanical aid in the secretion of saliva, mostly 
through coordinated contraction and relaxation 
of the acini and in the ducts, respectively. 
Experimental work in the SG of dogs established 
that MEC played a minor role in the expulsion of 
saliva during basal flow, but plays an outsized 
role when secretion was required at increased 
rates such as during stimulation. This function is 
more relevant in the mucous glands and in 
response to adrenergic stimulation [38]. 
Stimulation of sympathetic nerves causes vaso-
constriction and contraction of the MEC [38, 39]. 
It has been proposed that this contraction forces 
the saliva out of the acini and into the duct net-
work, facilitating the secretion of a smaller vol-
ume of thick saliva that is rich in mucins.

Given the location of MEC (at the base of the 
epithelial cells), it is thought that MEC also act as 
support for the secretory cells; however, it is not 
clear what subcellular structures would be 
involved in this function and how important it is 
for the maintenance of the acinar and ductal cell 
function and survival. MEC secrete proteins such 
as fibronectin, laminin, and elastin, which makes 
them important contributors to the organization 

of the basal membrane and the proper attachment 
of the epithelial cells. Additionally, it is thought 
that the MEC processes aid in the rigidity and 
patency of the SG, preventing them from becom-
ing obstructed, specifically during mastication 
when the SG undergo physical changes (e.g., the 
PG can be deformed easily during mastication 
and masseteric contraction due to the lower num-
ber of MEC) [40]. Given the differences in the 
number of MEC in different SG, we can specu-
late that this function would be more relevant in 
mucous and seromucous SG (SMG, SLG, and 
MSG) than in serous SG (PG) that deform more 
easily during mastication, thus releasing more 
secretions.

Microscopy studies of MEC have shown the 
presence of basal infoldings, pinocytotic vesicles, 
increased alkaline phosphatase and Mg2+-
dependent adenosine triphosphatase (ATPase) 
activity, and positive staining for iron-binding 
protein ferritin. These characteristics propose a 
role of MEC in the transport of metabolites in the 
secretory process. However, this is not well char-
acterized [41–43].

4.5.3  Myoepithelial Cells in Salivary 
Gland Pathology

More than 70% of the MEC literature is related to 
SG neoplasia. This is due to the expression of 
myoepithelial markers as a common finding in 
SG tumors. Distinct tumor types show differ-
ences with regard to various MEC markers and 
can be useful for differential diagnosis of SG 
tumors. In other glandular tissues, like mammary 
glands, MEC appear to resist neoplastic transfor-
mation by producing a combination of proteins 
that have tumor-suppressor activity that inhibit 
tissue angiogenesis, invasion, metastasis, and can 
restrain and recapture invasive cancer cells [44]. 
However, this tumor suppressive program in SG 
MEC is not clear. MEC have the capacity to dif-
ferentiate into epithelial as well as mesenchymal 
components in pleomorphic adenomas, the most 
common benign salivary tumor; these tumor cells 
have been termed the neoplastic myoepithelial 
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cells (NMEC). It is thought that MEC can modify 
the biological behavior of SG tumors. SG carci-
nomas with histopathological evidence of active 
participation of MEC are generally those taking 
origin from the intercalated ducts and secretory 
end pieces. These carcinomas tend to be classi-
fied as low grade with a low ability to metasta-
size. This correlation is an argument on the 
antitumoral activity of MEC; however, SG neo-
plasms are not extensively studied and the real 
role of MEC is not clear.

MEC have been implicated in other nonneo-
plastic disorders such as benign lymphoepithelial 
lesions and Sjögren’s syndrome (SS). The latter 
is a systemic autoimmune disease that primarily 
affects salivary and lacrimal glands. Similar in 
function to AQP5 in the acinar cells, aquaporin 4 
(AQP4) normally expressed in MEC is downreg-
ulated in SS. The presence of AQP4 in MEC sug-
gests a role of these cells in the transport of water 
during saliva production and secretion. This phe-
nomenon suggests that the capacity for water to 
flow across the membrane of MEC may be altered 
in SS [45]. Mouse models of SS present atrophy 
of MEC in lacrimal glands as a consequence of 
chronic inflammation [46, 47]. In MSG of SS 
patients, p63 nuclear labeling in SS MEC is pre-
served, whereas α-SMA cytoplasmic staining is 
strongly and significantly reduced when com-
pared with healthy SG [48]. Although the physi-
ological consequences of these changes have not 
been established, it may implicate reduced MEC 
contractile properties as contributing to reduced 
saliva flow in these patients [48].

Parotitis is clinically evident as a bilateral 
swelling of the PG and occur in diseases with 
severe and long-standing hormonal metabolic 
disturbances, or systemic immune dysfunction 
[49]. Glands from patients with sialadenosis 
(non-inflammatory, nonneoplastic swelling of 
SG such as parotitis) exhibit significant loss and 
thinning of the myofilament elements within the 
MEC, and consequently, a loss of mechanical 
support for the acini has been reported [50]. The 
authors proposed that a functional deficit of the 
MEC allows acinar cells to expand as secretory 
granules accumulate intracellularly. This acinar 
cell enlargement is thought to be a consequence 

of an autonomic neuropathy, secondary to severe 
metabolic or hormonal disorders; however, no 
further studies have been reported.

Although great advances have been made in 
understanding the mechanisms for head and 
neck radiation therapy (RT)-induced salivary 
hypofunction, no effective therapy exists to date 
to prevent SG damage or to regenerate SG tis-
sues [51–53]. Moderate to high RT dosages are 
devastating to the SG tissues, thus resulting in 
lower salivary flow. Acinar epithelial cells pres-
ent the highest degree of atrophy followed by 
ductal epithelia after a single dose of radiation 
therapy [52, 54, 55]. High radiation doses to the 
SG may result in the elimination of serous acini 
and a significant decrease in the number and 
size of mucous acini [51]. On the contrary, MEC 
have been shown to be less susceptible to radia-
tion damage (i.e., structurally and enzymati-
cally) in both humans and rats [51, 56, 57] and 
to some extent, resist atrophy. Similar results 
have been obtained in experimental models of 
SG atrophy and regeneration [58–60]. The 
implications for MEC resistance to RT and the 
development of therapy to recover or improve 
SG function are still not clear.

4.5.4  Recent Advances

It is clear that MEC represent an important cell 
type within the SG.  Recent technological 
advances should provide unprecedented opportu-
nities to better dissect the role of MEC in the 
physiology and functional properties will aid in 
the development of new therapies to restore the 
function of damaged SG.  One example is the 
development of a purification method for MEC 
from human salivary tissue explants [61]. This 
work demonstrated that cells with characteristics 
similar to MEC in the tissue proved their contrac-
tile function in vitro.

Transgenic animal models, such as the 
SMACreErt2/+:Rosa26-TdTomatofl/fl mouse strain that 
allows genetic labeling of SMA+ MEC and peri-
cytes, have also been successfully utilized to iso-
late MEC from lacrimal glands and SMG [62]. 
This could be used for RNA sequencing or cell 
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line development and paired with 3D culture tech-
niques, which could open the door to better ana-
lyze their physiology and interaction with acinar 
cells and extracellular matrix. Also, the animal 
model could be instrumental in understanding the 
physiology of the MEC when paired with intravi-
tal two-photon microscopy tools that allow for 
real-time imaging of physiological processes [63].

4.6  Summary and Conclusion

It is clear that MEC play an important role in the 
normal function of SG. In this article, we briefly 
reviewed the biology and physiology of SG and 
the production and secretion of salivary fluids. 
We highlighted salient aspects of MEC physiol-
ogy and function in normal and pathologic con-
ditions involving the SG. This review emphasizes 
that although much is known about the MEC, 
further studies are needed to better elucidate 
their involvement in the production and secre-
tion of salivary secretions. A clearer understand-
ing of the integral nature of MEC in SG function 
is vital to develop new, effective therapies for 
SG diseases including salivary hypofunction 
(e.g., Sjögren’s Syndrome, radiation-induced 
xerostomia) and SG neoplasms of purported 
myoepithelial origin (e.g., pleomorphic ade-
noma, myoepithelial cell carcinoma).
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Innate Immune Dysregulation 
in Sjögren’s Syndrome

Jeremy Kiripolsky and Jill M. Kramer

5.1  Introduction

Sjögren’s syndrome (SS) is an autoimmune dis-
ease characterized by exocrine gland dysfunc-
tion in addition to many systemic manifestations 
including autoantibody production, pulmonary 
fibrosis, and B cell lymphoma [1]. SS primarily 
effects middle-aged women and occurs in two 
forms: primary (pSS) and secondary (sSS) [1]. 
Patients with pSS have SS in isolation, while 
those with sSS display another autoimmune 
connective tissue disease, such as systemic 
lupus erythematosus (SLE) or rheumatoid 
arthritis (RA) [2]. The disease etiopathology is 
poorly understood and there are currently no 
known treatments that target underlying disease 
mechanisms.

The adaptive immune response has long 
been recognized as an essential component of 
pSS disease development [3, 4]. Although 
adaptive immunity is a central player in dis-

ease, more recent work reveals an important 
role for the innate immune response in the 
development and progression of pSS.  Since 
reliable markers for early pSS disease in 
humans have yet to be established, studies 
focusing on disease etiology in SS mouse mod-
els are critical to inform our knowledge of 
early disease events [5–8]. Murine studies 
examining disease kinetics show that activa-
tion of signaling networks involved in the 
innate immune response occurs early in the 
disease process and persists throughout the 
disease course [9–12]. Significantly, early acti-
vation of innate pathways in chronic inflamma-
tion results in subsequent recruitment and 
activation of adaptive immune cells in pSS 
mouse models [10–13].

Studies show heightened innate immune 
activation in both the exocrine glands and sys-
temically in pSS patients. In particular, dysreg-
ulation of interferons (IFNs) and IFN- inducible 
genes are a hallmark of disease [14, 15]. IFNs 
are produced as a result of activation of many 
diverse innate immune sensors, including Toll-
like receptors (TLRs) [16–18]. In addition, cell 
populations that are required for innate defense, 
including dendritic cells (DCs), macrophages, 
natural killer (NK) cells, innate lymphoid cells 
(ILCs), and salivary and lacrimal epithelium, 
are altered both locally and systemically in pSS 
patients and in various pSS mouse models of 
disease. Within this chapter we will examine 
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both the innate cell types and pathways that are 
dysregulated in pSS as well as putative causes 
of disease initiation and progression. We will 
discuss pattern recognition receptors (PRRs) 
and cognate ligands in the context of disease. 
We will provide an overview of the factors that 
govern pSS susceptibility, including genetics, 
infection, and alterations in the microbiome. 
Lastly, we will review emerging therapies that 
target innate immune dysregulation in pSS.

5.2  Innate Immune Pathways 
Mediate Disease

5.2.1  Toll-like Receptor Signaling: 
Murine Studies

Toll-like receptors are ancient pattern recognition 
receptors (PRRs) expressed on all cell types, 
including immune and epithelial cells [19]. TLRs 
recognize both pathogen-associated molecular 
patterns (PAMPs) derived from pathogens and 
danger-associated molecular patterns (DAMPs) 
from endogenous sources [20]. TLRs are found 
both on the cell surface and endosomal compart-
ments and upon ligation they recruit adaptor mol-
ecules essential for signal transduction [20]. 
There are 10 distinct TLRs identified in humans 
and 12 in mice [21]. They signal either as homodi-
meric or heterodimeric complexes and many 
require additional co-receptors to mediate inflam-
mation [21]. TLR activation triggers cytosolic 
signaling cascades that rely on myeloid differen-
tiation primary response 88 (MyD88) or TIR- 
domain- containing adapter-inducing interferon-β 
(TRIF) adaptor molecules [22, 23]. Activation of 
TLR signaling pathways results in a myriad of 
inflammatory outcomes including the transcrip-
tion of pro-inflammatory cytokines and chemo-
kines [24].

TLR dysregulation is an important mechanism 
that contributes to chronic inflammation in numer-
ous autoimmune diseases [24]. Accordingly, aber-
rant activation of TLR signaling pathways plays a 
critical role in the development of autoimmune 
diseases such as SLE, RA, and multiple sclerosis 
(MS) [24, 25]. While the role of TLRs is well 

understood in many autoimmune diseases, the 
activation and signaling of these receptors is 
poorly understood in the context of pSS. Studies 
in pSS patients are crucial to understand key 
events in disease pathogenesis, and mouse models 
remain invaluable in elucidating the mechanistic 
underpinnings of this disease. While a detailed 
review of these studies is provided elsewhere 
[26], we will summarize findings related to TLR 
signaling in SS in the following section.

One of the most well-studied SS murine mod-
els is the NOD/ShiLt strain. NOD/ShiLt animals 
exhibit secondary SS (sSS), as this model devel-
ops SS and type I diabetes concomitantly [27]. 
Studies in this strain suggest that TLR activation 
may contribute to salivary-specific disease mani-
festations, as NOD/ShiLt animals display 
increasing expression of TLR1, TLR2, TLR3 
TLR4, and TLR9 in submandibular salivary gland 
(SMG) tissue with disease progression [9]. 
Interestingly, treatment of NOD/ShiLt animals 
with chloroquine, an inhibitor of endosomal acid-
ification, resulted in diminished TLR levels and 
decreased lymphocytic infiltrates in SMG tissue. 
While the inhibitory effects of chloroquine are 
not limited to endosomal TLRs, this work sup-
ports a role for heightened TLR activation in sali-
vary tissue in SS [9, 28].

Further studies in a related model, NOD.
B10Sn-H2b/J (NOD.B10) provide corroborative 
evidence for the importance of TLR activation in 
disease. The NOD.B10 model was derived from 
the NOD/ShiLtJ by replacing the diabetes- 
susceptible MHC locus with that from a healthy 
C57BL/10 animal [29]. Subsequent work revealed 
that NOD.B10 mice develop SS, but are protected 
from diabetes and thus NOD.B10 animals are a 
good model for the study of pSS [7, 29, 30]. Work 
in the NOD.B10 strain demonstrated that MyD88, 
an adaptor used by most TLRs and IL-1R family 
members, is required for both local and systemic 
pSS manifestations [22, 31]. In the NOD.B10 
mouse model, systemic knockout of MyD88 
resulted in protection from loss of salivary flow 
and reduced prevalence of lymphocytic infiltrates 
in the lacrimal tissue and SMG derived from 
female mice [31].  MyD88- deficient NOD.B10 
mice were also protected from extraglandular 
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manifestations including decreased lymphocytic 
infiltration of both the lung and kidney and dimin-
ished total and autoreactive antibodies when com-
pared to the parental strain [31]. While it is 
important to point out that several IL-1R family 
members also rely on MyD88 for signal transduc-
tion, this work provides evidence that activation 
of TLR ligation likely contributes to chronic 
inflammation in pSS.

Elegant studies performed in NOD/ShiLt ani-
mals lead to the identification of the genetic loci 
required for the exocrine-related SS disease man-
ifestations in this model, and when these NOD- 
derived loci are expressed in healthy C57BL/6 
mice the animals develop pSS [32]. Microarray 
studies in this strain, termed C57BL/6.NOD- 
Aec1Aec2, revealed that several genes associated 
with innate immunity were dysregulated in SMG 
tissue early in the course of disease, including 
those related to TLR3 activation [12]. Therefore, 
these data suggest multiple TLR pathways are 
integral to pSS, and activation of these signaling 
networks may represent an initial event in pSS 
disease pathogenesis.

Additional corroborative work demonstrates 
that ligation of TLR3, TLR4, or TLR5 in healthy 
mice results in development of a pSS-like disease. 
Specifically, when C57BL/6 mice were treated 
with the TLR3 agonist polyinosinic:polycytidylic 
acid (poly(I:C)) or the TLR4 agonist lipopolysac-
charide (LPS), the mice exhibited reduced sali-
vary and lacrimal flow and displayed increased 
expression of pro- inflammatory cytokines in lac-
rimal and SMG tissue [33–35]. Moreover, 
C57BL/6 mice treated with the TLR5 agonist 
FliC developed salivary inflammation and exhib-
ited elevated serum levels of IgG and anti-Ro 
(SSA) autoantibodies [36]. In addition, agonism 
of TLR3 accelerated disease in the SS-susceptible 
New Zealand Black (NZB)/WF1 mouse model 
[33, 37], as TLR3 ligation resulted in upregulation 
of type I IFN and IFN- responsive genes and cyto-
kines in SMG tissue and also reduced saliva pro-
duction. Since lymphocytic infiltrates were not 
observed in the salivary tissue following this treat-
ment, TLR3 activation of innate immune cells and 
salivary epithelial cells is likely to be an important 
source of exocrine inflammation in this model 

[37]. Thus, several lines of evidence from both 
pSS and sSS mouse models demonstrate the 
importance of TLR signaling in disease.

5.2.2  Human Studies Corroborate 
Findings in Mouse Models

Of significant clinical relevance, tissue derived 
from patients with pSS demonstrates dysregula-
tion of numerous TLRs in both peripheral blood 
and salivary tissue [26]. Accordingly, salivary tis-
sue from pSS patients shows increased expression 
of TLR1, TLR2, TLR4, and TLR6 and peripheral 
blood cells from pSS patients are hyper-respon-
sive to TLR2, TLR4, and TLR6 agonism as com-
pared to healthy controls [38, 39].

Moreover, salivary gland epithelial cells 
(SGECs) from pSS patients express functional 
TLR3 [39]. Ligation of TLR3 increases expres-
sion of TLR3 as well as co-stimulatory molecules 
[39–41]. Furthermore, minor salivary gland 
(MSG) biopsies from pSS patients show increased 
levels of a signaling intermediate employed by 
TLR3, RIPK3 kinase [41]. TLR3 ligation also 
promotes apoptosis in salivary tissue derived 
from both healthy controls and pSS patients [40–
42]. Finally, stimulation of salivary cells with a 
TLR3 agonist induces secretion of BAFF [43], a 
potent mediator of B cell survival that plays a 
pivotal role in pSS disease [44, 45].

Finally, altered expression and activation of 
TLR7, TLR8, and TLR9 is described both locally 
and systemically in pSS patients [43, 46–48]. 
Expression of TLR7 and TLR9 is described in 
the epithelial cells and lymphocytes in pSS 
parotid glands [46]. Furthermore, studies in pSS 
salivary tissue reveal higher levels of TLR7 and 
TLR9 in the parotid and elevated TLR8 and TLR9 
in MSG tissue as compared to controls [46, 49]. 
Moreover, TLRs are dysregulated in peripheral 
blood from pSS patients. Of particular relevance 
to the innate immune response, CD14+ mono-
cytes derived from pSS patients with a positive 
IFN gene signature show elevated TLR7 expres-
sion and decreased TLR9 expression [47]. In 
addition, stimulation of DCs derived from pSS 
patients with the TLR7/8 agonist CL097 drives 
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enhanced maturation of this population [50]. Of 
note, TLR7 promotes inflammation in the related 
autoimmune disease, SLE, while TLR9 activa-
tion ameliorates this inflammatory phenotype 
[51], although it is unclear whether this paradigm 
extends to pSS as well. Taken together, these 
studies demonstrate a compelling role for innate 
immune activation via TLRs in the context of 
pSS, although the disease-relevant ligands and 
the pathologic consequences of activation of 
these receptors in specific tissues remain poorly 
understood.

5.2.3  Inflammasome Activation Is 
Implicated in pSS

The inflammasome is a large heteromeric protein 
complex that mediates innate immune defense 
[52]. Although there are several types of inflam-
masomes, the NLRP3 and AIM2 inflammasomes 
are the best studied in the context of autoimmu-
nity to date [53]. Inflammasomes are activated by 
PAMPs and damage-associated molecular pat-
terns (DAMPs) through both cell-surface and 
cytosolic receptors [53, 54]. Secretion of the pro- 
inflammatory cytokines IL-1β and IL-18 is a hall-
mark of inflammasome activation and these 
cytokines are elevated both locally and systemi-
cally in pSS mouse models and patients [53, 55–
59]. One of the ways in which inflammasome 
activation occurs is through P2X7 receptor 
(P2X7R) signaling. The P2X7R is a ligand (ATP)-
gated ionotropic P2XR that is expressed ubiqui-
tously and is activated by ATP that is released 
extracellularly as a consequence of cellular dam-
age [60]. This receptor is considered to be one of 
the most potent activators of the NLRP3 inflam-
masome and activation of this complex results in 
secretion of IL-1β and IL-18 [60].

Agonism of the P2X7R in salivary epithelium 
contributes to inflammation in the context of 
pSS. Significantly, the P2X7R plays a central role 
in salivary gland inflammation, as studies in mice 
reveal that the highly specific P2X7R agonist, 
Bz-ATP, induces robust sialadenitis [61]. 
Moreover, recent work in another pSS model 
(CD28−/− IFN γ−/− NOD.H-2h4) showed P2X7R 

antagonism decreased salivary inflammation and 
protected against loss of salivary flow [62]. In 
addition, when the P2X7R was deleted in IL-14α 
transgenic mice, another well-established model 
of pSS, animals showed reduced B and T cell 
infiltration in the salivary tissue [63].

This work is highly relevant to the human dis-
ease, as P2X7R expression is increased in pSS 
salivary tissue and polymorphisms in P2X7R are 
identified in pSS patients [56, 64]. In addition, 
the inflammasome components NLRP3, ASC, 
and Caspase-1 are elevated in MSG biopsies 
from pSS patients as compared to those of healthy 
controls [56]. Furthermore, IL-18 is increased in 
pSS saliva samples, providing corroborative evi-
dence for activation of P2X7R-mediated signal-
ing in pSS salivary tissue [56]. In separate studies, 
both IL-1β and IL-18 were elevated in the sera 
and saliva of pSS patients [57, 65]. One study 
that stratified pSS patients by lymphoma risk 
found patients at high risk of developing lym-
phoma had higher IL-1β and IL-18 levels as com-
pared to healthy controls [66]. Moreover, pSS 
patients with lymphoma had higher IL-18 levels 
than healthy controls and those that were at risk 
for lymphoma development [66].

Significantly, data indicate that inflammasome 
activation has important implications for devel-
opment of B cell lymphoma in SS, as P2X7R, 
NLRP3, Caspase-1, and IL-18 expression 
increased with the number of lymphocytic foci 
and were higher in patients who developed non- 
Hodgkin’s lymphoma during the course of the 
study [67]. Furthermore, SS patients who devel-
oped lymphoma had a threefold higher glandular 
expression of IL-18 than patients with SS alone 
[67]. While further studies are needed to deter-
mine whether inflammasome activation is an 
early event in lymphoma development, these 
results suggest that IL-18 may have utility as a 
biomarker for lymphoma in SS patients.

In addition to P2X7R-mediated inflammasome 
activation, elegant work demonstrates pSS 
patients who are at high risk of lymphoma and 
those that have lymphoma manifest high levels of 
cell-free DNA (cf-DNA) associated with 
impaired DNase I activity [66]. Cell-free DNA is 
a known inflammasome agonist and these subsets 
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of pSS patients accumulate cf-DNA in the sera, 
salivary glands, and peripheral blood. In addi-
tion, pSS patients show increased expression of 
inflammasome-related proteins in sera [66]. 
Furthermore, pSS patients with lymphoma dis-
play more robust inflammasome dysregulation 
and higher cf-DNA levels than pSS patients who 
do not have lymphoma [66]. Taken together, this 
work suggests that inflammasome activation is an 
important disease mechanism that contributes to 
chronic inflammation and lymphoma develop-
ment in pSS patients.

5.2.4  Emerging Work Describes 
a Role for Additional Innate 
Immune Sensors in pSS 
Pathogenesis

Activation of the STING pathway is emerging as 
an important disease mechanism in autoimmunity 
[68]. Cyclic GMP-AMP synthase (cGAS) is a 
PRR that binds to cytosolic DNA [68]. Upon liga-
tion, cGAS mediates upregulation of inflamma-
tory mediators, including type I IFNs, through 
engagement of STING [68]. Studies in a murine 
model provide compelling evidence that STING 
activation contributes to pSS pathogenesis. Indeed, 
treatment of C57BL/6 mice with the highly spe-
cific STING agonist dimethylxanthenone- 4-acetic 
acid (DMXAA) resulted in focal lymphocytic sial-
adenitis along with decreased salivary production 
[69]. Moreover, DMXAA agonism led to enhanced 
expression of IFNβ1, IL-6, and TNFa in salivary 
gland tissue and these cytokines were also found 
in increased quantities in the sera [69]. Importantly, 
IFNγ was elevated in salivary tissue following 
DMXAA treatment and elegant work revealed that 
salivary Type I ILCs were expanded and identified 
this population as the primary source of IFNγ in 
SMG tissue in disease [69]. Of note, numerous 
PRRs, including STING, activate TANK-binding 
kinase-1 (TBK1) to mediate downstream signal-
ing outcomes, ultimately resulting in induction of 
IFN-stimulated genes [70]. Increased phosphory-
lation of TBK1 was observed in plasmacytoid DCs 
(pDCs) derived from IFN- positive pSS patients as 
compared to healthy controls [70], providing sup-

port for a role for STING activation in the human 
disease.

IFN-inducible protein 16 (IFI16) is innate 
immune sensor that forms filamentous oligomers 
when activated by double-stranded DNA (dsDNA) 
[71]. Emerging work identified IFI16 filaments in 
salivary ductal epithelial cells and found that auto-
antibodies from pSS patients bind to IFI16 more 
efficiently in its filamentous state [71]. Finally, the 
RNA-sensing PRRs retinoic acid inducible gene 1 
protein I (RIG-I) and melanoma- differentiation-
associated gene 5 (MDA5) are dysregulated in the 
context of pSS [47]. Both proteins recognize viral 
nucleic acids [72–75]. A study using monocytes 
derived from pSS patients who were classified 
according to their IFN signature found that both 
RIG-I and MDA5 were upregulated in the pDCs 
and monocytes of IFN-positive patients [47]. 
Immunohistochemical studies of pSS salivary tis-
sue revealed strong expression of both RIG-I and 
MDA5 within the lymphocytic foci [47]. 
Altogether, these data provide corroborative evi-
dence that ligation of innate immune sensors by 
DNA derived from viral infection or damaged host 
cells could be an underlying disease mechanism 
driving pSS development.

Finally, the receptor tyrosine kinases Tyro-3, 
Axl, and Mer (collectively referred to as TAM 
receptors) are integral to many diverse cellular 
processes, including phagocytosis, inflammation, 
and development [76]. TAM receptors are 
expressed on many different cell types, including 
monocytes and macrophages [76]. These recep-
tors play an essential role in mitigating excessive 
inflammatory responses through inhibition of 
type I IFN and TLR-mediated signals and by 
facilitating phagocytosis of apoptotic cells [77]. 
TAM receptors are implicated in numerous auto-
immune diseases but remain poorly understood 
in pSS [76, 78]. However, since pSS is character-
ized by excessive IFN and TLR-mediated signal-
ing and enhanced apoptosis is observed in pSS 
salivary tissue, TAM receptor activation likely 
contributes to disease [26, 78, 79]. Work done in 
a pSS mouse model at the clinical disease stage 
identifies dysregulation in TAM receptor genes 
and associated ligands within salivary tissue [78]. 
Thus, accumulating evidence points to a role for 
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numerous types of innate immune sensors in pSS 
and further studies are required to determine 
whether targeting of these may represent novel 
therapeutic approaches in disease.

There are many different innate immune pop-
ulations that mediate pSS disease pathogenesis in 
both mice and humans, including DCs, macro-

phages, NK cells, ILCs, and SGECs. Since the 
role of these cells in disease have been covered 
extensively in recent reviews [1, 80], a concise 
summary of the role of each cell type in both 
murine and human disease is provided in Tables 
5.1 and 5.2, respectively.

Table 5.1 Innate immune cells mediate pSS pathogenesis in murine models

Cell type Tissue Pathogenic finding Mouse model
DCs • SMG

•  Lacrimal 
gland

•  Increased DCs in early inflammatory infiltrates 
following treatment with a TLR3 agonist [81]

•  Salivary DCs exhibit diminished co-stimulatory 
molecule expression [82]

•  CD11c + cells increase in SMG tissue with disease 
progression [83]

•  Salivary gland hypofunction associated with pDC 
accumulation in SMG [84]

•  pDCs modulate autoreactivity to the RNA-binding 
nuclear antigen La [85]

•  Ocular surface DCs are required for autoreactive T 
cell-mediated lacrimal keratoconjunctivitis [86]

• NZB/WF1 [81]
•  C57BL/6.NOD-Aec1/

Aec2 [82]
•  NOD/ShiLtJ [83]
•  Immunized (NZB x 

NZW)F1 [84]
•  Adoptive transfer of 

human La-specific CD4+ 
T cells [85]

•  Adoptive transfer of T 
cells using desiccating 
stress model [86]

Macrophages • SMG
• WAT
•  Lacrimal 

glands

•  CCL22-resident macrophages increased in SMG, 
CCL22 induced T cell migration and IFNγ production 
[87]

•  Proportion and absolute numbers of macrophages 
higher in WAT; macrophages increased in cervical 
WAT around SMG. Elevated MCP-1 seen in SMG and 
WAT [88]

•  CD68+ cells increase in SMG tissue with disease 
progression [83]

•  Systemic depletion of macrophages resulted in 
improved tear secretion and ocular surface integrity 
[89]

•  Thymectomized NFS/sld 
[87]

• ArKO [88]
• NOD/ShiLtJ [83]
• Aire-deficient [89]

NK cells • SMG •  NK cell-mediated apoptosis of CD4+ T cells [90]
•  Increased NK cells in early inflammatory infiltrates 

following treatment with a TLR3 agonist [81]

• mCMV model [90]
• NZB/WF1 [81]

Glandular 
epithelial cells

• SMG
•  Lacrimal 

tissue
• SGECs

•  TLR1, TLR2, TLR3, TLR4, TLR7, TLR9, and MyD88 
expression increases with disease progression [9]

•  Salivary epithelial cells express TLR3 [37]
•  SGECs overexpress miR-146a and have diminished 

CD80 expression [82]
•  TLR3 agonism induces innate immune response in 

lacrimal gland tissue [35]
•  SGECs express elevated levels of co-stimulatory 

molecules and inflammatory cytokines [37, 91, 92]
•  Salivary epithelial cells express functional P2X7R [61, 

62]
•  Lacrimal epithelial cells that lack IκB-ζ demonstrate 

SS-like inflammation [93]

• NOD/ShiLt [9, 92]
• NZB/WF1 [37]
•  C57BL/6.NOD-Aec1/

Aec2 [82]
• C57BL/6 [35]
• RbAp48 Tg [91]
• P2X7R-deficient mice [61]
•  Tissue-specific ablation of 

Nfkbiz [93]

ILCs • SMG • Significant source of IFNγ in salivary tissue [69] •  DMXAA-treated 
C57BL/6 [69]

ArKO Aromatase knockout, WAT white adipose tissue, RbAp48 Tg retinoblastoma-associated protein 48 transgenic
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5.3  Underlying Causes of Innate 
Immune Activation

5.3.1  PAMPs Contribute 
to the Development 
and Progression of pSS

Innate immunity is triggered by environmental 
stimuli such as viruses and bacteria and many 
microbial infections are implicated in autoim-
mune disease [117, 118]. Significantly, a subset 
of pSS patients display an IFN gene signature in 
both salivary tissue and peripheral blood, indicat-
ing dysregulation of genes that are modulated by 

IFNs [119–123]. Corroborative work in both 
mice and patients reveals high levels of both 
IFNα and IFNβ in salivary tissue and in periph-
eral blood [14, 49, 122, 124, 125]. Of note, pSS 
patients exposed to viral antigens through vacci-
nation demonstrated heightened innate immune 
activation as compared to healthy controls [105]. 
It is well established that viral infections induce 
high levels of type 1 IFN, yet there are few stud-
ies that link viruses conclusively to pSS onset. 
However, several lines of evidence point to a role 
for cytomegalovirus (CMV), hepatitis delta virus 
(HDV), and Epstein–Barr virus (EBV) in the 
pathogenesis of pSS.

Table 5.2 Dysregulation of the innate immune response is implicated in pSS in humans

Cell type Tissue Pathogenic finding in pSS
DCs • Peripheral blood

• MSG
•  Circulating pDCs and moDCs secrete pro- inflammatory cytokines 

including IFNα in response to TLR agonists [50, 94–97]
•  Circulating pDC miRNA is dysregulated [98]
•  IFN-positive circulating pDCs have altered expression of innate immune 

sensors in [47]
•  pDCs and myeloid DCs are decreased in peripheral blood and increased in 

salivary tissue [99–101]
• DCs accumulate with increased disease severity in salivary tissue [102]
• Follicular DC networks observed in salivary tissue [103, 104]

Monocytes • Peripheral blood
• MSG

• Peripheral CD14+ monocytes:
 •  Increased TLR7 expression in IFN-positive patients; decreased TLR9 

expression in IFN-positive and negative patients [47]
 •  Show NLRP3 activation and heightened responsiveness to NLRP3 

stimuli [66]
 • Increased responsiveness to viral antigens following vaccination [105]
• Increased salivary CD16+ monocytes [106]

Macrophages • MSG • Pro-inflammatory cytokine expression [58, 87]
•  Macrophage accumulation and expression of macrophage-associated 

genes correlate with disease severity [102, 107]
• Exhibit evidence for NLRP3 activation and pyroptosis [66]

NK cells • Peripheral blood
• MSG

•  Circulating levels of the NK-specific NCR3/NKp30 receptor increased in 
pSS patients [108]

•  NK cell accumulation in salivary tissue correlates with severity of loss of 
flow [108]

• Significant source of IL-22 [109]
• Decreased circulating NK cells [99]

Exocrine tissue •  pSS and control 
SGECs

• MSG
•  A253 salivary 

gland cell line

• Increased TLR expression [38, 39, 41, 43, 46, 47]
• Express functional TLRs [39, 41–43, 48, 80, 110, 111]
• Co-stimulatory function [39, 112]
• Pro-inflammatory cytokine secretion [58, 97, 112, 113]
• Promote T cell differentiation [114]
• Express functional ERs [115]

ILCs • Peripheral blood •  ILC1 frequency in peripheral blood correlates with disease activity in pSS 
[116]

•  IFN-high pSS and SLE patients have higher levels of circulating ILC2s as 
compared to IFN-low patients [116]

MoDC monocyte-derived dendritic cell, ER estrogen receptor
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The role of CMV in pSS is somewhat contro-
versial, as one study found innate immune acti-
vation by CMV may contribute to disease [126], 
although more recent work found either no dif-
ferences in antibody titers to CMV between pSS 
patients and healthy controls [127] or that anti- 
CMV antibodies actually protect against SS 
development [128]. However, work in mice sug-
gests CMV may be an etiologic agent in disease, 
as an autoimmune-prone model develops pSS- 
like disease more rapidly than controls when 
infected with murine CMV [129]. Thus, further 
work is needed to clarify whether CMV infec-
tion may be an etiologic agent in pSS disease 
development.

In addition, HDV may promote a pSS-like 
phenotype, as HDV transcripts were identified in 
50% of pSS salivary tissue samples examined 
and expression of HDV antigens in murine sali-
vary tissue resulted in reduced salivary flow, 
increased sialadenitis, and development of auto-
antibodies [130]. Interestingly, pSS patients with 
HDV transcript levels similar to healthy controls 
had more robust pSS manifestations than those 
with high levels, leading the authors of the study 
to hypothesize that detection of HDV may iden-
tify patients at early stages of disease [130].

Investigators have explored the link between 
EBV and pSS for many years [131]. Recent work 
found pSS patients had higher titers of antibodies 
to EBV [127] and antibodies against EBV were 
positively correlated with SS [128]. Furthermore, 
active EBV infection was identified in the tertiary 
lymphoid structures within salivary tissue of SS 
patients and autoreactive salivary B cells showed 
evidence of EBV infection [132]. Moreover, 
EBV reactivation was seen more commonly and 
was more strongly correlated with autoantibody 
positivity (anti-Ro and anti-La) and markers of B 
cell activation in pSS patients as compared to 
controls [133]. Finally, three separate studies 
suggest that EBV infection may promote lym-
phoma development in SS patients, although the 
total number of patients analyzed was small 
[134–136]. Thus, while viruses clearly mediate 
innate immune regulation in pSS, more work is 
needed to understand the role of viral infection in 
pSS development and progression.

Interestingly, a recent study found that history 
of microbial infection was associated with an 
increased risk of pSS [137]. This elegant case- 
control study examined cases of documented 
infection in 945 patients with pSS and 9048 con-
trols using the Swedish National Patient Register 
[137]. Significantly, they found SS was preceded 
by an infection in 21% of pSS patients, while only 
12% of matched controls had evidence of infec-
tion [137]. When patients were stratified accord-
ing to the tissue-specific localization of infection, 
respiratory infections increased the risk of pSS 
regardless of autoantibody status, while urogeni-
tal and skin infections were positively associated 
with pSS development in patients who displayed 
anti-Ro and anti-La  autoantibodies [137]. Taken 
together, these data suggest microbial insults and 
subsequent activation of the innate immune 
response may contribute to SS development in 
susceptible individuals.

5.3.2  Evidence for DAMPs in Innate 
Immune Activation in pSS

While many studies have focused on innate 
immune activation by PAMPs in the context of 
pSS (vide supra), there are a paucity of studies 
related to the significance of DAMP-mediated 
inflammation in disease. DAMPs are endogenous 
molecules that are generated as a consequence of 
tissue damage, thereby inducing “sterile” inflam-
mation in the absence of microbial infection 
[138]. Many diverse ligands can act as DAMPs, 
including extra-cellular matrix (ECM) mole-
cules, glycans, lipoproteins, and nucleic acids 
[139–141]. Chronic innate immune activation by 
DAMPs is a well-established disease mechanism 
in autoimmunity, including SLE, scleroderma, 
and RA [142–147]. While several studies impli-
cate host-derived molecules in pSS, the specific 
DAMPs that drive disease and the relevant recep-
tors and tissues that are activated by DAMPs 
remain to be elucidated [13, 26, 148]. As dis-
cussed previously (vide supra), diverse innate 
immune receptors are dysregulated in disease 
and most of these broadly recognize both DAMPs 
and PAMPs [139, 141, 149, 150].
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In pSS, soluble ECM molecules that may 
serve as DAMPs are described within saliva and 
salivary cells, specifically biglycan, decorin, and 
versican [151, 152]. Moreover, fibronectin, cal-
protectin, and ectopically expressed salivary 
mucins may represent endogenous ligands that 
drive innate inflammation in the context of SS 
[153–159]. Finally, long interspersed nuclear ele-
ment 1 (LINE-1 or L1) is a family of endogenous 
virus-like genomic retroelements that are 
increased in salivary tissue from pSS patients 
[95, 160]. Inappropriate expression of this retro-

element activates innate immunity [161]. 
Significantly, L1 transcripts correlate with type I 
IFN in salivary tissue of pSS patients [95]. 
Moreover, L1 expression in pDCs or monocytes 
results in upregulation of IFNα and inhibition of 
TLR-7/TLR-8 reduced this expression in pDCs 
[95]. Thus, these data demonstrate the presence 
of DAMPs within salivary gland tissue and in the 
periphery may serve as chronic sources of inflam-
mation in pSS. A summary of the innate immune 
receptors and putative ligands that are of rele-
vance to pSS is provided in Fig. 5.1.

Fig. 5.1 Activation of innate immune sensors in pSS
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5.3.3  Innate Immune Dysfunction Is 
Influenced by Genetics in pSS

While there are relatively few genetic studies 
conducted in pSS patients relative to other auto-
immune conditions such as SLE or RA [162], 
several polymorphisms in genes related to innate 
immunity, and in IFN signaling in particular, are 
identified in pSS patients [163–166]. Indeed, a 
large-scale association study reported a strong 
association between polymorphisms in IRF5- 
TNPO3, STAT4, IL-12A and TNIP1 and pSS dis-
ease [167]. IRF5 is a transcription factor that is 
expressed in B cells, monocyte, macrophages, 
and pDCs [168]. IRF5 mediates production of 
type I IFNs upon activation of PRRs by viral 
RNA and DNA [168]. IL-12 and STAT4 are also 
important in IFN-mediated responses, as many 
types of innate cells secrete IL-12 following PRR 
activation [169]. IL-12 activates a signaling cas-
cade that relies on STAT4, leading to production 
of numerous inflammatory mediators, most nota-
bly IFNγ [169].

In contrast, TNIP1 is an important negative 
regulator of TLR-mediated inflammation [170]. 
Thus, decreased TNIP1 expression leads to 
heightened NFκB activity and hyper- 
responsiveness to TLR agonists [170]. Finally, a 
more recent study identified OAS1 as a risk locus 
for pSS [165]. OAS1 is expressed by many dif-
ferent cell types (including monocytes) and is 
upregulated in response to type I IFNs during 
viral infection [165, 171]. The OAS1 polymor-
phism observed in pSS patients is correlated with 
reduced enzymatic activity, potentially leading to 
impaired viral clearance [172]. Thus, while fur-
ther work is needed to establish the way in which 
these polymorphisms shape the innate immune 
response in pSS, these studies provide evidence 
that underlying genetic susceptibility may con-
tribute to the innate immune dysregulation 
observed in pSS.

In addition to genetic polymorphisms, altera-
tions in epigenetic modifications of innate 
immune genes are described in pSS patients. 
Interestingly, a genome-wide methylation analy-
sis performed in pSS MSG tissue found hypo-
methylation of OAS2, a gene that encodes an 

enzyme that functions in a similar manner as 
OAS1 [173]. Further work in salivary tissue from 
pSS patients and controls identified 57 genes that 
were enriched for differentially methylated posi-
tions. Many of these were associated with innate 
immunity, including the inflammasome-related 
gene AIM2 [174]. Finally, a recently published 
study using peripheral blood of patients with 
SLE and pSS found a shared common DNA 
methylation pattern, although each disease also 
carried a distinct methylation gene signature 
[175]. Importantly, pathway analysis performed 
on the top 1000 unique genes annotated to the 
shared differentially methylated CpG sites 
between SLE and pSS patients revealed enrich-
ment in genes associated with the innate immune 
system [175]. Thus, epigenetic changes likely 
play a key role in innate immune activation and 
function in pSS and further studies are warranted 
to understand how differential gene methylation 
in pSS governs innate immune activation.

Moreover, work examining regulation of 
innate immune function by microRNAs (miR-
NAs) and long non-coding RNAs (lncRNAs) sug-
gests an important role for these genetic regulatory 
mechanisms in pSS [176–178]. MiRNAs are 
small non-coding RNAs that bind complementary 
gene targets, resulting in  post- translational silenc-
ing [179]. In addition, miRNAs target RNA for 
degradation and also mediate translational repres-
sion [180]. Thus, miRNAs have a profound effect 
on gene expression and miRNA dysregulation is 
linked to diverse pathoses, including autoimmu-
nity [181]. Many studies demonstrate altered 
microRNA expression in innate immune cells in 
the context of pSS [82, 98, 182–185]. Of particu-
lar relevance, a recent study examined the miR-
Nome of pDCs derived from pSS patients as 
compared to controls. The authors found levels of 
several microRNAs were altered in pSS, includ-
ing those associated with apoptosis and type I IFN 
production [98]. In a separate study using type-2 
conventional DCs, a miRNA that targets MSK-1 
was increased in pSS patients as compared to 
healthy controls following TLR4 ligation [182]. 
MSK-1 likely contributes to inflammation in pSS, 
as this signaling intermediate controls production 
of IL-12, TNFα, and IL-6 [182]. Additional work 
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in mouse models and patients reveals an important 
role for miR-146a in the regulation of inflamma-
tion both locally and systemically in pSS [82, 
184, 185]. Finally, miR-1248 expression in sali-
vary epithelial cells downregulates ITPR3, a crit-
ical component of calcium signaling in salivary 
tissue [113]. Moreover, miR-1248 binds the 
RNA-sensing receptor RIG-1 and thereby 
induces IFNβ production in primary human sali-
vary cells [113].

LncRNAs are also implicated in autoimmunity 
and play pivotal roles in the regulation of inflam-
mation mediated by adaptive immune cells as 
well as DCs, macrophages, and monocytes [186]. 
LncRNAs control gene transcription by interac-
tions with transcription factors and epigenetic 
modifiers, and also direct post- transcriptional 
events including mRNA stability and degradation 
[186]. A study using peripheral blood cells from 
pSS patients and healthy controls identified dif-
ferential gene expression of numerous lncRNAs 
associated with innate immune function, includ-
ing apoptosis, IFN signaling, and the inflamma-
tory response [187]. Thus, accumulating evidence 
indicates an important role for both miRNAs and 
lncRNAs in innate immune activation in disease, 
and further studies will be instrumental in eluci-
dating the role of these potent regulators of gene 
expression in pSS.

5.3.4  Sex Hormones May 
Contribute to the Striking 
Female Disease Prevalence 
Observed in pSS

Since pSS is seen predominately in women, 
many studies have focused on the role of estrogen 
and estrogen precursors in disease and we will 
review those reports that discuss the role of sex 
hormones as they relate to innate immune dys-
function in the context of pSS.  Early work 
revealed that transgenic (Tg) expression of the 
retinoblastoma-associated protein 48 (RbAp48) 
induced estrogen deficiency-dependent apoptosis 
within exocrine tissue [188]. Specifically, 
RbAp48 overexpression in estrogen-deficient 
mice drives p53-mediated apoptosis in both sali-

vary and lacrimal tissue [188]. In a corroborative 
study, the authors found mice developed an 
SS-like disease when RbAp48 was expressed 
under the control of the exocrine-specific parotid 
secretory protein promoter [91, 189]. Of rele-
vance to innate immunity, lacrimal and salivary 
gland epithelial cells derived from RbAp48 Tg 
mice produced heightened IFNγ and IL-18. 
Moreover, RbAp48 Tg SGECs expressed ele-
vated levels of MHC class II and the co- 
stimulatory molecules CD86, CD80, and 
ICAM-1. This expression carried functional sig-
nificance, as RbAp48 Tg SGECs induced prolif-
eration of CD4+ T cells in co-culture experiments 
[91]. Together, these data demonstrate a molecu-
lar mechanism by which estrogen deficiency 
drives tissue-specific overexpression of RbAp84, 
leading to an SS-like phenotype in mice [91].

More recent work used female Aromatase 
knockout (ArKO) mice to model estrogen defi-
ciency, as aromatase is an enzyme that is required 
to convert androgens to estrogen [88, 190]. 
Interestingly, female ArKO mice developed an 
SS-like disease characterized by sialadenitis and 
autoantibody production [190]. When either 
ArKO splenocytes or bone marrow were trans-
ferred to Rag2-deficient mice that lacked adaptive 
immune cells, no inflammatory infiltrates were 
observed within the salivary or lacrimal glands of 
the recipient animals, suggesting an innate 
immune origin for these lesions [88]. Moreover, 
monocyte- chemotactic protein-1 (MCP-1) pro-
duction by M1 macrophages within salivary 
glands and white adipose tissue (WAT) was 
increased in ArKO females as compared to con-
trols [88]. Finally, treatment of pSS-prone 
Tx-NFS/sld mice with an aromatase inhibitor 
increased the severity of lymphocytic infiltration 
in both salivary and lacrimal tissue and resulted in 
an increase in CD11c+ DCs and F4/80+ macro-
phages in splenic tissue [88]. Thus, work in sev-
eral murine models supports a role for estrogen 
deficiency in innate immune activation in pSS.

Significantly, studies using human salivary 
cells also demonstrate a role for estrogen in mod-
ulating the innate immune response [115]. Both 
estrogen receptor α (ERα) and ERβ are expressed 
in SGECs derived from MSG tissue [115]. These 
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receptors are functional, as estrogen treatment 
reduced IFNγ-inducible expression of the 
immuno-stimulatory molecule ICAM-1 [115]. 
This anti-inflammatory role of estrogen is cor-
roborated by a recent study that examined over a 
thousand pSS patients and individuals with sicca 
symptoms in the absence of pSS [191]. The 
authors documented an association between pSS 
and lifetime sex hormone exposure. Indeed, 
women with pSS had reduced estrogen exposure 
and cumulative menstrual cycling as compared 
with sicca controls [191]. Therefore, work in 
both mouse models and pSS patients supports a 
role for estrogen deficiency in the pathogenesis 
of pSS, at least in part through attenuation of 
innate immune activation.

Recent findings in pSS and other autoimmune 
diseases point to an underlying genetic cause for 
the striking female predilection observed. 
Females express two X chromosomes and 
X-chromosome inactivation (XCI) is an impor-
tant regulatory mechanism that allows for expres-
sion of only one allele [192]. Many genes that are 
essential for immunity are encoded on the X 
chromosome and abnormal XCI may lead to their 
aberrant expression [192]. Of relevance to pSS, 
both TLR7 and the endogenous retroelement L1 
are located on the X chromosome and are known 
to escape XCI [193, 194]. The overexpression of 
these genes may contribute to the female disease 
predilection observed (vide supra) [195]. Thus, 
both genetic and hormonal factors that mediate 
innate immune function likely contribute to the 
striking female disease predilection observed in 
pSS.

5.3.5  The Microbiome Modulates 
the Innate Immune Response 
and Is Dysregulated 
in Autoimmunity

While the role of the microbiome in pSS patho-
genesis remains incompletely understood, recent 
work demonstrates alterations in the microbiome 
in pSS patients in the oral cavity and in the gut 
[196–201], although a separate study found no 

difference in the salivary microbiome between 
pSS patients and those with salivary hypofunc-
tion unrelated to pSS [202]. While the role of the 
microbiome in innate immune activation in the 
context of pSS remains unclear [203], innate 
immune sensors are activated by PAMPs and 
microbial metabolites. Thus the microbiome 
likely plays a pivotal role in innate immune acti-
vation in both health and disease [204, 205]. Of 
particular relevance to pSS, the microbiota is 
altered by sex hormones and these have profound 
effects on the immune response in pSS (vide 
supra) [206–208].

Furthermore, emerging work demonstrates the 
importance of diet in shaping the microbiome and 
mediating innate immune activation in the context 
of autoimmunity. Indeed, Lactobacillus reuteri 
worsens lupus manifestations and disease severity 
is attenuated in animals that receive a starch-defi-
cient diet [209]. Colonization with this bacteria 
resulted in increased pDCs and IFN production in 
lupus-prone TLR7.1 Tg mice, a lupus model in 
which TLR7 is overexpressed at levels between 
8- and 16-fold higher than controls [209, 210]. 
Finally, disease severity is attenuated following 
blockade of TLR7, indicating an essential role for 
microbiome-induced activation of innate immune 
sensors in disease [209]. While future studies are 
needed to establish the molecular mechanisms 
that underlie microbial dysbiosis and innate 
immune activation in autoimmunity, alterations in 
the microbiome likely have profound effects on 
the development and chronicity of pSS.

5.4  Current and Emerging 
Therapeutics That Target 
Innate Immune Activation 
in pSS

5.4.1  Hydroxychloroquine (HCQ) 
Blocks Endosomal-Mediated 
TLR Signaling

HCQ is commonly used to manage pSS symp-
toms, particularly arthralgia, myalgia, and fatigue 
[211]. HCQ inhibits innate immune activation, 
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although the exact molecular targets of HCQ 
remain incompletely understood [212]. HCQ is 
an inhibitor of endosomal and lysosomal acidifi-
cation and therefore blocks many different cellu-
lar processes including endosomal TLR signaling 
and autophagy [213, 214]. It is postulated that 
HCQ may also inhibit TLR activation by directly 
interacting with nucleic acids, thereby altering 
their structure in such a way that they are no lon-
ger recognized by cognate TLRs [28]. HCQ is 
thought to exert its effects primarily on macro-
phages and DCs [212]. Importantly, antigen pre-
sentation is also decreased by HCQ treatment, as 
this process requires a functional endocytic com-
partment [212].

Several recent studies have focused on HCQ 
for the management of pSS patients. In a ran-
domized placebo-controlled trial of 77 pSS 
patients, HCQ reduced IFN scores and IFN- 
stimulated gene expression [215]. However, there 
was no change in the EULAR disease activity 
score or IgG and IgM antibody titers [215]. A 
separate study of 221 pSS patients reported HCQ 
reduced the incidence of extraglandular manifes-
tations, although the authors noted that larger 
patient cohorts were required to confirm these 
findings [216]. Finally, a systematic review and 
meta-analysis of 4 trials that included 215 pSS 
patients in total found that HCQ-treated patients 
did not differ from placebo controls in terms of 
either objective or subjective reports of dry eyes 
and dry mouth [211]. Similar to the aforemen-
tioned study, the authors concluded that well- 
designed randomized control trials were needed 
to establish whether HCQ is efficacious in miti-
gating exocrine-specific and systemic pSS dis-
ease manifestations [211].

5.4.2  Blockade of TLRs Pathways 
Shows Promise in Clinical 
Trials

Several drugs are in clinical trials that block 
TLRs or TLR-activated signaling cascades in 
autoimmunity [217–219] and these are reviewed 
elsewhere [26, 220, 221]. One of the more recent 

drugs that inhibits innate immune activation is 
RSLV-132, a novel biologic that consists of a 
human RNase fused to the Fc portion of IgG1 
[222]. This fusion protein is able to digest circu-
lating RNA enzymatically, thereby preventing it 
from activating innate immune sensors (vide 
supra) [222]. A phase 1b randomized, placebo- 
controlled study with 32 SLE patients that evalu-
ated the safety and tolerability of this treatment 
found no increase in serious adverse events as 
compared to controls, and results from this study 
suggest RSLV-132 may reduce the IFN signature 
in SLE [222]. Phase II clinical trials are ongoing 
in SLE patients [223, 224]. Given the early prom-
ising results in SLE, this biologic may also have 
efficacy in pSS patients, particularly those that 
are IFN-positive.

5.4.3  Cytokine Inhibitors Mitigate 
Innate Immune Activation

Numerous biologics that target pro-inflammatory 
cytokines or their cognate receptors integral to 
the innate immune response are either in clinical 
trials or approved for the treatment of autoimmu-
nity [80, 225, 226], although none of these is 
approved for the treatment of pSS specifically. 
Ongoing clinical trials in pSS patients demon-
strate that cytokine blockade is efficacious in 
pSS, at least in part through the attenuation of 
innate immune response [227]. In particular, 
therapies that block signals mediated by BAFF or 
IL-1β currently show promise for improving 
local and systemic pSS disease manifestations 
[228–232]. Moreover, many cytokine-targeted 
therapies that modulate innate immune activation 
are being explored in other autoimmune condi-
tions and are likely to have utility in the manage-
ment of pSS. These include biologics that target 
IL-1 family members, IL-6, IL-12, IL-17A, 
IL-22, IL-23 and type I IFNs [226, 227, 233]. 
Therapies directed against specific cytokines and 
receptors will likely mitigate exocrine- specific 
and systemic disease manifestations in pSS that 
are associated with aberrant innate immune 
activation.
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5.4.4  Depletion of pDCs May Have 
Therapeutic Efficacy in pSS

Since pDCs are implicated in autoimmunity in 
both mice and humans [85, 94, 96], a novel thera-
peutic (termed VIB7734) is currently in phase I 
clinical trials that depletes this population spe-
cifically. An ongoing multi-center clinical trial is 
being conducted in patients with many different 
autoimmune conditions, including SS, to deter-
mine the safety and tolerability of the drug [234]. 
VIB7734 binds immunoglobulin-like transcript 7 
(ILT7), a cell-surface molecule that is restricted 
to pDCs [234–236]. Depletion of pDCs in pSS 
may lead to the reduction of pro- inflammatory 
cytokine production both locally and systemi-
cally, particularly in patients who display an IFN 
gene signature (Table 5.2).

5.4.5  Targeting of the Microbiome 
May Represent a Novel 
Therapeutic Approach 
to Diminish Innate Immune 
Activation in pSS

Since the microbiome plays a central role in 
shaping the immune response, therapeutics that 
seek to modify the composition of the microbiota 
will likely be efficacious in the treatment of auto-
immunity. Specifically, administration of pre- 
and probiotics and fecal transplantation may 
attenuate innate immune activation in disease 
[237]. Clinical trials to examine the efficacy of 
fecal transplant in several autoimmune condi-
tions are being conducted, including MS, type I 
diabetes and SS. A phase I trial is ongoing in SS 
patients to evaluate the efficacy of FMP30, a drug 
that contains frozen human fecal microbiota 
[238]. Participants will be screened to determine 
whether their gut microbiota is skewed to resem-
ble that of the donor at a 3-month time point post- 
treatment [238]. Subjects will also be screened 
for improvements in exocrine-specific and sys-
temic disease manifestations [238]. Additional 
work focuses on the use of prebiotics and probi-
otics in MS and type I diabetes [239, 240], 
although this has not been tested in the context of 

pSS to date. Thus, understanding the ways in 
which the microbiome shapes the immune 
response will lead to novel approaches that use 
microbial-derived products to alter the patient’s 
microbiome in order to mitigate self-directed 
immune responses.

5.5  Conclusion

In summary, activation of the innate immune 
system is complex and multifactorial. In the 
context of pSS, innate immune sensors that bind 
a wide array of host and microbial-derived 
ligands are implicated in disease. Many factors 
contribute to innate immune activation in pSS, 
such as genetics, sex, microbial infection, and 
the microbiome. Development of diagnostics 
and therapeutics should consider the diverse 
factors that contribute to disease susceptibility 
in pSS.  Finally, a more sophisticated under-
standing of how the innate and adaptive arms of 
the immune system coalesce to orchestrate 
chronic inflammation in this disease will allow 
us to target specific pathways that drive disease, 
thereby mitigating both exocrine-specific and 
systemic disease manifestations.
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Dysregulation of Adaptive 
Immunity in Sjögren’s Syndrome

Qing Yu

6.1  Introduction

Sjӧgren’s syndrome (SjS) is a chronic autoim-
mune disease that affects approximately four 
million Americans [1, 2]. SjS is characterized by 
progressive infiltration of salivary and lacrimal 
glands by T and B lymphocytes, increased levels 
of proinflammatory cytokines and autoantibod-
ies, and the destruction and dysfunction of these 
exocrine glands and xerostomia (dry mouth) and 
xerophthalmia (dry eyes) as main clinical mani-
festations. SjS patients also frequently suffer 
from systemic inflammation and pathologies that 
can be painful and debilitating, and significantly 
compromise the life quality [3, 4]. Moreover, SjS 
patients also have a much higer risk of develop-
ing life-threatening B cell lymphoma compared 
to healthy people and those with other autoim-
mune diseases [5, 6]. SjS occurs either as primary 
SjS (pSjS) or as secondary SjS in association 
with other connective tissue diseases [3, 4]. The 
current treatments for SjS are mostly palliative, 
with no cure or effective biological therapies 
available [2, 7, 8]. There is therefore an urgent 
need to develop effective and targeted new thera-
peutic approaches for this autoimmune disease 

with high oral health impact. The etiology, patho-
logical events, and immunopathogenic mecha-
nisms of SjS still await more comprehensive 
elucidation, but studies in recent years have 
clearly demonstrated that T and B lymphocytes, 
the major cellular players of adaptive immunity, 
and the various cytokines and autoantibodies pro-
duced by these cells collectively contribute to the 
destruction and dysfunction of the salivary and 
lacrimal glands as well as pathologies in other 
affected organs. This chapter reviews the key 
recent findings in the functional involvement of T 
and B lymphocytes, and the cytokines mediating 
or affecting their function, in the pathogenesis 
and persistence of SjS.

6.2  Initiation of Adaptive 
Immune Responses

Many lines of evidence generated in the SjS 
research field have demonstrated that both genetic 
and epigenetic variations, along with environmen-
tal triggers, including viral infections, sex hor-
mone changes, tissue injuries and microbiome 
alterations, all contribute to the initiation, amplifi-
cation, and progression of autoimmune responses 
in SjS [6, 9–16]. Some of the early changes in 
exocrine gland epithelial cells, including apopto-
sis, upregulation of surface expression of costim-
ulatory molecules, and production of a number of 
proinflammatory  cytokines and chemokines, are 
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believed to critically contribute to the activation 
of self-reactive T cells [17–20]. In addition, the 
augmented type 1 IFN- dependent gene expres-
sion and increased number and/or activity of 
innate immune cells, including NK cells, macro-
phages, and plasmacytoid dendritic cells (pDCs), 
which are the major cellular sources of type 1 
IFNs, in the target exocrine glands likely promote 
antigen presentation and the activation of self-
reactive T cells and B cells [17–21].

The activated CD4 T cells in the target exo-
crine glands or their draining lymph nodes, 
instructed or influenced by the signals from exo-
crine gland epithelial cells, antigen-presenting 
cells, other innate immune cells, and adaptive 
immune cells, subsequently differentiate into 
diverse effector T cell subsets, defined based on 
the cytokines they produce, signature transcrip-
tional master regulators they express, and spe-
cialized effector functions they execute. The 
major effector T helper (Th) subsets include Th1, 
Th2, Th17, and T follicular helper (TFH) cells. 
As illustrated in Fig. 6.1, IL-12, IL-7, and IL-18 
promotes activated CD4 T cells to differentiate 
into Th1 effector cells, which are characterized 
by the expression of T-bet and production of large 
amount of IFNγ as well as TNFα [22, 23]. Th1 
cells and their cytokines play vital roles in all 
stages of SjS development through enhancing the 
recruitment and pathogenic activity of other 
immune cells, and by directly causing damages 
and dysfunction of target exocrine tissues [24–
26]. Signals including IL-4 facilitate the genera-
tion of Th2 cells, which express GATA-3 and 
produce IL-4, IL-5, and IL-13, thereby providing 
help to B cell responses and autoantibody pro-
duction [22, 23, 27–29]. Cytokines including 
IL-23, IL-6, TGFβ, IL-1, and IL-21 all have the 
ability to dictate or enhance the differentiation of 
activated CD4 T cells into Th17 cells, which 
express RORγt and produce IL-17 family cyto-
kines and IL-21 to promote tissue inflammation 
and damage and assist B cell responses [30–34]. 
Cytokines including IL-21 and IL-6, along with 
costimulatory signals such as those mediated 
through ICOS, promote the generation of TFH 
cells, which express BCL6 and produce IL-21 to 
facilitate the formation and maintenance of ger-

minal center and the germinal center B cell 
responses [35–37]. In addition to effector Th cell 
subsets, activated T cells can also be induced to 
differentiate into regulatory T cell (Treg) subsets 
with specialized immunosuppressive activity. 
Cytokines including TGFβ and IL-2, which are 
present in elevated amounts in SjS target tissues, 
induce the differentiation of some activated CD4 
T cells into Foxp3-expressing Tregs that produce 
immune-regulatory cytokines such as TGFβ, 
IL-10, and IL-35 and dampen autoimmune 
responses [38–40].

The genetic/epigenetic factors, environmental 
triggers such as viral infections, and the activa-
tion of exocrine epithelial cells and innate 
immune cells also lead to the activation of B 
cells through a number of direct or indirect 
mechanisms, including activation of toll-like 
receptors, virus mimicking B cell receptor-like 
signaling, induction of BAFF production, and 
activation and generation of effector Th subsets 
that can facilitate B cell activation and function 
[5, 6, 8, 41]. Multiple B cell populations/subsets 
have been identified to be associated with SjS, 
including marginal zone (MZ) B cells, plasma-
blasts, plasma cells, and CD27+ memory B cells, 
among others. The autoantibodies produced, 
such as the anti-muscarinic type 3 receptor 
(M3R), as the result of autoreactive B cell 
responses critically contribute to the develop-
ment of exocrine gland dysfunction and damage 
[5, 6, 8, 41–43].

6.3  Th1 Cells and Cytokines

6.3.1  IFNγ

IFNγ is the hallmark cytokine of Th1 effector 
subset and the cytotoxic CD8 T (Tc1) cells, and a 
critical mediator of Th1/Tc1-dependent cellular 
immunity against intracellular microbes and 
tumor cells [23]. IFNγ is produced in large 
amount by Th1 cells in a variety of autoimmune 
inflammatory disorders, such as systemic lupus 
erythematosus (SLE) [44, 45] and rheumatoid 
arthritis (RA) [46], and promotes the pathogene-
sis of these diseases.
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Fig. 6.1 Adaptive immunity in SS and the therapeutic 
development. This is an overview of the major adaptive 
immune players in SjS that are discussed in this chapter, 
and the corresponding therapeutics targeting these players 
that have been subjected to clinical trials. (a) Therapeutics 
targeting initial T cell activation: Lulizumab pegol targets 
the costimulatory molecule CD28, which transduces the 
critical second signal for T cell activation and prolifera-
tion. Hydroxychloroquine (HCQ) and MEDI7734, an 
inhibitor of ILT7 molecule on plasmacytoid dendritic 
cells, both have the ability to reduce the production of 
type 1 IFNs, which are critical promoters of antigen-pre-
senting activity of professional APCs and exocrine gland 
epithelial cells, and enhancers of IL-7 and BAFF produc-
tion (ClinicalTrials.gov Identifier:NCT02780674) [17, 18, 
20, 221, 222]. (b) Therapeutics targeting Th1 cells and 
associated cytokines: GSK26-18960 is a humanized 
monoclonal antibody that blocks IL-7 receptor signaling 
(ClinicalTrials.gov Identifier: NCT03239600). 
Briakinumab and Ustekinumab are both humanized anti-
bodies that block IL-12p40, a shared subunit of IL-12 and 
IL-23 [8] (ClinicalTrials.gov Identifier: NCT04093531). 
Infliximab, a monoclonal neutralizing antibody against 
TNFα, and Etanercept, a soluble TNF receptor 2-IgG1 Fc 
fusion protein, both inhibit TNFα signaling and function 
[65, 223]. (c) Therapeutics targeting Th2 cells and associ-
ated cytokines: VIB4920 is a fusion protein that inhibits 
CD40 ligand binding to CD40, and thereby disrupting 
Th2 help to B cells (ClinicalTrials gov Identifier: 
NCT04129164). (d) Therapeutics targeting Th17 cells 
and associated cytokines: Ixekizumab is a humanized 
neutralizing antibody against IL-17A and a promising 
candidate for clinical trials for SjS disease. Tocilizumab is 
a humanized monoclonal antibody that blocks IL-6 recep-

tor to abrogate the function of the Th17-promoting cyto-
kine IL-6 (ClinicalTrials gov Identifier: NCT04129164). 
(e) Therapeutics targeting TFH cells and associated cyto-
kines: By inhibiting IL-6 receptor signaling and function, 
Tocilizumab may also diminish the generation of TFH 
cells as IL-6 has been shown to promote TFH differentia-
tion from activated CD4 T cells. (f) Therapeutics enhanc-
ing Treg expansion and function: Low dose recombinant 
IL-2 has been tested since IL-2 plays an essential role in 
the generation, expansion, and suppressor function of 
Tregs [38, 149] (ClinicalTrials gov Identifier: 
NCT02464319). (g) Therapeutics targeting B cells: 
Rituximab, a monoclonal anti-CD20 antibody that 
depletes B cells, has been the most extensively investi-
gated therapeutic for SjS, but the overall outcome has not 
been consistent and satisfactory, especially in randomized 
clinical trials [2, 8, 134, 224]. Belimumab, a humanized 
antibody neutralizing BAFF activity, and Ianalumab 
(VAY736), a humanized antibody blocking BAFF recep-
tor, both inhibit BAFF-dependent B cell expansion and 
function [224–227]. Iscalimab (CFZ533) is a monoclonal 
anti-CD40 antibody that blocks its interaction with CD40 
ligand to suppresses B cell activation (ClinicalTrials gov 
Identifier: NCT02291029). (h) Non-selective cytokine 
inhibitors: Filgotinib, an inhibitor of JAK1, and 
Lanraplenib, an inhibitor of Tyk2, interfere with the func-
tion of cytokines that depend on these two kinases for sig-
nal transduction (ClinicalTrials gov Identifier: 
NCT03100942). Iguratimod is a small molecule anti- 
inflammatory drug that suppresses NF-κB activity to 
inhibit the production of proinflammatory cytokines, 
including TNFα, IL-1, and ΙL-6, and also reduces the 
expression of a number of costimulatory molecules 
(ClinicalTrials gov Identifier: NCT03023592) [228]
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IFNγ production is similarly elevated in sali-
vary glands and saliva from patients with primary 
SjS (pSjS) compared to the control subjects [47, 
48]. The T cell profile is skewed towards a Th1 in 
salivary glands, saliva and blood of pSjS patients 
compared to the healthy controls and non-SjS 
sicca patients [49, 50]. The magnitude of Th1 
response is also directly correlated with the 
degree of sialadenitis [51].

In vivo functional studies in mouse disease 
models have supported a critical disease- 
promoting function of IFNγ in SjS.  In female 
nonobese diabetic (NOD) mice that spontane-
ously develop both type 1 diabetes and SjS, abla-
tion of IFNγ gene prevents the emergence of 
early, pre-immunological salivary tissue abnor-
malities, as well as the development and onset of 
salivary gland inflammation, damage, and secre-
tory dysfunction [24, 25]. In accordance, neutral-
ization of IFNγ with a monoclonal antibody in 
NOD mice with newly onset SjS disease mark-
edly attenuates the severity of sialadenitis and 
improves salivary secretion, indicating an essen-
tial role of this cytokine in sustaining the estab-
lished disease and suggesting a therapeutic 
promise of IFNγ neutralization [26].

The mechanisms underlying the actions of 
IFNγ in SjS include induction of apoptosis and 
dysfunction of salivary gland tissues [52], 
enhancement of MHC expression and antigen- 
presenting ability of epithelial cells, macrophages 
and dendritic cells in salivary glands [53, 54], 
activation of proinflammatory macrophages and 
NK cells, and augmentation of production of var-
ious chemokines, such as CXCR3 ligands and 
CXCL13, by epithelial cells and immune cells in 
the salivary glands [26, 55]. The importance of 
CXCR3 ligands, including CXCL9, -10, and -11, 
has been supported by the marked upregulation 
of their levels in salivary glands and tears of 
humans and mice afflicted with SjS [47, 55, 56], 
and by in  vivo functional studies showing that 
blockade of CXCL10  in the MRL/lpr mouse 
model of SjS significantly impedes the develop-
ment of sialadenitis [57]. Hence, upregulation of 
CXCL3 ligands and other chemokines in target 
tissues is a critical mechanism by which IFNγ 
promotes local autoimmune responses and SjS 

pathogenesis. Other effects of IFNγ, such as 
those on Tregs, M1 macrophages, and NK cells, 
in the context of SjS disease will need to be better 
defined and elucidated.

6.3.2  TNFα

Tumor necrosis factor-α (TNFα) is a proinflam-
matory cytokine that can be produced by Th1 
cells in large amounts, and by other immune or 
non-immune tissue cells, during various immune 
and autoimmune responses. TNFα induces or 
exacerbates tissue inflammation and damage in 
numerous autoimmune or inflammatory diseases 
such as RA, psoriasis, and Crohn’s disease [58–
62]. TNFα levels are elevated in salivary glands 
and sera of SjS patients compared to non-SS 
sicca patients [48, 49]. It is detected in salivary 
gland- infiltrating Th1 and Tc1 cells and salivary 
gland epithelium [48, 63].

Studies in mouse models have provided strong 
evidence for a functional importance of TNFα in 
the pathogenesis of SjS.  Inhibition of TNFα 
activity in  vivo with pegylated soluble TNF 
receptor 1 impedes the development of SjS-like 
inflammation and secretory dysfunction of lacri-
mal and salivary glands in NOD mice [64, 65]. 
Accordingly, a neutralizing anti-TNFα antibody 
hinders the development of SjS-like sialadenitis 
and hyposalivation when given prior to disease 
onset, and reduces the disease severity when 
given after the disease onset, in the NOD model 
of SjS [26, 66]. These studies collectively dem-
onstrate a pathogenic role of TNFα in the devel-
opment and chronic persistence of SjS and 
suggest a therapeutic potential of TNFα antago-
nism for this disease.

Some of the reported key mechanisms under-
lying the pathogenic role of TNFα in SjS include 
induction of salivary gland cell apoptosis, alone 
or in cooperation with other proinflammatory 
cytokines such as IFNγ [67], disruption of the 
integrity of tight junction by reducing expression 
of claudin-1 [26, 53, 66], downregulation of 
water channel protein, aquaporin 5 (AQP5) [68, 
69], and upregulation of the expression of various 
chemokines including CXCR3 ligands and 
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CXCL13  in salivary gland tissues [26, 70, 71]. 
One poorly understood, undesired outcome of 
TNFα antagonism is the development of anti- 
TNFα- induced lupus erythematosus as shown in 
humans and mice [66, 72, 73], characterized by 
the reversible production of autoantibodies dur-
ing the course of anti-TNFα treatments generally 
without lupus-like clinical manifestations [73–
75]. The functional implication and underlying 
mechanisms of this event await additional 
investigations.

6.3.3  IL-7

IL-7 is a cytokine mainly produced by stromal 
cells, epithelial cells, and certain other non- 
hematopoietic cells, and plays a critical role in 
the development and homeostasis of T cells at the 
physiological level [76, 77]. However, when pro-
duced at a greater amount in the target organs of 
a variety of autoimmune inflammatory condi-
tions, IL-7 preferentially enhances the patho-
genic autoimmune T cell responses, particularly 
Th1 (and Tc1) responses, to accelerate the devel-
opment and sustain the persistence of these dis-
eases as in the cases of SLE, RA, type-1 diabetes, 
EAE, and inflammatory bowel disease (IBD) 
[78–83]. Multiple reports have shown that the 
expression levels of IL-7 and its receptors are sig-
nificantly upregulated in the salivary gland tis-
sues of pSjS patients and positively correlated 
with the severity of the disease [84, 85].

A number of functional studies have pro-
vided convincing evidence for a critical patho-
genic role of IL-7  in the development and 
persistence of SjS, predominantly through 
enhancing Th1 and Tc1 responses [78–83, 86]. 
IL-7 treatment of peripheral blood T cells from 
pSjS patients increases the production of Th1 
and Th17 cytokines [84, 85]. In vivo blockade of 
IL-7 receptor function with a monoclonal anti-
body prevents, whereas administration of exog-
enous IL-7 markedly accelerates, the 
development and onset of SjS pathologies and 
hyposalivation in the C57BL/6.NOD-Aec1.
Aec2 mouse strain, a model of pSjS [63, 87]. 
The effect of IL-7 at the pre- diseased stage is 

closely associated with an enhanced Th1 and 
Tc1 responses and increased IFNγ and TNFα 
amounts in the salivary glands [63, 66]. 
Moreover, blockade of IL-7 receptor in female 
NOD mice that have newly established SjS dis-
ease significantly attenuates the SjS pathologies 
and hyposalivation, with the outcomes under-
lain by decreased Th1 and Tc1 responses in the 
salivary gland tissues [26]. Hence, IL-7 potenti-
ates Th1/Tc1 responses to accelerate the devel-
opment and sustain the chronic persistence of 
SjS. There are still many knowledge gaps in the 
understanding of IL-7 function in SjS, such as 
its impact on other Th subsets, Tregs, and innate 
immune cells. These are important subjects of 
future investigations.

6.3.4  IL-12 and IL-18

IL-12 is a potent Th1-promoting cytokine mainly 
produced by dendritic cells and macrophages 
[88, 89]. It drives the activated T cells to differen-
tiate into Th1 effectors and also enhances their 
proliferation and IFNγ production [88–90]. 
Excessive production of IL-12 contributes to the 
pathogenesis of autoimmune inflammatory disor-
ders including Crohn’s disease, RA, psoriasis, 
and type 1 diabetes [91–93]. The amount of IL-12 
is elevated in salivary gland tissues of SjS patients 
[94, 95]. IL-12 levels are similarly increased in 
the salivary glands of mouse models of SjS, at the 
early stage of disease development compared to 
the control mice [29, 96]. An IL-12-transgenic 
mouse strain on the SJL genetic background 
develops SjS-like exocrinopathy and hyposaliva-
tion [97]. However, properly designed loss-of- 
function studies in mouse models of SjS, which 
are still lacking, will be needed to elucidate the 
role of endogenous IL-12 in the pathogenesis and 
persistence of this disease.

IL-18 is an IL-1 family proinflammatory cyto-
kine that affects the function of many immune 
and tissue cell types, thereby contributing to 
diverse inflammatory and autoimmune responses 
[98–100]. A prominent effect of IL-18  in adap-
tive immunity is to facilitate IL-12-induced Th1 
differentiation and function [99, 101], thereby 
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promoting the development of multiple autoim-
mune inflammatory diseases such as RA, type 1 
diabetes, and IBD [100–103]. IL-18 amounts are 
increased in the salivary glands, saliva, and sera 
of SjS patients with a positive correlation to the 
disease severity [85, 104, 105]. In addition, the 
level of IL-18 expression by macrophages and 
DCs in the salivary gland tissues of pSjS patients 
is positively associated with the degree of sialad-
enitis and incidence of lymphoma [94]. 
Nonetheless, the functional importance and spe-
cific actions of IL-18 in SjS still remain largely 
uncharacterized and will need a better delinea-
tion through both in vivo and in vitro functional 
studies.

6.4  Th2 Cells and Cytokines

6.4.1  IL-4

IL-4 is the signature cytokine produced by Th2 
cells, which also reinforces Th2 cell differentia-
tion while inhibiting that of Th1 cells [22, 106]. 
IL-4 plays a vital role in the development of 
asthma and allergy and provides critical help to 
the expansion and function of activated B cells 
[22, 106]. IL-4 has a protective effect against 
type 1 diabetes and RA [107, 108], but promotes 
SLE, an autoimmune disease in which autoreac-
tive B cell responses are essentially required [44, 
109]. IL-4 is detected in the salivary glands of 
some SjS patients, particularly those exhibiting a 
greater degree of B cell accumulation in the sali-
vary glands [51, 110].

Deficiency of IL-4 gene or its downstream 
effector, STAT6, in the NOD mice or NOD.B10- 
H2b mice prevents the production of IgG1-type 
anti-M3R autoantibody and protects the normal 
salivary gland function [27–29]. IL-4 preferen-
tially facilitates the production of IgG1-type anti- 
M3R, possibly by assisting the isotype switching 
process, without compromising the generation of 
other isotypes of this antibody or affecting sali-
vary gland inflammation [27–29]. Therefore, 
IL-4 contributes to the development of SjS-like 
exocrine dysfunction, at least in part, through 

promoting the generation of the pathogenic, 
IgG1-type anti-M3R autoantibody. Additional 
functionalities of IL-4 in the SjS disease setting, 
such as its effect on M2 macrophages and inter-
action with other Th effector subsets, will be 
important topics to investigate.

6.4.2  IL-13

IL-13, another Th2-associated cytokine, bears 
partially overlapping functions with IL-4 [111, 
112]. IL-13 targets B cells, mast cells, macro-
phages, and fibroblasts; promotes the develop-
ment of allergy/asthma and tissue fibrosis; and 
plays a critical role in anti-helminth immunity 
[111, 112]. IL-13 amounts are elevated in 
patients with RA and SLE, and positively asso-
ciated with the disease severity [113, 114]. 
IL-13 mRNA is detected in the exocrine glands 
of SjS patients [51, 115]. In mice, IL-13-
producing Th2 cells are detected in the salivary 
gland-draining lymph nodes of the Id3-
knockout mouse strain, a model of pSjS, but not 
in the control C57BL/6 mouse strain [116, 
117]. More importantly, neutralization of 
IL-13  in Id3-knockout mice improves salivary 
secretion, and the effect is associated with a 
reduction in the number of mast cells in the tar-
get tissues, which is otherwise higher than that 
in the control C57BL/6 mice [116, 117]. 
Therefore, these findings strongly suggest that 
IL-13 derived from the Th2 cells contributes to 
the development of SjS-like hyposalivation in 
part by positively regulating mast cell number 
and activity.

6.5  Th17 Cells and Cytokines

6.5.1  IL-17 (IL-17A) and IL-23

IL-17 (IL-17A), the hallmark cytokine of Th17 
effector cell subset, has a prominent proinflam-
matory function and drives the development of 
numerous autoimmune inflammatory diseases 
including multiple sclerosis, RA, and psoriasis 
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[31, 89, 118, 119]. IL-23, an IL-12 family 
 cytokine and Th17-skewing cytokine, plays a 
pivotal role in the induction, stabilization, and 
expansion of Th17 cells [31, 89, 118]. IL-17 and 
IL-23 are both increased in the salivary glands 
and sera of pSjS patients [120–122], and along 
with their receptors, are detected in the lympho-
cytic infiltrates and ductal areas in the salivary 
glands of SjS patients, with IL-17 predomi-
nantly colocalizing with the CD4 T cells [121, 
122]. In addition, a population of IL-17-
producing CD3+CD4−CD8− T cells are also 
expanded in the blood and salivary glands of SjS 
patients [123].

Multiple in vivo investigations have convinc-
ingly demonstrated a functional importance of 
IL-17  in the pathogenesis of SjS.  Blockade of 
IL-17 signaling through adenovirus-mediated 
expression of soluble IL-17 receptor impedes the 
development and onset of SjS and attenuates the 
established SjS disease in the C57BL/6.NOD- 
Aec1Aec2 model [34]. Similarly, IL-17 gene 
deletion in the same mouse model markedly 
attenuates salivary gland inflammation and dam-
age, and improves salivary secretion [124]. The 
complementary gain of function study shows that 
adenovirus vector-mediated IL-17 overexpres-
sion in wildtype C57BL/6 mice induces the 
development of SjS-like exocrinopathy [33]. In a 
salivary gland autoantigen-immunization- 
induced model of SjS, IL-17 deficiency prevents 
the development and onset of SjS-like salivary 
gland inflammation and dysfunction, which can 
be re-established by the adoptive transfer of Th17 
cells [125].

Th17 cells and IL-17 exert SjS-promoting 
actions through multiple layers of mechanisms. 
They enhance the production of proinflammatory 
mediators, such as TNFα and matrix metallopro-
teinases, by exocrine gland epithelial cells and 
other exocrine tissue cells [32]. Adoptive transfer 
of Th17 cells leads to an increase in Th1 cells in 
a salivary gland autoantigen-immunization- 
induced SjS model [125]. In addition, adoptive 
transfer of Th17 cells and viral vector-mediated 
overexpression of IL-17 both lead to enhanced B 
cell responses and autoantibody production, 
whereas deletion of IL-17 gene results in a sub-

stantial reduction of germinal center B cells and 
plasma cells in salivary glands and a decrease in 
serum autoantibodies [33, 34], accompanied by a 
decline in the amount of multiple Th2 cytokines. 
Therefore, positive regulation of autoreactive B 
cell responses, in part through promoting Th2 
cytokine production, may serve as one important 
mechanism by which IL-17 promotes SjS patho-
genesis and persistence. Collectively, these find-
ings depict an essential role of IL-17  in the 
pathogenesis and sustainment of SjS by engaging 
multiple cellular and molecular mechanisms, and 
identify IL-17 as a promising therapeutic target 
for this disease.

6.5.2  IL-22

IL-22 is an IL-10 family cytokine that can be pro-
duced by Th17, Th22 cells, among other immune 
cells [126–128]. It predominantly acts on non- 
immune tissue cells such as epithelial cells and 
keratinocytes to exert tissue-protective or proin-
flammatory, detrimental impacts in an intricate, 
tissue- and disease type-dependent manner [126–
129]. Emerging evidence has supported the 
notion that IL-22 may play a disease-promoting 
pathogenic role in SjS. IL-22 and its receptor are 
both expressed at higher levels in the salivary 
glands of SjS patients compared to the control 
subjects, in which Th17 and NK cells are the 
principal producers of IL-22, while mononuclear 
cells, epithelial cells, and endothelial cells 
express IL-22 receptors [130–132]. IL-22 levels 
are also increased in the sera of SjS patients with 
a positive correlation with the disease severity 
[130–132].

An in vivo functional study using an adeno-
virus infection-induced SjS mouse model 
shows that deletion of IL-22 gene significantly 
curtails the accumulation of B cells and forma-
tion of ectopic germinal center-like structures 
in the salivary glands, and reduces autoanti-
body production [133]. This outcome is accom-
panied by failure to efficiently upregulate 
CXCL12 and -13, two B cell chemoattractants, 
by stromal cells residing in the ectopic germi-
nal centers in the salivary glands [133]. Hence, 
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it is conceivable that IL-22 derived from Th17 
cells contributes to the B cell response-enhanc-
ing effect of these Th17 cells in SjS, a hypoth-
esis to be tested. The specific role and actions 
of IL-22 in SjS development, persistence, and 
SjS-associated B cell lymphomagenesis still 
remain largely undetermined and should be an 
important subject of investigation in the SjS 
research field.

6.6  TFH Cells and IL-21

TFH cells, characterized by the expression of 
transcription factor BCL6 and production of 
IL-21, critically contribute to the formation and 
maintenance of germinal centers and germinal 
center B cell responses [134]. The proportion of 
CD4+CD45RA-CXCR5+PD-1+ TFH cells is 
increased in the blood of pSjS patients com-
pared to the healthy controls, with a positive 
association with the disease activity [32]. 
Identification of TFH cells based on the expres-
sion of IL-21 and surface markers PD-1, 
CXCL13, and ICOS-1 similarly shows that the 
frequency of these cells is elevated in the blood 
of pSjS patients compared to the healthy con-
trols [32, 135, 136]. In salivary glands, the 
amount of TFH cells, defined as PD-1+ICOS+ T 
cells, is also increased in pSjS patients, consti-
tuting approximately 9% of the total CD4 T 
cells [137]. In addition, B-cell lymphoma 6 pro-
tein (BCL6), the key molecular marker of TFH 
cells, is detected in pSjS patient salivary gland 
tissues that contain germinal center- like struc-
tures [138]. Some of the TFH cells in the sali-
vary glands may be recruited from the peripheral 
blood, while others may be generated locally in 
the glands in response to the TFH- promoting 
cytokines produced in greater amounts in sali-
vary glands of pSjS patients compared to the 
control subjects, such as IL-6 and the TFH cyto-
kine IL-21 itself [110, 138, 139]. For instance, it 
has been shown that salivary gland epithelial 
cells from pSjS patients can promote the gener-
ation of IL-21-producing TFH cells from the 
naïve CD4 T cells through IL-6 and ICOS ligand 
expression [140].

The hallmark effector cytokine produced by 
TFH cells is IL-21, a member of the common 
cytokine receptor γ chain (γc)-dependent cyto-
kine family with Th17 and NKT cells as chief 
producers [141, 142]. IL-21 can exert diverse 
functionalities on various T cell subsets, other 
immune cells, and non-immune tissue cells [37, 
141, 142]. It can potentiate plasma cell differ-
entiation, augment germinal center B cell 
response, and reinforce TFH and Th17 cell dif-
ferentiation [37, 118, 143, 144], to foster the 
pathogenesis of a variety of autoimmune and 
inflammatory disorders, including SLE, IBD, 
type 1 diabetes, and psoriasis [145, 146]. 
Consistent with an increase in TFH cells, IL-21 
transcripts and protein, along with IL-21- 
producing T cells, are also detected at a signifi-
cant amount in salivary glands of SjS patients 
[59, 147, 148]. In addition, IL-21 levels in the 
salivary glands and sera of pSjS patients, which 
are higher than those in control subjects, exhibit 
a positive correlation with the serum autoanti-
body levels [147].

Several in vivo functional studies have delin-
eated an important contribution of TFH cells and 
IL-21 to the pathogenesis of SjS.  Lentiviral 
vector- mediated local expression of IL-21 
shRNA in submandibular glands of the NOD 
mice effectively hinders the development of sial-
adenitis and hyposalivation, which is accompa-
nied by a diminished TFH response and B cell 
autoantibody production [36]. In a salivary gland 
autoantigen-immunization-induced SjS model, 
ablation of TFH cells through deletion of BCL6 
gene, the master regulator of TFH differentiation, 
substantially attenuates SjS-like sialadenitis and 
autoantibody production and reduces the number 
of TFH cells, Th17 cells, and germinal center B 
cells in the salivary gland-draining lymph nodes 
[35]. Nevertheless, ablation of TFH cells does 
not have an impact on salivary secretion in this 
model [35]. The role of TFH cells in SjS patho-
genesis, persistence, and B cell lymphomagene-
sis, as well as the underlying mechanisms of their 
actions, are still poorly defined. More studies that 
are comprehensive and in-depth will be needed 
using additional mouse models and experimental 
approaches.
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6.7  Immune-Regulatory 
Lymphocytes and Cytokines

6.7.1  Tregs

The functional property and importance of Tregs 
in the pathogenesis and modulation of SjS has 
remained as a key knowledge gap in the SjS 
research field due to insufficient amount of stud-
ies and conflicting results [149–152]. While some 
reports show a reduced number of Tregs in sali-
vary glands or blood of pSjS patients [149, 151, 
152] and impaired suppressor activity of these 
cells [153], other studies reported an increased 
number of Tregs in the salivary glands of pSjS 
patients that are positively correlated with the 
severity of sialadenitis [150, 153, 154]. Several 
recent investigations have revealed that the pro-
portion of activated memory Tregs in the blood is 
increased in pSjS patients compared to the 
healthy control counterparts [155, 156] and posi-
tively correlates with the disease activity [155]. 
In addition, the amount of total Foxp3-expressing 
Tregs is also shown to be positively associated 
with the severity of sialadenitis in SjS patients 
[157, 158].

Investigations of the functional activity of 
SjS-afflicted Tregs have also yielded conflicting 
results. One report shows a normal functionality 
of blood Tregs from pSjS patients [150] while 
another depicts an impaired immunosuppressive 
activity of these cells [153]. A recent study using 
the NOD mouse model of SjS shows that Treg 
cell-depletion in female NOD mice does not 
affect the disease development or severity, pro-
viding more evidence for an defective Treg sup-
pressor function in the SjS disease environment 
[159]. The defects of Tregs may be attributed, at 
least in part, to the exposure to the proinflamma-
tory signals in the target exocrine tissues, since 
Th1 cytokines IFNγ and IL-12, and Th17 cyto-
kine IL-23 all have a documented ability to 
impair the function, identity, and stability of 
Tregs while conferring or enhancing the proin-
flammatory property of these cells [160–166]. A 
better understanding of the functional character-
istics, in vivo role and regulation of Tregs in the 
SjS disease will significantly contribute to the 

development of novel, effective biological thera-
pies for SjS and many other autoimmune inflam-
matory diseases.

6.7.2  IL-10

IL-10 is an extensively characterized immuno-
suppressive cytokine, and a potent regulator of 
both innate and adaptive immune responses 
under numerous circumstances [126, 167]. 
Originally classified as a Th2 cytokine, IL-10 can 
be produced by Th2 cells and Tregs, as well as 
macrophages, type 1 regulatory T cells (Tr1), and 
various other Th subsets [126, 167–169]. IL-10 
attenuates the activation and function of antigen-
presenting cells, Th1 cells and Th17 cells, among 
others [168–171], and prevents or attenuates a 
wide array of autoimmune/inflammatory dis-
eases, including IBD, RA, EAE, and microbial 
infection-induced organ inflammations [171–
173]. IL-10 also positively regulates B cell 
responses, enhancing the expansion, isotype 
switching, and antibody production of these cells 
[170, 171, 174, 175].

IL-10 concentrations are elevated in the saliva 
of SjS patients and correlate positively with the 
severity of xerophthalmia and xerostomia [176]. 
IL-10 levels are also increased in the sera of pSjS 
patients with a direct correlation with the magni-
tude of sialadenitis and the amount of serum 
IgG1 autoantibodies [177]. Transgenic IL-10 
expression in exocrine gland tissues induces 
SjS-like exocrinopathy [178], whereas IL-10 
gene deletion markedly curtails sialadenitis in 
the NOD model of this disease [179]. These find-
ings demonstrate a pathogenic, SjS disease-pro-
moting effect of IL-10 unlike its extensively 
reported immune- regulatory and anti-inflamma-
tory activity in many other disease settings. The 
SjS-promoting activity of IL-10 is underpinned 
by the upregulation of Fas ligand in CD4 T cells 
[178], enhancement of ICAM-1 expression in 
exocrine tissues, acquisition of proinflammatory 
function by IFNα- primed innate immune cells 
[105, 180], and a likely augmentation of autore-
active B cell responses. Therefore, the current 
evidence has indicated that IL-10 may predomi-
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nantly act as a disease-promoting pathogenic 
player in SjS, as in the cases of SLE and type 1 
diabetes [105, 180]. Future investigations are 
needed to better delineate its action and role in 
SjS in a disease stage- and cellular producer-
specific fashion.

6.7.3  Tfr Cells

T follicular regulatory cells (Tfr) are a group of 
Foxp3-expressing immune-regulatory T cells 
that bear similar phenotypic features to TFH 
cells but suppress TFH activities and curtail ger-
minal center B cell responses in the germinal 
centers and other germinal center-like structures 
[181, 182]. Tfr cells are enriched in the blood of 
pSjS patients to a greater degree than TFH cells 
[155, 183], present in the salivary glands of the 
majority of the pSjS patients, and located mainly 
at the borders between the T and B cell zones 
outside of the ectopic germinal center-like struc-
tures [183].

In a salivary gland autoantigen-immunization- 
induced SjS model, ablation of Tfr cells through 
BCL6 gene deletion in Foxp3-expressing regula-
tory cells markedly accelerates the development 
of SjS-like pathologies, whereas ablation of TFH 
cells impedes the disease development [35]. 
However, depletion of Tfr cells does not affect 
salivary secretion in this study, raising the ques-
tion whether Tfr and TFH cells are essentially 
required for this process. Additional investiga-
tions will be needed to comprehensively and rig-
orously elucidate the properties and actions of 
Tfr cells in the SjS disease using both human 
samples and mouse models.

6.8  B Cells

6.8.1  Major B Cell Subsets 
in the Target Exocrine Glands 
of SjS

The activation of autoreactive B cells in the con-
text of SjS is initiated and potentiated by genetic 
and epigenetic predispositions, environmental 

triggers such as viral infections, and impact from 
various cell types in the microenvironment, 
including epithelial cells, innate immune cells, 
and multiple Th subsets that can provide help to 
B cells [6, 41].

Multiple B cell populations or subsets that 
may collectively contribute to SjS pathogenesis 
and persistence have been identified in the exo-
crine glands of SjS patients, including CD27+ 
memory B cells, marginal zone B cells, plasma-
blasts, and plasma cells. (1) CD27+ memory B 
cells: In pSjS patients, the number of circulating 
CD27+ memory B cells is consistently decreased 
[184–189], which may result from the migration 
of these cells to the target exocrine glands or 
from the retention of these cells in the glands as 
supported by an increased amount of these cells 
detected in salivary glands of pSjS patients [190]. 
(2) Plasmablasts and plasma cells: A comprehen-
sive single cell-based analysis demonstrates a 
decrease in the number of CD27+ memory B 
cells, CD4 T cells, and plasmacytoid dendritic 
cells (pDCs) and an increase in the number of 
activated CD4- and CD8 T cells and plasmablasts 
in the blood of SjS patients, compared to the 
healthy control subjects [191]. The analysis also 
shows the presence of total B cells, plasma cells, 
and significant amount of effector CD8 T cells in 
the circulation of these pSjS patients. Some of 
these changes are positively associated with the 
severity of disease pathologies. In addition, the 
single cell-based profiling also reveals that 
plasma cells, including the long-lived plasma 
cells, constitute a significant proportion of the 
total B cells in the salivary glands of pSjS patients 
[191]. (3) Marginal zone (MZ) B cells: MZ B 
cells normally reside in the marginal zone of the 
spleen and are characterized by the expression of 
high levels of IgM, CD21, and CD1, combined 
with low levels of IgD, CD23, and CD5. They are 
generated through T cell-independent selection 
process and can rapidly elicit T cell-independent, 
first-line responses against certain blood-borne 
antigens with a lower activation threshold than 
the follicular B cells. A significant proportion of 
CD27+ memory B cells in the salivary glands of 
pSjS patients express IgM and bear a MZ B cell- 
like phenotype, [192, 193], although more 
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 definitive and thorough characterizations of these 
cells are still needed.

The functional importance of B cells as a 
whole has been revealed by multiple in vivo stud-
ies with mouse model of SjS [194, 195]. 
Depletion of B cells with an anti-CD20 antibody 
ameliorates the development of SjS-like sialade-
nitis and autoantibody production in the Id3-KO 
mouse strain, a model of pSjS [194]. The patho-
genic T cells from the SjS mouse models cannot 
induce SjS-like disease when transferred into 
host mice lacking B cells [194–196]. In addition, 
deficiency of Th2 cytokine IL-4 prevents the 
development of salivary secretory dysfunction 
due to failure to produce IgG1-type autoantibod-
ies, including anti-M3R, by B cells [27, 28].

A critical pathogenic role of MZ B cells in SjS 
has been demonstrated in several models of this 
disease. In the Tnfsf13b-transgenic mice in which 
the liver cells overexpress B cell growth factor B 
cell-activating factor (BAFF), which spontane-
ously develop SjS-like sialadenitis and hyposali-
vation, a significant proportion of the salivary 
gland-infiltrating B cells have a MZ B cell-like 
phenotype of IgMhiB220hiCD5–CD23lo/–IgDlo/–

CD1hiCD21hi L-selectinloHSA++ [197, 198]. 
Importantly, genetic ablation of the MZ B cell 
population in these mice prevents the develop-
ment of SjS-like sialadenitis without affecting 
that of nephritis [199]. In Txlna-transgenic mice 
that overexpress B cell growth factor IL-14  in 
activated T and B cells and in follicular dendritic 
cells, the splenic CD19+CD21+IgM+ MZ B cell 
population is expanded, and genetic ablation of 
MZ B cells in these mice abolishes all the major 
characteristic pathologies of SjS including the 
autoantibody production [200, 201].

6.8.2  B Cells in Ectopic Germinal 
Centers

Ectopic germinal centers are detected in the sali-
vary glands of approximately10–30% of pSjS 
patients [202, 203], and bear similar morpholo-
gies to the conventional germinal centers, defined 
as T and B cell aggregates containing prolifera-
tive cells and a network of follicular dendritic 

cells and activated tissue cells. The germinal 
center-like structures in the salivary glands con-
tain apoptotic cells and anti-Ro/SSA and anti- La/
SSB autoantibodies, with the amount of autoanti-
bodies markedly higher in pSjS patients that have 
ectopic germinal centers than those without these 
structures [203]. Furthermore, the polymorphism 
of the CXCR5 gene, which encodes the signature 
chemokine receptor expressed by TFH cells, is 
associated with the pSjS incidence [204]. These 
findings suggest that the formation of the ectopic 
germinal center-like structures may contribute to 
the sustained autoreactive B cell responses in 
SjS.

As described in the earlier sections on T cells 
and cytokines of this chapter, the importance of 
multiple germinal center-promoting factors, 
including the TFH-IL-21 axis, IL-22, and 
CXCL13, in SjS pathogenesis has been demon-
strated in mouse models, indirectly supporting a 
functional significance of germinal center-like 
structures in SjS.  Nevertheless, more definitive 
and comprehensive investigations will be 
required to elucidate the role of ectopic germinal 
centers and germinal center B cells in the patho-
genesis and sustainment of SjS and the associ-
ated B cell lymphomagenesis.

6.8.3  B Cell-Activating Factor 
(BAFF)

BAFF is a cytokine that plays a vital role in pro-
moting the maturation, survival, expansion, and 
antibody production of B cells, including MZ B 
cells [205, 206]. BAFF, with both a membrane- 
bound form and a soluble form, can bind to the 
BAFF receptor (BAFF-R), transmembrane acti-
vator and calcium modulator and cyclophilin 
ligand interactor (TACI), or B-cell maturation 
antigen (BCMA), three receptors that are chiefly 
expressed by immature B cells, memory B cells, 
and plasma cells, respectively [205, 206]. A 
BAFF homologue protein named a proliferation- 
inducing ligand (APRIL), which is also a tumor 
necrosis factor ligand superfamily member, can 
also bind to TACI and BCMA to enhance B cell 
expansion, differentiation and antibody produc-
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tion [207, 208], and has partially overlapping 
effects on B cells with BAFF.

The amount of BAFF is increased in the sali-
vary glands of pSjS patients compared to the con-
trol subjects [198, 209], with a variety of cell 
types, including T and B cells, macrophages, 
dendritic cells, and epithelial cells, as cellular 
producers [209–212]. Apart from exocrine gland 
tissues, BAFF levels are also elevated in the 
blood and correlated with the levels of anti- SSA/
Ro, anti-SSB/La, and the rheumatoid factor [186, 
209]. Type I IFNs and IFNγ that are rich in SjS 
target tissues can induce BAFF production [87, 
211, 213], and the apoptotic bodies released from 
salivary gland epithelial cells and autoantibodies 
can also stimulate BAFF production by epithelial 
cells through enhancing type 1 IFN production 
from the infiltrating immune cells [134, 210, 
214]. In addition, virus-triggered signals have 
been shown to potentiate BAFF production by 
salivary gland epithelial cells through both type 1 
IFN- and TLR-dependent and independent mech-
anisms [212].

Excessive amount of BAFF in the target tis-
sues can positively affect multiple aspects of B 
cell responses, including the survival and prolif-
eration of B cells, generation of plasma cells, 
production of autoantibodies, and lymphoma-
genesis of B cells [198, 215, 216]. The Tnfsf13b- 
transgenic mice, in which liver cells overexpress 
BAFF, develop pSjS-like hyposalivation and 
sialadenitis characterized by the presence of a 
large number of B cells in the salivary glands, 
with a significant proportion of them being 
MZ-like B cells [197, 198]. In addition, plasmid-
mediated BAFF overexpression in NOD mice 
exacerbates leukocytic infiltration of salivary 
glands and enhances B cell differentiation, with-
out significantly altering the formation of ecto-
pic germinal centers [217]. The in  vivo role of 
endogenously produced BAFF in SjS pathogen-
esis has also been revealed by several loss-of-
function studies. ΔBAFF is a naturally arising 
physiological inhibitor of BAFF function, a 
minor splice variant of BAFF mRNA formed 
through deletion of a single exon deletion (exon 
3 in human and exon 4 in mice) [218]. An exon-
skipping approach that targets BAFF mRNA 

splicing to increase ΔBAFF amount and con-
comitantly reducing the full- length BAFF 
amount in salivary tissues of NOD mice causes a 
substantial decrease in B cells and plasma cells 
in the salivary glands and an attenuation of SjS-
like sialadenitis and hyposalivation [219]. In 
addition, inhibition of BAFF activity in the NOD 
mice prior to SjS disease onset through adminis-
tration of a soluble BAFF receptor dramatically 
reduces the number of B cells in the salivary 
glands and hinders the development of SjS-like 
sialadenitis and production of antinuclear anti-
bodies [220]. Hence, current evidence points to 
an importance of BAFF in the autoreactive B cell 
responses and pathogenesis of SjS, although 
there are controversies about its in vivo signifi-
cance for the ectopic germinal center formation 
in this disease.

In comparison to BAFF, the expression and 
function of APRIL in SjS in both humans and 
mice has remained largely uncharacterized. A 
better and more comprehensive understanding of 
the actions of both BAFF and APRIL and the 
underlying mechanisms of their effects will 
greatly advance the development of effective, B 
cell-targeted therapies for this disease.

6.9  Biological Therapies 
Targeting Adaptive 
Immunity in SjS

Recent SjS research has unequivocally demon-
strated the importance of autoreactive T and B 
cells, and the cytokines that affect or mediate 
their functions, in development and persistence 
of this disease. As a result, significant efforts 
have been made to design and clinically evaluate 
a variety of therapeutics that can potentially abol-
ish or dampen the activity of these adaptive 
immune players or their downstream signaling 
and effector pathways. Figure  6.1 depicts an 
overview of the major adaptive immune players 
in SjS discussed in this chapter, and the corre-
sponding therapeutics targeting these players 
subjected to clinical trials. Despite partial posi-
tive outcomes in some of the clinical trials, the 
great majority of the  therapeutics tested to date 
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have not demonstrated a consistent and satisfac-
tory efficacy.

The underlying reasons for the lack of success 
in developing effective biological therapeutics 
for SjS, in contrast to a number of other major 
autoimmune inflammatory diseases, may include: 
(a) There is an insufficient and inadequate under-
standing of the precise function, role, and mecha-
nisms of action for many of the principal 
immunological players in SjS. Many of the cel-
lular and molecular players identified as associ-
ated with SjS in human patients need to be 
assessed for their in vivo functional importance 
using animal models. Conversely, many findings 
generated from mouse models are yet to be evalu-
ated in human samples. (b) The effects and roles 
of an immunological player are often complex, 
fluid and context-dependent, in that the same 
player can be pathogenic in other diseases or 
organs but protective in SjS, and vice versa. 
Hence, application of therapeutic strategies effec-
tive for other disease conditions to SjS without a 
thoroughly delineated scientific basis may yield 
unsuccessful or even detrimental outcomes. 
Supporting this notion, multiple biologics, 
including those targeting TNFα, IL-6, CD20, and 
BAFF described above, have been successful in 
treating certain other inflammatory diseases, 
such as RA, SLE, and Crohn’s disease, but fail to 
achieve desired outcome for SjS. (c) SjS is highly 
multi-factorial in its pathogenic mechanisms and 
heterogenous in its pathological manifestations, 
which significantly increases the complexity and 
difficulty in developing effective therapeutic 
strategies.

6.10  Conclusions

Remarkable advancement has been made in 
understanding various key aspects of the adaptive 
immunity governing the SjS disease. However, 
many critical knowledge gaps still remain to be 
filled, including the precise effects and the dis-
ease stage-dependent functions of T and B cell 
populations and cytokines, the mechanisms 
underlying the actions of these adaptive immune 
players, and the intricate interactions and cross-

regulation among them during the development 
and persistence of local and systemic SjS pathol-
ogies. There is an urgent and crucial need to 
address these knowledge gaps, identify new ther-
apeutic targets, and develop novel therapeutic 
approaches including those that simultaenously 
target multiple immune players and those that 
effectively target subgroups or even individual 
patients. The overall goal will be to establish 
effective and targeted treatments for this chal-
lenging and complex autoimmune disease and 
improve the oral and overall health of millions of 
people.
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7.1  Introduction

Sjögren’s syndrome (SS) is a progressive sys-
temic autoimmune disease that causes chronic 
inflammation of the salivary, lacrimal, and other 
exocrine glands and B cell hyperactivity leading 
to the production of characteristic autoantibodies 
such as anti-Ro (SS-A) and La (SS-B). Dry eyes 
(xerophthalmia) and dry mouth (xerostomia) are 
prominent symptoms, though there are a host of 
other symptoms including fatigue, neurological 
problems (such as peripheral neuropathies and 
neuromyelitis optica), joint pain, vasculitis, 
Raynaud’s phenomenon, tubulointerstitial 
nephritis, and lymphadenopathy. SS is associated 
with a 16–40-fold increase in the risk of B cell 
lymphoma [1, 2]. A retrospective study of 723 SS 
patients followed for a mean of 6 years showed a 

10-year risk of developing lymphoproliferative 
disease (mostly B cell lymphoma) of 3.9% [3]. 
Typically, SS lymphomas develop extranodally at 
the sites of inflammation, most commonly within 
the inflamed salivary glands.

7.2  Salivary Gland Inflammation 
in SS

Chronic inflammation of the major salivary 
glands is characteristic of SS and may be mani-
fested by painful or painless enlargement of the 
parotid or submandibular glands (Fig. 7.1a). The 
minor salivary glands of the lip (labial glands) are 
similarly affected and are frequently biopsied for 
diagnostic purposes (Fig. 7.1b, c). In contrast to 
chronic sialadenitis in which the glands are 
replaced by fibrotic tissue, the acini are preserved 
early in the course of SS (Fig.  7.1b, yellow 
arrows), but are destroyed later on in the disease. 
The presence of lymphoplasmacytic “foci” con-
sisting of ≥50 lymphocytes or plasma cells is 
pathognomonic (Fig. 7.1b, black arrow). A focus 
score of ≥1 per 4 mm2 is considered diagnostic. 
However, similar foci are found in hepatitis C 
virus (HCV) infection (Fig.  7.1c, black arrow) 
and sometimes HIV infection [4–7].

The salivary gland infiltrates in SS consist of 
CD4+ T cells, B cells, and plasma cells [8, 9]. 
CD27+ memory B cells are lower in the periph-
eral blood of SS patients compared with controls, 
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and accumulate within the inflamed salivary 
glands. The B cell infiltrate in SS consists of tran-
sitional (T1) B cells (IgD+, IgM−, CD21+, CD23+) 
and marginal zone-like B cells (IgD−, IgM+, 
CD21±, CD23±) with small numbers of B1 cells 
(CD20+, CD5+) and numerous CD27+ memory B 
cells [8, 9]. Although most of the cells infiltrating 
the salivary glands are T cells, the infiltrates may 
contain clonally expanded plasma cells, resulting 
in a high frequency of benign monoclonal or oli-
goclonal gammopathy, which may be associated 
with B cell neoplasia [1, 10–12].

In the course of the inflammatory response, 
the infiltrates can become organized into struc-
tures resembling B cell follicles, a process known 
as lymphoid neogenesis [13]. Secondary lym-
phoid follicles consist of three zones: an inner 

germinal center surrounded by a darkly stained 
mantle zone and an outer marginal zone (Fig. 7.2). 
Germinal center B cells undergo antigen- and T 
cell-dependent proliferation, class switching, and 
affinity maturation, generating antibody- 
producing plasma cells and memory B cells. 
Reactive germinal centers usually show clear 
polarity with both dark and light zones that can 
be clearly highlighted by anti-Ki-67 immunohis-
tochemical staining. The dark zone contains 
highly proliferative centroblasts and the light 
zone comprises less proliferative centrocytes, 
which eventually differentiate into either mem-
ory B cells or immunoblasts, plasmablasts, and/
or plasma cells. Mantle zone B cells are naïve 
(unstimulated) B cells that are IgM+/IgD+/CD5+/
CD10−/CD23−/+. Marginal zone (MZ) B cells 

a b

c

Sjogren

HCV

Acini

Acini

Fig. 7.1 Lymphoplasmacytic infiltrates in SS compared 
with HCV infection. (a) Left parotid enlargement in a 
patient with primary SS. (b) H&E stained labial salivary 
gland biopsy from a patient with primary SS showing a 
typical lymphoplasmacytic focus (collection of >50 lym-

phocytes and/or plasma cells, arrow) and preservation of 
the glandular architecture (acini). (c) H&E stained labial 
salivary gland from a patient with chronic HCV infection 
showing a focus (arrow) and preservation of the acini 
(400×)
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rapidly generate antibody responses to both T 
cell-dependent and T cell-independent antigens 
[14]. They are positive for B cell markers, such as 
CD20 and CD19, but lack CD5, CD23, CD10, 
and IgD expression.

The presence of germinal center-like struc-
tures and memory B cells in the salivary gland 
infiltrates raises the possibility that antigenic 
stimulation is involved in the B cell proliferation 
of SS [15]. Further evidence comes from the sim-
ilar histopathologic findings and pathogenic 
mechanisms seen chronic HCV infection, which 
may mimic primary SS [16] (Fig. 7.1c). Like SS, 
HCV infection is an autoimmune process marked 
by the production of rheumatoid factors (RFs), 
some of which are cryoglobulins (Fig.  7.3). 
Moreover, clonal B cell expansions also develop 
within the salivary glands of some patients with 
HCV infection [17] and extranodal lymphoma 
within the salivary glands occasionally has been 
reported [18]. Polyclonal B cell activation in both 
SS and HCV infection may evolve to monoclo-
nal/oligoclonal gammopathy, and a subset of 
patients go on to develop B cell lymphoma [17, 
19]. Interestingly, clonal diversity analysis (ratio 
of replacement to silent mutations) in the heavy- 
chain third complementarity determining regions 
(CDR3) compared with framework regions of 

these neoplasms in both SS and HCV infection is 
consistent with a chronic antigenic stimulus [15, 
20, 21].

Germinal
center 

Mantle zone

Marginal zone

Fig. 7.2 Anatomy of secondary lymphoid follicles. Low power (left, 200×) and high power (right, 400×) micrographs 
of a secondary lymphoid follicle stained with H&E. Marginal zone, mantle zone, and a germinal center are indicated

Dry eyes/mouth
Rheumatoid factor

Antigenic stimulation
Cryoglobulins

Parotid enlargement
Vasculitis

B cell lymphoma
Autoimmunity

Anti-Ro60
Anti-Ro52
Anti-La

Chronic
viral

infection

Primary 
Sjogren’s 
syndrome

Chronic
hepatitis C
infection  

Fig. 7.3 Overlapping immunological and clinical fea-
tures of SS and HCV infection. Immunological features 
(production of rheumatoid factor and cryoglobulins, evi-
dence of chronic antigenic stimulation) and clinical fea-
tures (autoimmune-mediated salivary gland enlargement 
and vasculitis, extranodal B cell lymphoma) overlap con-
siderably in SS and chronic HCV infection. However, 
there are differences: chronic viral infection is likely to 
provide the antigenic stimulation in patients with HCV 
infection, but the antigenic stimulus in SS remains 
unknown. Also, anti-Ro (SS-A) and La (SS-B) antibodies 
are not seen in patients with HCV infection without co- 
existing SS
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7.3  Extranodal Lymphomas in SS

In response to chronic inflammation, extranodal 
MZ lymphoma (MZL) can arise in a variety of 
sites with mucosa-associated lymphoid tissue 
(MALT), including the stomach (in association 
with Helicobacter pylori infection) [22], thyroid 
gland, salivary glands, and bronchus-associated 
lymphoid tissue (BALT) [23–26]. In H. pylori- 
associated MALT lymphomas, the B cell clone 
undergoing malignant transformation can be 
detected in the inflamed stomach (gastritis) pre-
ceding the onset of lymphoma [27] and the lym-
phoma can often be treated successfully with 
antibiotics to eradicate the organism [28]. In SS, 
these neoplasms most commonly arise within the 
inflamed parotid glands, and less commonly the 
submandibular or labial salivary glands [29, 30], 
lacrimal glands [14], or BALT [26]. The neoplas-
tic B cells, which closely resemble MZ B cells 
from secondary lymphoid tissue of the gut or 
lymph nodes (“nodal MZL”), or the spleen 
(“splenic MZL”), are thought to arise in response 
to chronic immune or autoimmune stimulation 
and may undergo differentiation into plasma cells 
[31]. Therefore, distinguishing MZL from other 
types of small B cell lymphomas can be challeng-
ing [32]. Due to the propensity of some extrano-
dal MZL to undergo plasmacytic differentiation 
[31, 33], distinguishing them from lymphoplas-
macytic lymphoma or plasma cell neoplasms can 
sometimes be difficult. The faction of plasma 
cells (CD20−) may increase following the elimi-
nation of CD20+ B cells by rituximab therapy 
[34, 35].

The occasional transformation of gastric 
MALT lymphomas into CD20− plasma cell 
tumors after rituximab monotherapy suggests 
that “plasmacytoma of the GI tract” may actually 
originate as a MALT lymphoma [34]. It is impor-
tant to uncover plasma cell differentiation 
because the CD20− plasma cells derived from a 
CD20+ MZL are refractory to rituximab (anti-
 CD20 monoclonal antibody) [35]. One sign that 
clonal plasma cells have developed is the appear-
ance of a monoclonal gammopathy, although 
many patients with plasma cell differentiation 

histologically do not present with paraproteins. 
Generally, the paraprotein has the same heavy 
and light chain as the original MZL and in one 
case, the plasma cell tumor exhibited the MALT 
lymphoma-specific t(11;18)(q21;q21) transloca-
tion [35]. In view of the possible outgrowth of 
CD20− plasma cell variants, combination chemo-
therapy with rituximab plus other drugs active 
against plasma cell disorders (such as R-CHOP) 
has been advocated [35].

The pathological diagnosis of extranodal 
MZL depends on several key features including 
the presence of reactive germinal centers, inter-
follicular MZ expansion, and lymphoepithelial 
lesions caused by infiltration of the tumor cells 
into the overlying epithelium [32]. Nearly all 
MZLs arising in the parotid gland exhibit mono-
cytoid morphological features. Plasmacytic dif-
ferentiation is seen in about a third of cases. Flow 
cytometry is helpful for identifying a clonal κ or 
λ light chain-restricted B cell population that 
lacks CD5, CD23, and CD10 expression. Most of 
these tumors express μ heavy chain, and when 
there is significant plasmacytic differentiation, 
this may lead to the production of an IgM para-
protein. Cytogenetic studies may be helpful to 
confirm the diagnosis. Pathognomonic abnormal-
ities for extranodal MZL include apoptosis inhib-
itor- 2 (API2)/MALT1, IGH/MALT1, and IGH/
BCL10 translocations [32]. The API2/MALT1 
fusion protein activates NFκB, promoting B cell 
survival. However, these abnormalities are pres-
ent in less than half of cases. The overall fre-
quency of MALT1 translocation is about 20% 
[1]. Clinically, extranodal MZL is an indolent 
neoplasm that often remains localized to the sali-
vary gland, but can disseminate to other loca-
tions, frequently to other sites with MALT [1].

7.3.1  Frequency of SS Among 
Patients with Salivary Gland- 
Associated MZL

Although common in SS, salivary gland MALT 
lymphoma is not unique to SS.  In one study of 
247 patients, 101 (47%) had an autoimmune 
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 disorder and 84 (33%) had SS [36]. Other auto-
immune diagnoses included rheumatoid arthritis 
(RA) (4%), Raynaud’s phenomenon (3%), 
scleroderma (2%), and miscellaneous (8%). The 
remaining 146 patients (53%) did not have a 
diagnosed autoimmune condition.

7.3.2  Case 1: 58-Year-Old Woman 
with SS and Persistent Right 
Parotid Swelling

In 1980, the patient noted the onset of fatigue, 
dry eyes, and dry mouth and in 1982 she devel-
oped recurrent bilateral parotid swelling (worse 
on the right than on the left). She was seen by a 
rheumatologist in 1997 because of parotid gland 
swelling, oral, ocular, and vaginal dryness, and 
arthralgias. Her Schirmer test was abnormal. 
ANA test was strongly positive (1:1280 speck-
led pattern) with positive anti-Ro (SS-A) and La 
(SS- B) antibodies as well as positive 
RF.  Globulin level was 4.4  g/dL.  In 2001 she 
was referred to the University of Florida because 
of sicca symptoms and tender right parotid 
swelling. The parotid swelling initially fluctu-
ated, but later became persistent. A CT scan 
revealed a right parotid mass (Fig. 7.4a), which 
was surgically excised. Pathology showed a 
well-encapsulated mass consisting of atypical 
lymphocytes with monocytoid appearance and 
lymphoepithelial lesions (infiltration of the sali-
vary gland epithelium by neoplastic B cells), 
which are characteristic of extranodal MZL 
(Fig. 7.4b, c). Flow cytometry showed a mono-
clonal population of CD19+/CD20+ B cells that 
exhibited surface immunoglobulin κ light chain 
restriction with little or no expression of CD5, 
CD23 (a minor subpopulation of CD23+ cells 
was not part of the monoclonal κ-restricted lym-
phoma population), and CD10 (Fig.  7.4d, e), 
supporting the diagnosis of MZL.  Additional 
imaging did not show any evidence of lymph-
adenopathy and she did not undergo further 
therapy for lymphoma. She has now remained 
disease-free for 18 years.

7.4  Lymphocytic Interstitial 
Pneumonia and B Cell 
Neoplasia

Although the human lung does not normally con-
tain prominent collections of organized lymphoid 
tissue [24], during infection or other inflamma-
tory processes, rudimentary bronchus-associated 
lymphoid tissue can be induced to expand 
(iBALT) [24, 37]. This inducible lymphoid tissue 
is thought to represent tertiary (ectopic) lymphoid 
tissue, a process known as lymphoid neogenesis. 
BALT contains prominent B cell follicles with 
mature B cells, often in the absence of adjacent T 
cell areas. In the setting of infection or other anti-
genic stimulation, the B cell zones may contain 
germinal centers [24]. Germinal center B cells 
downregulate IgD expression and may exhibit 
class switching to IgG, IgA, or IgE. Reactive B 
cell follicles containing germinal centers also may 
contain CD4+ T cells and the germinal centers 
contain oligoclonal B cells undergoing T cell-
dependent clonal expansion [38]. Lung biopsies 
from patients with RA- or SS-associated lung dis-
ease consistently contain iBALT with extensive 
germinal center formation [39].

7.4.1  Case 2: 50-Year-Old Female 
Non-Smoker with SS 
and Multiple Pulmonary 
Nodules

In 1999, the patient developed dry eyes and dry 
mouth with an abnormal Schirmer test and posi-
tive anti-Ro (SS-A) and La (SS-B) antibodies. A 
chest X-ray in 2004 revealed four small, poorly 
visualized, non-calcified pulmonary nodules (one 
of these, located in the right upper lobe, is indi-
cated by an * in Fig. 7.5a). Skin testing for tuber-
culosis was negative. The pulmonary lesions 
were followed by serial CT scans. On a CT scan 
performed in 2008, the nodule in her right upper 
lobe had enlarged (Fig. 7.5b) and a wedge resec-
tion was performed to exclude lung cancer. 
Pathology revealed a dense lymphocytic infiltrate 
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Fig. 7.4 Patient with SS and persistent unilateral parotid 
enlargement. (a) CT scan showing right parotid mass 
(long arrow). (b) H&E staining of the excised parotid 
mass (×40). (c) H&E staining showing typical lym-
phoepithelial lesions (short arrows) (×400). (d) Flow 
cytometry of salivary B cells showing a monoclonal, κ 
light chain- restricted B cell population (arrow). (e) Flow 

cytometry of the salivary gland cells showing the absence 
of CD5, CD23, and CD10 staining on the neoplastic 
κ-restricted CD19+/CD20+ B cells (arrows). A small 
population of CD19+CD23+ B cells was distinct from 
the κ-restricted neoplastic B cell population. PE, phyco-
erythrin; FITC, fluorescein isothiocyanate; PerCP-Cy5.5, 
peridinin-chlorophyll-Cy5.5
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Fig. 7.5 Patient with SS and enlarging lung mass. (a) 
Chest X-ray from 2004 showing small, poorly visualized, 
non-calcified pulmonary nodules. A nodule in the right 
upper lobe is indicated by an arrow and an asterisk (*). (b) 
CT scan of the chest from 2008 showing the four nodules 
(arrows). The enlarging right upper lobe nodule, which 
was biopsied, is indicated by an asterisk (*). (c) H&E 
staining of a lymphoid follicle from the biopsied lung 
mass (×200). (d) H&E staining of a germinal center from 

the lung mass (×200). (e) Ki-67 staining (immunohisto-
chemistry) of the germinal center from the mass (×200). 
(f–i) Bcl-6, Bcl-2, CD5, and CD3 staining (immunohisto-
chemistry) of the germinal center from the mass (f–i 
×400; (j), ×100; k ×200). J, CD20 staining (immunohisto-
chemistry) of B cells in the lung nodule (×10). (k) 
Immunohistochemical staining of polyclonal plasma cells 
in the lung nodule (left, κ light chain, right, λ light chain) 
(×20)
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with expanded MZ B cells along with reactive 
lymphoid follicles confirmed by the presence of 
Ki-67+, BCL6+, and BCL2− cells showing a phe-
notype consistent with reactive germinal center B 
cells (Fig.  7.5c–g). The germinal centers were 
surrounded by B cells with weaker Bcl-2 expres-
sion than the activated (CD3+/CD5+) T cells 
(Fig.  7.5g–i). The lung nodules also contained 
numerous CD20+ B cells and polyclonal plasma 
cells with κ light chain predominance (Fig. 7.5j, 
k). The presence of germinal centers in the 2008 
biopsy of her right upper lobe nodule along with 
the fact that the nodule was present in exactly the 
same location for 4 years before enlarging sug-
gests the possibility of ongoing antigenic stimu-
lation within the lung nodule [40]. Although 
germinal centers typically have a lifespan of less 
than a month, chronic germinal centers have been 
reported in chronic viral infection and have been 
associated with the appearance of self-reactive 
clones that may evade negative selection and pro-
mote genomic instability, leading to the develop-
ment of autoantibodies and B cell lymphomas 
[40]. The nature of the antigen responsible for 
chronic germinal center formation in this case of 
SS with a benign B cell expansion was not deter-
mined. However, in contrast to this patient, neo-
plastic transformation is seen in some patients 
with SS, resulting in BALT lymphoma [25, 26].

7.4.2  Lymphoproliferation 
in SS Lung

The diagnosis of extranodal MZL of the lung in 
SS may be difficult since B cell proliferation can 
range from benign lymphoproliferation within 
BALT to lymphocytic interstitial pneumonia 
(LIP) to low-grade B cell lymphomas and MZL 
[33, 41]. Molecular analysis to detect monoclo-
nal immunoglobulin heavy-chain (IGH) rear-
rangements plays an important role in 
distinguishing benign B cell proliferations from 
MZL.

LIP, the classic pulmonary lesion seen in 15% 
of SS patients [42], is defined by the presence of 

dense interstitial infiltrates consisting of T cells, 
plasma cells, and histiocytes, and often the for-
mation of germinal centers containing CD20+ B 
cells [41]. LIP also is seen in other autoimmune 
disorders and in HIV infection. Although it has 
been considered a form of interstitial pneumonia 
for many years, LIP is also a lymphoproliferative 
process. However, it remains unclear whether it 
represents a precursor of B cell lymphoma [33]. 
Viral infections, such as Epstein–Barr virus, 
HIV, and HHV-8, have been proposed as etio-
logic agents, but this possibility remains contro-
versial. Clinical manifestations include dyspnea, 
cough, chest pain, and occasionally hemoptysis. 
Radiographic findings typically include reticular 
or reticulonodular infiltrates and ground glass 
infiltrates, with centrilobular nodules and ground 
glass infiltrates on high resolution CT (HRCT) 
scan (see Fig. 7.6 bottom panel). There is clini-
cal and histological overlap with follicular bron-
chitis, a milder condition characterized by 
peribronchial lymphoid follicles [41]. The B 
cells in both LIP and follicular bronchitis are 
polyclonal, as determined by PCR amplification 
of IGH genes from the lesions. The differential 
diagnosis includes extrinsic allergic alveolitis, 
nodular lymphoid hyperplasia (lymphoid prolif-
erations forming one or more isolated lung nod-
ules) [33], and pseudolymphoma [41]. The first 
two are polyclonal, whereas pseudolymphomas 
typically are clonal and express B cell surface 
markers consistent with true lymphoma [41]. 
Primary pulmonary lymphomas are unusual 
(0.5–2% of all primary lung neoplasms) [41, 42]. 
Multiple nodules or alveolar opacities associated 
with air bronchograms may be visualized on 
HRCT scan. Histologically, lymphoepithelial 
lesions and germinal centers are seen. High 
grade tumors are often diffuse and necrotic [33, 
41]. Nodal B cell lymphoma also can directly 
invade from adjacent mediastinal nodes or 
metastasize from the blood. Although detection 
of rearranged IGH genes by PCR is characteris-
tic of B cell lymphomas, LIP also can exhibit 
small populations of clonal cells, consistent with 
the possibility that B cell lymphomas and LIP 
are part of a continuum. All these disorders, both 
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polyclonal and monoclonal, are thought to arise 
from BALT [43].

The standard treatment of LIP is corticoste-
roids plus steroid-sparing immunosuppressive 
drugs [42]. B cell depletion with rituximab has 
shown promising improvement of salivary and 
lacrimal flow and interstitial lung disease in SS 
[44, 45]. There also is a report of successful 
treatment of LIP with rituximab [46]. In view 
of the importance of T cells in the inflammatory 
infiltrates, abatacept (CTLA4-Ig) has been 
tested in small numbers of SS patients with 
encouraging results [47, 48] and successful 
treatment of LIP with abatacept plus tacrolimus 
has been reported [49]. Although there are no 
published data to suggest that aggressive treat-
ment of LIP can prevent the development of B 
cell lymphoma, that possibility warrants further 
study.

7.5  Other Forms of Lymphoma 
in SS

Although MZL is most typical, other types of B 
cell lymphoma may develop in SS. In one study, 
the prevalence of MZL was 44%, diffuse large B 
cell lymphoma (DLBCL) 24%, and follicular 
lymphoma 24% [50]. T cell lymphomas and 
Hodgkin lymphomas are rare. There is not much 
information specific to SS patients with B cell 
lymphomas other than MZL.

7.5.1  DLBCL

DLBCL generally is much more aggressive than 
MZL.  It is classified into germinal center-like 
(GCB) and activated B cell (ABC) subtypes on the 
basis of transcriptional profiling and expression of 

Fig. 7.6 Patient with SS and follicular lymphoma. (a) 
PET scan obtained in 12/2016 showing widespread fluo-
rodeoxyglucose (FDG)-avid lymphadenopathy in a SS 
patient with probable follicular lymphoma. (b) left, PET 
scan showing FDG-avid groin lymph nodes; right, CT 
scan of the same region. (c) left, PET scan showing FDG 
uptake in the bilateral parotid glands; right, CT scan of the 
same region. (d) left, PET scan showing diffuse FDG 
uptake in the lungs; right, CT scan of the same region. (e) 
Histopathology of follicular lymphoma. Panels show the 

typical findings of Grade 3 follicular lymphoma in another 
patient (a different patient than shown in a–d). H&E sec-
tion shows vaguely nodular and diffuse areas with pre-
dominantly medium to large cells with increased 
centroblasts (X100, inset X400). Immunohistochemical 
studies demonstrate diffuse CD20+/Pax5+ B cells that are 
also positive for BCL2 and BCL6 with approximately 
30–50% Ki-67 labeling index. CD21 immunohistochem-
istry highlights some residual follicular dendritic cell 
meshwork
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CD10, Bcl6, cyclin D2, and MUM1 [51, 52]. Five-
year survival of patients with GCB is 76% com-
pared with 34% for patients with non- GCB DLBCL 
[52]. Bcl6 or CD10 expression is associated with a 
better prognosis, whereas MUM1 or cyclin D2 
expression is associated with a worse prognosis.

A recent study examined DLBCL in 18 SS 
patients [53]. Extranodal DLBCL was found in 
14, most commonly arising in the lungs (6 
patients) or stomach (2 patients) rather than the 
salivary gland. The onset was late in the course of 
SS with a median of 20.5 years from the initial SS 

BCL2 BCL6

Ki-67 CD21

H&E CD20

Pax5

e

Fig. 7.6 (continued)
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symptom to the diagnosis of DLBCL. In contrast 
to the favorable prognosis of MZL, the median 
survival after diagnosis of DLBCL is 3  months 
with an overall 5-year survival rate of 37.5%. 
Based on CD10, BCL6, and MUM1 staining, 9 of 
12 typable lymphomas were of the non-GCB 
DLBCL subtype [53]. In another study of B cell 
lymphoma in SS patients, 169 had MZL and 25 
had DLBCL [54]. Six had both MZL and DLBCL, 
and analysis of IGH rearrangements revealed that 
the MZL and DLBCL were clonally related in 5 
of the cases, despite different localization of the 
MZL and DLBCL.  Presumably DLBCL in the 
remaining 19 patients with no MZL arose de 
novo. DLBCL in these patients had a high Ki-67 
proliferation index. Although the numbers were 
small, there was no evidence that DLBCL arising 
from transformation of MZL was more aggressive 
than de novo DLBCL [54]. A potential role for 
Epstein–Barr virus in the transformation of MZL 
to DLBCL has been reported [55].

7.5.2  Follicular Lymphoma

In patients with SS, the risk of MZL and DLBCL 
is increased 30–40-fold and ninefold, respectively, 
whereas the risk of follicular lymphoma is 
increased fourfold [56]. However, there are few 
detailed studies of SS patients with this B cell lym-
phoma [57]. Follicular lymphoma usually is indo-
lent (median survival >15 years) with a follicular 
lymphoid structure and germinal center phenotype 
[58]. It has a long pre-malignant phase in which B 
cells with a t(14;18) chromosomal translocation 
(85% of cases) accumulate additional mutations 
that promote transformation or clonal expansion. 
The t(14;18) translocation places the BCL2 onco-
gene under control of the IGH promoter.

The underlying mechanisms leading to follicu-
lar lymphoma are controversial [59–61]. It has 
been suggested that most follicular lymphomas 
develop via an antigen independent route, whereas 
about 20% are antigen-selected [62]. The tumor 
cells express typical GC markers, such as BCL6, 
activation induced deaminase, and CD10, but not 
CD5 [58]. Although extranodal involvement is 
uncommon [63], there are reports of follicular 

lymphoma arising in the parotid gland [64]. It is 
estimated that 30% of primary salivary gland lym-
phomas are follicular lymphomas [65]. These 
tumors bear some resemblance to MZL in having 
an indolent course along with co-existing myoepi-
thelial sialadenitis, suggesting that chronic inflam-
mation plays a role in pathogenesis.

7.5.3  Case 3: 79-Year-Old Woman 
with SS and Probable 
Follicular Lymphoma

The patient, who had a 50-year history of chronic 
leukopenia and 20 years of bilateral (left > right) 
parotid enlargement, was seen for evaluation of 
sicca symptoms and lymphadenopathy. She 
developed joint pain 6 years earlier, responsive to 
a short course of prednisone. Anti-Ro (SS-A) and 
La (SS-B) antibodies were positive and she was 
given a diagnosis of SS, although a Schirmer test 
was normal at the time. She subsequently devel-
oped progressive xerostomia, dental decay, and 
dry eyes. In September 2016, she developed left 
inguinal lymphadenopathy, 20-pound uninten-
tional weight loss, and fever of 99–101.3  °F.  A 
PET scan showed multiple areas of uptake in the 
liver, lungs, bone, and multiple lymph nodes, but 
not the parotid glands. Bone marrow biopsy 
showed marrow damage and multiple small lym-
phoid aggregates suggestive of an autoimmune 
process, but no lymphoma. A left inguinal lymph 
node biopsy revealed extensive necrosis and was 
non-diagnostic. She was referred to Rheumatology 
in November 2016 and was found to have dry 
eyes (Schirmer test 1 mm right, 0 mm left), xero-
stomia, poor dentition, inguinal and axillary 
lymphadenopathy, and basilar rales, greater on the 
left than the right. Her white blood count was 
1300/mm3, hemoglobin 10.4  g/dL, platelets 
207,000/mm3, and creatinine 0.58  mg/dL.  ESR 
was 108  mm/h, ANA 1:160 (positive anti-Ro/
SS-A and La SS-B), and RF 4130 IU/mL. Total 
IgG was 2699  mg/dL, IgA 137  mg/dL, IgM 
872  mg/dL.  Serum protein electrophoresis 
showed polyclonal hypergammaglobulinemia 
without a monoclonal gammopathy. Alkaline 
phosphatase initially was 288  IU/L but progres-
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sively increased to 647  IU/L with normal trans-
aminases. A second lymph node biopsy (axillary 
node) was again non-diagnostic. A CT-PET imag-
ing study in December 2016 revealed widespread 
lymphadenopathy (Fig. 7.6a) with some fluorode-
oxyglucose (FDG)-avid lymph nodes (Fig. 7.6b), 
as well as uptake in the parotid glands (Fig. 7.6c) 
and lungs (Fig.  7.6d). A PET-CT guided core 
biopsy of an FDG-avid inguinal lymph node 
(Fig. 7.6b) was consistent with a B cell lymphoma 
with κ-restricted clonal B cells that were 
CD10+CD5− by flow cytometry, consistent with 
follicular lymphoma. Histology was inadequate 
due to extensive necrosis, but there was a focal 
increase in large centroblasts suggesting transfor-
mation into intermediate grade of follicular lym-
phoma. Figure 7.6e shows the typical histological 
features of follicular lymphoma in another patient 
who did not have SS. Our patient was treated with 
6  cycles of cyclophosphamide, doxorubicin, 
rituximab, and vincristine. Her lymphadenopathy 
decreased markedly and the alkaline phosphatase 
normalized. CT scan in 2018 showed changes 
suggestive of LIP but no evidence of recurrent 
lymphoma. Diffusion capacity for carbon monox-
ide (DLCO) was 53% predicted. The patient 
refused lung biopsy. It was felt that her lymphoma 
therapy may have arrested progression of LIP and 
it was decided to monitor her lung disease by CT 
scan. A follow-up PET-CT scan in 2019 showed 
evidence of recurrent disease with multiple areas 
of lymphadenopathy, diffuse uptake in the lungs, 
hilar/mediastinal adenopathy, probable lympho-
matous involvement of the parotid glands (more 
prominent on the right), and enlarging FDG-avid 
lymph nodes adjacent to the right parotid gland. 
RF was 63 IU/mL. She received an additional 4 
courses of rituximab, but declined treatment with 
other agents. A repeat PET-CT scan 2  months 
later showed no suspicious FDG uptake.

7.6  RF B Cells, Cryoglobulins, 
and Lymphoma Risk

About two-thirds of SS patients produce IgM or 
IgA RFs [66] and many of the B cell lymphomas 
in SS produce RFs. RFs are autoantibodies that 

recognize the Fc portion of IgG. They are most 
commonly of the IgM class, but IgG, IgA, IgE, 
and IgD RFs also are seen. High levels of RF are 
associated with RA, but are not specific, as they 
also are present in many patients with SS or 
chronic HCV infection. Lower levels are seen in 
individuals with other infections (e.g., bacterial 
endocarditis) [67] and in some healthy individu-
als [66]. IgM RF produced during infections or 
by healthy individuals show little somatic hyper-
mutation or class switching and may facilitate the 
clearance of immune complexes and antigen pre-
sentation [68]. In contrast, RFs produced in RA, 
SS, and chronic HCV infection tend to have 
higher titers and may exhibit higher affinity due 
to somatic hypermutation as indicated by a higher 
ratio of replacement to silent mutations in the 
heavy-chain CDR3 compared with framework 
regions [69].

7.6.1  Cryoglobulins 
and Preferential 
Immunoglobulin Heavy Chain 
(VH) Gene Usage

Some of the RFs in HCV infection and SS are 
cryoglobulins, which precipitate out of solution 
at temperatures below 37 °C and dissolve again 
on re-warming. They are classified as Type I 
(self-associating monoclonal IgG or IgM), Type 
II (monoclonal IgM RF + polyclonal IgG), and 
Type III (polyclonal IgM + polyclonal IgG, usu-
ally with the IgM component having RF activity). 
Mixed cryoglobulins (Types II and III) consist of 
more than one immunoglobulin class, and are 
common in HCV infection (~30%) and SS (15–
30%) [66, 70]. They sometimes cause cryoglobu-
linemic vasculitis, a small vessel vasculitis that in 
SS patients has a 36% mortality [71]. Mixed 
cryoglobulinemia is a predictive factor for the 
development of lymphoma in SS [72]. 
Cryoglobulins in HCV infection and in 
SS-associated MZL preferentially utilize the 
VH1–69 heavy chain, often in combination with 
kv325 light-chain (Wa idiotype) [73–75]. About 
half of MZL arising in the salivary glands express 
VH1–69. In contrast, only about 7% of gastric 
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MALT lymphomas express VH1–69, and this 
gene segment is used only rarely in thyroid 
MALT lymphomas [76–79]. When recombinant 
heavy and light chains from salivary MALT lym-
phomas are transfected into a cell line, a high per-
centage of the recombinant lymphoma-derived 
antibodies exhibit RF activity [76]. Thus, there is 
strong evidence implicating VH1–69+ RFs in the 
pathogenesis of MZL in SS. Although it remains 
unclear why the VH1–69 H-chain is preferentially 
utilized by cryoglobulins and MZL in SS and 
HCV infection, there is some information about 
the potential role of RF B cells.

7.6.2  Role of Infection 
in Pathogenesis of HCV- 
Induced MZL

In view of the similarities between SS and chronic 
HCV infection (Fig.  7.3), an understanding of 
MZL development in HCV infection may be rel-
evant to SS.  Chronic HCV infection can drive 
non-malignant proliferation of monoclonal B 
cells producing a polyreactive “natural” autoanti-
body with RF specificity [75]. These clonal 
expansions disappear when the infection is 
cleared by antiviral therapy, strongly suggesting 
that they are driven by the virus [80]. The 
expanded B cells have a memory phenotype, and 
it has been proposed that HCV-driven expansion 
of memory B cells expressing VH1–69 generates 
a mutant B cell that escapes growth control 
mechanisms, resulting in lymphoma.

The VH1–69 H-chain is expressed in approxi-
mately 1.7% of the peripheral blood B cells in 
healthy individuals, but is highly represented 
among neutralizing antibodies reactive with the 
HCV E2 glycoprotein and also in neutralizing 
antibodies against HIV-1 and influenza virus [81, 
82]. Along with the biased usage of VH1–69 by B 
cell lymphomas, these data suggest that chronic 
antigenic stimulation by the HCV E2 glycopro-
tein might lead to B cell proliferation and ulti-
mately malignant transformation. More recently, 
it has been hypothesized that RF B cells are stim-
ulated by IgG-containing immune complexes 
containing viral (HCV) or self RNA or 

DNA.  Thus, IgG may be a key autoantigen in 
chronic inflammation that provides a growth 
advantage to RF B cells, promoting lymphoma-
genesis [83]. Consistent with that model, somatic 
hypermutation and affinity maturation in RF B 
cells can take place outside of germinal centers 
and are driven by TLR7/8/9-mediated innate 
immune responses to nucleic acids contained 
within immune complexes [84, 85]. Thus, there is 
evidence that the neoplastic B cells may develop 
extrafollicularly, although an antigen-stimulated, 
T cell-driven, germinal center-dependent mecha-
nism cannot be completely excluded.

7.7  Risk Factors 
for Lymphomagenesis in SS

The risk of developing B cell lymphoma increases 
with the duration of disease: ~4% at 5 years, 10% 
at 10  years, and 18% after 20  years [86]. 
Additional risk factors include parotid enlarge-
ment, low serum C4 levels, and/or CD4+ T cell 
lymphopenia [86–89]. The evidence that cryo-
globulinemia is an independent risk factor is con-
troversial [86]. The formation of germinal 
center-like structures (ectopic lymphoid tissue, 
see Fig. 7.5) within the salivary glands is strongly 
associated with increased risk of B cell lym-
phoma [90]. Overexpression of BAFF is associ-
ated with autoimmune disease (SLE and SS) and 
genetic variants within the BAFF promoter region 
are associated with an increased risk of B cell 
lymphoma in SS patients [91]. Similarly, a 
genetic variant (His159Tyr) of the BAFF receptor 
is associated with SS-associated MZL, possibly 
due to increased activation of the alternative 
NFκB signaling pathway [92].

7.8  Prevalence of B Cell 
Lymphoma in Primary 
Compared 
with Secondary SS

A pooled analysis of self-reported SS and risk of 
non-Hodgkin lymphoma in eight prior studies 
suggested that secondary SS is associated with a 
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higher risk of B cell lymphoma than primary SS 
[56]. However, this has not been our experience. 
We examined the prevalence of B cell lymphoma 
in patients with physician-diagnosed primary and 
secondary SS who were enrolled in the University 
of Florida SS Registry from 2000–2020. All reg-
istry patients undergo detailed formal evaluation 
for SS as well as other autoimmune diseases, 
including SLE, scleroderma, polymyositis/der-
matomyositis, RA, and primary biliary cirrhosis. 
A search of our registry identified 430 patients 
with sicca symptoms (Table 7.1). Of these, a total 
of 184 patients had probable or definite SS (126 
primary and 58 secondary) based on the 2002 
ACR/EULAR Consensus Criteria [93]. One of 
the 58 patients with secondary SS had a history 
of B cell lymphoma (1.7%) in comparison with 
eight of 126 (6.3%) with primary SS (Table 7.1). 
Six of the primary SS patients had MZL, one 

DLBCL, and one probable follicular lymphoma. 
Four patients with other malignancies were 
included in the primary SS group: one patient 
each with renal cell carcinoma, malignant carci-
noid syndrome, sarcoma, and breast cancer. 
Although the groups were mostly similar, the 
percentage of white patients was higher in the 
primary (83.3%) compared with secondary 
(63.8%) SS group and the prevalence of RF was 
higher in the primary (57.8%) compared with 
secondary (41.5%) SS groups (Table 7.1). Of the 
eight patients with B cell lymphoma (seven 
Primary, one Secondary) who were tested for RF, 
all were positive. Overall, the 10-year risk of 
developing B cell lymphoma in our cohort was 
5.6% for patients with primary SS and 1.3% for 
patients with secondary SS (Table 7.1).

Although our cohort is smaller than the pooled 
analysis reported previously [56], it has the 
advantage that the diagnoses of SS and other 
autoimmune disorders were confirmed using 
established clinical criteria rather than being 
based on self-reported diagnoses. The frequency 
of B cell lymphoma we saw in patients with pri-
mary SS (6.3%) was consistent with the 2.7–
9.8% prevalence reported in the literature. The 
explanation for the higher frequency of lym-
phoma in primary SS seen in our cohort com-
pared with the pooled data reported previously is 
uncertain [56]. It might reflect differences in the 
application of diagnostic criteria for several dis-
orders. Alternatively, it could reflect the fact that 
our secondary SS cohort was biased toward a pri-
mary diagnosis of SLE (reflecting our clinical 
practice) and included relatively few patients 
with a primary diagnosis of RA. Interestingly, the 
prevalence of RF was lower in our secondary SS 
patients than in those with primary SS and the 
only patient in the secondary SS group who 
developed lymphoma had a primary diagnosis of 
RA (Table 7.1). As there is a strong association of 
serum RF with B cell lymphoma in SS [94] and 
in view of the role of RF B cells in the pathogen-
esis of lymphoma in these patients (see above), 
we speculate that more extensive studies might 
reveal that patients with Secondary SS and RA 
may have a higher risk of B cell lymphoma than 
secondary SS patients with SLE. Larger studies 

Table 7.1 Lymphoma in the UF Sjögren’s syndrome 
registry

Primary SS
Secondary 
SS

Number of patients 126 58
  % female 98.4% (124) 96.6% (56)
  % white 83.3% (105) 63.8% (37)
Age range (mean years) 31–100 

(67.5)a

24–89 (62)b

Years followed, range 
(mean)

1–19 (12) 1–20 (13)

  Lymphoma per 10 years 
followedc

5.6% 1.3%

Anti-Ro and/or La positive 80.3% 
(98/122)

83.9% 
(47/56)

  Ro+ and/or La+ with 
lymphoma

85.7% (6/7) 100% (1/1)

  Ro+ and La+ with 
lymphoma

71.4% (5/7) 100% (1/1)

Rheumatoid factor positive 57.8% 
(63/109)

41.5% 
(22/53)

  RF+ with lymphoma 100% (7/7) 100% (1/1)
Ro/La− and RF− 11.7% 

(14/120)
9.3% (5/54)

B cell lymphoma (%) 6.3% (8) 1.7% (1)
  Marginal zone 4.8% (6) 1.7% (1)
  DLBCL 0.8% (1) 0% (0)
  Other B cell lymphoma 0.8% (1) 0% (0)

a4 deceased
b7 deceased
c[(# of lymphomas / Σ years followed) × 10 years] × 100%
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of well-characterized patients with primary com-
pared with secondary SS will be necessary to 
definitively address this possibility.

It also has been suggested that patients with 
both anti-Ro and anti-La autoantibodies are at 
increased risk for B cell lymphoma, but this 
remains controversial [reviewed in [95]]. Six of 
the eight SS patients with B cell lymphoma for 
whom data were available were positive for both 
anti-Ro and anti-La antibodies, whereas one was 
positive for anti-Ro alone and one was anti-Ro− 
and La− (Table 7.2). We did not detect a statisti-
cally significant association of B cell lymphoma 
with positivity for both anti-Ro and La, but our 
cohort is too small to address this question 
definitively.

7.9  Therapy of Extranodal B Cell 
Lymphoma in SS

The possible role of chronic antigenic stimula-
tion in the pathogenesis of MZL suggests that the 
disease might be treated by removing the source 
of antigenic stimulation. This strategy is effective 
in some patients with gastric MZL (treatment of 
H. pylori infection) [22] or HCV-associated lym-
phoma (treated with antiviral therapy) [80]. 
Unfortunately, although there is evidence of anti-
genic stimulation in SS-associated lymphomas, 
the nature of the antigen or autoantigen remains 
unclear. Thus, other strategies are necessary.

The prognosis of SS patients with MZL is 
good. In one long-term retrospective study of 247 
patients with salivary gland MZL (of which 33% 
has SS), 76% presented with limited disease, the 

median progression-free survival after primary 
therapy was 9.3  years, and the median overall 
survival was 18.3 years [36]. In that study, 57% 
of patients received only local therapy (surgery, 
radiation, or both), 37% received initial systemic 
therapy (47% were treated with rituximab), and 
6% were observed. There was no difference in 
the outcome between patients receiving initial 
surgery, radiation, chemotherapy, or chemoim-
munotherapy. In early disease, there was no ben-
efit of local therapy (radiation or surgery) over 
systemic therapy. A better overall survival was 
associated with having a diagnosis of SS or 
receiving rituximab therapy. About a third of the 
247 patients had progressive disease in the same 
salivary gland or regional nodes (29% of patients 
with progressive disease), the contralateral sali-
vary gland (21%), or at distant sites (31%) and 
39% had relapses (MALT lymphoma in all but 
two cases, one DLBCL and one mantle zone 
lymphoma).

The potential long-term risks compared with 
benefits of therapy must be weighed carefully 
when designing a plan of treatment. Xerostomia 
is a frequent side effect of radiation therapy or 
parotidectomy, which could compound pre- 
existing xerostomia resulting from SS.  In addi-
tion, parotid surgery can be disfiguring and risks 
facial nerve injury. On the other hand, rituximab 
therapy of GI MALT lymphoma can lead to the 
selection of CD20− cells exhibiting plasmacytic 
differentiation, suggesting that rituximab may 
not be the optimal therapy for MALT lymphomas 
with significant plasmacytic features [35].

7.9.1  Therapy of DLBCL

The standard treatment for DLBCL regardless of 
subtype is R-CHOP (rituximab plus cyclophos-
phamide, doxorubicin, vincristine, and predni-
sone) [96]. Patients treated with this regimen 
have an overall survival of >60%. In patients with 
refractory or recurrent disease, standard therapy 
is autologous stem cell transplantation, although 
therapy with chimeric antigen receptor (CAR) T 
cells has been approved as well [97]. However, 
toxicity (cytokine storm and neurotoxicity) can 

Table 7.2 Anti-Ro and La antibodies in SS patients 
(combined primary and secondary) with and without 
lymphoma

B cell 
lymphomaa

No 
lymphomaa

Ro and La both positive 6 71
Ro only or Ro and La 
both negative

2 69

Totals 8 140
aLimited to the subset of patients in whom both anti-Ro 
(SS-A) and La (SS-B) antibodies had been tested; P = 0.18 
(Chi-square)
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complicate CAR T-cell therapy. At present, the 
therapy of DLBCL in patients with SS is the 
same as in patients without SS, although there are 
no large studies comparing R-CHOP therapy 
with other forms of treatment in SS.

7.10  Conclusion

SS is an autoimmune disease characterized by 
chronic inflammation and lymphoid neogenesis 
in the salivary and other exocrine glands. The 
high frequency of B cell lymphomas, predomi-
nantly extranodal MZL, in patients with primary 
SS emphasizes the close relationship between 
chronic inflammation and B cell neoplasia. 
RF-producing B cells, especially those express-
ing the VH1–69 immunoglobulin heavy chain, are 
a hallmark of the B cell lymphomas developing 
in the inflamed parotid glands of SS patients. A 
better understanding of why these particular B 
cells are selected for neoplastic transformation 
may lead to improved approaches for preventing 
and treating this complication.
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Recurrent Vs. Persistent Salivary 
Gland Swelling in Differential 
Diagnosis of Sjögren’s Syndrome

Indraneel Bhattacharyya and Hardeep K. Chehal

8.1  Introduction

Sjögren’s syndrome (SS) is a chronic, systemic, 
autoimmune condition characterized by dimin-
ished function of the salivary and lacrimal glands 
[1]. This disease is highly prevalent in middle- 
aged and older females. Children and males may 
also be affected. The exact etiopathogenesis of 
this condition is unknown. Though not a heredi-
tary disease, genetic involvement is evident. 
There are two forms of the disease. In the Primary 
form, only the lacrimal and salivary glands are 
affected, whereas the Secondary form is associ-
ated with an additional autoimmune disease such 
as rheumatoid arthritis, systemic lupus, and 
scleroderma.1

There is no single diagnostic test for 
SS.  Diagnosis of SS should be suspected in 
patients with a daily persistence of dry eyes and 
dry mouth 3 months or more [2]. These patients 
should undergo a thorough medical history and 
physical examination, including ocular examina-
tion, salivary function tests, selected blood tests, 

tests to determine autoimmunity and exclude 
other diseases mimicking SS [2].

Glandular involvement is the clinical hallmark 
of the disease and may vary from mild to severe. 
Clinically, the parotid gland is most commonly 
affected. The parotid gland may appear normal or 
they may be enlarged in one-third to one-half of 
the patients [3]. This enlargement is usually bilat-
eral, asymptomatic or patients may experience 
slight tenderness which may be persistent or peri-
odic. The enlargement is a result of focal lym-
phocytic infiltration of the salivary glands. This 
inflammatory destruction of the salivary glands 
causes xerostomia which in turn may lead to bac-
terial sialadenitis [3]. Lacrimal glands show simi-
lar involvement leading to xerophthalmia [3].

Labial salivary gland biopsy remains an 
important diagnostic test. Five or more minor 
salivary glands are harvested and examined his-
topathologically. Focal presence of 50 or more 
lymphocytes and plasma cells helps determine 
the focus score. A focus score of ≥1 (i.e., one or 
more focus of 50 or more cells per 4 mm2 area of 
glandular tissue) is considered supportive for the 
diagnosis of SS. This test is however not 100% 
reliable [3]. The majority of the effects of this 
disease result from the destruction of the exo-
crine glands by the lymphocytic infiltrates. 
Serologic testing for diagnosis include anti-Ro/
SSA and anti-La/SSB antibodies, rheumatoid 
factor, and antinuclear antibodies (ANA). 
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Anti-Ro/SSA and anti-La/SSB may also be found 
in other autoimmune diseases [4].

In 2016, an international set of classification 
criteria for primary SS were developed and vali-
dated using approaches approved by both the 
American College of Rheumatology (ACR) and 
the European League Against Rheumatism 
(EULAR) [5]. The criteria included 5 objective 
measures. A total score of ≥4 confirmed a diag-
nosis of primary SS [5]. The 5 measures are:

 1. Labial salivary gland with focal lymphocytic 
sialadenitis and focus score of ≥1 
foci/4 mm2 = 3 score.

 2. Anti-SSA/Ro positive = 3 score.
 3. Ocular Staining Score ≥ 5 (or van Bijsterveld 

score ≥ 4) in at least 1 eye = 1 score.
 4. Schirmer’s test ≤5  mm/5  min in at least 1 

eye = 1 score.
 5. Unstimulated whole saliva flow rate ≤ 0.1 mL/

min = 1 score.

Differential diagnosis of SS includes diseases 
that cause dry mouth and dry eyes. Exclusion of 
these diseases must be done on basis of medical 
history, physical examination, biopsy, and sero-
logic testing for other autoimmune conditions. 
SS may also present with persistent or recurrent 
swelling or enlargement of the parotid gland. 
However, since many other conditions may pres-
ent with similar parotid enlargement, this chapter 
discusses some of the common conditions that 
may be considered in the differential diagnosis of 
parotid swelling.

8.2  Idiopathic

8.2.1  Chronic Recurrent Non- 
Specific Parotitis

Chronic recurrent non-specific parotitis results 
from unilateral or bilateral inflammation and 
swelling of the parotid gland alternating with peri-
ods of remission [6]. Since the parotitis is often 
recurrent, it is also called recurrent chronic paroti-
tis. This condition may be subclassified as suppu-
rative or non-suppurative [7]. Most cases are seen 

in middle-aged females [8]. Children are rarely 
affected [9]. The etiology is still uncertain though 
several factors have been implicated, namely 
inflammation from a bacterial (polymicrobial 
pathogens) or viral (HIV, EBV, Cytomegalovirus, 
coxsackievirus) infection, hereditary or genetic 
factors (HLA involvement), metabolic conditions 
(DM), or immune-mediated conditions (SS) [10]. 
The major consequence of all these associated fac-
tors is xerostomia and this condition is seen most 
often in patients with chronic xerostomia.

Clinical manifestations include pain and ten-
derness as well as hyperthermia. Cervical lymph-
adenopathy is uncommon [11]. Extraoral 
examination reveals that unilateral or bilateral 
enlargement of the parotid glands causes facial 
asymmetry or distortion (see Fig. 8.1). Intraorally, 
the parotid papillae may be elevated with the dis-
charge of pus, resulting in a salty taste. Mucosa 
may be dry with ropy or bubbly saliva.

Radiographic images are very helpful in diag-
nosing this entity. Sialography, conventional and 
magnetic resonance imaging (MRI) based, shows 
changes in either the duct or gland or both (see 
Fig. 8.2). “‘Sausaging”‘ of the Stenson duct, due 
to dilation and constrictions, may be seen. The 
gland parenchyma also shows due to marked 
inflammation and fibrosis [11]. Normally, in a 
computed tomography (CT) scan, the parotid 

Fig. 8.1 A 43-year-old female with recurrent chronic 
non-specific parotitis. She reports multiple episodes of 
bilateral non-specific parotid enlargement with discom-
fort and mild hyperthermia
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gland parenchyma shows areas of radiolucency 
representing normal fat scattered among the nor-
mal areas of density. In chronic parotitis, these 
radiolucent areas are replaced by increased 
radiodense areas representing loss of fat and 
establishment of fibrosis and calcifications. 
Microscopically, acini atrophy as a result of infil-
tration of plasma cells and lymphocytes as well 
as fibrosis is evident. Ductal ectasias are also a 
common finding [3].

Treatment ranges from conservative to aggres-
sive depending on the stage of the disease as well 
as number of recurrences. Early treatment modal-
ities include antibiotics and analgesics supple-
mented by oral hygiene regimens and hydration 
reminder to patients since most common cause of 
chronic sialadenitis is retrograde bacterial infec-
tion as a result of xerostomia and glandular 
 atrophy. Sialography acting as a diagnostic as 
well as a treatment has been professed, since it 
acts as a ductal lavage and helps in clearing the 
mucus plug or cellular debris causing obstruction 
[12]. Aggressive treatment includes ductal liga-
tion, superficial parotid lobectomy, or parotidec-
tomy. Complications include facial nerve palsy, 
Frey’s syndrome, salivary fistula, or sialocele. 
Facial nerve palsy is usually transient.

In SS, similar unilateral or bilateral recurrent 
swelling associated with dry eyes is seen. Medical 
history, immunological profile, and labial sali-
vary gland biopsy are crucial for its diagnosis.

8.2.2  Juvenile Recurrent Parotitis

Juvenile recurrent parotitis (JRP) is defined as a 
recurrent inflammatory parotitis in children and 
adolescents which is non-obstructive and non- 
suppurative in nature. The cause of this condition 
is not well understood [13]. It is a rare condition 
and characterized by multiple episodes of swell-
ing of the parotid with associated pain and consti-
tutional symptoms such as fever, malaise, and loss 
of appetite over a period of years. This condition 
is second only to mumps (viral parotitis) [14]. It is 
commonly seen in ages 3 to 6 without any gender 
predilection. However, a female gender bias is 
noted when symptoms appear later in life. JRP 
frequently goes undiagnosed and is often mis-
taken for mumps or pharyngitis. It typically pres-
ents with parotid swelling, pain, and fever lasting 
for a few days (see Figs.  8.3 and 8.4). Usually 
seen unilaterally, bilateral involvement is occa-
sionally seen. Variable number of recurrences are 
seen annually. The disease process is usually self-
limiting and symptoms are rarely seen after 
puberty [15]. Usually the disease does not leave 
permanent damage, but in severe cases destruc-
tion of glandular parenchyma and functionality of 
the gland is noted. It is important to note that 
recurrent parotitis may be the first presenting 
symptom for SS in pediatric patients [16].

Though the exact etiology is not known, sev-
eral factors have been suggested including hered-
ity, viral or bacterial infection, allergy, or 
SS. Partial obstruction and dilation of the duct is 
usually present [16].

Microscopically, cystic ductal dilatation with 
periductal lymphocytic infiltration also known as 
sialectasis is seen. Fibrosis, scarring, and decrease 
in parenchyma are also reported. Previously sia-
lography was considered to be the most useful 
imaging modality. It is an invasive procedure, 
requiring patient cooperation and operator exper-
tise. The use of salivary gland ultrasound imag-

Fig. 8.2 MRI scan demonstrating bilateral prominence 
of the parotid glands with moderate prominence of the 
parotid ducts. No diffuse edema or enhancement in the 
parotid glands
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ing has now surpassed this technique in terms of 
specificity and sensitivity. It is also a noninvasive, 
faster and cheaper technique making it a first-line 
diagnostic imaging tool [17].

Moreover, MRI also helps in accurately visu-
alizing sialectasis and signal intensity changes in 
the parotid gland depending upon the phase of 
the disease (acute vs. chronic inflammation) [16]. 
Quenin and colleagues found sialendoscopy 
more sensitive than ultrasonography [17].

In most cases, the symptoms resolve sponta-
neously after puberty, but all children should be 
screened to exclude SS, lymphoma, and HIV 
infection [18, 19]. Supportive therapy including 
hydration, analgesics, parotid massage, chewing 
gum use, sialogogue agents such as lemon candy 
are helpful in relieving symptoms [15]. In more 
severe cases, sialoendoscopic techniques with 
lavage and dilation of ducts have shown to be 
very helpful [19]. Since some of pediatric patients 
can present JRP as one of the initial signs of SS 
or develop SS later in life, a close clinical follow-
 up or a rheumatologist referral is suggested. In 
addition, dental health professionals as well pedi-
atricians should be familiar with this condition 
[20].

8.2.3  Sarcoidosis

Sarcoidosis is a chronic, multisystem and granu-
lomatous disease characterized by the formation 
of noncaseating granulomas. The etiology of sar-
coidosis remains obscure. It most frequently 
(70%–90%) involves the lungs presenting with a 
variable clinical manifestation. Minor and major 
glands are infrequently involved. A persistent 
enlargement of the parotid gland is noted in 
5%–30% [21] of the patients. This is a disease of 
the adult and most patients are in the third to fifth 
decades of life. It is rarely seen in children [22]. 
A distinct female predilection is noted [23]. In 
the USA, a higher prevalence is seen in women of 
African American origin. Lungs and related 

ba

Fig. 8.4 Bilateral submandibular gland swelling of unknown cause in a 16-year-old female. Patient reports recurrent 
swelling with pain

Fig. 8.3 A 7-year-old male with recurrent juvenile 
parotitis
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lymph nodes are involved in 70%–90% of cases. 
In the head and neck region, any structure may be 
involved. Symptomatic ocular involvement is 
seen in up to 80% of patients and asymptomatic 
CNS involvement is seen in up to 25% of patients 
[24]. Genetics play an important role in disease 
manifestation. HLA DR3, 11, 12, 14, 15, and 17 
are positively implicated [25] in most cases. Non- 
HLA locus-associated genes include annexin 
A11 [26].

Clinical manifestation includes low-grade 
fever, malaise, weight loss lymphadenopathy, 
splenomegaly, and hepatomegaly. The heart, 
central nervous system, and kidneys may also 
be affected. Parotid gland involvement results in 
an asymptomatic, persistent swelling which 
may be unilateral or bilateral. Painful swelling 
occurs in about 6% of cases [27]. In rare cases, 
parotid involvement is seen with facial nerve 
palsy, anterior uveitis, and fever. This classic 
triad is known as Heerfordt syndrome [28]. This 
syndrome is uncommonly seen in the 
USA. Uveitis manifests as eye pain and redness, 
photosensitivity, dark floating spots in visual 
field, and decreased vision. Heerfordt syndrome 
is self-limiting.

Radiographic imaging of the chest shows 
bilateral hilar lymphadenopathy. Bilateral 
enlargement of the parotid gland results in the 
“‘Panda sign”—a symmetrical uptake of radio-
gallium isotope occurs at sites of inflammation 
(lacrimal and parotid glands) during gallium 
scintigraphy. This sign may also be seen in SS 
and head and neck radiation cases. It is highly 
specific for sarcoidosis [29].

Histologic features consist of classic noncase-
ating granuloma formation. Schumann bodies 
(laminated basophil calcifications) are often seen 
within the granulomas. Langhans or foreign body 
type of giant cells are seen scattered among the 
histiocytes (see Fig. 8.5). Epithelioid cells of the 
granulomas produce angiotensin-converting 
enzyme (ACE). However, elevated serum ACE 
levels are detected in only 60% of sarcoidosis 
patients [30]. Hypercalciuria, hypercalcemia, 
eosinophilia, anemia, leukopenia, thrombocyto-
penia, elevated serum alkaline phosphate levels, 

and elevated erythrocyte sedimentation rate may 
also be seen.

Treatment may not be necessary in mild cases 
as the disease may remit. Progressive cases are 
treated with prednisone as the first line of treat-
ment (20–40  mg of prednisone daily for 
1–3  months, thereafter tapering the dose to 
5–10  mg/day for at least 1  year). Recurrence/
relapse is seen in 20%–70% of cases. Cases not 
responding to corticosteroids may be treated with 
Infliximab (monoclonal antibody against tumor 
necrosis factor alpha) [31]. Other corticosteroid 
sparing drugs include azathioprine, chloroquine, 
hydroxychloroquine, methotrexate, tetracycline 
derivatives, and chlorambucil. Mortality rates 
increase in sarcoidosis and most deaths related to 
the disease are attributed to cardiac, central ner-
vous system or pulmonary involvement [31]. An 
increasing mortality over the past few decades 
has been suggested especially among Blacks 
[31].

SS may show similar clinical presentations. 
Medical history, immunological profile, and 
labial salivary gland biopsy are crucial for the 
diagnosis of SS and are usually distinctly differ-
ent from sarcoidosis.

Fig. 8.5 Microscopic image from labial salivary gland 
biopsy demonstrating a focus of chronic non-necrotizing 
granulomatous inflammation. Langhans type of giant 
cell intermixed with epithelioid histiocytes and lympho-
cytes is seen within the lobule. Scattered chronic inflam-
mation is seen elsewhere in the gland. The patient was 
diagnosed with sarcoidosis. Hematoxylin and eosin, 5× 
magnification
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8.3  Reactive

8.3.1  Sialadenosis

Sialadenosis or sialosis is an uncommon condi-
tion of the salivary glands characterized by 
asymptomatic, bilateral, diffuse swelling of the 
major salivary glands, particularly the parotid 
gland [32, 33]. Usually sialadenosis does not 
affect the function of the salivary glands. Several 
systemic conditions are associated with sialade-
nosis including diabetes mellitus and malnutri-
tion chiefly, alcoholism related and bulimia. It is 
usually seen in adults and is rarely reported in 
children.

8.3.1.1  Alcohol Sialadenosis (Alcohol 
Sialosis)

Sialadenosis is a noninflammatory and non- 
neoplastic condition of the salivary glands that 
results in chronic, diffuse bilateral swelling of 
the salivary glands. It results in disturbances of 
metabolism and secretion of the affected gland. 
Chronic alcoholism may result in sialadenosis 
with a notable clinical enlargement of the 
parotid gland [32]. The exact pathogenesis is 
still elusive but it has been associated with dia-
betes, alcoholism, and malnutrition [33], with 
alcoholism being the most common predispos-
ing factor. The most accepted hypothesis for 
this enlargement is related to dysregulation of 
the autonomic innervation, which in turn is 
thought to increase acinar protein synthesis. 
This increased secretion is accommodated in 
the acini by a size increase from the normal 
40  μm to 100  μm manifesting clinically as a 
bilateral parotid gland enlargement [34]. In 
addition, dysregulation of the autonomic inner-
vation also results in decrease in the contractile 
myoepithelial cells surrounding the acinus and 
the intercalated ducts resulting in inability of 
the acinar cells in clearing accumulated secre-
tory granules and subsequent enlargement of 
the glands [35].

Clinical manifestation of sialadenosis typi-
cally results in asymptomatic, slow-growing, 
progressive, and bilateral enlargement of the 
parotid gland. Xerostomia is rarely noted [36]. It 

shows equal predilection between the genders 
and is usually seen after the fourth decade of life.

Radiographic imaging may be helpful. An 
anteroposterior radiograph shows an increased 
distance between the mandibular ramus and 
major duct and its branches depicting glandular 
hypertrophy. Sialography usually exhibits a 
“leafless tree.” This pattern corresponds with 
compression of the ducts due to acinar hypertro-
phy. In computed tomography, the hypertrophic 
gland looks dense with minimal fat tissue. In 
some cases of chronic alcohol induced sialadeno-
sis, there is fat infiltration showing as reduced 
gland density [37].

Histologic features consist of acinar hyperplasia 
due to increased accumulation of secretory gran-
ules, normal or decrease in size of excretory ductal 
lumen, reduction in the fatty as well as fibrous tis-
sues and no inflammatory cell infiltrate [38].

Treatment is related to treating alcoholism. 
Discontinuation of consumption of alcohol may 
result in a decrease of parotid swelling. However, 
prognosis is variable.

SS syndrome may show similar clinical pre-
sentations. Medical history, immunological pro-
file, and labial salivary gland biopsy are crucial 
for the diagnosis of SS and can be distinctly dif-
ferent from SS. Sialography is a useful diagnostic 
tool for distinguishing between SS and parotid 
enlargement related to alcoholism, particularly in 
later stages.

8.3.1.2  Bulimia/Malnutrition-Related 
Sialadenosis

Bulimia-related sialadenosis results in a nonin-
flammatory enlargement of the salivary glands, 
especially the parotid gland. Minor salivary 
glands may also show sialadenosis [39]. The eti-
ology of this process is obscure, but it has been 
hypothesized that peripheral autonomic dysregu-
lation results in increased secretion and deranged 
metabolism of the acini, resulting in hypertrophy 
and enlargement [40]. Some investigators state 
that a decreased serum electrolyte content (hypo-
kalemia, hypochloremia) and a metabolic alkalo-
sis aid in the diagnosis of bulimia [41]. However, 
other investigators have found no evidence of 
electrolyte imbalance in bulimia [42]. Therefore, 
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electrolyte imbalance even though important 
may be an adjunct diagnostic tool requiring clini-
cal correlation.

Clinically the parotid gland shows bilateral, 
slowly enlarging, and asymptomatic changes. 
Submandibular glands may also be affected. 
Xerostomia is present [43]. Minor salivary glands 
may also be enlarged in some cases. Greater 
prevalence is seen in young women compared to 
men and manifests as binge eating and emesis 
thereafter [37]. The frequency of emesis varies. 
Salivary secretion is usually clear and does not 
decrease in quantity.

Radiographic imaging is very similar to that 
seen in alcohol-related sialadenosis especially on 
an anteroposterior image of the affected side. In 
computed tomography, the hypertrophic gland 
shows an increase in density [37].

Histologic features are also similar to those 
seen in alcohol-related sialadenosis. These 
include acinar hyperplasia, normal or decreased 
excretory ductal lumen, decrease in parenchymal 
fat, and minimal inflammation.

Treatment for bulimia-related sialadenosis is 
not required. Once bulimia is addressed, a grad-
ual reduction in the parotid gland swelling is seen 
[44]. However, in some cases, the swelling may 
remain unresolved in spite of treatment for buli-
mia. In such cases, surgery may be a manage-
ment option [45].

SS shows similar bilateral parotid swellings. 
Sialography can be a useful tool in the diagnosis 
of sialadenosis especially in the later stages of the 
disease, when changes are caused by acinar 
swelling along with compression of the proximal 
ducts in sialadenosis.

8.3.2  Radiation Sialadenitis

Radioactive iodine 131 (131I) is an effective 
adjunct treatment for thyrotoxicosis (goiter) as 
well as functional and well-differentiated thyroid 
carcinomas (follicular and papillary) [46]. This is 
due to the ability of normal thyroid gland to 
absorb and concentrate it. 131I causes mutation 
and death of cells that absorb it. When therapeu-
tic doses (high dose) of 131I is administered, it 

only kills the cells absorbing it, namely normal 
and cancerous thyroid cells. Approximately, 24% 
of the therapeutic dose for thyroid pathologies is 
excreted into the saliva because epithelial lining 
of the salivary ducts extracts iodine from the peri-
ductal capillaries and secrete it into the ductal 
lumen [47]. 131I from the saliva is then taken up 
by the salivary glands, with greater ability of 
serous cells to concentrate it as compared to 
mucous cells. This accounts for greater preva-
lence of parotid gland radiation sialadenitis as 
compared to other salivary glands [48]. Radiation 
salivary gland sialadenitis, although rare, is dose- 
dependent and may be acute, chronic, and/or 
recurrent [49]. Radiation damage to the salivary 
gland is permanent.

Clinically, bilateral parotid gland pain and 
swelling immediately after administration of a 
high therapeutic dose of 131I are the prominent 
features of acute radiation sialadenitis [50]. The 
condition occurs as a result of glandular inflam-
mation and resolves spontaneously within a few 
days. In case of chronic radiation sialadenitis, 
xerostomia is a prominent feature. This is a result 
of direct and irreversible glandular parenchymal 
damage (unilateral or bilateral) by 131I and may 
have a significant effect on the quality of life of 
patient [51]. Transient radiation sialadenitis 
results from additional 131I administration [46].

Scintigraphy is a widely accepted tool for eval-
uation of glandular dysfunction. It shows a 131I 
dose-dependent reduction of salivary function. 
Sialography is contraindicated in case of acute 
radiation sialadenitis as it may worsen the inflam-
matory reaction. CT serves to assess the volume 
of the salivary gland, with a reduced volume indi-
cating in salivary gland pathology and dysfunc-
tion [52]. MRI is not routinely used as a diagnostic 
tool in cases of radiation sialadenitis [47].

Treatment modalities are aimed towards pre-
vention and include: (1) increased fluid intake, 
(2) candy sucking and chewing gum for at least 
7 days post-radiotherapy, (3) external massage of 
affected glands, (4) anti-inflammatory, choliner-
gic, and/or steroidal medications, and (5) sialen-
doscopy, especially in cases with partial ductal 
obstruction [53]. Steroidal medications are added 
in case pain and swelling last for more than 48 h.
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8.3.3  Obstructive

8.3.3.1  Sialolithiasis
Formation of calcified concrescence in the sali-
vary glands is a well-known phenomenon that 
may typically cause an intermittent enlargement 
of the gland. The most commonly affected gland 
is the submandibular glands mainly due to their 
thick calcium rich mucoid secretion and the long 
tortuous pathway of the Wharton’s duct. Sialoliths 
usually cause recurrent or intermittent enlarge-
ment with accompanying pain and discomfort 
especially during mealtimes. Sialoliths form due 
to deposition of calcium salts, primarily calcium 
oxalate and calcium phosphate, around an organic 
nidus composed of desquamated cells, bacteria, 
and/or mucin. These may be found in the gland 
parenchyma or the ductal system of the glands 
[54]. Approximately 10% to 20% of all sialoliths 
are found in the parotid gland. The etiology is 
still obscure. Factors such as alterations of sali-
vary composition, gout, smoking, and diuretic 
medication have been implicated [55]. SS syn-
drome patients do not have increased prevalence 
to the formation of sialoliths [56].

Clinically, the patient may be asymptomatic 
or may experience pain, swelling, or both as a 
result of obstruction of salivary flow from the 
gland. Signs and symptoms are pronounced dur-
ing mealtimes and may last for several hours. 
Dermal erythema in region of the effected gland 
as well as xerostomia is often present [57]. 
Location and size of the sialolith play a role in the 
manifestations of the signs and symptoms. Ductal 
stones and those greater than 1.5 cm cause greater 
pain and swelling [55]. Intraoral examination 
may reveal redness and edema of the ductal ori-
fice. Greater prevalence is seen in males in their 
second to fifth decades of life and most cases are 
unilateral with multiple calculi [58]. Occasionally 
bilateral parotid sialoliths have been reported 
[59]. Sialolithiasis in children is a rare phenome-
non [60].

Imaging modalities include conventional 
radiographs, sialography, sonography, computed 
tomography (CT)/MRI and scintigraphy (see 
Fig. 8.6). Conventional films have limited value 
in detecting parotid gland sialoliths as up to 40% 

of these are radiolucent [60]. Sialography is use-
ful in detecting calculi in the ductal system but 
with limited value as it cannot be used in cases of 
acute infection in the gland or in cases where a 
patient is allergic to the contrast dye [61]. CT and 
MRI do not require a contrast injection and duc-
tal canalization [57]. Of the two, MRI has greater 
accuracy in detecting the sialolith. Scintigraphy 
is used in cases when sialography is not 
indicated.

Histologic features include spherical eosino-
philic to basophilic variably mineralized and 
variably calcified concrescence exhibiting con-
centric laminations with or without bacterial col-
onization. Viable tissue is rarely seen.

Treatment modalities include invasive and 
noninvasive procedures. Noninvasive procedures 
include gland massage after each meal, daily 
hydration with water (up to 1.5  L), and use of 
sialagogues. Invasive treatment includes litho-
tripsy, sialendoscopy, and surgery [55].

SS typically presents with bilateral parotid 
swelling as opposed to unilateral swelling seen in 
sialolithiasis. In addition, SS-associated enlarge-

Fig. 8.6 Sialiolith measuring at least 2 cm inside the left 
submandibular (Wharton) duct
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ment of the parotid is usually asymptomatic and 
persistent, whereas sialolith-associated swelling 
is intermittent and symptomatic. Bilateral and 
multiple sialolithiasis in the parotid gland in a 
patient has been reported in literature [62], but is 
extremely rare.

8.4  Developmental

The parotid glands are ectodermally derived 
structures. They develop around the sixth week 
of intrauterine life and are the first of the major 
salivary glands to develop. Their capsule, how-
ever, develops after those of the submandibular 
and sublingual glands. This is of critical impor-
tance, as the lymphatic system develops before 
the parotid gland is encapsulated, unlike the other 
major salivary glands, and may create entrap-
ment of the lymphoid tissue within the develop-
ing gland resulting in developmental anomalies. 
Vascular anomalies within the parotid gland are 
extremely rare and are divided into two broad 
categories based on endothelial characteristics, 
namely, vascular malformations and 
hemangiomas.

8.4.1  Lymphangiomas

Lymphangiomas are benign congenital malfor-
mations of the lymphatic system and are most 
commonly seen in the head and neck area which 
is rich in lymphatics [63]. The lymphatic system 
arises from six primitive lymphatic sacs during 
the sixth week of intrauterine life. 
Lymphangiomas most likely arise as a result of 
failure of one of these sacs to connect to the rest 
of the lymphatic system and the development of 
a cystic developmental anomaly. The exact etiol-
ogy, however, is obscure. Three forms of lymph-
angiomas have been described, namely, capillary, 
cavernous, and cystic. Cystic lymphangiomas 
tend to infiltrate the surrounding structures, lead-
ing to surgical complications. In the head and 
neck region, most cases are found in the poste-
rior triangle of the neck. They are uncommon in 
the parotid gland and, when present, are congen-

ital [64]. A few cases of adult parotid gland 
lymphangiomas have been reported.

Clinically, it presents as a soft, cystic, and 
painless swelling which enlarges over time. 
Rapid enlargement may result from infection or 
trauma. MRI is the most accurate tool and it dis-
plays a thin walled multicystic lesion [65]. 
Histologically, the lesion is composed of lym-
phatic channels of various caliber in loose con-
nective tissue stroma. Peripheral lymphoid 
aggregates, mast cells, and plasma cells are pres-
ent. The cystic spaces are filled with eosinophilic 
proteinaceous fluid [66].

Conservative surgery is the treatment of 
choice. Alternatively, sclerosing agents such as 
OK-432 and bleomycin have been used, but have 
shown inconsistent results. Recurrence rate of 
10%–38% has been reported from incomplete 
surgical excision [67]. Radiation therapy should 
be avoided due to the risk of malignant transfor-
mation [68].

8.4.2  Arteriovenous Malformations

Vascular malformations are extremely common, 
relatively static and congenital in nature with a 
normal rate of endothelial cell turnover [69]. 
They are caused by disturbances in the late stages 
of angiogenesis and result in the arteriovenous 
anastomosis which occur during embryonic life. 
These lesions usually do not involute. Vascular 
malformations are classified according to the 
type of vessel involved (capillary, venous, lym-
phatic, and/or arteriovenous). They are further 
categorized as low-flow lesions (capillary, lym-
phatic, and/or venous) and high-flow lesions 
(arteriovenous). Shunt from a high-pressure 
region to a low-pressure region can produce a 
characteristic bruit. About 14%–65% of vascular 
malformations are found in the head and neck 
region [70]. Parotid gland vascular  malformations 
are extremely rare. Majority of the cases are 
found in the superior lobe of the parotid gland.

Clinically, vascular malformations are slow- 
growing painless swellings. Venous malforma-
tions are typically blue in color, easily 
compressible, and grow proportionately with the 
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patient. Arteriovenous malformations are high- 
flow lesions exhibiting palpable bruit. The over-
lying skin is warm to touch and may be painful or 
ulcerated [71]. Enlargement of the parotid mass 
may occur during dependent head position, tilt-
ing the head forward or clenching of teeth. This 
phenomenon is pathognomonic and is called the 
“turkey wattle” sign, named after the wattle, seen 
in turkeys which is a red vascular structure noted 
in the neck of the turkey [72]. A wide age range 
of 3  months and 74  years has been reported. 
Some authors report a female predilection while 
others report equal gender bias. MRI is the diag-
nostic tool of choice and shows the differentia-
tion between high-flow and low-flow lesions. 
High-flow lesions demonstrate signal flow voids 
with appearance of serpentine channels [73]. 
Histopathologically, numerous proliferative 
dilated blood vessels which may be congested, 
thrombosed or with calcifications may be seen. In 
most cases, treatment is sought mainly for cos-
metic purposes. Surgical resection remains the 
gold standard [74].

8.4.3  Hemangiomas

Hemangiomas are benign vascular tumors exhib-
iting a rapid rate of endothelial proliferation. 
They are caused by a failure of differentiation in 
the early stages of embryogenesis [75] and are 
categorized as capillary and cavernous. 
Cavernous hemangiomas occur in adults and are 
rare. Capillary hemangiomas are more common 
in children and may spontaneously regress before 
adolescence [76]. About 65% of all hemangio-
mas arise in the head and neck region with the 
majority occurring in the parotid glands [77]. 
Hemangiomas are also classified as congenital 
and infantile types. Congenital hemangiomas 
manifest at birth, whereas infantile hemangiomas 
typically occur after the first few weeks of life. 
Congenital types are further subclassified into 
non-involuting congenital hemangioma (NICH) 
and rapidly involuting congenital hemangioma 
(RICH) [78]. Hemangiomas of the parotid gland 
are the most common tumors of salivary glands 
in children [79].

Clinically, parotid hemangiomas present as a 
poorly defined soft tissue swellings which may 
be smooth or bosselated (“strawberry skin”), 
non-tender, and non-fluctuant. The overlying 
skin may have a bluish-purple hue which is a 
helpful diagnostic clue. Approximately 90% 
arise in the first three decades of life [80]. Most 
show rapid growth during the first year of life and 
gradually regress by around 9 years of age. They 
are more common in females [81]. Rarely, dys-
pnea and dysphagia are reported and is chiefly 
related to large size of the tumor. Esthetics, intra-
lesional bleeding, and acute thrombosis leading 
to pain and deformity is of main concern [82]. 
Clinical diagnosis of parotid hemangioma is 
aided by the “turkey wattle” sign (described 
above), which is not present in case of extra- 
parotid lesions [83]. Reddi’s sign is another help-
ful aid in which hemangioma becomes distended 
by blocking the venous flow [83]. MRI is the 
diagnostic tool of choice and typically demon-
strates a lobulated lesion. The microscopic fea-
tures are characterized by proliferative dilated 
vascular spaces engorged with blood. 
Calcifications are often seen [78]. Surgical resec-
tion is not favored for treatment, given the high 
probability of regression of parotid hemangio-
mas. Systemic corticosteroids and propranolol 
have been used as a treatment modality with 
some measure of success [84].

8.5  Inflammatory/Immune 
Mediated

8.5.1  Immunoglobulin G4-Related 
Sialadenitis

Immunoglobulin G4-related sialadenitis (IgG4) 
is one of the systemic manifestations of IgG4- 
related systemic disease (IgG4-RSD). IgG4-RSD 
is a chronic fibro-inflammatory condition that 
may affect nearly every organ system, leading to 
progressive organ failure [85]. The two main fea-
tures of the disease include elevation of serum 
IgG4 concentrations and the set of unique histo-
pathologic characteristics. The hallmarks of the 
disease include two main characteristics shared 
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by the affected organs: tissue damage related to 
inflammation and fibrosis [86]. The organ failure 
is metachronous with organs added one at a time 
over the disease course spanning from months to 
years [87]. It was first reported in the pancreas. 
Most frequently, the exocrine glands (pancreas, 
salivary, lacrimal, kidneys, thyroid) as well as 
lungs and aorta are affected [88]. The exact etiol-
ogy is unclear. However, it has been proposed 
that upregulations of T helper 2 cells and T regu-
latory cells occur in response to an unknown anti-
gen. The upregulation of these T-cells results in 
production of interleukins (IL-4, IL-5, IL-10, 
IL-13), interferons-ϒ (IFN-ϒ), and transforming 
growth factor-β. These cytokines are responsible 
for: 1. fibroblast activation, 2. class switching of 
B cell from IgM to IgE and IgG4, 3. increased 
number of eosinophils in blood and the tissue, 
and 4. elevated serum IgE [89].

Clinically, there is a predilection for middle- 
aged to elderly males. The onset of the disease is 
subacute and systemic features are seen in less 
than 10% of patients. Salivary glands involve-
ment results in bilateral enlargement of the 
involved gland. The submandibular gland is 
involved at a higher frequency as compared to 
parotid or sublingual gland [90]. Xerostomia may 
occur and it can improve with immunosuppres-
sion such as steroids, unlike SS [91].

CT scans of the head and neck show symmetri-
cal enlargements of the affected glands. Serum 
IgG4 is elevated in a majority of patients though 
this relationship with the elevated IgG4 levels and 
disease activity is still not fully understood. Some 
patients have normal IgG4 levels despite classic 
disease features while others achieve remission 
with elevated IgG4 levels in the serum [89]. 
Evidence suggests that the ratio of IgG4 to total 
IgG in serum may be a more useful diagnostic tool.

Histopathologic studies reveal four major hall-
marks of the disease (see Fig.  8.7): (1) a dense 
lymphoplasmacytic infiltrate with a high percent-
age of IgG4 positive plasma cells, (2) storiform 
fibrosis, (3) mild to moderate tissue eosinophilia, 
and (4) obliterative phlebitis. An elevated ratio of 
IgG4 positive cells to IgG positive cells greater 
than 40% in tissues with substantial fibrosis often 
supports the diagnosis of the disease [92].

Successful therapy with corticosteroids 
administered for 2–4 weeks has been reported. A 
low-dose maintenance steroid therapy of 
6–24  months has been proposed to maintain 
remission. The predictive risk factors for relapse 
include: (1) persistent high serum levels of IgG4 
before and after treatment and (2) multiorgan 
involvement [93]. Steroid sparing drugs are used 
in cases of relapsing disease. However, there is 
no firm evidence that these drugs work [94].

8.6  Infectious

8.6.1  Bacterial Sialadenitis

Sialadenitis is the inflammation of salivary 
glands. It is classified according to the histologic 
and etiologic factors [95]. Bacterial sialadenitis is 
a result of bacterial infection which may occur 
due to: (1) retrograde infection of the ducts and 
parenchyma of the involved gland by bacteria in 
the oral cavity and/or (2) due to decreased sali-
vary flow from the gland [96]. Bacterial sialade-
nitis may affect any salivary gland (major or 
minor), but most commonly affects the parotid 
gland followed by the submandibular gland. 
Based on duration and histologic features, the 
infection may be classified as acute or chronic. 
Based on causative factors, the infection may be 
classified as bacterial, viral, obstructive, granulo-
matous, post-treatment, necrotizing, or LE (HIV- 
related). Bacterial sialadenitis is usually 
diagnosed by history and a thorough physical, 
imaging and biopsy examination. Here we will 
discuss bacterial sialadenitis since it is the most 
common cause of sialadenitis.

8.6.1.1  Streptococcal/Staphylococcal 
Sialadenitis

Acute bacterial sialadenitis of the parotid gland 
is most commonly caused by staphylococcus 
aureus [97]. Streptococcal species causing acute 
bacterial parotitis include S. pneumoniae, S. 
pyogenes, and Hemophilus influenzae. 
Fibronectin found in saliva promotes adherence 
of these bacteria. Gram negative bacteria (E. 
coli, Klebsiella pneumoniae, P. aeruginosa) 
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cause acute bacterial sialadenitis in pediatric 
and hospitalized patients. Infrequently, suppura-
tive infections may result from Arachnia spp., 
Haemophilus influenzae, Treponema pallidum, 
cat-scratch bacillus, and Eikenella corrodens 
[98]. Clinically, acute bacterial sialadenitis is 
characterized by a sudden onset of swelling of 
the involved gland (unilateral or bilateral). The 
swelling is accompanied by pain and fever [99]. 
Pain may intensify during mealtimes and may 
be accompanied by trismus. Erythema and 
swelling are present in the preauricular area 
which may spread to the submandibular and 
submental areas. In case of suppurative bacterial 
sialadenitis, purulent discharge from the 
Stenson’s duct is diagnostic. Various imaging 
modalities may be used in diagnosis of sialade-
nitis. CT images show gland enlargement and 

abscess formation may also be detected (a focal 
area of fluid attenuation). MRI demonstrates 
asymmetric diffuse enlargements of the parotid 
glands, that may be associated with a dilated 
duct. Imaging has an impact on management 
[100]. Systemic antibiotics therapy is the treat-
ment of choice after blood culture is obtained 
and the causative bacteria identified [101]. 
Additionally, when abscess is present, drainage 
of the abscess may be required.

Chronic bacterial sialadenitis is caused by 
unresolved acute sialadenitis, resulting in glan-
dular destruction. This results in alteration of 
the salivary chemistry including enzymes, lead-
ing to sialectasis, ductal dilation, atrophy of 
glandular tissues, and lymphocytic cell infiltra-
tion [102]. The chronic inflammatory state 
eventually leads to fibrosis (see Fig.  8.8). In 

a b
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Fig. 8.7 The excised salivary gland preserves the lobular 
architecture with diffuse enlargement and multifocal 
fibrosclerotic areas (a). Histologic findings. The subman-
dibular glands show lymphoplasmacytic infiltration with 
septal fibrosis (b) and obliterative phlebitis (c). 
Immunohistochemical results show numerous IgG4- 

positive cells (d) (IgG4 +cells, >60/high power fields). 
(Reprinted with permission from Ji Seon Bae, Joo Young 
Kim, Sang Hak Han, Seung Ho Choi, Kyung Ja Cho. 
IgG4-Related Sclerosing Sialadenitis: Report of Three 
Cases. J Pathol Transl Med. 2011;45 (0): S36–S40)
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comparison, labial salivary biopsy from SS 
shows preservation of the acinar and lobular 
architecture with scattered foci of >50 lympho-
cytes. Clinically, recurrent and unilateral 
parotid swelling is noted which may or may not 
be painful [103]. Intraorally, suppurative drain-
age from the orifice of the Stenson duct has 
been reported. In time, fibrosis produces a firm 
tumor-like mass (Kuttner tumor) in the affected 
gland [101]. Kuttner tumor is seen most fre-
quently in the submandibular gland as opposed 
to the parotid gland and may clinically mimic a 
malignant salivary gland tumor. Imaging fea-
tures are varied depending on the duration and 
severity of the inflammatory reaction. 
Irregularly enlarged (sausage-shaped) main 
duct and central ductal dilation is the hallmark 
of recurrent chronic sialadenitis. These may or 
may not be accompanied with dystrophic calci-
fications. Ductal ectasia, fatty infiltration, and 
volume loss are seen in imaging during late 
stages of the disease [104]. Histologically, 
chronic bacterial sialadenitis is characterized 
by a chronic inflammatory cell infiltrate mainly 
lymphocytes, varying degrees of acini loss, and 
duct dilatation are noted. Extensive interstitial 
fibrosis develops over time and there may be 
squamous metaplasia of the duct epithelium. 

Calculus formation may be seen in the dilated 
ducts [102]. Treatment is challenging. The best 
approach in management is conservative which 
includes rehydration, analgesics, and long-term 
antibiotic therapy. Surgical intervention should 
be the last resort since the possibility of scar-
ring, facial nerve damage, and cosmetic defor-
mities may occur.

8.6.1.2  Parotid Tuberculosis (TB)
Parotid gland tuberculosis (TB) is a granuloma-
tous infection caused by Mycobacterium tuber-
culosis. Primary TB of the parotid gland is 
extremely rare since saliva has an inhibitory 
effect on Mycobacterium tuberculosis and the 
continuous flow of the saliva from the salivary 
glands removes the bacteria [105]. Parotid 
involvement is an extrapulmonary manifestation 
of TB and spreads to the parotid glands via direct 
extension from a nearby site in the oral cavity or 
via the vascular or lymphatic channels [106]. 
Classification of this infection is based on the 
extent of involvement of the gland, namely, local 
or diffuse form [107]. In the localized form, 
intraglandular lymph nodes are affected, whereas 
the diffuse form results from the involvement of 
the parotid gland parenchyma [108]. Both forms 
may coexist as well.

Fig. 8.8 Image on the left represents histologic features 
typical of Sjogren’s syndrome from labial salivary gland 
biopsy demonstrating multiple foci of >50 lymphocytes 
scattered within relatively well-preserved salivary gland 
lobules. Ductal ectasia and periductal inflammation is 
noted. Image on the right is from chronic sclerosing sial-

adenitis demonstrating fibrosis and inflammatory destruc-
tion of acini with persistence of dilated salivary gland 
ducts. Some acini are still visible. Squamous metaplasia 
of ducts are also seen. Hematoxylin and eosin, 5× 
magnification
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Clinically, TB of the parotid presents as an 
asymptomatic, slowly growing, unilateral nod-
ular or diffuse enlargement. Occasionally, bilat-
eral involvement may be seen. Overlying skin 
is of normal color and temperature, but may 
exhibit formation of a fistula with drainage of 
pus in some cases. The parotid gland is the 
most common site amongst the salivary glands. 
Majority of cases occur between 20 and 
60 years of age with a slight female predilec-
tion [109]. Pediatric cases as well as a congeni-
tal case has also been reported [110]. The 
growth occurs over a course of few months 
making it indistinguishable from a salivary 
gland malignancy clinically or sonographically. 
Histological examination is essential for a 
definitive diagnosis [111].

Radiographic imaging studies have limited 
value in diagnosing this condition. 
Ultrasonography imaging studies are done 
merely to evaluate the site (nodular/parenchy-
mal) and density (solid/cystic) of the lesion. A 
definitive diagnosis is based on isolation and 
identification of the mycobacterium from a diag-
nostic specimen [112] as well as the biopsy spec-
imen. FNA cytology and skin tests may show 
inconsistent results, especially in adults [111].

Histologic features, the gold standard for 
diagnosis, demonstrate classic caseous granulo-
matous inflammation, either intranodular, paren-
chymal, or both with discrete or confluent 
aggregates of epithelioid histiocytes intermixed 
with lymphocytes and multinucleated Langhans 
giant cells.

Treatment of salivary TB is similar to recom-
mended treatment of TB and consists primarily 
of chemotherapy, provided the diagnosis is 
obtained via ancillary diagnostic methods. 
Lesions usually resolve following anti-TB treat-
ment [113]. Surgery may be required when ancil-
lary methods cannot deliver a diagnosis [111].

SS, unlike parotid TB, typically presents with 
bilateral parotid swelling and is usually also 
asymptomatic. However, rare bilateral cases of 
parotid TB have been reported in literature and 
may completely mimic clinical presentation of 
SS, especially if they are asymptomatic and slow 
growing.

8.6.2  Viral Sialadenitis

8.6.2.1  Mumps
Mumps, a self-limiting infection, is caused by 
mumps virus (MuV), an RNA virus belonging to 
the Paramyxoviridae family. It is typically asso-
ciated with temporary bilateral, symptomatic 
enlargement of the parotid. It is transmitted via 
inhalation of the virus from respiratory droplets 
or via the direct contact with oral secretions of an 
infected individual [114]. Children between ages 
of 5–9 years are susceptible to the virus and it is 
the most common cause of a painful parotid 
gland swelling in children [115]. Recent out-
breaks have involved adolescents and adults as 
well. The virus may also cause meningitis, 
encephalitis, orchitis, pancreatitis, myocarditis, 
and nephritis. Most cases are resolved within a 
few weeks. Paralysis, seizures, cranial nerve pal-
sies, and deafness may occur in long-standing 
cases [116]. Salivary virus shedding has been 
reported from 1 week before to 1 week after the 
onset of parotid gland swelling [117].

Clinically, half to one-third of the cases are 
symptomatic and symptoms are preceded by an 
incubation period of 16–18  days which is fol-
lowed by headache, malaise, anorexia, myalgia, 
and fever (prodromal stage). Characteristic fea-
tures in symptomatic cases include the acute, 
bilateral, and painful enlargement of the parotid 
glands [118]. Severe cases may cause mastica-
tory difficulties, speech difficulties, and trismus. 
Intraorally, the ductal orifice is erythematous and 
edematous.

Radiographic imaging shows enlargement of 
the parotid gland, loss of normal echotexture, 
multiple hypoechogenic lymph nodules, and 
increased vascularity on power Doppler. CT and 
MRI are helpful in detecting  meningoencephalitis. 
Early stages demonstrate normal brain structure. 
Hydrocephalus may be detected in the last stages 
[119].

Histologic features show mononuclear infil-
tration in the perivascular and interstitial region 
of the parotid gland. This results in edema, hem-
orrhage and edema in the glandular and ductal 
epithelial cells [116]. However, diagnosis is 
done on the basis of reverse transcription- 
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polymerase chain reaction (RT-PCR), a sensi-
tive and specific diagnostic technique [120]. 
Virus- specific IgM can also be measured by 
direct or indirect ELISA techniques 7–10 days 
after the onset of clinical symptoms and aids in 
diagnosis [121].

Treatment primarily consists of supportive 
care as mumps is a self-limiting condition. No 
targeted antiviral therapy is available [122].

SS also typically presents with bilateral 
parotid swelling which is usually asymptomatic. 
However, mumps is self-limiting and usually 
accompanied by severe pain, discomfort, fever, 
malaise, and loss of appetite.

8.6.2.2  Epstein–Barr Virus-Related 
Parotid Gland Lesions

Epstein–Barr virus (EBV) also known as human 
herpes virus-4 (HHV-4) is an enveloped double- 
stranded DNA herpesvirus that is transmitted via 
the saliva. Greater than 90% of the adult popula-
tion is infected worldwide [123] and it is shed 
even in apparently healthy individuals [124]. 
EBV infects epithelial cells and B-lymphocytes, 
and has been implicated in several inflammatory, 
benign and malignant processes. Of the benign 
salivary gland lesions, EBV has been found in 
lymphoepithelial (LE) cysts and in Warthin 
tumor, the second most common benign salivary 
gland tumor. EBV has also been detected in 
undifferentiated carcinomas as well as malignant 
LE lesions of the parotid gland.

EBV-associated bilateral and multiple LE 
cysts are a common manifestation of HIV infec-
tions. Histologically, LE cysts show lymphoid 
hyperplasia in association with the cyst wall. 
Several studies were conducted to detect the role 
of EBV in the pathogenesis of HIV-associated 
LE cysts since EBV is a lymphotropic virus. 
However, the role of EBV in salivary gland dis-
ease remains controversial with no definitive evi-
dence [124–127]. It is understood that EBV is 
found more frequently in benign LE cysts than in 
normal parotid gland.

EBV-associated Warthin tumor has also been 
reported. Warthin tumor is a slow-growing uni-
lateral or bilateral benign salivary gland tumor. It 
is almost exclusively seen in parotid glands and 

has a male predilection. Histologically, it com-
prises of a double layered oncocytic epithelium 
associated with a lymphoid stroma. EBV has 
been detected in both the epithelial and lymphoid 
component of Warthin tumor. Presence of EBV 
in the tumor does not necessarily implicate it as 
an etiologic agent. Several authors employed in 
situ hybridization to evacuate the role of EBV 
and concluded that EBV is not involved in the 
pathogenesis of Warthin tumor [128, 129].

EBV-associated LE carcinoma (LEC) of the 
parotid gland is a rare malignancy occurring 
mainly in the East Asian population. Most cases 
occur in the fifth decade of life with a female pre-
dilection. Histologically, there is a malignant 
transformation of the ductal and glandular inclu-
sions in the intraparotid lymph nodes. The asso-
ciation of EBV with LEC in American patients 
was reported to be 44.2%, and studies have 
reported that EBV infection in immunocompro-
mised patients may play a strong role in LEC 
[130, 131].

8.6.2.3  HIV-Associated Sialadenitis

8.6.2.3.1 HIV-Related Bilateral Parotid 
Gland Lymphoepithelial Cysts
HIV-related parotid gland involvement typically 
results in bilateral parotid gland swelling [133]. 
Bilateral lymphoepithelial (LE) cysts of the 
parotid glands are one of the numerous patholo-
gies that may arise in an HIV patient. In non- 
HIV- infected patients, most LE cysts arise in the 
oral cavity (oral LE cyst) or the lateral cervical 
region (branchial cleft cyst). LE cysts have been 
reported in the parotid gland in approximately 
1% to 10% of HIV-infected patient and may be 
an indicator of HIV infection in these patients 
since the parotid gland is an uncommon site for 
benign LE cysts [103]. The incidence is even 
higher in children with HIV disease. In up to 80% 
of the HIV-related cases, the cysts are bilateral 
and multicentric, and are pathognomonic for HIV 
infections [134]. HIV-associated LE cysts usu-
ally occur before full blown AIDS has developed. 
The exact etiology of the development of these 
lesions is still unknown. Currently, two hypothe-
ses prevail: (1) Due to HIV infection, reactive 
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lymphoproliferation occurs in the intraparotid 
lymph nodes, resulting in entrapment of glandu-
lar epithelium within the lymph nodes and the 
development of LE cysts and (2) Lymphoid pro-
liferation of the intraparotid lymph nodes and 
development of glandular dysplasia occurs as a 
result of migration of the HIV-infected lymphoid 
cells in the parotid gland. Subsequently, ductal 
obstruction occurs, giving rise to LE cysts.

Clinically, parotid LE cyst is an important early 
head and neck manifestation of HIV disease. It is 
usually accompanied by cervical lymphadenopa-
thy (90%), fatigue, night sweats, diarrhea, and 
weight loss [135]. Parotid glands develop slow-
growing and painless swellings bilaterally. 
Unilateral swelling in a HIV positive patient is rare. 
Facial palsy and xerostomia are unusual [136].

Radiographically, multiple thin walled cysts 
may be detected via ultrasound examinations, 
MRI, and CT scans.

Fine needle aspiration cytology (FNAC) and 
biopsy specimens are useful diagnostic tools. 
FNAC reveals foamy macrophages, and squamous 
cells in a proteinaceous background [137]. These 
cells have a benign appearance. Biopsy is still the 
golden standard for a definitive diagnosis and 
reveals multiple epithelial cell-lined cysts associ-
ated with dense lymphoid tissue. Normal parotid 
parenchyma is replaced by the lymphoid tissue. 
The follicles of the lymph nodes in these cases are 
larger as compared to those of normal lymph 
nodes. Numerous macrophages are seen within the 
germinal centers of the lymph nodes [138]. HIV-1 
p24 antigen immunostaining is another diagnostic 
tool. Intrafollicular macrophages and follicular 
dendritic cells are positive for these antigens in 
most lesions [136]. Blood analysis show a CD8 
lymphocytosis due to HIV antigens [139].

Treatment is sought due to cosmetic concerns 
of the patient [134]. To date the treatment modal-
ity has not been streamlined. The proposed treat-
ments include: (1) close watch, (2) repeated 
aspirations, (3) antiretroviral medication, (4) 
Low-dose radiation therapy, (5) injection sclero-
therapy, and (6) parotidectomy [140]. Close 
monitoring and follow-up is highly advised 
because these patients are at a higher risk of 
developing lymphomas [141].

8.7  Neoplastic Lesions

Salivary gland neoplasms are rare and the major-
ity of these are benign (80%). Majority of cases 
arise in the sixth decade with an equal prevalence 
in both sexes. About 80% of cases arise in the 
parotid gland. In minor glands, palate is the site 
of prevalence [3]. Etiology is still obscure. 
Possible risk factors include therapeutic radiation 
for other head and neck cancers, radiation expo-
sure, occupational exposures (rubber manufac-
turing and woodworking), employment at 
hairdressers or beauty shops, history of previous 
cancer related to Epstein–Barr virus, HIV infec-
tion, Hodgkin lymphoma, and immunosuppres-
sion [142]. Benign tumors present as a 
slow-growing mass either within the major sali-
vary gland or intraorally. Sudden growth, pain, 
fixation of tumor mass, ipsilateral facial nerve 
paralysis, and cervical lymphadenopathy are 
some of the characteristic features of a malignant 
tumor [143].

Pleomorphic adenoma is the most common 
benign salivary gland tumor and can be seen in 
the major as well as minor salivary glands. It car-
ries a 10% risk of malignant transformation 
[143]. Mucoepidermoid carcinoma (MEC) is the 
most common malignant salivary gland tumor 
and is the most common salivary carcinoma in 
children. It can also be seen in the major or minor 
salivary glands with the parotid gland being the 
most common extraoral site. Approximately 50–
80% of MECs harbor MAML 2 gene fusion 
[144]. Adenoid cystic carcinoma (AdCC) is also 
a malignant salivary which can be seen in major 
or minor salivary glands. It has a propensity for 
perineural invasion and has a relatively indolent 
course with a survival rate of 15–20 years. These 
tumors metastasize early because of their propen-
sity for perineural invasion and hematological 
spread, with the lungs being the most common 
site. Approximately 60% of AdCC show MYB- 
NFIB gene fusion [145]. Acinic cell carcinoma 
(ACC) is a low to intermediate malignancy aris-
ing primarily in the parotid gland. An upregula-
tion of NR4A3 transcription factor is noted [146].

Due to high prevalence of salivary gland neo-
plasms observed in the parotid gland and clinical 
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similarities to SS-associated parotitis or lym-
phoma, this section will focus on common benign 
and malignant lesions in the parotid glands.

8.7.1  Pleomorphic Adenoma 
of the Parotid Gland

Pleomorphic adenoma is the most common 
benign salivary gland tumor [147]. Majority of 
cases are seen in the parotid gland. Intraorally, 
the tumor is most commonly seen on the palate. 
Long-standing cases may cause disFigurement, 
facial nerve damage and undergo malignant 
transformations. This malignant change may be 
in the form of: (1) carcinoma ex-pleomorphic 
adenoma (75% of epithelial cells show malignant 
transformation), (2) carcinosarcoma (true malig-
nant mixed tumor) formed by both epithelial and 
mesenchymal cells, or (3) metastasizing pleo-
morphic adenoma (cervical lymph nodes or dis-
tant metastasis of benign pleomorphic adenoma) 
[148]. Of the three, carcinoma ex-pleomorphic 
adenoma is the most common form of malignant 
transformation and may spread via infiltration to 
adjacent tissues or spread to distant sites via lym-
phatic and vascular channels [149]. The exact 
etiology of this transformation is not known 
[150].

Clinically, pleomorphic adenoma is typically 
a solitary, slow-growing, and painless tumor. It is 
most commonly encountered between fourth and 
seventh decades of life with occasional cases 
reported in children and adolescents. There is a 
slightly increased prevalence in females as com-
pared to males. Its size ranges from 1 to 5 cm, 
and facial palsy is uncommon [151]. Most of the 
tumors originate from the superficial lobe of the 
parotid gland and present as a swelling overlying 
the mandibular ramus in front of the ear or as a 
neck mass (see Fig. 8.9). Tumors arising from the 
deep lobe or involving the entire gland have also 
been reported [152]. Pleomorphic adenomas are 
of concern because long-standing cases may 
undergo malignant transformation. Rapid 
increase in size of long-standing tumors is a 
strong indication of malignant transformation 
[153].

Radiographic imaging is useful in detecting 
the size and extent of the tumor. Ultrasound 
imaging reveals a well-defined, homogenous 
lesion with poor vascularization. Computed 
radiographic images are useful in lesions involv-
ing the palate, especially if bony involvement is 
suspected [147].

Histologic features reveal a well-demarcated 
lesion surrounded partially or completely by a 
capsule of variable thickness. The tumor is com-
posed of ductal and myoepithelial cells and 
shows a marked diversity between different areas 
of the same tumor or different tumors (hence the 
name pleomorphic) (see Fig. 8.10). These epithe-
lial and myoepithelial cells are seen in a 
mesenchymal- like background which may be 
hypo- or hyper-cellular. No sign of malignancy is 
seen in either of the components [154].

Treatment primarily consists of surgical resec-
tion. Superficial parotidectomy is sufficient in 
most cases as majority of the lesions involve the 
superficial lobe of the gland. In partially encapsu-
lated cases, recurrence have been reported. Most 
of the complications (facial nerve paralysis or 
Frey syndrome) are related to the association of 
the lesion with the facial nerve [155].

SS, unlike pleomorphic adenoma of the 
parotid gland, typically presents with bilateral 
parotid swelling. The swellings in both cases are 
usually asymptomatic.

Fig. 8.9 A 37-year-old male with a well-defined firm 
movable slowly enlarging mass of the left parotid region. 
An incisional biopsy revealed pleomorphic adenoma
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8.7.2  Warthin Tumor

Warthin tumor (WT) is also known as papillary 
cystadenoma lymphomatosum and is the second 
most common tumor of the parotid glands after 
pleomorphic adenoma. It is a benign tumor of sali-
vary glands with an incidence rate of approximately 
5–10% [156, 157]. These lesions produce persistent 
painless swelling of the parotid that slowly enlarge 
producing a delimited nodule with smooth outline, 
floor of the mouth, or under the chin.

WT are purported to arise from epithelial 
inclusions in intra- or peri-parotid lymph nodes 

[156, 158]. This concept is supported by the 
observation that the epithelial and mesenchymal 
components of the parotid gland are not encapsu-
lated or demarcated at the early stages of develop-
ment. This allows proliferation of the epithelial 
inclusions inside the lymphoid aggregates in 
response to unknown stimuli [158]. Moreover, 
this hypothesis could also explain the overwhelm-
ingly frequent localization of WT in the parotid.

WT may present bilaterally in the parotid in a 
synchronous or metachronous manner in up to 
15% of cases [156]. Multifocal tumors have also 
been reported [156]. It is more common in males 
between 60 and 70 years of age (see Fig. 8.11). 
This male predilection and bilateral occurrence is 
possibly linked to higher rates of smoking. 
Caucasians are affected significantly more when 
compared to other races [157]. WT has been 
strongly linked to tobacco smoking [156]. Obesity 
and EBV have also been implicated as etiologic 
factors [156, 159, 160]. Rare cases of malignant 
transformation have been reported with develop-
ment of diffuse large B-cell lymphoma, mucoepi-
dermoid carcinoma, and squamous cell carcinoma 
[156]. Interestingly, WT has also been reported to 
occur simultaneously with other non-salivary and 
extra-salivary tumors, such as breast, lung or thy-
roid carcinoma, or lymphomas [156].

Diagnosis of WT can be performed by FNAC 
with high degree of sensitivity and positive pre-
dictive value [161]. 99mTc-pertechnetate scintig-
raphy demonstrates pathognomonic accumulation 

Fig. 8.10 Photomicrograph from pleomorphic adenoma 
demonstrating proliferation of myoepithelial cells form-
ing interconnecting strands, islands, and clusters with 
pseudo-ductal spaces. The stromal tissues range from 
chondroid to myxoid to densely hyalinized. Both sparsely 
cellular and densely cellular areas are noted. Hematoxylin 
and eosin, 5× magnification

Fig. 8.11 A 47-year-old male with a 4-year history of slow-growing swelling of the tail of the parotid. Biopsy revealed 
Warthin tumor

I. Bhattacharyya and H. K. Chehal



157

of the radioisotope in WT [162]. Contrast- 
enhanced two-phase CT uniquely demonstrates 
early enhancement and washout of contrast 
agent, which is very helpful in distinguishing WT 
from other parotid tumors [163]. Color Doppler 
ultrasonography is also useful in separating WT 
from other benign tumors of the parotid [164].

Microscopically, the tumor is composed of a 
mixture of multiple cystic cavities lined by ductal 
epithelium demonstrating numerous papillary 
infoldings protruding into the cystic lumina. 
These structures are distributed in a variably 
dense lymphoid stroma. Frequently germinal cen-
ters are seen in the stroma [157] (see Fig. 8.12).

Superficial parotidectomy is the preferred mode 
of treatment due to the usually superficial localiza-
tion of the tumor in the parotid [164]. An approxi-
mately 10% rate of recurrence has been reported, 
but many recurrences may actually be metachro-
nous tumors rather than true recurrence [164].

8.7.3  Adenocarcinomas 
of the Parotid Gland

Primary salivary gland malignancies are rare and 
comprise of approximately 5% of all head and 
neck malignancies [165]. Of the salivary glands, 

only 25% of malignancies arise in the parotid 
gland [166]. The etiologies are still obscure, 
although radiation exposure has strongly been 
implicated and a linear-dose dependent relation-
ship has also been established [167]. They occur 
more commonly in adult males [168]. Majority 
of patients present with an asymptomatic swell-
ing. Rapid enlargement of lesion, pain, paresthe-
sia, and facial nerve paralysis indicate 
malignancies [169]. Facial nerve palsy is seen in 
nearly 33% of cases with the incidence increas-
ing to 50% in cases of advanced malignancies of 
the parotid gland [170]. Of all the various sali-
vary adenocarcinomas, the ones which most fre-
quently involve the parotid gland include: MEC, 
ACC, and carcinoma ex-pleomorphic adenoma.

MEC is the most common malignancy of the 
parotid gland and constitutes about 30% of 
parotid malignancies [171]. They occur over a 
wide age range (second to seventh decades of 
life) and are the most common malignant salivary 
gland malignancy occurring in children. 
Histologically mucin-secreting cells, intermedi-
ate cells, and epidermoid cells are seen. Lesions 
are graded as low-, intermediate-, or high-grade 
tumor (see Fig. 8.13). In general, MEC has low 
local invasiveness and low metastatic potential. 
However, high-grade tumors typically metasta-

Fig. 8.12 Microscopic image from the patient above. 
Warthin tumor demonstrating papillary projections of 
pseudostratified columnar ciliated ductal epithelial cells 
surrounded by pale eosinophilic mucoid cystic content. 
The connective tissue cores within the papillary projec-
tions containing sheets of lymphocytes. Hence, the 
descriptive term papillary cystadenoma lymphomatosum. 
Hematoxylin and eosin, 5× magnification

Fig. 8.13 Microscopic image from an intermediate grade 
mucoepidermoid carcinoma demonstrating a lobular pro-
liferation of epithelial cells interspersed by cells exhibit-
ing cleared cytoplasm and scattered basophilic cells 
containing mucous. Dense fibrous bands are noted 
between the lobules. Hematoxylin and eosin, 5× 
magnification
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size to regional lymph nodes. Treatment modali-
ties include a combination of radiation therapy 
and surgery. The overall 10-years survival rate is 
approximately 50% [172].

ACC accounts for 10% of malignant parotid 
tumors [173]. About 81% to 98% of ACC occur 
in the parotid glands. These tumors show a broad 
age range (second to seventh decades of life) and 
a female predilection. Histologically, these well- 
circumscribed tumors show an infiltrative growth 
pattern and a serous acinar cell differentiation 
(see Fig. 8.14). Other cell types present include 
intercalated ductal, vacuolated, and clear cells. 
The growth pattern may be variable [174]. ACC 
are asymptomatic and typically are considered as 
intermediate-grade malignancy which rarely 
metastasize. However, recent studies have sug-
gested that a subset of ACCs may be associated 
with an aggressive behavior [174]. Since most 
lesions are seen in the superficial lobe, ACC is 
best treated by lobectomy. Parotidectomy is 
needed for deep seated tumors. The overall 5-year 
disease-specific survival is estimated to be around 
91%. Recurrences and metastases after 3 to 
10 years are common [175].

Carcinoma ex-pleomorphic adenoma is an 
aggressive neoplasm with poor prognosis [176]. 
They constitute approximately 25% of all parotid 
malignancies. Most patients are in the sixth to 
eighth decades of life. Typically, a long-standing 

asymptomatic mass in the parotid area exhibiting 
sudden rapid growth is reported. Rapid increase 
in size is often associated with facial nerve 
involvement giving rise to pain, paresthesia, and 
facial nerve palsy. Skin ulcerations, dysphagia, 
and lymphadenopathy have also been reported 
[177]. Histopathologically, the malignant com-
ponent is infiltrative, ill-defined and has foci of 
necrosis and hemorrhage [177]. Surgical excision 
(lobectomy or parotidectomy) is the treatment of 
choice, based on the location of the tumor. A 
5-year survival rate is as low as 37% [177].

8.7.4  Primary Parotid Lymphoma

Primary parotid gland lymphoma is an extremely 
rare malignancy. The following criteria have 
been suggested for a lymphoma to be considered 
primary: (1) gland involvement should be the 
first clinical manifestation of the disease, (2) the 
lymphoid infiltrate should be malignant, and (3) 
the biopsy result should show involvement of the 
parenchyma of the gland instead of the adjacent 
lymph nodes or soft tissues alone [178]. The 
 lymphoma may arise within the parotid gland 
lymph nodes (nodal) or within the parenchyma 
of the gland (extranodal). The true distinction 
between these two groups is difficult to establish 
because nodal lymphoma may involve the sur-
rounding glandular parenchyma and may be 
confused with an extranodal lymphoma [179]. 
Salivary gland lymphomas may be Hodgkin 
lymphomas (HL) or non-Hodgkin. lymphomas 
(NHL). The most common primary parotid 
NHLs are the mucosa associated lymphoid tis-
sue (MALT) lymphoma [180] (see Fig.  8.15). 
Unlike the aerodigestive tract, there is a lack of 
MALT in the salivary glands. The precursor 
lesion for MALT lymphoma is a benign lym-
phoid lesion (BLL), characterized by B cells 
interdigitating with the ductal epithelial cells, 
which arise as a result of stimulation of the adja-
cent lymphoid tissue. The primary parotid lym-
phomas are low-grade as compared to other 
extranodal NHLs [181].

Clinically, most cases are seen in middle-aged 
males and the prevalence increases with age. 

Fig. 8.14 Microscopic image from acinic cell carcinoma 
demonstrating sheets of deeply basophilic neoplastic aci-
nar cells with little intervening stroma and dilated capil-
laries. Hematoxylin and eosin, 5× magnification

I. Bhattacharyya and H. K. Chehal



159

Some studies show no gender predilection [182]. 
Pediatric cases with primary parotid lymphomas 
have also reported in literature [182]. Following 
MALT lymphomas, the next two most common 
types of lymphoma involving the salivary glands 
include follicular lymphoma and diffuse large 
B-cell lymphoma [181]. The malignancy mani-
fests as a unilateral, painless, slowly enlarging 
mass. Pain, facial nerve, paralysis, and involve-
ment of the underlying tissues or overlying skin 
have also been reported [182]. Intraorally, xero-
stomia and periductal orifice swelling may be 
observed.

Radiographic imaging is useful in assessing 
the extent, shape, and size of the lesion [183]. 
MRI and CT scan are equally effective. Positron 
emission tomography-computed tomography 
(PET-CT) is used to detect metastasis [184]. 
Biopsy is the gold standard in establishing a 
definitive diagnosis. Immunohistochemical stud-
ies aid in further classifying the lymphoma types.

Treatment modalities majorly consist of radia-
tion and chemotherapy. Radiotherapy is reserved 
for localized cases and chemotherapy for dis-
seminated cases. Some authors advocate superfi-
cial lobectomy/parotidectomy, a low risk 
procedure, in any parotid salivary mass to estab-
lish a definitive diagnosis as many parotid gland 
tumors are epithelial in origin and are often asso-

ciated with a lymphoid infiltrate. Most patients 
have Ann Arbor Stage I or stage II disease at time 
of diagnosis [183].

SS typically presents with bilateral parotid 
swelling which is usually asymptomatic. It must 
be kept in mind that the risk of NHL, primary 
parotid gland lymphoma, and primary parotid 
gland MALT lymphoma is increased to 6.5-, 
250-, and 1000-folds, respectively in the setting 
of SS patient [182].

8.8  Conclusion

SS is a systemic autoimmune disease with a wide 
range of clinical symptoms including recurrent or 
persistent salivary gland enlargement especially 
of the parotid which can closely mimic several 
other diseases. These diseases encompass a myr-
iad of etiologies including idiopathic, reactive, 
developmental, inflammatory/immune, infec-
tious or neoplastic. It is of paramount importance 
for the clinician to be cognizant of SS, as well as 
the differential diagnosis, in order to manage the 
patient appropriately in a timely fashion. Though 
benign, SS can significantly alter the patient’s 
quality of life as well as predispose to a malig-
nancy. Diagnosis of SS can be challenging due to 
complexity of the disease pathogenesis and het-
erogeneous presentations, which often requires a 
multidisciplinary approach among health care 
workers to arrive at a definitive diagnosis. In this 
chapter, we have discussed some of the more 
common differential diagnoses of parotid 
enlargement.
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9.1  Introduction

Sjögren’s syndrome is a progressive disease char-
acterized by a gradual and irreversible decrease 
in both the quantity and quality of saliva that 
eventually leads to xerostomia [1]. The etiology 
of Sjögren’s syndrome involves a multifactorial 
process that is characterized by mononuclear 
infiltrates and IgG-producing plasma cells in the 
salivary and lacrimal glands [2–4]. This infiltra-
tion leads to the irreversible destruction of glan-
dular tissue with a subsequent decrease in the 
saliva secretion rate. Hyposalivation can lead to 
dental caries, dental erosion, fungal and bacterial 
infections, digestive disorders, loss of taste, and 
difficulty in swallowing, which reduces the qual-
ity of life in patients [5] (Figs. 9.1, 9.2, and 9.3). 
Chronic salivary gland inflammation in Sjögren’s 
syndrome patients ultimately leads to tissue 
fibrosis and lymphoma.

Stimulation of salivary flow is possible only if 
saliva-producing acinar cells are present and 
function in the glandular tissue or when the 
parenchyma recovers. Systemic treatment is 
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Fig. 9.1 Sjögren’s syndrome patient’s dentition affected 
by caries, demineralization, and occlusal wear

Fig. 9.2 A patient with Sjögren’s syndrome, presenting 
severe dryness and deep tongue fissures
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often ineffective and can result in major side 
effects, and no effective palliative therapy to min-
imize complications associated with Sjögren’s 
syndrome is currently available [6]. At present, 
therapy for hyposalivation and xerostomia is lim-
ited to external hydration, artificial saliva; musca-
rinic receptor agonists, such as pilocarpine and 
cevimeline, that induce saliva secretion from 
residual acinar cells [7, 8]; and electrostimulation 
devices [9]. Until now, no ideal agent has been 
available to treat hyposalivation and xerostomia 
effectively, and consequently, there is still a need 
for other agents and therapeutic interventions [6]. 
In this chapter, we describe two techniques that 
are known to be effective in improving salivary 
flow and alleviating xerostomia in Sjögren’s syn-
drome patients, namely, intraglandular irrigation 
and sialendoscopy.

9.2  Intraglandular Irrigation

Intraglandular irrigation, irrespective of the 
method of irrigation or irrigation fluid used, is a 
useful and simple method for the relief of symp-
toms in patients with obstructive and  inflammatory 
disease of the salivary glands. The treatment con-
sists of the insertion of a cannula into Stensen’s 
or Wharton’s ducts, followed by irrigation with, 
for example, saline or corticosteroids (Fig. 9.4). 
Sialography, a variant of intraglandular irriga-

tion, is known as a useful tool for the diagnosis of 
obstructive and inflammatory disease of the sali-
vary glands (Fig. 9.5).

In sialography, a contrast agent is injected 
intraductally after dilating the ductal orifice to 
image the glands radiographically. Sialography 
has not only been shown to be a reliable and 
accepted method for diagnosis, but has also 
shown its therapeutic value [10]. Eisdenbud and 
Cranin already reported in 1963 that patients 
with obstructive sialadenitis in the parotid and 
submandibular glands showed a relief of symp-
toms after sialography. Among patients with 
obstructive sialadenitis, 80% experienced 
reduced pain and swelling [11]. These results 
were explained by the therapeutic value of the 
irrigation procedure itself with a contrast agent 
during sialography [11].

Based on this outcome, several studies on the 
effect of intraglandular irrigation with various 
irrigation fluids have been conducted, such as 
saline, corticosteroids, and antibiotics [12, 13]. 
Izumi et  al. suggested that the irrigation of the 
parotid glands with corticosteroids suspended in 
saline is useful in relieving xerostomia in patients 
with Sjögren’s syndrome. In this study, 64% (18 
of 28) of patients demonstrated improvement of 
xerostomia after four treatments of the parotid 
glands with a 1 mL corticosteroid solution during 
the period of 3 months [14]. They explained these 
results by the use of prednisolone sodium succi-
nate dissolved in saline solution at a concentra-
tion of 2 mg/mL.  No effect was found after 
rinsing with saline alone. Corticosteroids not 
only have anti-inflammatory effects, but also 
inhibit T-cell activation [14]. Salivary glands 
affected by Sjögren’s syndrome are characterized 
by a focal periductal infiltrate consisting mainly 
of T- and B-lymphocytes [15].

More recently, it was suggested that intraglan-
dular irrigation with saline alone may also be 
beneficial to relieve subjective and objective dry-
ness of the mouth in patients with Sjögren’s syn-
drome and other sicca patients [16]. In this study, 
it was reported that experienced xerostomia was 
improved in 81.8% of the patients, which was 
measured as relief of dryness on a nominal scale 
(yes/no). Furthermore, a significant improvement 

Fig. 9.3 Dentition of a patient with Sjögren’s syndrome 
affected by dental erosion. Patients with Sjögren’s syn-
drome lack natural protection against acids. In addition, 
they often consume acidic drinks with an anticipation that 
they can provide a relief for the dry mouth, which precipi-
tates dental erosion
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of median unstimulated whole mouth salivary 
secretion (UWS) was found to be from 1.40 
mL/10 min (IQR:0.40–2.82) at baseline to 1.55 
mL/10 min (IQR:0.40–3.90) after last treatment 
(p = 0.027).

There are several explanations for the thera-
peutic effect of intraglandular irrigation in 
Sjögren’s syndrome patients. Due to an increased 
protein concentration in the duct, proteins may 
coagulate and obstruct the small intraglandular 
ductules. This increases the inflammatory 
response in the gland. The precipitated proteins 
also contribute to bacterial proliferation ascend-
ing from the intraoral cavity, which could cause 
chronic sialadenitis and sialodochitis (ductal sial-
adenitis) [13]. Ductal cannulation with probes 
and the subsequent intraglandular irrigation of 
the salivary gland may act to remove the block-

age and reduce the concentration of proteins, 
microbes, and debris such as microsialoliths 
(small salivary stones) and mucus plugs [17, 18]. 
This, theoretically, could stimulate some repara-
tive gland processes [16].

9.3  Sialendoscopy

Sialendoscopy is a minimally invasive diagnostic 
and interventional procedure for the management 
of obstructive salivary gland disorders. With this 
technique, endoscopes are used that are small 
enough to be introduced into the salivary ducts of 
the parotid and submandibular glands for the 
diagnosis and treatment of ductal pathology [19, 
20]. The endoscopic approach of the major sali-
vary glands, both diagnostic and therapeutic, was 

Fig. 9.4 Instruments used for the saline or corticosteroid 
irrigation of the major salivary glands. From left to right, 
dental mirror, curved forceps, salivary duct probes (size: 

#0000 to # 0), salivary duct dilator with tapered conical 
tip, and 22GA I.V. cannula connected to a 5 mL syringe
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first described in 1990 by Dr. Philippe Katz and 
has become the preferred approach in the man-
agement of obstructive salivary gland disorders 
in the past decades [21, 22]. It allows diagnosis 
and treatment during the same procedure. 
Furthermore, sialendoscopy allows the delivery 
of medication for the treatment of glandular or 
ductal inflammation, such as corticosteroids or 
antibiotics [23–25].

Over the years, the development and 
improvement of miniaturized semirigid endo-
scopes and instruments have enabled the explo-
ration of the ductal system of the parotid and 
submandibular glands and expanded the thera-
peutic possibilities. Sialendoscopy differs from 
ductal irrigation because it allows direct visual 
inspection of the ductal system during treat-
ment and is useful in identifying and treating 
ductal obstructions during the procedure. It has 
shown its value in identifying ductal obstruc-
tions that may not be detected by imaging tech-
niques and may, therefore, be superior to other 
imaging techniques for obstructive ductal 
pathologies. Radiolucent stones, stenoses, 

strictures, polyps, mucosal plugs, and foreign 
bodies missed by other imaging techniques can 
be visualized by this technique [26]. In compli-
cated cases, sialendoscopy can be combined 
with other surgical interventions for the major 
salivary glands, such as the endoscopic-
assisted transcutaneous removal of stones 
(Fig. 9.6).

The introduction of this gland-sparing tech-
nique has resulted in a decreased number of 
excised salivary glands by 74.3 and 67.2% for 
submandibular and parotid glands, respectively, 
and related complications, such as scar formation 
and nerve injury [22].

Contraindications for sialendoscopy are 
acute suppurative sialadenitis and several ana-
tomical conditions such as severe ductal steno-
sis and stones that are fixed in the duct or gland 
[28]. Over the years, the indications for sialen-
doscopy have expanded. Other indications for 
sialendoscopy include recurrent juvenile par-
otitis [29], adult chronic recurrent parotitis 
without sialolithiasis (salivary stone) [24], and 
radioiodine- induced sialadenitis and xerosto-
mia [30]. Currently, sialendoscopy is utilized 
for the salivary glands affected by Sjögren’s 
syndrome [23].

Fig. 9.5 Computed tomography (CT)-sialography of the 
parotid gland in an Sjögren’s syndrome patient, display-
ing the typical features of sialectasis (“snowstorm 
appearance”)

Fig. 9.6 Mini-incision above the light of the sialendo-
scope. The light of the sialendoscope facilitates accurate 
localization of the stone. Sialendoscopically assisted stone 
removal with preauricular mini-incision is a highly suc-
cessful technique for removal of stones with minimal com-
plications. This technique is recommended as a suitable 
alternative to minimally invasive treatment that saves the 
patient from parotidectomy. The only condition for success 
is the ability to reach the stone with the endoscope [27]

K. H. Karagozoglu et al.
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9.3.1  Instruments Used 
in Sialendoscopy

Sialendoscopes are available with a range of 
diameters. The choice of size depends on the 
expected diameter of the salivary duct and the 
nature of the procedure to be performed, 
namely, diagnostic or interventional. 
Diagnostic sialendoscopes have smaller diam-
eters because they have an optic fiber and an 
irrigation channel. Interventional sialendo-
scopes have larger diameters because they also 
have a working channel enabling the insertion 
of instruments, such as baskets, forceps, and 
balloon catheters, to perform intraductal inter-
ventions (Fig. 9.7).

9.3.2  Procedure

Sialendoscopy can be performed both under 
general anesthesia in a clinical setting and under 
local anesthesia in an outpatient setting [31–35]. 
Prerequisites for successful sialendoscopy are 
careful preoperative selection of patients and 
salivary glands, including comprehensive his-
tory, clinical examination, and preoperative 
imaging. It is important to have favorable ana-
tomical conditions to perform sialendoscopy. 
The most challenging step in sialendoscopy is 
the identification and preparation of the papilla. 
Compared to the parotid papilla, the subman-
dibular papilla is more difficult to identify 
because it is highly variable in shape, direction, 
and situation. The visibility and accessibility of 
the submandibular papilla depends on, if pres-
ent, the position of the lower teeth and the depth 
of the floor of the mouth [28]. After the identifi-
cation of the papilla, serial dilatation should be 
performed to enable the insertion of the sialen-
doscope in the ductal system and to have good 
access and enough space for manipulation 
(Fig. 9.8a, b).

The ductal system is usually in a collapsed 
condition. Therefore, continuous ductal irrigation 
through the irrigation channel is necessary to 
open and dilate the ductal system for atraumatic 
introduction of the sialendoscope. For irrigation, 
a clear fluid, usually saline, is used to enable opti-
mal vision. If necessary, ductal debris can be 
rinsed out, and if indicated, drugs (corticoste-

Fig. 9.7 Interventional sialendoscope with the dormia 
basket inserted in the working channel to perform intra-
ductal stone extraction. (Courtesy Karl Storz SE & Co. 
KG)

a b

Fig. 9.8 (a) Approach of the orifice of Wharton’s duct with the guided wire technique and hollow bougies. (b) Approach 
of the orifice of Stensen’s duct
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roids, antibiotics) can be instilled intraductally 
(Fig. 9.9) [24, 25, 36, 37].

9.3.3  Sialendoscopy in Sjögren’s 
Syndrome Patients

Shacham et al. were the first to report that sialen-
doscopy in patients with Sjögren’s syndrome, 
and systemic lupus erythematosus was able to 
restore salivary function and prevent recurrent 
infections of the salivary glands [38]. In most 
cases, the endoscopic examination revealed a 
minimal vascular supply in the lining mucosa of 
the ductal system, mucus plugs, and strictures. It 
was suggested that the major cause of recurrent 
sialadenitis in patients with these autoimmune 
diseases was stricture formation and that removal 
of these strictures under direct vision using 
sialendoscopes and thorough rinsing alleviated 
symptoms and improved salivary flow [38].

The presence of these strictures in the salivary 
glands of patients with Sjögren’s syndrome has 
also been reported in a study by De Luca et al. 
[39]. In this study, it was found that strictures 
were present in 45% (38 of 85) and mucus plugs 
in 55% (47 of 85) of the glands of Sjögren’s syn-
drome patients. In comparison to sialendoscopies 
performed for other etiological factors of sialad-
enitis, they reported more strictures, mucus 

plugs, mucus plugs and strictures together, kinks, 
ductal chromatic change from pink to white in 
the stricture areas, a large accumulation of 
mucous fibrinous material, and a thickened stiff 
ductal epithelium with the loss of the typical cir-
cular ridges in patients with Sjögren’s syndrome 
[39].

The positive effects of sialendoscopy of the 
major salivary glands in patients with Sjögren’s 
syndrome were also found in our studies. In a 
pilot study by Jager et al., a substantial effect on 
the dryness domain of the European League 
Against Rheumatism (EULAR) Sjögren’s 
Syndrome Patient Reported Index (ESSPRI) 
score and an increase in the salivary MUC5B 
concentration was found after sialendoscopy 
[40]. These positive effects were also seen on the 
xerostomia inventory (XI) and clinical oral dry-
ness score (CODS), but not on salivary flow rates.

In a randomized and controlled trial, 
Karagozoglu et al. demonstrated that sialendos-
copy reduces oral dryness objectively and subjec-
tively up to 6 months after treatment [23]. In this 
study, the major salivary glands of 51 patients 
were either treated with saline or a saline/steroid 
solution (40 mg/mL triamcinolone acetonide 
(TA) in 5 mL saline). The percentage of patients 
in whom improvement in salivation was observed 
after 24 weeks was 87.5% for UWS and 75% for 
stimulated whole mouth salivary secretion (SWS) 
in the saline group. In the steroid group, 72.2% of 
the participants experienced an increase in UWS 
and 61.1% in SWS. UWS was improved more in 
the saline group and SWS more in the steroid 
group (Fig.  9.10a, b). An explanation for the 
smaller increase of UWS in the steroid group 
could be that fewer submandibular glands were 
accessible and could have been irrigated com-
pared with the saline group (38.9% vs. 56.3%).

Sialendoscopy also reduced xerostomia as 
measured with the XI (Fig.  9.11). Over time, 
xerostomia was reduced more in the saline group 
compared to the steroid group. This could be 
associated with the larger increase in UWS in the 
saline group.

Since the salivary gland duct directly connects 
to the gland, it could represent an effective route 
to deliver medications to the gland. Corticosteroid 

Fig. 9.9 Intraoperative appearance of a mucus plug 
(white area) in a parotid duct of a patient with Sjögren’s 
syndrome
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irrigation treatment has been shown to be effec-
tive in improving the salivary flow rate in patients 
with Sjögren’s syndrome compared with irriga-
tion using saline solution alone [14]. Capaccio 

et al. confirmed that interventional sialendoscopy 
with corticosteroids significantly reduced the 
number of painful episodes of sialadenitis and 
improved the subjective sensation of oral dryness 
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Fig. 9.10 Effect of sialendoscopy on unstimulated whole 
mouth salivary secretion (a) and stimulated whole mouth 
salivary secretion (b) up to 24 weeks after a one-time 
treatment of the parotid and submandibular glands. The 

values indicate mean ± SD. Asterisks indicate the values 
that significantly differ from the baseline secretion within 
the group (p < 0.05)
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and other disease symptoms in patients with 
Sjögren’s syndrome [42]. The study results also 
suggest that the improvement in experienced 
xerostomia and pain, measured using the ESSPRI 
score, is greater when interventional sialendos-
copy is combined with a cycle of six outpatient 
steroid ductal irrigations (one in every 3 weeks) 
compared to a one-time treatment (3.0 ± 0.6 vs. 
4.0 ± 0.8, respectively; p = 0.003). XI score also 
improved more after a multicycle treatment, but 
this difference was not significant (10.6 points vs. 
5.1 points, respectively).

The relief in subjective and objective dryness 
could be explained by the mechanical procedure, 
which theoretically could stimulate some repara-
tive gland processes. The dilatation prior to the 
endoscopic procedure may open ductal strictures 
and remove debris such as microsialoliths and 
mucus plugs [13]. In patients with Sjogren’s syn-
drome and other autoimmune diseases, stricture 
formation could be a frequent cause of salivary 
duct obstruction and recurrent sialadenitis [12, 

17]. In the literature, it is suggested that stricture 
removal may improve salivary flow [12, 30] 
(Fig. 9.12a, b).

Additionally, Aframian et  al. suggested that 
glandular cells may experience obstructed signal-
ing pathways for secretion and impaired vascu-
larization [16]. In their recent publication, 
possible beneficial effects of ductal irrigation 
through sialendoscopic treatments were 
explained. For example, the combination of dila-
tation together with retrograde sialendoscopy as 
a mechanical maneuver may induce stress condi-
tioning. Based on animal models, it is suggested 
that the exposure of salivary glands to injuries or 
short heat stress resulted in the propagation of 
salivary gland stem cell capabilities due to cellu-
lar plasticity in the glands’ parenchyma. This 
could promote salivary gland repair [16, 44–46].

Improvement in salivary flow is only possible 
if saliva-producing acinar cells are present and 
function in the glandular tissue or when the paren-
chyma recovers. Therefore, severity of the dis-
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Fig. 9.11 Effect of sialendoscopy on xerostomia up to 24 
weeks after treatment. Xerostomia is measured using the 
xerostomia inventory (mean ± SD) [41]. A lower score 
indicates that xerostomia is reduced. Please note that a 

minimal important difference for alleviation of symptoms 
is not yet determined for the xerostomia inventory [43]. 
The values marked with an asterisk differ significantly 
from the baseline value (p < 0.05)
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ease, the baseline level of stimulated salivary 
flow, and the response of the glands to a stimulus 
are expected to have a significant impact on the 
success of this treatment. Although sialendoscopy 
offers new treatment possibilities, sialendoscopy 
in patients with Sjögren’s syndrome is more com-
plicated than other indications for sialendoscopy. 
Ductal orifices, especially Wharton’s duct, can be 
harder to identify because of atrophic changes in 
the salivary glands, including the papilla. In 
patients with Sjögren’s syndrome, partial or com-
plete stenosis is a common feature caused by 
intraductal scar stricture formation as a result of 
recurrent (ascending) infections impeding sialen-
doscopy or ductal irrigation [47].

9.4  Conclusion

Although Sjögren’s syndrome itself cannot be 
cured by ductal irrigation or sialendoscopy, these 
procedures have been shown to be a relatively 
simple, harmless, and palliative technique for 
improving xerostomia and hyposalivation. In 
future studies, it would be interesting to follow 
up patients for a longer period of time (i.e., >24 
weeks) to determine the long-term sustainability 
of the treatment efficacy on salivary flow rates. 

Also, the success of retreatments would be 
important to investigate. Furthermore, future 
studies are planned for intraoperative evaluation 
of the therapeutic efficacy such as occlusions and 
saliva flow, intraoperative assessment of the 
delivery and penetration depth of medication in 
the ductal system and parenchyma, and targeted 
drug delivery.
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Salivary Gland Ultrasonography 
for Primary Sjögren’s Syndrome 
and Juvenile Sjögren’s Syndrome

Akaluck Thatayatikom and Sthorn Thatayatikom

10.1  Introduction

Ultrasonography has become widely utilized as a 
point-of-care diagnostic tool in clinical practice 
because of its noninvasive and nonirradiating 
nature, affordable equipment, simple maneuver, 
high-resolution image, and rescanning at ease in 
any setting. Anatomical characteristics of major 
salivary glands (SGs) are well suited to ultraso-
nography since parotid glands (PGs) and sub-
mandibular glands (SMGs) are superficially 
located with unique echogenicity and vascularity. 
Understanding normal and abnormal echostruc-
tures of major SGs is an essential requirement for 
salivary gland ultrasonography (SGUS).

The first report of SGUS appeared in the late 
1960s [1]. A homogenous pattern and high reflec-
tivity related to multiple, evenly distributed 
fibrous septa in the normal SGs were described in 
1970 [2]. In the 1980s, a B-mode scanning tech-
nique described a heterogeneous finding with tiny 
liquid-like structures, volumetric atrophy, and 

decreased echogenicity in primary Sjögren’s syn-
drome (pSS) [3, 4]. Homogeneity distinguished 
SGUS findings of normal subjects from the adults 
with pSS reported in the 1990s [5]. Similar sono-
graphic changes in juvenile Sjögren’s syndrome 
(jSS) in pediatric patients were reported [6, 7].

Several semiquantitative scoring systems for 
diagnosing pSS were developed in the past two 
decades. Sublingual glands (SLGs), the smallest 
salivary gland of the three pairs of major SGs, 
were not included in any scoring system since 
SLGs are too small and varied in size for a reli-
able evaluation. The scoring systems’ variation 
with different pathological definitions and incon-
sistency in interpreting SGUS findings yielded 
diverse diagnostic accuracy [8, 9]. Recently, nor-
mal and abnormal PG and SMG features in pSS 
were defined and validated [10]. A new standard-
ized semiquantitative score was also developed 
[11] to overcome the concerns of the variation. 
Implementing SGUS scoring systems as one of 
the 2016 ACR/EULAR classification criteria for 
pSS increased the criteria’s sensitivity [12–14].

10.2  Normal Salivary Gland 
Sonographic Anatomy

10.2.1  Parotid Glands (PGs)

PGs are the largest SGs located in the parotid 
space. The parotid space formed by the superfi-
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cial layer of the deep cervical fascia occupies the 
space lying below the external auditory canal and 
the mastoid process’s apex and above the mandi-
ble angle. The parotid space is lateral to the para-
pharyngeal space and the carotid space, medial to 
the superficial space and the subcutaneous tissue, 
anterior to the carotid space, superior to the sub-
mandibular space, and posterior to the masticator 
space [15]. The PG fills approximately two-thirds 
of the parotid space. Other structures in the space 
are Stenson’s duct, intraparotid lymph nodes, 
external carotid artery, retromandibular vein, 
facial nerve, and auriculotemporal branches of 
the mandibular division of the trigeminal nerve. 
Three structures, including the external carotid 
artery, retromandibular vein, and facial nerve, run 
parallel, in which the vein is in the middle.

The PG is anatomically divided by the intrap-
arotid facial nerve into two-thirds or superficial 
lobe laterally to the nerve and one-third or deep 
lobe medially. The superficial lobe is the portion 
that overlies the preauricular region, ramus of the 
mandible, masseter muscle, and posterior man-
dibular surface. The gland extends superiorly to 
the zygomatic arch, inferiorly to the sternocleido-
mastoid muscle (SCM), and posteriorly to the 
superior border of SCM and mastoid tip 
(Fig.  10.1). The deep lobe is a small portion 
behind and deep to the mandibular ramus and lies 
within the parapharyngeal space [16]. The aver-
age gland dimensions are 5.8 and 3.4 cm in the 
craniocaudal and ventrodorsal axes [17]. The size 
of the gland is smaller in children and women. 
There is a high density of periglandular and 
intraglandular lymph nodes. The intraglandular 
lymph nodes are unique because of the parotid’s 
late encapsulation during embryogenesis. 
Approximately 90% of the nodes are periglandu-
lar, located between the glandular tissue and cap-
sule [16]. Most of the intraglandular lymph nodes 
are mainly situated within the upper and lower 
poles of the glands.

The normal PG parenchyma appears uni-
formly echotexture (Fig. 10.1b, d) comparable to 
normal thyroid parenchyma with a clear demar-
cation between the gland and the overlying tissue 
[11]. The parotid appears more echogenic than 
the surrounding muscles but less echogenic than 

the mandible ramus or mastoid process. In gen-
eral, the echogenicity of the parenchyma depends 
on the amount of intraglandular fatty tissues. The 
gland in children appears smaller and less echo-
genic (darker) (Fig.  10.1e, f) than the gland in 
adults due to less fatty infiltration. The superficial 
lobe is more accessible to visualize than the deep 
lobe. Since the mandible and the mastoid process 
block the ultrasound beam, the deep lobe is par-
tially visualized. During the scanning, the mas-
seter muscle and mandible limit the image 
anteriorly; and mastoid and SCM limit the image 
posteriorly. Intraglandular lymph nodes are visu-
alized as small, well-defined, and oval-shaped 
areas of homogenous, hypoechoic cortex with a 
visible hyperechoic (fatty) hilum (Fig. 10.2a) and 
positive Doppler’s signal (Fig. 10.2b). The unique 
hyperechoic hilum differentiates the node from 
other parotid masses. The intraglandular lymph 
node’s short axis in a normal state is usually less 
than 5–6 mm. The normal Stenson’s duct is not 
visible, except in slim individuals [11]. The duct 
becomes visualized if it is obstructed. A Doppler 
ultrasound quickly identifies the two blood ves-
sels, although in some cases, the vessels are 
barely visible or not visible because of the high- 
fat content in the gland. The retromandibular vein 
is typically visualized as a relatively straight ves-
sel near the center of the parotid parenchymal. 
The external carotid artery is visualized as a 
deeper vessel in Fig. 10.1e, f. The intraglandular 
facial nerve is not visible.

10.2.2  Submandibular Glands 
(SMGs)

SMGs are the second-largest SG and occupy 
most of the submandibular space, a potential 
space corresponding to the submandibular 
 triangle. The space is formed by the superficial 
layer of the deep cervical fascia and is located 
deep to the platysma muscle and delineated by 
the anterior and posterior bellies of the digastric 
muscle and the mandible. The anterior and floor 
of the space is the mylohyoid muscle, and the 
posterior of the space is the hyoglossus muscle. 
The SMG may connect to the PG since it lies 
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anteriorly to the parotid space. The gland is 
folded around the mylohyoid muscle’s dorsal 
free edge, which divides the gland to be superfi-

cial and deep lobes. Submandibular space struc-
tures include the superficial lobe of the SMG, 
submandibular and submental lymph nodes, 

a

c

b

d

e f

Fig. 10.1 Scanning of the normal parotid gland of a pediatric patient in the longitudinal (a, b, e) and transverse (c, d, 
f) planes. Children have smaller and slightly darker (less echogenic) gland than adults
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facial artery, facial vein, and hypoglossal nerve’s 
inferior segment. Both facial artery and facial 
vein are the SMG vessels. The facial artery, the 
main blood supply, may enter the gland directly. 
The gland produces approximately 70% of the 
saliva in the unstimulated state. The Wharton 
duct, the primary excretory duct, exits the deep 
lobe’s medial surface and drains into the mouth’s 
anterior floor at the sublingual caruncle.

The normal SMG parenchyma appears uni-
formly echotexture compared with adjacent mus-
cles (Fig. 10.3). SMGs are hypoechoic compared 
to the PGs and SLGs because of less fatty tissue 
components. The SMGs look like a triangle in lon-
gitudinal (Fig. 10.3b) and transverse (Fig. 10.3d) 
views. The SMGs in children appear smaller and 
less echogenic (darker) (Fig.  10.3e, f) than the 
SMGs in adults due to less fatty infiltration and 
may connect to the PG (Fig. 10.4a, b). The facial 
vein is superficial and runs along the anterosupe-
rior part of the gland. The facial artery may cross 
the SMG’s parenchyma in its tortuous course and 
intersect the gland’s posterior pole. Wharton’s 
duct is not visible except in slim individuals. 
Lymph nodes of SMG are periglandular only.

10.2.3  Sublingual Glands (SLGs)

SLG is the smallest SGs in the sublingual space 
without a true fascial capsule. The gland lies just 
deep to the floor of the mouth. The SLG is supe-

rior to the mylohyoid muscle and lateral to the 
genioglossus and geniohyoid muscles, and 
medial to the mandible. The SLG size shows 
more significant individual variations than the 
PGs and SMGs. The gland has no dominant 
ducts and is drained by ten small ducts (the ducts 
of Rivinus) into the anterolateral floor of the 
mouth [18].

The normal SLG parenchyma appears uni-
formly echotexture with homogeneous hyper-
echogenicity compared to mylohyoid, 
genioglossus, and geniohyoid muscles 
(Fig. 10.5).

10.3  Scanning Technique

 1. The patient is in a supine position or upright 
position. If the supine position is preferred, 
placing a pillow or towel under the shoulders 
for neck extension increases thyroid, PGs, 
and SMGs’ accessibility and the patient/
operator’s comfort.

 2. Putting a cotton ball or a 2″ × 2″ nonsterile 
sponge gauze pad in each ear to protect the 
ultrasound gel drop into the patient’s ear 
canals.

 3. Choosing an available highest-frequency 
probe such as a 7–14 MHz wideband linear 
probe. A lower frequency (5–7 MHz) probe 
may be used to visualize deep portions of the 
PGs and SMGs.

a b

Fig. 10.2 The characteristics of the lymph node with hyperechoic hilum (a) and positive color Doppler’s signal (b) 
visualized in a pediatric patient

A. Thatayatikom and S. Thatayatikom



183

 4. Scanning thyroid gland in a longitudinal 
(Fig. 10.6a, b) and transverse (Fig. 10.6c, d) 
planes. Thyroid’s echogenicity and homoge-
neity should be reviewed. Inhomogeneous 
features with anechoic/hypoechoic areas 

suggest an underlying Hashimoto’s thyroid-
itis (Fig. 10.6e, f).

 5. Turning the patient’s face away from the 
examined side when scanning PGs and 
SMGs. Both PGs and SMGs should be 

a b

c d

e f

Fig. 10.3 Scanning of the normal submandibular gland of a pediatric patient in the longitudinal (a, b, e) and transverse 
(c, d, f) planes. Children have smaller and slightly darker (less echogenic) gland than adults
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scanned in longitudinal and transverse planes 
and recorded in static images and video 
clips.

 6. Scanning the longitudinal plane of PGs by 
placing the probe parallel to the mandibular 
ramus and anterior to the ear (Fig. 10.1a) and 
scanning the transverse plane of PGs by 
placing the probe inferior to the ear and per-
pendicular to the mandible using the man-
dibular ramus and temporomandibular joint 
as landmarks (Fig. 10.1c).

 7. Scanning the longitudinal plane of SMGs by 
placing the probe parallel to the mandibular 
body (Fig.  10.3a) and scanning the trans-
verse plane of SMGs by placing the probe 

perpendicular to the body of the mandible 
body (Fig. 10.3c).

 8. Scanning vessels and vascularity of PGs and 
SMGs with color or power Doppler.

 9. Assessing echostructures of PGs and SMGs 
(Table 10.1), including echogenicity, homo-
geneity, hyperechoic bands,  hypoechoic/
anechoic areas, fatty replacement, fibrosis, 
calcifications, lymph nodes, posterior bor-
ders, and hypervascularity during the scan-
ning [10].

 10. If needed, SLGs can be scanned by plac-
ing the probe in the midline transverse or 
coronal plane of the submental area 
(Fig. 10.5a).

a b

Fig. 10.4 SGUS shows the submandibular gland and parotid gland connection in an adult (a) and a 3-year-old boy (b). 
The submandibular glands are less echogenic than the parotid glands, especially in children

a b

Fig. 10.5 Scanning of the normal sublingual gland of a pediatric patient in the midline transverse plane

A. Thatayatikom and S. Thatayatikom



185

a b

dc

e f

Fig. 10.6 Scanning of the normal thyroid gland of a pediatric patient in the longitudinal (a, b) and transverse (c, d) 
planes. Inhomogeneity with anechoic/hypoechoic findings suggests Hashimoto’s thyroiditis (e, f)
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10.4  Abnormal Salivary Gland 
Ultrasound Findings 
in Sjögren Syndrome

The essential echostructures in pSS and jSS by 
B-mode scanning are homogeneity, echogenicity, 
anechoic/hypoechoic areas. B-mode refers to a 
two-dimensional ultrasound image display show-
ing bright dots of the ultrasound echoes. 
Echogenicity and homogeneity are the two SGUS 

items that determine the intraobserver and 
interobserver reliability [10]. The homogeneity is 
strongly correlated with anechoic/hypoechoic 
areas [11]. Both anechoic/hypoechoic spots and 
heterogeneous findings (cyst-like heterogeneity) 
are the most characteristic features for pSS and 
jSS (Fig.  10.7). The anechoic and hypoechoic 
areas possibly represent infiltration by lympho-
cytes, which destroy salivary parenchyma and 
dilated ducts [19].

a b

c d

e f

Fig. 10.7 The characteristic SGUS findings of juvenile 
Sjögren’s syndrome. The characteristic heterogeneity and 
anechoic/hypoechoic areas in parotids (a, b) and subman-
dibular glands (c, d) of a teenager boy are shown. Similar 

findings are found in a 7-year-old girl with juvenile 
Sjögren’s syndrome (e, f). An enlarged intraglandular 
lymph node (a) and hyperechoic bands (a, b) are noted
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Other SGUS findings (Table 10.1) are hyper-
echoic foci or intraglandular calcifications, 
hyperechoic bands, fibrosis, enlarged lymph 
nodes (Fig.  10.7a), fatty replacement, and 
changes of the posterior border and the gland size 
[11, 20, 21]. The hyperechoic calcified foci are 
typically tiny and do not demonstrate a posterior 
acoustic shadow. Hypervascularity assessed by 
color or power Doppler indicates acute flare or 
SG parenchyma inflammation (Fig.  10.8). The 
abnormal echostructures do not significantly 
change within the 2 years of scanning in pSS 
[22]. The SGUS findings are not pathognomonic 
for pSS and jSS. Additional clinical information 
is required to interpret the SGUS abnormalities.

SGUS findings of the right major SG are cor-
related with the left major SG in pSS. If both PG 
and SMG scanning cannot be completed, at least 

one PG and one SMG should be scanned in pSS 
[23]. It is unknown whether the correlation 
between the right and left major SG is the same 
as that of the SGUS findings in jSS. It is possible 
that the findings of PG are not correlated with 
those of SMGs since those two types of major 
SGs glands do not share the same parenchymal 
echostructure, and the disease severity affecting 
the glands can vary.

10.5  Salivary Gland Ultrasound 
Scoring Systems

SGUS has clinically proved its value for the eval-
uation of pSS and jSS. Various semiquantitative 
SGUS scoring systems for the diagnosis of pSS 
were proposed based upon the B-mode scanning. 

Table 10.1 Echostructures of parotid and submandibular glands [11, 21]

Normal Abnormal
Echogenicity • Identical to the normal thyroid gland • Hypoechogenicity: the presence of hypo/

anechoic areas
• Hyperechogenicity: the presence of fatty 
infiltration or fibrosis with hyperechoic bands

Homogeneity • Identical to the normal thyroid gland • Heterogeneity: the presence of hypo/anechoic 
areas, numerous hyperechoic bands

Anechoic/
hypoechoic area

• Not detected • Anechoic/hypoechoic areas: small areas 
located anywhere, not compressible, no blood 
flow detected by color Doppler, not hyperechoic 
in the center

Fatty 
replacement

• Homogenously hyperechoic parenchyma 
compared with adjacent tissue in healthy elderly 
individuals

• Fatty replacement is detected in a small group 
of pSS

Fibrosis • Not detected except for mild hyperechoic 
bands

• Hyperechoic bands develop into fibrotic tissue 
indistinguishable from adjacent soft tissue in 
early-stage SS and end-stage SS

Lymph nodes • An anechoic, round, or oval area, less than 
1 cm in diameter with or without an echogenic 
hilus and with or without blood flow by color 
Doppler
• Intraglandular lymph nodes located in the 
upper and lower poles or the middle of the PG’s 
superficial portion
• Intraglandular lymph node not present in 
SMGs

• Lymph nodes with a diameter greater than 
1 cm

Calcifications • Not detected • Calcifications: hyperechoic structures with or 
without acoustic shadowing, located in the 
parenchyma or ducts

Posterior border • The posterior border or the deep gland 
boundary visualized and identified by a 
hyperechoic line between and adjacent tissues 
on the transverse and longitudinal views
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The two most reliable and consistent scanning 
results, echogenicity and homogeneity, are incor-
porated in most scoring systems. Hyperechoic 
bands, calcifications, glandular borders, and 
lymph nodes are unreliable and difficult to assess; 
however, these findings are applied to certain 
scoring systems [11, 21].

The first semiquantitative scoring system of 
SGUS was developed in 1992 [24]. Over 20 scoring 
systems were subsequently developed in the past 
two decades. The scoring systems are classified into 
three systems based upon their total scores: 0–4, 
0–16, and 0–48. The Hocevar 0–48 scoring system 
is the most comprehensive and was applied to sev-
eral pSS studies [25]. The 0–4 scoring systems 
show higher specificity and less heterogeneity than 
others. The 0–4 scoring system is recommended as 
a universal diagnostic standard [9].

10.5.1  Salivary Gland Ultrasound 
Scoring System 
and the Diagnosis of pSS/jSS

A meta-analysis of SGUS scoring systems in 
diagnosing pSS showed a pooled sensitivity of 
69% and specificity of 92% [8]. A negative SGUS 
result does not exclude a diagnosis of 
pSS. Table 10.2 shows a few scoring systems with 
details and the cutoff. Implementing the scoring 
systems into the 2016 ACR/EULAR classification 
criteria for the diagnosis of pSS increases the cri-
teria’s sensitivity without changing its specificity 

(Table  10.3). Recently, a novel, reliable, semi-
quantitative scoring system of SGUS was devel-
oped as a consensual scoring system [11]. The 
usefulness of the novel scoring system in diagnos-
ing pSS and jSS requires further studies.

10.5.2  Salivary Gland Ultrasound 
Scoring System and Salivary 
Gland Biopsy

Abnormal SGUS is correlated with minor sali-
vary gland biopsy (MSGB) and PG biopsies in 
pSS [26–30]. Although a positive SGUS is highly 
predictive of positive biopsies, they are not inter-
changeable. The SGUS result cannot replace 
MSGB in the criteria. Approximately, 16 and 
22% of positive SGUS have negative MSGB and 
PG biopsies, and 26 and 14% of negative SGUS 
have positive MSGB and PG biopsies accord-
ingly [31]. MSGB remains necessary to perform 
if SGUS is negative. If SGUS replaces MSGB in 
the 2016 ACR/ EULAR classification criteria, the 
criteria’s sensitivity is substantially reduced.

10.5.3  Salivary Gland Ultrasound 
Scoring System 
and Autoantibodies

Abnormal SGUS may predict SS antibodies’ 
positivity in pSS because of the good agreement 
of the SGUS and SS antibody results [7, 27, 31–

a b

Fig. 10.8 Hypervascularity of active inflammation of the parotid gland (a) and submandibular gland (b) assessed by 
color Doppler

A. Thatayatikom and S. Thatayatikom



189

Table 10.2 Semiquantitative salivary gland ultrasound scoring systems

Authors
Hocevar [25] Cornec [61] Theander [62] Jousse-Joulin [11]
Score = 0 (each item)
•  Echogenicity comparable to thyroid
• Normal homogeneous
• No hypoechogenic area
• No hyperechogenic reflectionsa

• Clearly defined border of MSG

Grade = 0
• Normal 
homogeneous glands

Score = 0
• Completely 
homogeneous

Grade = 0
• Normal parenchyma

Score = 1 (each item)
• Decreased echogenicity
• Mild inhomogeneity
• A few hypoechogenic areas
•  A few hyperechogenic reflectionsa

• Partly defined borders

Grade = 1
• Small hypoechogenic 
areas measuring 
<2 mm with echogenic 
bands

Score = 1
• Mildly 
inhomogeneous

Grade = 1
• Mild inhomogeneity  without 
anechoic/hypoechoic areas
• Diffuse homogeneity with a 
hyperechoic gland compared 
with adjacent tissue (fatty 
echostructure)

Score = 2 (each item)
• Inhomogeneity
• Several hypoechogenic areas
•  Several hyperechogenic reflectionsa

• Ill-defined borders

Grade = 2
• Multiple 
hypoechogenic areas 
measuring <2 mm 
with echogenic bands

Score = 2
• Several rounded 
hypoechoic 
lesions

Grade = 2
• Moderate inhomogeneity with 
focal anechoic/hypoechoic 
areas surrounded by normal 
tissue

Score = 3 (each item)
• Grossly inhomogeneous gland
• Numerous hypoechogenic areas
•  Numerous hyperechogenic 

reflectionsa

• Border not visible

Grade = 3
• Multiple 
hypoechogenic areas 
measuring 2–6 mm 
with hyperechogenic 
bands

Score = 3
• Numerous or 
confluent rounded 
hypoechoic 
lesions

Grade = 3
• Diffuse inhomogeneity with 
anechoic/hypoechoic areas 
occupying the entire gland, no 
normal tissue
• Hyperechoic bands of fibrotic 
tissue indistinguishable from 
the adjacent soft tissues

NA Grade = 4
• Multiple 
hypoechogenic areas 
measuring >6 mm
• Multiple 
calcifications with 
echogenic bands

NA NA

58.8%b

98.7%c

62.8%b

95%c

52%b

98%c

NA

The cutoff score = 17
(The summation of the scores from 
the 4 MSGs is calculated)

The cutoff grade = 2 
or more
(The highest grade of 
the 4 MSGs is applied)

The cutoff score = 
2 or more
(The highest score 
of the 4 MSGs is 
applied)

NA

aThe scores are only applied for the parotid glands. The scores of the hyperechogenic reflections of the submandibular 
glands are 0 (absent) and 1 (present)
bSensitivity
cSpecificity of SGUS findings of the scoring system

33]. The majority of cases with positive SGUS 
and anti-SSA fulfill the 2016 ACR/EULAR clas-
sification criteria [7, 31]. However, more studies 
are needed to support whether the combination 
of the positive SGUS and anti-SSA can replace 
the MSGB result. More studies of the positive 
SGUS and anti-SSA are needed to support the 
findings.

10.5.4  Salivary Gland Ultrasound 
Scoring System 
and Sialometry

Abnormal SGUS show an inversed correlation 
with unstimulated whole salivary flow studies [7, 
26–28, 30]. However, the accuracy of abnormal 
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SGUS to predict salivary gland dysfunction is 
known to be poor [31].

10.6  SGUS Mimicking Sjögren’s 
Syndrome

10.6.1  Juvenile Recurrent Parotitis 
(JRP)

Juvenile recurrent parotitis (JRP) is an 
unknown cause of recurrent nonobstructive, 
nonsuppurative parotitis in children with uni-
lateral or bilateral PG swellings. The typical 
presentation is pain, swelling, redness of skin 
overlying the gland, and fever (Fig.  10.9a). 
Chronic recurrent parotitis or chronic sialade-
nitis in adults with the same clinical and sono-
graphic features is less common [34]. SGUS 
findings in JRP are multiple anechoic/
hypoechoic areas, heterogeneous parenchyma 
echostructures, and hypervascularization with 
increased Doppler’s signal [35]. The 
hypoechoic areas in JRP correspond to either 
sialectasis or lymphocytic infiltration [36]. 
Both JRP and jSS share the same clinical and 
PG sonographic findings (Figs.  10.9 and 
10.10), especially in young children with par-
otitis and negative SSA/SSB antibodies. Since 
JRP does not involve minor SGs and SMGs, 
the positive MSGB and abnormal SMG ultra-

sound may distinguish these two conditions. 
Magnetic resonance imaging (MRI) findings of 
PGs without fat degeneration and architecture 
destruction possibly suggest JRP [37].

10.6.2  Mumps

Mumps, a paramyxovirus infection, is character-
ized by painful and inflamed PGs and constitu-
tional symptoms. Bilateral PG involvement is 
shown in 70% of cases, PG and SMG involve-
ment is presented in 11% of cases, and isolated 
SMG involvement is noted in 1–2% of cases. 
Although 30% of infected cases are asymptom-
atic, severe complications including orchitis, 
oophoritis, mastitis, pancreatitis, aseptic menin-
gitis, encephalitis, and deafness were reported. 
SGUS findings in mump are enlarged SG, 
homogenous echogenicity, heterogeneously 
hypoechoic intraglandular lymph nodes, and 
hypervascularity [35, 38].

10.6.3  Chronic Bacterial Infection

An incomplete resolution of an acute infection 
caused by Staphylococcus aureus, Streptococcus 
spp., anaerobic bacteria, and aerobic and faculta-
tive Gram-negative bacilli leads to chronic bacte-
rial infection [39]. SGUS shows multiple oval 

Table 10.3 Incorporation of salivary gland ultrasonography into the 2016 ACR/EULAR classification criteria

Items of grayscale (score)
Author van Nimwegen [63] Jousse-Joulin [13]
Grade 0 No hypoechogenic area (0) No anechoic/hypoechoic area (0)
Grade 1 A few scattered hypoechogenic areas (1) Hypoechoic areas occupying less than 25% of the 

gland surface areas (1)
Grade 2 Several hypoechogenic areas (2) Anechoic/hypoechoic areas occupying 25%–50% 

of the gland surface areas (2)
Grade 3 Numerous hypoechogenic areas (3) Anechoic/hypoechoic areas occupying more than 

50% of the gland surface areas (3)
Grade 4 NA Anechoic/hypoechoic areas occupying the entire 

gland (4)
Sensitivity
Specificity

97.3%a

90.2%a

95.6%a

82.6%a

Final score and 
the cutoff

• The average score for hypoechogenic 
areas of one PG and one SMG
• Cutoff score = 1.5 or more for pSS

• The highest MSG score of anechoic/hypoechoic 
area
• Cutoff score = 2 or more for pSS

aThe sensitivity and specificity of the 2016 ACR/EULAR classification criteria with the addition of SGUS
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hypoechoic areas, varying degrees of sialectasis, 
and hyperechoic septations with hypervascular-
ization (Fig. 10.10) [40].

10.6.4  IgG4-Related Disease

IgG4-related disease (IgG4-RD), a fibro- 
inflammatory disorder, commonly involves SGs 
[41]. Classic findings of IgG4-RD are bilateral 
symmetric diffuse swelling of SGs and lacrimal 
glands. Ultrasonography is considered the most 
useful imaging modality for IgG4-RD. The char-
acteristic of ultrasound findings in IgG4-RD is a 
nodal pattern predominantly affecting SMGs 
(92%) with less-affecting PGs (33%) [42]. The 

nodal pattern is described as hypoechoic areas 
with high vascularization and bulging from nor-
mal surface commonly detected in SMGs. Both 
SMGs and PGs are typically homogenous with 
normal parenchymal echogenicity. The changes 
are not observed in pSS.  The nodal pattern 
detected by SGUS may not be seen on CT and 
MRI [43].

10.6.5  Sarcoidosis

Sarcoidosis, a chronic multisystem inflammatory 
granulomatous disease with unknown etiology, 
affecting the SGs, involves mostly PGs. Both sar-
coidosis and pSS may have similar signs and 

a b

Fig. 10.9 A 6-year-old girl presented with recurrent pain, 
swelling, and redness of the right parotid gland (a) and 
SGUS revealed heterogeneous parenchyma with multiple 

anechoic/hypoechoic areas (b). Both juvenile Sjögren’s 
syndrome and juvenile recurrent parotitis are common 
differential diagnoses in young children

a b

Fig. 10.10 SGUS findings of chronic bacterial infection in a teenager with recurrent pain and swelling of the parotid 
gland
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symptoms with persistent asymptomatic or pain-
ful PG swelling. SGUS findings of sarcoidosis 
are multiple hypoechoic areas and numerous 
echogenic septa with the hypervascular area and 
heterogeneous parenchyma with or without 
enlarged intraglandular lymph nodes [44]. The 
findings in sarcoidosis cannot distinguish from 
the findings in pSS [45].

10.6.6  Systemic Immunoglobulin 
Light-Chain Amyloidosis (AL 
Amyloidosis)

AL amyloidosis is the most common form of sys-
temic amyloidosis characterized by the prolifera-
tion of clonal plasma cells and immunoglobulin 
light-chain production, leading to SG enlarge-
ment and other organ damage [46]. SGUS find-
ings in AL amyloidosis are hypoechoic lesions 
and hyperechoic septa, similar to the findings in 
pSS [45].

10.6.7  HIV Infections

HIV-associated SG disease commonly involves 
bilateral PGs. Typically, the parotitis is asym-
metrical, painless, slow-growing with xerosto-
mia, and salivary gland hypofunction. The PG 
ultrasound findings in HIV-infected patients can 
be normal and abnormal. There are four distinct 
ultrasound patterns including (1) lymphocytic 
aggregations (diffuse small hypoechoic or 
anechoic areas with moderate to ill-defined mar-
gins interspersed within normal isoechoic areas, 
not associated with posterior acoustic enhance-
ment), (2) lymphoepithelial cysts, a pathogno-
monic of HIV infection (well-circumscribed 
round hypoechoic area with size 5 mm or larger 
and posterior acoustic enhancement), (3) fatty 
infiltration (whole hypoechoic gland), and (4) 
lymphadenopathy (oval-shaped hypoechoic areas 
or nodules with echogenic hilum and hilar blood 
flow). Both lymphocytic aggregations and lym-
phoepithelial cysts may be similar to the findings 
in SS [47].

10.6.8  Lymphoma

Lymphomas are the second most common malig-
nancies in the head and neck. SG lymphomas can 
be primary or secondary, and extranodal (arising 
outside a lymphoid organ) or nodal (appearing 
inside an intraglandular lymph node or peripa-
rotid lymph node) [48]. Primary SG lymphomas 
commonly involve unilateral or bilateral PGs, and 
most are classified as extranodal marginal- zone 
B-cell non-Hodgkin’s lymphoma originating 
from mucosa-associated lymphoid tissue (MALT) 
[49]. SS is a well-known risk factor for primary 
SG lymphoma. There are two defined sonographic 
patterns of SG lymphomas, including linear echo-
genic strands pattern and segmental pattern. The 
linear echogenic strands pattern is a marked 
hypoechoic area with interspersed linear echo-
genic strands, and the segmental pattern is multi-
ple, relatively large hypoechoic segments. The 
SGUS findings represent the histopathologic find-
ings of expanding lymphoma cells demarcated by 
narrow or wide fibrous bands [50, 51].

10.6.9  Postradiotherapy

Radiotherapy alters and damages PG parenchyma 
and SG acinar cells leading to xerostomia. SGUS 
of PG postradiotherapy appears isoechoic or 
hypoechoic echogenicity, small gland size, het-
erogeneous echotexture with multiple hypoechoic 
areas, and hyperechoic fibrotic streaks [52].

10.7  Other Imaging for Primary 
Sjögren’s Syndrome 
and Juvenile Sjögren’s 
Syndrome

10.7.1  Plain Radiograph

A plain radiograph is an inexpensive and simple 
study for evaluating salivary stones, especially 
SMG stones since the SMG stones are relatively 
large and radiopaque [53]. It has no diagnostic 
role for pSS and jSS.
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10.7.2  Sialography

Sialography is an old diagnostic procedure based 
on the injection of a dye into the salivary duct 
orifice (Stenson and Wharton duct) to visualize 
the entire ductal architecture and identify salivary 
calculi, ductal anomaly, and stricture. Abnormal 
sialography with diffuse sialectasis, including 
punctate, cavity, or destructive pattern, is a crite-
rion in the 2002 American-European Consensus 
Group (AECG) classification. The abnormal 
findings result from cystic ductal dilatations or 
extravasation of the contrast material into the 
parenchyma. The extravasation of the contrast 
material is possibly related to the dysfunction of 
tight junctions between striated ductal cells 
caused by inflammatory cytokines. Its sensitivity 
and specificity are 80 and 89% based upon the 
2002 AECG criteria [54].

Sialography is excluded from the 2016 ACR/
EULAR criteria because of its invasiveness, 
potential complications including ductal rupture 
or activation of dormant infection, irradiating 
nature, and contraindications such as acute infec-
tion, acute inflammation, and contrast allergy. 
SGUS has replaced sialography since it provides 
similar information while being considerably less 
invasive.

10.7.3  Salivary Gland Scintigraphy

Salivary gland scintigraphy, a nuclear imaging 
technique with radioactive tracer infusion 
(Technetium-99m pertechnetate), demonstrates 
the glandular function by evaluating the distribu-
tion and speed of eliminating the radiotracer after 
a secretive stimulation. It reveals both physio-
logic and pathologic secretory functions. The 
potential benefit of scintigraphy is to monitor SG 
functioning over time.

Abnormal scintigraphy results are delayed 
uptake, reduced concentration, and delayed 
excretion of tracer described in the 2002 AECG 
criteria. Its sensitivity and specificity are 89 and 
50% [55]. Although it is noninvasive, safe, well- 
tolerated, reproducible, and easy to perform, the 
test results cannot distinguish the secretive dys-

function of pSS from other diseases [55]. In addi-
tion, there are no guidelines or consensus on how 
the test should be performed and interpreted [56].

10.7.4  Computed Tomography (CT)

Computed tomography (CT) and MRI identify 
the homogeneity and inhomogeneity of adipose 
tissue distribution and accumulation related to 
destruction and shrinkage from chronic inflam-
mation. CT is more readily available and lower- 
cost with a shorter scan time than 
MRI.  Non-contrast-enhanced CT is useful in 
identifying small calculi in the gland or duct. 
Contrast-enhanced CT is useful where MRI is 
contraindicated, or the access to MRI is limited.

Normal fatty tissue inside the PGs is homoge-
neously distributed and contributes to the low CT 
attenuation regardless of the subject’s age. 
Abnormal CT findings of the PGs in SS include 
heterogeneity of attenuation caused by fatty 
degeneration, abnormal fat tissue deposition, dif-
fuse punctate calcification, atrophy or swelling of 
the gland, nodularity, and cystic lesions. The dif-
fuse punctate calcification of bilateral PGs is 
highly specific for SS and found in 30% of cases 
[57]. The drawback of CT scan is radiation expo-
sure, artifacts from metal dental fillings, and its 
contraindications, including impaired kidney 
function and contrast hypersensitivity.

10.7.5  Magnetic Resonance Imaging 
(MRI) and Magnetic 
Resonance Sialography (MR 
Sialography)

MRI is noninvasive, nonionizing imaging, pro-
viding pathologic changes of major SG in 
SS.  T1-weighted image and fat-suppressed 
T2-weighted image are recommended. 
Intravenous injection of a contrast medium 
increases the detection of abnormalities, but it is 
not mandatory for SS diagnosis. Normal PGs are 
intermediate to high single intensity on T1- and 
T2-weighted images due to high intraglandular 
fat content. The submandibular and sublingual 
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glands demonstrate a more intermediate signal 
on T1-weighted image [58]. MRI can identify 
early SS with edema and gland enlargement, lob-
ular destruction with diffuse micro and/or macro-
cystis changes associated with deposition of 
fibrous tissue and fat [55]. Both high-signal 
intensity on T1- and T2-weighted images and 
low-signal intensity in fat-suppressed 
T2-weighted images indicate abnormal adipose 
tissue deposition. The characteristic MRI of PGs 
and SMGs is heterogeneous signal intensity 
(mixed low- and high-signal intensity) distribu-
tion on T1- and T2-weighted images with a salt- 
and- pepper appearance or a honeycomb 
appearance (Fig. 10.11).

MR sialography, a new modification of MRI, 
reveals early diseases of PG without the injec-
tion of contrast material. MR sialography is 
obtained with a heavily T2-weighted 3D-Fast 
spin-echo appearance. MR sialography’s abnor-
mal findings are multiple high-signal-intensity 
spots with apple tree appearance and enlarge-
ment or reduction of the gland’s size. A combi-
nation of MRI and MR sialography provides 
high sensitivity and specificity for observing 
parenchymal abnormalities and differentiation 
of SS [59, 60].

The significant disadvantages of MRI and MR 
sialography are higher cost, length of the exami-
nation, patient intolerance, sedation requirement 
in young children, and its contraindications, 

including retained metallic foreign bodies such 
as dental braces, cardiac pacemakers, or insulin 
pumps.

10.8  Conclusion

SGUS has been increasingly used as a first-line 
imaging tool to evaluate and diagnose pSS and 
jSS with reasonable accuracy. It offers a noninva-
sive assessment of typical morphological changes 
in the major SGs. There is growing evidence to 
support the abnormal sonographic features as a 
criterion for the next disease classification. The 
potential roles of SGUS in reducing the need for 
MSGB and monitoring treatment response 
require further studies.
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Pharmacological Management 
of Sjögren’s Syndrome

You-Jung Ha and Yun Jong Lee

11.1  Introduction

Sjögren’s syndrome (SS) is a chronic systematic 
disorder characterized histologically by a focal 
lymphocytic infiltration in exocrine glands and 
immunologically by B cell hyperactivity. 
Although its major target organs include salivary 
and lacrimal glands, SS has diverse extraglandu-
lar involvements through different pathogenetic 
mechanisms [1, 2]. Generally, most SS patients 
have a stable course of the disease, and flares in 
SS are less easily detectable than those in rheu-
matoid arthritis (RA) or systemic lupus erythe-
matosus (SLE) [3]. However, a significant portion 
of patients suffer from intractable fatigue and 
musculoskeletal pain, and about 2–5% of patients 
are complicated by lymphoma [1, 2, 4]. Such 
clinical heterogenicity often makes it challenging 
to evaluate disease activity and determine treat-
ment targets in SS patients.

Several placebo-controlled trials confirmed 
the therapeutic effect of oral cholinergic agonists 
such as pilocarpine and cevimeline on sicca 
symptoms [5]. However, there has been no treat-
ment that can reverse glandular hypofunction or 
completely resolve sicca symptoms to date. 
Additionally, clinical trials of various biologic 
agents have failed to improve fatigue signifi-
cantly [6]. Furthermore, recent controlled trials 
reported no improvement of SS patient symp-
toms with hydroxychloroquine (HCQ) that has 
been widely prescribed as an immunomodulatory 
drug for SS [7, 8]. SS patients have reported hav-
ing a relatively stable oral and ocular dryness, 
fatigue, and health-related quality of life over 5–7 
years [9–11]. Moreover, the whole salivary flow 
rate and salivary gland ultrasound abnormalities 
were unchanged for 2–5 years [12, 13].

The pharmacological management of SS is 
generally based on symptomatic treatment of 
sicca and nonspecific broad-spectrum immuno-
suppressive agents of systemic manifestations 
[5]. Because treatment decisions vary depending 
on the individual physician, some groups have 
recently published SS management guidelines 
[14–17]. The recent European League Against 
Rheumatism (EULAR) recommendations 
emphasize the importance of a multidisciplinary 
approach involving various health professionals 
and primary care physicians [17]. Additionally, 
since SS patients have a chronic course without 
complete remission, it stresses that a proper bal-
ance between therapeutic and adverse effects 
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should be considered in long-term SS treatment 
[17]. In this chapter, we summarize the efficacy 
of drugs used to treat each SS manifestation sys-
tematically and provide an overall perspective of 
the pharmacological management of SS.

11.2  Treatment of Salivary Gland 
Involvement

Because sicca symptoms are presented in more 
than 95% of SS patients [18], the relief of sicca is 
an important and common issue in the therapeutic 
approach in SS. Before deciding a specific treat-
ment for salivary gland involvement, salivary 
gland function is recommended to be evaluated 
using whole salivary flow rates or salivary scintig-
raphy. Subjective xerostomia levels are signifi-
cantly affected by environmental and emotional 
factors and often are not associated with residual 
salivary gland function [19]. Also, a meticulous 
history taking and examination are mandatory to 
rule out non-SS-related conditions such as sar-
coidosis, candidiasis, or burning mouth syndrome. 
In the case of persistent salivary gland swelling, 
non-Hodgkin’s lymphoma and IgG4-related dis-
ease should be considered. Current treatment 
options are summarized in Table 11.1.

11.2.1  Dry Mouth

The first approach to dry mouth is topical thera-
pies and environmental humidification, espe-
cially in SS patients with mild glandular 
dysfunction. There is limited evidence for topi-
cal therapies for dry mouth in systematic 
reviews [20, 21]; various trials showed symp-
tomatic improvement without significant 
adverse events [5]. Saliva substitutions are 
referred to Chap. 1 in this book. Also, there has 
been no study available on the efficacy of topi-
cal saliva stimulants in SS patients. Nonetheless, 
many patients use sugar- free gum or sweets and 
frequently report their benefits. The British 
Society for Rheumatology (BSR) recommends 
that SS patients should be advised to chew xyli-
tol-containing sugar-free gums [15]. If patients 
with moderate dysfunction do not improve dry 

mouth with local therapies, oral muscarinic ago-
nists are considered.

Pilocarpine and cevimeline have been approved 
for dry mouth in SS.  Although they target the 
same family of receptor, cevimeline may have 

Table 11.1 Pharmacologic treatment according to the 
glandular manifestations of SS

Manifestations Treatment options
Dry mouth Saliva substitutions

Topical saliva stimulants
Oral muscarinic agonists 
(pilocarpine or cevimeline)
Mucolytic agents (bromhexine, 
N-acetylcysteine, or ambroxol)
Salivary gland irrigation/
sialendoscopic intervention

Dry eye Artificial tears
Ophthalmic ointments
Topical corticosteroid
Topical nonsteroidal anti- 
inflammatory drugs
Topical cyclosporine
Autologous serum eye drops
Oral muscarinic agonists 
(pilocarpine or cevimeline)
Punctal occlusion, temporal or 
permanent

Salivary gland 
swelling

Nonsteroidal anti-inflammatory 
drugs
Glucocorticoids
Anti-B cell agents (rituximab or 
belimumab)
Sialendoscopic intervention
Antibiotics if infectious parotitis

Friction oral 
ulcer

Oral gel
Oral muscarinic agonists

Candidiasis Topical antifungal agents (nystatin 
or miconazole)
Oral antifungal agents (fluconazole)
Oral muscarinic agonists

Dental caries Remineralizing agents, fluoride or 
non-fluoride
Topical salivary stimulants
Local chlorhexidine gargle
Oral muscarinic agonists

Dry cough According to the underlying causes, 
for example, acid suppression for 
gastroesophageal reflux
Nebulized saline solution
Oral muscarinic agonists
Mucolytic agents

Vaginal dryness Estrogen-containing or non- 
containing vaginal moisturizers
Topical estrogen cream
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fewer side effects than pilocarpine due to less 
selectivity for the receptor subtype in the heart. 
However, it is not available worldwide [22].

11.2.1.1  Pilocarpine Hydrochloride
Three randomized controlled trials (RCTs) reported 
that oral pilocarpine leads to a significant increase 
in whole salivary flow rates and dry mouth improve-
ment compared to placebo [23–25]. They used a 
regimen consisting of pilocarpine (20–30 mg/day) 
in four divided doses for 12 weeks. However, pilo-
carpine-induced sweating has been reported in 
10–34% when taking pilocarpine 7.5–15 mg/day 
[26]. This adverse effect can limit patients to reach 
an effective therapeutic dose and lead to decreased 
patient compliance. Therefore, in the BSR guide-
line, a lower starting dose of pilocarpine (5  mg 
once daily) is recommended [15]. If the response is 
not enough, the dose can be progressively escalated 
by 5 mg/day every week, up to the maximum toler-
ated dose. In the case of patients who are sensitive 
to oral pilocarpine, pilocarpine hydrochloride eye 
drops may be applied sublingually as an alternative 
option to deliver a smaller dose although it is off- 
labeled [15]. One drop of 2 or 4% pilocarpine oph-
thalmic solution is equivalent to 1 or 2 mg of oral 
pilocarpine, respectively. Other adverse effects 
include chilling, rhinorrhea, blurred vision, nausea, 
dyspepsia, diarrhea, abdominal pain, and frequent 
urination. Additionally, oral pilocarpine is contra-
indicated in patients with uncontrolled asthma and 
chronic obstructive pulmonary disease, unstable 
heart disease, closed- angle glaucoma, and acute iri-
tis, due to its cholinergic action.

In RCTs, an improvement in dry mouth and the 
salivary flow rate was reported 6–12 weeks after 
starting oral pilocarpine. Regular administration of 
pilocarpine, even at lower doses than recom-
mended, could continuously increase salivation 
through enhanced expression of muscarinic ace-
tylcholine receptor 3 (M3) [27]. Therefore, the 
therapeutic efficacy of pilocarpine is recom-
mended to be assessed after 2–3 months of therapy 
[15]. Three RCTs and two single-arm studies 
reported that oral pilocarpine improves dry eye 
symptoms over 3 months in SS patients [24, 25, 
28–30]. Moreover, pilocarpine can improve objec-
tive measures for ocular sicca, such as rose bengal 

or fluorescein staining score and tear breakup time 
(BUT), via an increase in the number of goblet 
cells and mucin production [28–30]. However, in 
these studies, oral pilocarpine does not signifi-
cantly enhance the lacrimal flow rate measured by 
a Schirmer’s test. Oral doses of pilocarpine varied 
from 7.5 to 30 mg/day according to different stud-
ies. However, compared between doses for symp-
tomatic improvement, one trial showed that dry 
mouth symptom was significantly improved at 20 
mg/day of pilocarpine, but significant relief in 
ocular symptoms was attained at 30 mg/day [24].

There have been no well-designed studies on 
the efficacy or safety of pilocarpine in juvenile- 
onset SS. An observation study reported that five 
girls (9–16 years of age) increased salivary produc-
tion and improved dry mouth symptoms without 
serious adverse events at 5–10 mg/day of oral pilo-
carpine for 1 month [31]. Therefore, M3R agonist 
is considered to improve salivary dysfunction and 
relatively safe in pediatric SS patients [16].

There is limited information on the predictive 
factor on the efficacy of daily pilocarpine in 
patients with SS. However, it was reported in a 
previous study that when salivary flow rate was 
measured at 1, 2, and 3 h after stimulation with 
0.1 ml administered sublingually of an ophthal-
mic 5% pilocarpine solution (5 mg pilocarpine), 
stimulated salivary flow rate was greater than 0.1 
mL/min in a group of SS patients with a shorter 
disease duration, milder grades in salivary scinti-
graphic findings and focal lymphocyte infiltra-
tion in salivary gland biopsies, and lower 
frequency of positive immunological markers 
[32]. These factors could be associated with a 
residual salivary capacity or non-severe disease.

11.2.1.2  Cevimeline Hydrochloride
Compared to pilocarpine hydrochloride, cevime-
line hydrochloride is a muscarinic agonist with a 
longer half-life (3–6 h vs. 0.8 h) and higher speci-
ficity for M1R and M3R [33]. Although profiles 
of adverse effects are similar between pilocarpine 
and cevimeline, patients taking cevimeline are 
less likely to have adverse events than those tak-
ing pilocarpine because of high affinity for M1R 
and M3R in the salivary/lacrimal glands instead 
of M2R in the heart [22, 34]. The efficacy of the 
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two drugs in salivation in patients with hyposali-
vation is similar [34, 35].

The most commonly used and studied cevime-
line dose is 60–90 mg/day divided into two or 
three times daily. Among three RCTs with SS 
patients, two studies showed that 90 mg/day of 
cevimeline significantly improved dry mouth 
symptoms and increased salivary flow rates [36, 
37]. There was a significant improvement in 
xerostomia-related questionnaire scores observed 
in another crossover study, but no change was 
observed in salivary flow rate [38]. Additionally, 
it was reported that cevimeline treatment signifi-
cantly improves subjective and objective assess-
ments for dry eye and increases lacrimal flow rate 
[36, 39]. Like pilocarpine, cevimeline responsive 
patients were more likely to have normal sialo-
graphic findings, negative minor salivary gland 
biopsy, negative anti-La/SS-B, or absence of 
hypergammaglobulinemia [40, 41].

11.2.1.3  Other Strategies
Some SS patients are too sensitive or nonrespon-
sive to oral muscarinic agonists, especially when 
glandular tissues are severely damaged. Although 
we have limited therapeutic options in such cases, 
other reagents may help relieve their sicca symp-
toms. Several mucolytic agents (bromhexine, 
N-acetylcysteine, or ambroxol) were studied in 
SS patients in the 1970s–1980s. Five clinical tri-
als of bromhexine have been published [42–46]. 
When 32–64 mg/day of bromhexine was admin-
istered for 2–3 weeks, four studies reported that 
bromhexine significantly stimulated tear produc-
tion or increased BUT.  One study reported 
improved dry mouth symptoms [45] whereas no 
improvement in salivary flow rate in SS patients 
and healthy controls by bromhexine reported in 
another study [43]. A crossover trial of 
N-acetylcysteine and one single-arm study of 
ambroxol (135 mg/day for 8 weeks) showed an 
improvement of dry eye and/or mouth with no 
change in objective measures [47, 48]. Nizatidine, 
an H2 histamine receptor antagonist, at 300 mg/
day for 8 weeks significantly increased the sali-
vary secretion and improved xerostomia-related 
clinical conditions by 20% over baseline [49]. 
These medications have good safety and tolera-

bility profiles. However, the results in the studies 
need to be interpreted carefully because of mar-
ginal benefits and study limitations including a 
small sample size.

Several open trials of methotrexate and 
mizoribine showed improved sicca symptoms or 
increase in the salivary flow rate, especially in SS 
patients free of minor salivary gland fibrosis [50–
52]. However, to treat sicca symptoms, immuno-
modulating or immunosuppressive agents, 
including HCQ, glucocorticoids (GCs), or ritux-
imab, are not recommended because of a lack of 
evidence on their efficacy on salivation [16, 17].

Two randomized controlled studies and four 
cohort studies described the effect of salivary 
gland irrigation with 2 mg/mL of prednisolone, 
100 mg of hydrocortisone, 4 mg/mL of betameth-
asone, or normal saline with/without sialendo-
scopic intervention [53–58]. The intervention 
significantly increased salivary flow and improved 
dry mouth, and its effects remained in a period of 
up to 3 years. Although sialoendoscopy is not 
widely available and there are no well-designed 
long-term studies published, sialendoscopic inter-
vention with irrigation may be useful in SS 
patients with chronic obstructive sialadenitis 
unresponsive to medical therapy [15, 16].

11.2.2  Salivary Gland Swelling

Salivary gland swelling in a well-recognized 
manifestation in SS patients and about 25–66% 
of patients have recurrent parotid or submandibu-
lar enlargement over the course of the disease 
[59]. In patients with SS, salivary gland swelling 
results from disease activity, duct obstruction 
secondary to stricture, stone, or thick secretion, 
retrograde bacterial infection, and non- Hodgkin’s 
lymphoma. Especially in children and young 
adults, salivary gland swelling is often a present-
ing feature preceding sicca symptom and 
hyposalivation. In a case with acute inflammatory 
parotitis without infection or stones, BSR recom-
mends a short course of oral prednisolone or a 
single intramuscular injection of methylpredni-
sone [15]. EULAR recommends using a stepwise 
approach: first, nonsteroidal anti-inflammatory 
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drugs (NSAIDs) for 3–5 days; second, GCs (0.3 
mg/kg/day); third, B cell-targeted agents such as 
rituximab and belimumab [17].

If a patient has chronically persistent parotid 
swelling, the medical management is limited. An 
open-label study of HCQ showed that several 
salivary inflammatory markers were decreased, 
and the improvement of salivary gland swelling 
was observed in 2/14 patients with SS [60]. 
However, HCQ is generally considered ineffec-
tive in salivary gland swelling. Since sialendo-
scopic intervention can dilate a ductal stricture 
and remove mucus plugs and debris with irriga-
tion or with forceps, the recurrence of glandular 
swelling can be reduced in SS patients with 
chronic salivary gland swelling [57].

Because parotid enlargement tends to decrease 
over time, surgical treatment such as partial 
parotidectomy is not indicated. Infectious paroti-
tis is sometimes difficult to distinguish from sali-
vary gland swelling by SS because of the absence 
of constitutional symptoms and normal levels of 
acute-phase reactants [61]. If a patient has pus 
discharge from the parotid duct, infectious par-
otitis can be diagnosed. Because Staphylococcus 
aureus is the most common etiologic microor-
ganism in community-acquired parotitis, first- 
line antibiotics should include antistaphylococcal 
antibiotics such as nafcillin, oxacillin, and 
cefazolin [62]. Since lymphoma is developed in 
2–5% and can present as progressive, persistent, 
or nodular enlargement of the salivary glands, 
progressive enlargement or newly developed 
nodular lesion in the parotid gland can be a clue 
to malignant lymphoma. If lymphoma is sus-
pected, a tissue biopsy is mandatory.

11.2.3  Salivary Dysfunction-Related 
Problems

11.2.3.1  Frictional Oral Ulcer
Because of the loss of salivary lubrication, SS 
patients often suffer from oral mucosal friability 
and frictional oral ulcers. Oral gel-like formula-
tions such as polyvinylpyrrolidone and sodium 
hyaluronate oral gel may be useful [15]. Previous 
studies on oral M3R agonists did not evaluate 

oral mucosal function or integrity. However, 
since a cevimeline trial reported a significant 
improvement in the morphological appearance of 
the tongue [38], pilocarpine or cevimeline could 
relief oral mucosal friability.

11.2.3.2  Candidiasis
Low saliva production leads to a reduction of 
antimicrobial proteins or peptides levels and an 
increase in the incidence of oral infection. Oral 
candidiasis can be observed in about 40% of SS 
patients [63]. Candidiasis usually presents as 
plaques, pseudomembranous or erythematous 
mucosal lesions, fissured tongue, filiform papil-
lae atrophy, and angular cheilitis. Also, it can 
present with oral or tongue pain without typical 
mucosal change [61]. Topical nystatin and micon-
azole are useful for simple intraoral infection and 
angular cheilitis, respectively [63]. However, if a 
patient has an erythematous infection or is resis-
tant to topical antifungal agents, oral fluconazole 
(50 mg/day for 10 days) is indicated [15]. A small 
size trial reported that 1-year administration of 
pilocarpine decreased Candida carriage rate from 
75 to 25% [64]. Therefore, oral M3R agonists 
can reduce Candida colonization in the oral cav-
ity in patients with SS.

11.2.3.3  Dental Caries
SS patients have increased risk of caries develop-
ment and subsequent tooth loss secondary to sali-
vary hypofunction. A systematic review showed 
that SS patients have significantly higher values 
of decayed, missing, and filled teeth and surfaces 
(DMFT and DMFS) than controls [65]. However, 
a recent large cohort study did not find the protec-
tive effect of pilocarpine on dental caries in 
patients with SS during the mean follow-up of 
2.6 years [66]. Thus, a more active multidisci-
plinary approach is required to prevent dental 
caries in SS patients. The recent guidelines for 
rheumatologists or dentists describe evidence- 
based management strategies for caries preven-
tion in SS patients [15, 67]. It is strongly 
recommended to use topical fluoride (or non- 
fluoride remineralizing agents), local or systemic 
salivary stimulants, and local chlorhexidine and 
general approaches to improve oral health.
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11.3  Treatment of Lacrimal Gland 
Involvement

Current guidelines recommend using artificial 
tears and gels/ointments as the first-line treatment 
for dry eye. Various artificial tears and ocular gels/
ointments include lubricants with a polymer base 
or viscosity agent (methylcellulose or hyaluro-
nate). Because preservatives in artificial tears may 
damage and irritate the ocular surface, single-use 
and preservative-free formulations are generally 
recommended in SS patients requiring frequent 
(≥4/day) applications [15, 17]. Ocular gels/oint-
ments could be beneficial to control nocturnal 
ocular symptom, but eyelid hygiene must be per-
formed to prevent blepharitis.

If severe or refractory to the first-line approach, a 
short-term course of topical corticosteroids or a 
long-term use of cyclosporine ophthalmic emulsion 
is recommended under ophthalmic supervision 
[15–17]. These drugs act as an anti-inflammatory 
agent for chronic corneal inflammation. 
Additionally, according to the EULAR recommen-
dation, autologous serum eye drops (20% solution) 
can be considered in severe cases refractory or intol-
erant to topical cyclosporine [17]. There is limited 
evidence supporting its efficacy, and there are some 
disadvantages including the infection risk and the 
need to refrigerate. But autologous serum is 
expected to be helpful in ocular dryness because 
serum contains growth factors, anti-inflammatory 
proteins, and matrix-degrading enzyme inhibitors.

In case of failure of the abovementioned topi-
cal therapies, the EULAR recommends oral mus-
carinic agonists or punctal occlusion as a rescue 
therapy [17]. Pilocarpine or cevimeline has been 
reported to improve subjective ocular dryness (but 
not objective outcomes). More detailed informa-
tion on the management and treatment of dry eye 
is available in Chap. 9. Clinical Management of 
Dry Eye in SS.

11.4  Treatment of Other Xeroses

Major target organs of SS are the salivary and 
lacrimal glands. However, the involvement of the 
other exocrine glands, including the upper air-
ways and vagina, occurs in SS patients.

11.4.1  Dry Cough

Dry cough is observed in 54% of patients with 
SS [68]. It may result from airway dryness, 
abnormal mucociliary clearance, bronchial 
inflammation or hyperresponsiveness, and gas-
troesophageal reflux [69]. Additionally, chronic 
dry cough is a sign of interstitial lung disease 
associated with SS. Although there is no study 
on the treatment of dry cough in SS, humidifi-
cation, or nebulized saline solution, mucolytic 
agents and oral M3R agonists are recommended 
by BSR [15].

11.4.2  Vaginal Dryness

Vaginal dryness and dyspareunia were reported 
in 55 and 61% of SS patients, respectively 
[70]. Vaginal change affects their poor sexual 
function and high sexual distress [71]. SS 
patients with vaginal dryness can use several 
products designed for vaginal dryness, includ-
ing vaginal moisturizers [15]. If postmeno-
pausal women with vaginal atrophy complain 
of vaginal dryness, topical estrogen cream or 
estrogen-containing vaginal moisturizers may 
be indicated.

11.5  Treatment of Extraglandular 
Involvement

Systemic involvement in SS is a crucial prognos-
tic factor because it can be severe in about 15% 
and leads to irreversible organ dysfunction [72]. 
However, not all systemic involvement essen-
tially requires systemic treatment, and its treat-
ment depends on the affected organ and its 
severity. There are insufficient data supporting 
certain drugs in a specific manifestation, hence 
the management of systemic involvement may 
vary depending on individual physicians in clini-
cal practice. As mentioned earlier, several societ-
ies have recently published the recommendations 
for SS management [14–17], which largely relied 
on the expert consensus. The assessment of dis-
ease activity is essential to determine treatment 
strategy, and EULAR Sjögren’s syndrome dis-
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ease activity index (ESSDAI) [73, 74] has been 
increasingly used clinically and for research. The 
most recently published EULAR recommenda-
tion [17] suggested the tailored treatment accord-

ing to organ-specific severity using ESSDAI 
definitions.

The current treatment options are summarized 
in Table 11.2.

Table 11.2 Pharmacologic treatment according to the extraglandular manifestations of SS

Manifestations Treatment options
Arthralgia/arthritis Acetaminophen

Nonsteroidal anti-inflammatory drugs
Hydroxychloroquine
Glucocorticoids, short-term or intra-articular
Methotrexate
Other antirheumatic drugs
Rituximab or abatacept

Purpura/skin ulcers Systemic glucocorticoids, if moderate or high activity
Immunosuppressants
Rituximab for cryoglobulinemic vasculitis
Cyclophosphamide or plasma exchange for refractory vasculitis

Annular erythema Topical glucocorticoids or tacrolimus
Systemic glucocorticoids, if diffuse involvement
Hydroxychloroquine
Immunosuppressants

Interstitial lung disease Glucocorticoids, if moderate to high activity
Immunosuppressants
Rituximab for pulmonary hemorrhage

Pulmonary arterial 
hypertension

Endothelin receptor antagonists (bosentan, ambrisentan, macitentan)
Phosphodiesterase inhibitor (sildenafil, tadalafil, vardenafil)
Soluble guanylate cyclase inhibitors (riociguat)
Prostacyclin analogues (epoprostenol, iloprost, treprostinil beraprost)
Selective prostacyclin receptor antagonist (selexipag)

Renal involvement Bicarbonate supplementation for renal tubular acidosis
Glucocorticoids, if moderate to high activity
Immunosuppressants
Rituximab and/or plasma exchange for cryoglobulinemic membranous proliferative 
glomerulonephritis

Interstitial cystitis Glucocorticoids with calcineurin inhibitors
Local bladder treatment including hydraulic distension

Peripheral nerve 
involvement

Gabapentin or pregabalin
Fludrocortisone acetate or midodrine, if autonomic dysfunction
Glucocorticoids
Intravenous immunoglobulin
Immunosuppressants
Rituximab
Plasma exchange

Central nerve involvement High-dose or pulsed glucocorticoids, especially vasculitis or neuromyelitis optica 
spectrum disorders (NMOSD)
Immunosuppressants such as cyclophosphamide
Rituximab and/or plasma exchange if refractory
Eculizumab for recurrent NMOSD

Neutropenia G-CSF if infectious condition in severe neutropenia
Severe hemolytic anemia or Glucocorticoids
Immune thrombocytopenia Intravenous immunoglobulin

Rituximab
Inflammatory myositis Glucocorticoids

Intravenous immunoglobulin
Immunosuppressants
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11.5.1  Evidence for the Use 
of Antirheumatic Drugs 
and Biologics

Non-biologic anti-inflammatory drugs, such as 
GCs, antimalarials, immunosuppressive agents, 
and intravenous immunoglobulin (IVIg), are 
commonly used in treating systemic symptoms 
associated with SS, even though strong evidence 
is lacking. Their use to treat SS is based on lim-
ited data from uncontrolled trials or its effective-
ness in managing other autoimmune diseases. 
EULAR recommends that systemic therapies 
may be considered for the treatment of active sys-
temic disease (clinical ESSDAI ≥1).

GCs are frequently used for managing the 
active systemic disease. In potential life- 
threatening manifestations, pulse GC therapy 
(≥250 mg prednisone equivalent a day for one or 
a few days) or high-dose GCs (>30 mg, but 
≤100 mg prednisone equivalent a day) [75] can 
be considered. However, to avoid adverse effects, 
the dosage and treatment duration of GCs should 
be minimized [17]. Concomitant synthetic immu-
nosuppressive agents are often given for refrac-
tory cases or GC-sparing purposes.

HCQ is a commonly used drug in SS, but evi-
dence of its effectiveness is variable. Several 
studies reported improved symptoms such as 
joint pain, fatigue, and serologic parameters in 
SS [60, 76, 77]. However, the JOQUER study 
[7], a pivotal RCT of HCQ daily 400 mg in SS 
with mild disease activity, failed to prove its 
efficacy.

Considering the pathophysiology of SS and 
successful treatment outcomes in other autoim-
mune diseases, the use of biologic agents in SS 
may be a promising approach. However, their 
role in the treatment of extraglandular involve-
ments in SS remains controversial. Rituximab, a 
chimeric anti-CD20 monoclonal antibody, has 
shown a beneficial effect on the systemic involve-
ment of SS [78, 79]. Meanwhile, subsequent two 
key randomized trials [80, 81] and a recent sys-
tematic review [82] on rituximab did not demon-
strate its efficacy in SS. Another B cell-targeted 
agent, belimumab, demonstrated a significant 
reduction in ESSDAI in open-label trials [83, 

84]. The efficacy of belimumab needs to be con-
firmed in further large, well-designed RCTs. The 
RCTs of antitumor necrosis factor (TNF) agents, 
etanercept and infliximab, failed to show clinical 
and serologic improvement [85, 86]. An open- 
label study using abatacept suggests its efficacy 
in improving disease activity [87], but recently 
published result of a RCT found no statistically 
significant placebo differences in improving clin-
ical measures [88]. Taken together, the role of 
biologics in SS is still debatable, but B cell- 
targeted therapies may be considered in SS 
patients with severe, refractory systemic disease, 
as recommended by EULAR [17]. We discuss the 
treatment of extraglandular involvements accord-
ing to the involved organ herein.

11.5.2  Articular Manifestations

Articular manifestations occurred in 30–60% of 
patients with SS [89]. For the management of 
musculoskeletal symptoms of SS, arthralgia 
(subjective feeling) should be distinguished 
from arthritis (objective inflammatory signs 
suggesting joint inflammation in the physical 
examination or imaging studies). The musculo-
skeletal pain associated with other non-inflam-
matory conditions such as osteoarthritis or 
fibromyalgia syndrome should also be sepa-
rately managed. The ESSDAI score classified 
the presence of arthralgia in hands, wrists, 
ankles, and feet accompanied by morning stiff-
ness (>30 min) as low activity, 1–5 synovitis (of 
28 total counts) as moderate activity, and ≥6 
synovitis as high activity [74]. Acetaminophen 
or NSAIDs are used for the symptomatic relief 
of acute musculoskeletal pain [89]. When 
arthralgia does not respond to NSAIDs, HCQ 
can be considered based on several uncontrolled 
studies and a recent meta- analysis [76, 90, 91]. 
Two RCTs investigating the role of HCQ in SS 
failed to demonstrate its significant efficacy, but 
there was a positive trend in the improvement of 
joint pain [7, 77].

The main drugs used to treat inflammatory 
arthritis are also NSAIDs and HCQ, especially 
in moderate activity. In severe cases (moderate- 
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activity refractory to NSAIDs plus HCQ or 
high- activity articular involvement), short-term 
GCs therapy is considered effective [89]. 
Antirheumatic agents, including methotrexate, 
leflunomide, sulfasalazine, cyclosporine A, or 
azathioprine, may be considered [92]. Although 
head-to-head comparisons between these drugs 
have never been conducted in SS, methotrexate 
is the most frequently used drug to treat inflam-
matory arthritis in clinical practice. It is recom-
mended as a second-line drug following HCQ 
in the American College of Rheumatology 
(ACR) guidelines [93]. Biologic drugs such as 
rituximab and abatacept may be considered as a 
therapeutic option for SS patients with inflam-
matory arthritis refractory to conventional 
drugs, extrapolating from the use of these drugs 
in RA.

11.5.3  Cutaneous Purpura/Ulcers

The prevalence of cutaneous vasculitis in SS is 
10% [68]. Based on clinical experience, GCs are 
the mainstay of cutaneous vasculitis treatment. 
The ESSDAI score classifies the activity of 
cutaneous vasculitis according to the extent of 
cutaneous involvement and the presence of 
ulcers; moderate activity, limited cutaneous vas-
culitis including urticarial vasculitis or purpura 
limited to feet and ankle; high activity, diffuse 
cutaneous vasculitis, including urticarial vascu-
litis, or diffuse purpura, or ulcers related to vas-
culitis [74]. Moderate-dose GCs alone are 
usually used in moderate activity. To treat high 
ESSDAI cutaneous involvement, moderate- to 
high-dose GCs may be considered as the first-
line option, and immunosuppressive agents such 
as azathioprine, methotrexate, or mycopheno-
late mofetil are the second options to be used 
[17, 94]. In the case of cryoglobulinemic vascu-
litis, rituximab is preferred [95], with no evi-
dence supporting its superiority over classic 
immunosuppressive drugs in clinical trials. 
Cylclophosphamide or plasma exchange options 
for patients with refractory cutaneous vasculitis, 
especially in life-threatening cryoglobulinemic 
vasculitis.

11.5.4  Annular Erythema

Annular erythema can occur in approximately 
10% of SS patients [96]. In limited cases, topical 
GCs are primarily used. Systemic treatment 
might be considered in SS patients with diffuse 
annular erythema. HCQ and/or low-dose GCs are 
first-line drugs, and in refractory cases, other 
antimalarials and/or moderate- to high-dose GCs 
are considered [17, 97]. Also, there have been 
small studies documenting the efficacy of cyclo-
sporine A, methotrexate, and topical tacrolimus 
[98–100].

11.5.5  Interstitial Lung Disease

The reported prevalence of clinically significant 
lung involvement in patients with SS ranges from 
9 to 24%. Though the entire respiratory system 
can be affected in SS, interstitial lung disease 
(ILD) is a major problem because it is associated 
with impaired pulmonary function and increased 
mortality [101]. Nonspecific interstitial pneumo-
nitis (NSIP) is the most common subtype (45%) 
observed in SS, followed by usual interstitial 
pneumonia (UIP, 17%), lymphocytic interstitial 
pneumonia (LIP, 15%), and organizing pneumo-
nia (OP, 8%) [69].

Since RCTs for only SS-ILD are unavailable, 
the treatment of SS-ILD usually follows the treat-
ment strategy of connective tissue disease (CTD)-
ILD. Not all SS patients with ILD are progressive, 
so those who have mild activity (no respiratory 
symptoms and abnormal findings in the HRCT 
<10%) might be monitored regularly. In moder-
ately to highly active pulmonary involvement, 
GCs are the mainstay of ILD treatment, espe-
cially indicated for LIP and OP, less in NSIP and 
even less in UIP [69]. Immunosuppressant (aza-
thioprine, mycophenolate mofetil, cyclosporine 
A, chlorambucil, and cyclophosphamide) can be 
combined when SS patients with ILD suffer from 
shortness of breath at rest (NYHA III or IV) or 
had an abnormal lung function test with DLco 
<40% or FVC <60% [17]. Regarding biologic 
drugs, there have been case reports describing the 
efficacy of tocilizumab, abatacept, and rituximab 
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in SS patients with refractory ILD [102–104]. 
Rituximab would be useful in SS patients with 
acute pulmonary hemorrhage associated with 
cryoglobulinemia [105].

11.5.6  Pulmonary Arterial 
Hypertension

Pulmonary arterial hypertension (PAH, mean 
pulmonary arterial pressure of ≥25 mmHg with a 
pulmonary capillary wedge pressure ≤15 mmHg) 
is a serious complication of SS with high mortal-
ity. The prevalence of PAH in SS is relatively rare 
compared to other CTD, such as systemic sclero-
sis or systemic lupus erythematosus [106]. The 
British registry data have shown that SS-PAH 
accounts for only 1% of CTD-PAH [107], 
whereas the data in Asian populations have 
reported a higher distribution (15%) [108].

There is no specific recommendation for the 
treatment of SS-PAH, and the therapeutic approach 
of SS-PAH itself usually follows that of idiopathic 
PAH or CTD-PAH.  Supportive care, including 
diuretics for preventing fluid overload, oxygen sup-
plementation, or respiratory rehabilitation, is bene-
ficial. Several drugs targeting the prostacyclin, 
endothelin-1, and nitric oxide pathways have shown 
efficacy for PAH treatment in RCTs over the past 
two decades; (1) endothelin receptor antagonists 
(bosentan, ambrisentan, macitentan), (2) phospho-
diesterase inhibitor (sildenafil, tadalafil, vardenafil), 
(3) soluble guanylate cyclase inhibitors (riociguat), 
(4) prostacyclin analogues (epoprostenol, iloprost, 
treprostinil beraprost), and (5) oral selective IP 
prostacyclin receptor antagonist (selexipag) [109]. 
The role of immunosuppression in SS-PAH is ques-
tionable, though a small cohort study revealed a 
favorable outcome in SS-PAH treated with immu-
nosuppressants such as cyclophosphamide, metho-
trexate, leflunomide, and tacrolimus [108].

11.5.7  Renal Involvement

The characteristic renal involvements in SS are 
tubulointerstitial nephritis (TIN)/renal tubular 
acidosis (RTA) and glomerulonephritis (GN). 

The reported prevalence rates of TIN/RTA and 
GN in SS patients were 9% and 4%, respectively 
[68]. Concerning tubulointerstitial involvement, 
type 1 distal RTA comprises the majority (97%), 
and it can accompany hypokalemic weakness/
paralysis (69%), nephrocalcinosis (17%), and 
rarely renal failure (24%) at clinical presentation. 
The typical form of GN in SS is membranous 
proliferative GN (MPGN), sometimes associated 
with cryoglobulinemia.

As a symptomatic treatment, a long-term 
bicarbonate and/or electrolyte supplementation 
may be needed to prevent life-threatening elec-
trolyte imbalance. GCs are the cornerstone in 
patients with moderate- (tubular acidosis with 
renal failure [GFR <60 m/min], GN with pro-
teinuria [1–1.5 g/day] without hematuria or 
renal failure, or histologic evidence of extra- 
membranous GN or important lymphoid infil-
trate) to high- (GN with proteinuria >1.5 g/day 
or hematuria or renal failure, or histologic evi-
dence of proliferative GN or cryoglobulinemia-
related renal involvement) activity renal 
involvement [17]. Several immunosuppressive 
agents, including azathioprine, cyclosporine, 
mycophenolate mofetil, and cyclophospha-
mide, are often combined to achieve and main-
tain remission, although cyclophosphamide is 
no longer recommended for TIN due to its 
adverse effects [110]. In SS patients with 
MPGN secondary to cryoglobulinemia, GC 
pulse therapy combined with rituximab and/or 
plasma exchange is usually considered, despite 
weak evidence based on an open-label and ret-
rospective study [79].

11.5.8  Interstitial Cystitis

There are published case reports and series 
reporting successful treatment of SS-associated 
interstitial cystitis with combination therapy 
of GCs and cyclosporine or tacrolimus [111, 
112]. Local bladder treatment, such as hydrau-
lic distension, dimethyl sulfoxide instillation, 
and urinary catheter insertion in case of 
obstructive renal failure, can be performed if 
needed [111].
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11.5.9  Peripheral Nerve Involvement

Neurologic manifestation is reported in approxi-
mately 20% of SS patients, comprising 15% of 
peripheral and 5% of central nervous system 
(CNS) involvement [113]. Recent recommenda-
tions are based on limited evidence of small, 
uncontrolled studies or extrapolated from the 
treatment of other systemic involvements of SS 
or neurologic involvement of other autoimmune 
diseases.

Patients with SS may exhibit various periph-
eral neuropathies, including pure sensory poly-
neuropathy, dorsal root ganglionopathy, 
trigeminal neuralgia, sensorimotor polyneuropa-
thy, mononeuritis multiplex, polyradiculopathies, 
and autonomic neuropathy. Management of the 
peripheral nervous system is complicated due to 
its heterogeneity and should be approached 
toward the underlying pathogenic mechanism.

Treatment for pure sensory neuropathy or 
small-fiber neuropathy is mainly symptomatic, 
including control of neuropathic pain with gaba-
pentin or pregabalin and correction of cardiovas-
cular risk factors [17, 114]. The use of tricyclic 
antidepressants such as amitriptyline and nortrip-
tyline are commonly avoided due to their anti-
cholinergic effect. Trigeminal neuropathy/
neuralgia does not usually respond to GCs and is 
generally managed similarly to the treatment of 
trigeminal neuralgia. Autonomic dysfunction 
associated with SS is conservatively treated with 
fludrocortisone acetate or midodrine [115].

Other peripheral neuropathies are generally 
treated with GCs, with dosages depending on dis-
ease severity. IVIg, immunosuppressive drugs, 
such as azathioprine, mycophenolate mofetil and 
cyclophosphamide, or rituximab, are frequently 
combined if necessary, with variable responses 
[94, 115]. Plasma exchange can be considered in 
refractory disease or life-threatening conditions 
(e.g., severe neuropathy associated with cryo-
globulinemic vasculitis) [95]. SS patients with 
mononeuritis multiplex should be evaluated for 
underlying cryoglobulinemic vasculitis. In the 
case of mononeuritis multiplex or vasculitis- 
related polyneuropathy, EULAR recommends a 
sequential approach as follows: first, moderate- 

to high-dose GCs; second, oral immunosuppres-
sive agent or rituximab; and rescue, 
cyclophosphamide and/or plasma exchange [17]. 
IVIg may be beneficial for SS patients with sen-
sorimotor polyneuropathies, ataxic sensory neu-
ropathy, and peripheral demyelinating disorder 
[116–118]. Also, EULAR recommends IVIg as 
the first-line treatment in SS-associated ganglion-
opathy and chronic inflammatory demyelinating 
polyneuropathy [17].

11.5.10  Central Nerve Involvement

The CNS manifestations of SS encompass CNS 
vasculitis, neuromyelitis optica spectrum disor-
ders (NMOSD), aseptic meningitis, and multiple 
sclerosis mimetic [115]. Aseptic meningitis may 
be managed by symptomatic therapy. Abnormal 
hyperintense lesions on brain magnetic reso-
nance imaging have been reported in SS patients, 
and its underlying mechanisms seem to be 
immunologically mediated small vessel vascu-
lopathy/vasculitis [119].There have been 
increasing reports of coexistence of SS and 
NMOSD, an autoimmune inflammatory demye-
linating CNS disease, which are often associated 
with the presence of anti-aquaporin-4 antibodies 
[120]. SS patients with NMOSD warrant aggres-
sive immunosuppressive therapy because of the 
progressive and relapsing nature of NMOSD, 
and both BSR and EULAR encourage aggres-
sive immunosuppression [15, 17]. In SS patients 
with CNS vasculitis, NMOSD, or meningitis not 
responding symptomatic therapy, high-dose GCs 
or pulsed steroids are the first-line treatments. 
Regarding immunosuppressive drugs, cyclo-
phosphamide may be used as second-line induc-
tion therapy for cases refractory to GCs, and 
mycophenolate mofetil or azathioprine may be 
used as a maintenance regimen. In severe or life-
threatening cases, rituximab and/or plasma 
exchange is considered as rescue therapy [17]. 
Eculizumab, a monoclonal antibody against ter-
minal complement activation of C5, has shown 
benefit for patients with anti-aquaporin 4 anti-
body-positive relapsing NMOSD in an open-
label trial [121].
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11.5.11  Fatigue

Fatigue is reported in up to 70% of the SS patients 
leading to reduced health-related quality of life 
[122]. Some small studies have demonstrated 
reductions in fatigue levels in SS patients treated 
with HCQ [60, 76, 77], whereas the same effect 
was not observed in a large RCT of HCQ [7]. 
Although evidence supporting the use of HCQ in 
treating fatigue is weak, the recommendation 
from ACR comments that HCQ may be consid-
ered in selected situations to treat fatigue [93]. Of 
the several non-biologic compounds that have 
been evaluated in RCTs, dehydroepiandrosterone 
[123, 124], omega-6 fatty acid gamma-linolenic 
acid [125] and low-dose doxycycline [126] failed 
to improve fatigue in SS.  In terms of biologic 
agents, improvement in fatigue by rituximab is 
observed in a small prospective open-label study 
and earlier RCTs [80, 127–129]. In contrast, 
another larger RCT [81] and recent meta- analyses 
[82, 130] did not confirm its efficacy to improve 
fatigue.

As non-pharmacological interventions, aero-
bic exercise has shown to improve fatigue in a 
single, relatively small (n = 19), non-randomized 
control trial [131]; therefore, the BSR guidelines 
recommended regular exercise and a graded 
exercise program for SS patients presenting with 
fatigue.

11.5.12  Hematologic Involvement

Hematologic abnormalities are frequently 
encountered in SS. Anemia, especially anemia 
of chronic disease, is the most common finding 
(30%), followed by leukopenia (14%), throm-
bocytopenia (11%), and neutropenia (7%) [132, 
133]. Because severe hematologic abnormali-
ties are infrequent in SS, treatment is not man-
datory in most cases. Treatment of severe 
hematologic abnormalities in SS is empirical. In 
the case of severe neutropenia (absolute neutro-
phil count <500/mm3), the use of human granu-
locyte colony- stimulating factor (G-CSF) is 
considered, especially in patients with recur-
rent/severe infections [17]. Patients with severe 

immune thrombocytopenia (platelet count 
<50,000/mm3) and severe hemolytic anemia 
(hemoglobin <8 g/dL) receive GCs as the first-
line drug, and IVIg or rituximab is considered in 
refractory or symptomatic cases. Plasma 
exchange and cyclophosphamide are the other 
options as rescue therapy [17].

SS is known to have the highest risk of lym-
phoma development among autoimmune dis-
eases: a standardized incidence ratio of 5–44 
when compared to general population [2, 17]. 
Especially, salivary gland swelling, cutaneous 
vasculitis, low-serum complement levels, ectopic 
germinal center-like structures in minor salivary 
gland biopsy, and high disease activity (ESSDAI 
score ≥14) are risk factors for the development of 
malignant lymphoma [2, 4]. Also, several hema-
tologic findings, including neutropenia and lym-
phopenia at baseline, are associated with the 
increased risk of lymphoma development [132].

Most cases with SS-related lymphoma present 
marginal zone lymphoma, including mucosa- 
associated lymphoid tissue (MALT) lymphoma 
and nodal marginal zone lymphoma [4, 16]. The 
most frequent site of MALT lymphoma is the 
salivary glands with a primary site being the 
parotid glands. However, it can occur in other 
mucosal sites such as the lung and stomach. The 
treatment of B cell lymphoma must be individu-
alized based on the pathologic subtype and cur-
rent therapeutic guidelines and should be 
managed by hematologist/oncologists [17]. The 
detailed information on lymphoma diagnosis and 
treatment is available in Chap. 8.

11.5.13  Muscular Involvement

Muscle pain without muscle weakness and mus-
cle enzyme elevation corresponds to low ESSDAI 
domain, and analgesics may be prescribed to 
relieve myalgia. This symptom needs to be dif-
ferentiated from chronic widespread pain associ-
ated with fibromyalgia, which coexists in 35–50% 
of patients with SS [134]. Occasionally, inflam-
matory myositis with muscle weakness or ele-
vated muscle enzyme can be present in SS [135, 
136], and it should be confirmed by electromyog-
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raphy or biopsy and distinguished from steroid- 
induced myopathy. GCs are used as the first-line 
treatment of inflammatory myositis with favor-
able outcomes [135]. Other conventional immu-
nosuppressive drugs (methotrexate, azathioprine, 
mycophenolate mofetil, and calcineurin inhibi-
tors) and IVIg can be used alone or combined, as 
used in patients with inflammatory myopathy 
[94].

11.6  Conclusion

Currently, the overall evidence about therapeutic 
agents in SS patients is at low level, and there are 
still many unmet clinical needs in the manage-
ment SS. However, several studies have recently 
reported the treatment guidelines that may be 
applicable to manage SS patients, based on recent 
evidence. The role of biologic agents in SS has 
been extensively investigated, revealing incon-
clusive results. Several new potential therapeu-
tics targeting SS pathogenesis are actively being 
studied [137]. In the future, high-quality scien-
tific evidence focusing on the superiority of cer-
tain drugs or treatment strategies and biomarkers 
to predict treatment response in SS will be 
needed.
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Gene Therapy for Sjögren’s 
Syndrome

Hongen Yin and John A. Chiorini

12.1  Why Gene Therapy

Sjögren’s syndrome (SS) represents a complex 
autoimmune disease with limited treatment 
options. Although patients can have systemic dis-
ease, the majority of affected individuals have loss 
of salivary or lacrimal glandular function. The 
introduction of biologic-based therapies has 
advanced the field of treatment. New therapies 
using recombinant proteins or small molecules, 
which target B cells, T cells, and other cells of the 
immune system, are being developed and many 
biologics are in clinical trials. Many of these drugs 
have been successful in treating other autoimmune 
diseases and they may be beneficial for Sjögren’s 
patients as well. In general, these therapies have 
several limitations. A major limitation is the need 
for repeated injections of the drug to maintain sta-
ble concentration of therapeutic protein in vivo. As 
some biologics have short half- lives in vivo, higher 
than therapeutic levels of drug may be injected, 
which can result in adverse effects.

Gene therapy allows for constitutive expression 
of therapeutic proteins in a precise manner and 

offers the possibility to go beyond conventional 
protein replacement approaches. It can reengineer 
cells to serve as a depot organ for expression of a 
recombinant protein or to employ a gain-of-func-
tion approach to express intracellular factors, 
which is not usually possible with conventional 
protein replacement therapy. In this chapter, we 
will review the current state of gene therapy for SS.

12.2  Gene Delivery Strategies

There are both in vivo and ex vivo strategies for 
gene therapy. Ex vivo strategies are being 
explored to use genetically engineered cells that 
are injected directly into the affected tissue. This 
approach is currently used in the treatment of 
cancer with engineered T cells, but is at an early 
stage of development for other diseases. On the 
other hand, the field of in vivo delivery where the 
gene is directly introduced into the patients 
affected organ has advanced rapidly in the last 10 
years. From preclinical studies to applications of 
approved drugs, gene therapy has been explored 
in a diverse set of conditions including blindness, 
neurologic disease, and hemophilia.

12.2.1  Nonviral Gene Therapy

Gene therapy involves the introduction of nucleic 
acid into a cell with the goal of achieving a thera-
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peutic effect. In general, this can be accomplished 
by either nonviral or viral-based approaches. 
Nonviral gene therapy can involve the use of car-
rier molecules, such as liposomes, polymers, or 
physical methods like ultrasonic waves or elec-
tricity to facilitate the movement of the nucleic 
acid across the plasma membrane and into the 
cell. This approach has been used to deliver genes 
into a diverse set of organs ranged from muscles 
to the liver. Nonviral gene therapy was successful 
in the salivary glands (SGs) but only yielded low- 
level expression [1]. More advanced technology 
utilizing ultrasound-induced microbubbles to 
deliver plasmids to mouse SG showed that 
ultrasound- assisted reporter gene transfer with 
the 15% microbubble solution was stable for up 
to 28 days [2]. The duration could be extended by 
the use of alternative forms of DNA that lacked a 
plasmid-based backbone [3]. In general, a limita-
tion to this approach is the transient nature of the 
expression. In most studies, expression is limited 
to less than a week. Much of this limitation to this 
approach is due to innate immune responses to 
the plasmid backbone of the DNA that is intro-
duced or the degradation of the siRNA molecules 
in the case of RNA-based drugs. Ongoing studies 
to overcome these limitations include but are not 
limited to: modification of the siRNA oligos to 
improve stability, removal of the bacterial ele-
ments from the plasmids, production of the 
nucleic acid enzymatically, or use of viral-derived 
forms of DNA. The future prospects of nonviral 
nucleic acid delivery are exciting, and the tech-
nology could play an important role in the future 
as the tools evolve.

12.2.2  Viral Gene Therapy

Viral-based approaches are rapidly maturing into 
drug delivery systems. As a vector for gene trans-
fer, viruses represent a natural vehicle for intro-
ducing nucleic acid into a cell since they have 
specifically evolved to deliver viral genes into 
host cells. Through the use of molecular biology, 
viruses can be modified to serve as molecular 
trucks for the delivery of therapeutic genes into 
cells. Over the years, many viral-based platforms 

have been developed, and their utility depends 
largely on the specific application. For example, 
lentiviral and retroviral vectors have immerged as 
a top method for engineering immune cells. They 
have been extensively used to engineer immune 
cells for cancer therapy through ex vivo manipu-
lation of a patient’s cells, which are then rein-
fused into the patient. These infused cells could 
then circulate and alter the course of the patient’s 
condition (for review, see [4]). Viral-based vec-
tors might be more useful in  localized therapy 
including adenoviruses (Ad) or adeno-associated 
viruses (AAV). For both systems, extensive stud-
ies of the biology of the virus have resulted in 
robust methods of production and purification, 
making those viruses attractive tools to utilize.

One of the first viral vectors, based on a DNA 
virus, are those derived from the adenovirus fam-
ily of viruses. Adenoviruses (Ad) are non- 
enveloped viruses with a double-stranded 
genome, approximately 35 kb in length. They 
represent a diverse family of more than 50 human 
viruses. Most Ad-based vectors are derived from 
adenovirus type 5 (Ad5), and early vectors were 
made replication incompetent by the deletion of 
one group of genes (E1), leaving room for 
approximately 8 kb of new DNA. Production of 
recombinant vectors is achieved by using a cell 
line that stably expresses the E1 genes to allow 
trans-complementation of the deleted genome.

Improvements in the generation of recombi-
nant particles have resulted in the development of 
high-capacity adenoviral vectors that are able to 
package up to 36 kb of DNA. Removal of more 
viral DNA reduced the host immune response to 
the vector but also resulted in the addition of low- 
level contamination with the helper virus that is 
used to produce high-capacity vectors [5]. 
However, despite these improvements, the parti-
cles can still induce an immune response, and 
particles can be neutralized by host antibodies to 
the particle.

First-generation Ad-based vectors are reported 
to transduce many cell types in the SG, resulting 
in robust and transient expression of recombinant 
proteins. The transient expression is largely due 
to the immune response to the vector. However, 
low doses of vector that are not sufficient to 
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induce an immune response can result in long- 
term transgene expression in human SG [6].

Compared to Ad, AAV vectors can induce a 
lower level of immune activation. AAV vectors 
are based on an expanded family of helper- 
dependent parvoviruses with unique cell tro-
pisms. Although the vast majority of vectors that 
will enter the cell remain episomal and do not 
integrate in the host genome, transduction with 
these vectors can be long-term. For example, the 
SG represents a slowly dividing epithelia. In vivo 
transduction experiments in mouse SG have 
shown persistent transgene expression for the life 
of the animal [7]. Many vectors are currently 
available for the targeting of ductal and acinar 
cells within the gland [8, 9], and new vectors are 
currently being developed [10]. In addition to 
naturally derived vectors based on reported iso-
lates of AAV, design of synthetic vector particles 
or rational mutagenesis of the vector capsid is 
rapidly advancing and will provide additional 
tools to more precisely target distinct cell popula-
tion and increase the potential of gene therapy to 
be used in targeted tissue engineering.

12.3  Biosafety for Current Gene 
Therapy

The overall safety of gene therapy has been 
reported elsewhere as has more specific reviews 
on safety of AAV vectors [11]. Over 100 trials 
worldwide have been conducted with AAV vec-
tors, and no long-term adverse events linked to 
the vector have been reported. Inflammation in 
response to AAV vectors has been reported and 
typically has been associated with the develop-
ment neutralizing antibodies to the capsid that 
could limit the ability to repeat the dosing with 
the AAV vector. Doses given intravenously 
greater than 1×1012 vp/kg body weight are also 
reported to initiate a T cell response [12]. More 
recently, neuroinflammation in CNS-targeted 
applications has been reported in some animal 
models [13–15]. Few studies have looked at gene 
therapy vectors in the SG. Studies with Ad-based 
vectors in a number of species have shown they 
can be delivered to SG without lasting negative 

effects [16–20]. AAV vectors in mice showed 
minimal effects on the gland [21]. For AAV vec-
tors, vector DNA could be detected in blood in a 
dose-dependent manner only on day 3, with no 
detectable levels on later days. No vector DNA 
was detected in saliva. Of the 15 different organs 
collected from each mouse and tested for vector 
DNA, only the targeted SG and draining lymph 
node had vector DNA at >50 copies/mg tissue on 
day 92. Adenoviral-mediated transfer of the 
cDNA encoding human water channel aquapo-
rin- 1, hAQP1 (AdhAQP1), to human SG resulted 
in improved gland activity. The trial design was a 
phase 1 clinical trial using a single previously 
irradiated parotid gland in 11 patients. The study 
was using an open-label, single-dose, dose- 
escalation design [22]. Analysis of the first 42 
days following vector delivery showed all 
patients tolerated vector delivery and study pro-
cedures well, and positive objective and subjec-
tive responses were seen in five patients, all at 
doses <5.8×109 vp/gland. At higher doses, the 
patients likely initiated an immune response to 
the vector, and no improvement in gland function 
was observed. These findings have encouraged 
the use of AAV-based vectors, which have dem-
onstrated lower immunogenicity and more stable 
expression compared with adenoviral vectors.

12.4  What to Deliver

Although the etiology of SS is unclear, the dis-
ease is considered to be a slowly progressing 
condition with likely initiating events occurring 
years prior to the development of symptoms. 
Proposed triggers include a number of pathogens, 
mainly viruses, but could also be due to bacterial 
infection. Although the triggering event may ini-
tiate an immune response that fails to resolve and 
leads to the development of autoimmunity, it is 
also possible that the infection may not be com-
pletely eliminated, resulting in the establishment 
of low-level latent infection that acts as a chronic 
source of immune stimulus/activation. Indeed, 
SGs are long reported to act as a reservoir for 
latent viruses [23]. It is this initiating event in the 
context of a genetic predisposition that likely 

12 Gene Therapy for Sjögren’s Syndrome



220

results in the initiation of the pathogenesis, which 
can include the formation of autoantibodies, infil-
trating cells within the gland, release of pro- 
inflammatory cytokines, and the loss of secretory 
epithelial function. All of these represent poten-
tial targets for intervention in gene therapy. As SS 
presents as an autoimmune disease, immuno-
modulation represents an attractive target point 
for intervention, and there are many ongoing tri-
als that target the immune system (see [24] for 
review).

As a therapeutic intervention, gene therapy 
offers the possibility to either better target the 
expression of recombinant proteins to the affected 
tissue or deliver intracellular molecules that can 
alter cellular function. In general, targets for gene 
therapy can be divided into four categories: (1) 
cytokines, (2) receptors, (3) intracellular regula-
tors, and (4) intracellular proteins. Immune and 
nonimmune pathways contributing to SS are 
summarized in Fig. 12.1.

In the context of a permissive genetic environ-
ment SS secretory gland epithelial cell (SGEC) 
can initiate an autoimmune epithelitis triggered by 
environmental change such as virus infection or 
loss of SG epithelial integrity. This event activates 
the innate immune response dominated by natural 
killer (NK) cells and macrophages (Mф). NK cells 
produce interferon-gamma (IFN-γ), which con-
tributes to the IFN signature and acts as a link 
between the innate and adaptive immune response. 
The NK cells, SGEC, and Mф produce a large 
number of pro-inflammatory cytokines and che-
mokines such as tumor necrosis factor alpha 
(TNF-α), IL-6, IL-1, chemokine (C-X-C motif) 
ligand 13 (CXCL13), which are responsible for 
SG tissue damage, activation of adaptive immune 
response, and facilitation of lymphocyte homing. 
Apoptosis of SGEC or exocytosis induces produc-
tion of autoantigens such as Ro, La, and 
M3R. SGEC acts as nonprofessional antigen-pre-
senting cells (APC) and together with the profes-
sional APC dendritic cells (DC) presents 
autoantigens to T helper cells. Antigen presenta-
tion requires co-stimulatory signaling molecule 
interactions, including CD40: CD40L, B7:CD28, 
intercellular adhesion molecule-1 (ICAM-1), and 
lymphocyte function-associated antigen-1 (LFA-

1) (ICAM-1:LFA1), to activate the T cells and pro-
duce pro-inflammatory Th1 and Th17 cells. These 
cells can be stimulated by IL-12 and IL-23, to pro-
duce their signature cytokines, IFN-γ and IL-17, 
respectively, leading to further SG tissue damage, 
cell apoptosis, and glandular dysfunction. 
Cytotoxic T lymphocyte antigen-4 (CTLA4), an 
immune checkpoint molecule, can inhibit the acti-
vation of T cells via competition with CD28 to 
bind B7. TGF-β producing Treg cells, which can 
be activated by CTLA4, suppress Th1 and Th17 
activation. The cytokine IL-27 also blocks the 
Th17 activation by suppressing IL-17 production. 
Another IFN cytokine, IFN-α, is produced by 
plasmacytoid dendritic cells (pDCs), which are 
activated by virus or endogenous nucleic acid con-
taining immune complexes bound to TLRs. High 
level of IFN-α results in an activation of B cells via 
cytokines such as IL-14, B cell-activating factor 
(BAFF), and a proliferation-inducing ligand 
(APRIL). BAFF and APRIL combine with their 
specific B cell receptors, BAFF-R and proteogly-
cans, respectively, and common receptors trans-
membrane activator and calcium-modulator and 
cyclophilin ligand (CAML) interactor (TACI) and 
B-cell maturation antigen (BCMA) to activate the 
B cells. B cell activation is mainly through T cell-
dependent pathways. In a subset of patients, fol-
licular helper T cells (Tfh) provide help to B cells 
in the germinal center (GC)-like structure. 
Activation of B cells leads to the production of 
autoantibodies such as antinuclear antibody 
(ANA), anti-Ro (SSA), anti-La (SSB), rheumatoid 
factor (RF), and anti-M3 muscarinic receptors 
(anti-M3R). Nonimmune cytokines such as BMP6 
can lead to a change in acinar cells through altera-
tion of water channel AQP5, which also decreases 
SG function.

12.4.1  Cytokines

SS presents as a heterogeneous disease in patients 
and is often associated with an increase in a num-
ber of cytokines. These pro-inflammatory 
 cytokines include IFN (-α, β, and γ), TNF-α, and 
interleukins such as IL-1, IL-2, 12, 18, 17, and 
23. In contrast, the expression of anti- 
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inflammatory cytokines such as IL-10 tends to be 
suppressed. Therefore, inhibiting the production 
of pro-inflammatory cytokines or increasing the 
expression of anti-inflammatory cytokines repre-
sents a potential therapeutic route for the treat-
ment of SS. An advantage with gene therapy in 
this context would be the possibility of producing 
the therapeutic cytokine locally at the source, 
limiting systemic off-target effects (Fig. 12.1, see 
“Autoimmune Epithelitis”).

12.4.2  Receptors

Modulation of the immune system has been an 
important point of therapeutic intervention in 
several autoimmune diseases. An alternative to 
directly affecting the level of the cytokine itself is 
to introduce molecules that act to block the effect 
of existing cytokines and in this way modulate 
their activity. For example, antibodies or soluble 
forms of native receptors have been developed to 
many cytokines involved in autoimmunity includ-
ing ustekinumab and etanercept, which bind 

IL-23 and TNF-α, respectively. A limitation to 
these approaches is the high level of systemic 
side effects often associated with infusion of 
recombinant proteins, including increased risk of 
infection. Other complications of protein therapy 
include the generation of antibodies to the thera-
peutic protein. Expression by gene therapy-based 
approaches limits this through localized expres-
sion and the relatively slower kinetics of expres-
sion, which may lead to tolerance to the protein.

12.4.3  Intracellular Regulators

Like small molecules, gene therapy offers the 
possibility of delivering drugs that can enter the 
cell and alter expression of key pathways. While 
these molecules could be proteins like transcrip-
tion factors that could activate or repress spe-
cific pathways, exciting work is being done with 
RNA-based therapeutic molecules. Thus, rather 
than the therapeutic being the translated product 
of the vector, the transcribed message is the 
drug. MicroRNAs (miRNA) are emerging as a 

Fig. 12.1 Immune and nonimmune pathways contributing to Sjögren’s syndrome
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broad mechanism for the control of RNA 
expression, and their expression is altered in 
many disease states. In contrast, short hairpin 
RNA (shRNA), which ultimately forms siR-
NAs, is generally more specific to a gene or spe-
cific sequence. Vectors encoding these 
noncoding regulatory RNA molecules could be 
developed to suppress the production of cyto-
kines or cytokine receptors, as shown in the case 
of BAFF, where its splicing variant (ΔBAFF) 
functioned as a natural inhibitor [25]. Off-target 
effects or general interference with the RNA-
induced silencing complex (RISC) machinery 
that processes RNA can act to limit this approach 
or produce toxicity.

12.4.4  Intracellular Proteins

Xerostomia is a hallmark of SS. Salivation is a 
complex process involving the coordinated 
interaction of many proteins. Following a neu-
rologic or mechanical stimuli, salivary acinar 
cells are stimulated to release intracellular cal-
cium that triggers the release of chloride ions 
into the lumen of the gland. Water then follows 
this osmotic gradient into the lumen of the gland 
via specific water channels called aquaporins 
(AQPs). The study of knockout mouse models 
as well as the molecular study of specific pro-
teins in this pathway have confirmed the impor-
tance of many of the key proteins in this process 
such as AQP5, Na-K-Cl cotransporter1 (NKCC), 
inositol triphosphate receptor (IP3R) types 2 
and 3, matriptase, and M3 and M1 muscarinic 
receptors [26–30]. Gene therapy offers the pos-
sibility to increase the expression of these pro-
teins if they are downregulated in the disease or 
substitute another protein with complementary 
function to restore activity. Traditionally, this 
approach has been used to replace intracellular 
enzymes involved in metabolic pathway defects. 
As our understanding of the physiologic blocks 
to saliva production has become clear, this 
approach is being evaluated as a therapeutic 
option in the treatment of SS (Fig.  12.1, see 
“Loss of epithelia integrity” and “AQP5 
alteration”).

12.5  How to Control Expression

In addition to the vehicle used to transfer the gene 
into a cell, an important consideration in the 
design of a gene therapy treatment is the regula-
tion of expression of the vector. This is critical to 
the overall success of the gene transfer as the 
regulatory elements incorporated into the expres-
sion cassette determine the expression level as 
well as the duration and can limit off-target 
effect. The elements that regulate expression con-
sist of several components including the core 
promoter, enhancers, intron and splice sites, and 
polyadenylation signals. Much work has focused 
on the promoter and enhancer combination to 
dictate the regulation of expression. Often viral 
promoters such as the immediate early (IE) pro-
moter from the cytomegalovirus (CMV) have 
been used in many applications or as parts in chi-
meric promoter such as the CAG promoter (a 
combination of the CMV early enhancer, pro-
moter, and first exon of the chicken beta-actin 
gene and a splice acceptor from the rabbit beta- 
globin gene) [31].

For autoimmune diseases, the incorporation of 
inducible regulatory elements would be advanta-
geous to allow the transgene expression to 
respond to flares in inflammation that can occur. 
Many natural promoters contain regulatory ele-
ments that can respond to endogenous signals 
and modulate their expression. These promoters 
typically have a low basal level of expression that 
can respond to increase in ligands such as steroid 
hormone or interferon expression.

In addition to promoter elements that control 
gene expression at the transcriptional level, 
expression can be regulated posttranscriptionally. 
miRNA-dependent regulation of gene expression 
is presented as an alternative level of regulation 
(for review, see [32]). Typically, miRNAs are 
being developed to prevent off-target expression 
of the transgene. As a regulatory element, they 
are typically added to the 3′-UTR of the trans-
gene, where they direct the degradation of the 
transgene mRNA in the presence of a matching 
miRNA.  Advances in this technology are now 
allowing miRNAs to be used to enhance gene 
expression. By placing miRNA binding sites 
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between a translational inhibitory signal in the 
mRNA and the transgene, induction of expres-
sion is possible [33].

The SG presents a unique environment for 
expression and regulation of gene expression. In 
addition to viral promoters, many tissue-specific 
promoters have also been explored [34]. For local 
gene therapy, the use of tissue-specific promoters 
may have some advantages as it would limit off- 
target expression. In the SG, tissue-specific pro-
moters targeting ductal or acinar cells have been 
explored in the context of both nonviral vectors 
and adenoviral vectors. One promoter that 
showed good expression in the SG of both rat 
parotid cell line as well as in vivo animal studies, 
although weaker than more universal promoters 
such as CMV, RSV, and EF1a, was derived from 
the AQP5 promoter, which is an acinar cell- 
specific gene [34].

In consideration of the environment of a SG in 
Sjögren’s patients, the use of a CMV promoter 
has a number of advantages. Many studies have 
reported that SG is the preferred site of human 
CMV infection and that both acinar and ductal 
cells can be infected. Historically, CMV was 
referred to as the SG virus. Studies of this pro-
moter in context of human and rodent cell lines 
show that the human CMV promoter is not meth-
ylated in human cell lines, promoting long-term 
expression [35]. Finally, CMV is known to be 
further activated in an IFN-stimulated environ-
ment that likely exists in the SG of Sjögren’s 
patients due to the presence of NF-kB responsive 
elements in the promoter [36].

12.6  SS-like Animal Models Used 
in Preclinical Studies

The current understanding of SS identifies the 
disease as an autoimmune epithelitis of the SG 
(for review, see [37, 38]). Although genetics is 
likely important, it is thought to be induced by 
environmental factors such as virus infection, 
followed by stimulation of the innate and adap-
tive immune response with NK cells, DCs, Mф, 
and T and B lymphocytes. The outcome of the 
autoimmune epithelitis is exocrinopathy, local 

inflammation, and autoantibody production (for 
review, see [38]). In line with the multifactorial 
aspect of the disease that is associated with the 
etiology and pathogenesis of SS, numerous 
mouse models have been developed to mimic 
specific characteristics common to the human 
disease (for review, see [39, 40]). Existing mouse 
models that could be used for preclinical efficacy 
testing can be divided into two groups: inducers 
of epithelitis and spontaneous animal models.

12.6.1  Inducers of Autoimmune 
Epithelitis in SS

12.6.1.1  Loss of Epithelial Hemeostasis
Loss of epithelial homeostasis caused by tight 
junction deficiency is one of the critical factors to 
trigger the onset of autoimmune epithelitis in SS 
(for review, see [37]). Matriptase is a protease 
that is critical to maintain and regulate tight junc-
tions in salivary gland epithelia (Fig.  12.1, see 
“Autoimmune Epithelitis/Environmental Factors/
Loss of epithelial integrity”). In embryonic mice, 
ablation of matriptase resulted in the loss of 
secretory epithelial cell function and induction of 
autoimmunity similar to that observed in human 
SS, including lymphocytic infiltrates, production 
of SS-specific autoantibodies, and overall activa-
tion of the immune system. Acute ablation of 
matriptase expression locally in the SG resulted 
in significant SG dysfunction in the absence of 
immune activation [30]. Although all the pheno-
types associated with SS were observed in the 
matriptase-deficient model, the poor long-term 
survival of the mice makes it difficult to test the 
mice for a SS gene therapy study.

12.6.1.2  Autoimmune Epithelitis by 
Virus Infection

Extrinsic factors, especially viral infection, TLR 
activation of the innate immune response, in con-
cert with the activation of IFN pathway are 
another important trigger of autoimmune 
 epithelitis of SS (for review, see [37, 38]). 
Hepatitis delta virus (HDV) has been associated 
with the occurrence of SS [41] (Fig.  12.1, see 
“Autoimmune Epithelitis/Environmental Factors/
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Virus”). Expression of HDV antigens in mouse 
SG resulted in reduced stimulated saliva flow, an 
increase in focal lymphocytic infiltrates, and the 
development of autoantibodies [41]. In addition, 
Ad virus and CMV infections are reported to 
develop SS-like profiles [42, 43]. All these mod-
els could be useful in preclinical studies of the 
induction of SS or testing gene therapy 
applications.

12.6.1.3  Autoimmune Epithelitis by 
Immune Cells Activation/
Deletion

12.6.1.3.1 T Cell-Targeted
In CBA or SJL mice, thyroid-targeted expression 
of IL-12 in transgenic mice resulted in the devel-
opment of a SS-like disease with SG dysfunc-
tion, progressively increased gland infiltration 
over time and a consistent upregulation of ANA, 
and an age-dependent increase in autoantibodies 
against SSB/La [44]. In addition to its therapeu-
tic potential, gene therapy vectors offer excellent 
tools for functional genomic studies. 
Ad-mediated expression of IL-17 locally in the 
SG of mice can be used to activate critical auto-
immune T cells, Th17 cells, and induced a 
SS-like phenotype in C57BL/6 mice [45] that 
develops lymphocytic foci, increased cytokine 
levels, changes in ANA profiles, and temporal 
loss of saliva flow. This model was used to study 
anti-IL17-targeted gene therapy [46] (see below 
“Preclinical gene therapies studies in mice”). Id3 
is an important gene regulating in the regulation 
of T cell differentiation. Id3 conditional knock-
out in mice caused a disorder of T cell develop-
ment, and the mice exhibited gland dysfunction 
and lymphocytic infiltration SG and LG [47]. T 
cell-targeted deletion of stromal interaction mol-
ecule (STIM) 1 and STIM2 displays a SS-like 
phenotype [48] in the double-knockout (DKO) 
mouse.

12.6.1.3.2 Dendritic Cell (DC)-Targeted
DC immunoreceptor (DCIR) knockout mice 
spontaneously develop sialadenitis and epithelitis 
associated with elevated serum autoantibodies 
along with rheumatoid arthritis (RA) [49].

12.6.1.3.3 B Cell-Targeted
B cell activating cytokines, IL-14 and BAFF 
overexpression, induce not only a SS-like exocri-
nopathy, but also lymphoma, which is highly 
associated to abnormal B cell activation in SS 
[50].

12.6.1.3.4 Autoantigens
Several models have shown that immunization 
with a self-antigen in vivo may result in autoim-
mune inflammation in mice, which can be used as 
an efficient induction mechanism for the develop-
ment of SS-like phenotype in mice. Autoantigens, 
such as Ro60 or Ro52 peptides [51] [52], musca-
rinic acetylcholine type-3 (M3R) receptor [53], 
and carbonic anhydrase-II (CA-II) peptides [54], 
induce exocrinopathy, SG/LG lymphocytic infil-
tration, and autoantibodies, which are similar to 
human SS disease. Further research has suggested 
that a possible key regulator for the induction of 
SS in Ro peptide antigen- immunized mice might 
be IFN-γ producing Th1 cells [55].

The strategy to mimic autoimmune epithelitis 
is through triggering one aspect of the autoim-
mune disorder (Fig.  12.1, see “Autoimmune 
Epithelitis”). Although these models may show 
SS-like disease, they are limited representations of 
a heterogeneous disease. Therefore, a more com-
prehensive model that presents a complete SS pro-
file is needed to conduct gene therapy studies. 
Nevertheless, these models shed light on new ave-
nues and help explore novel gene therapies target-
ing various aspects of autoimmune epithelitis.

12.6.1.4  Epithelial Function- 
Associated Gene

Through the analysis of differentially expressed 
genes in the SG transcriptome, a previously unre-
ported increase in bone morphogenetic protein 6 
(BMP6) expression was observed [56]. BMP6 is 
an important cytokine in TGF-β super family. 
BMP6 has a role in autoimmunity as its overex-
pression in the skin of mice can induce a 
psoriasis- like condition, and its increased expres-
sion is observed in the SG of the nonobese dia-
betic (NOD) mouse model of autoimmunity [56, 
57]. Expression of BMP6 in the salivary or lacri-
mal gland of healthy mice resulted in gland dys-
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function, which is independent of the 
autoantibodies and immune activation associated 
with the disease [56]. A key finding for the loss of 
SG function in this model is that the overexpres-
sion of BMP6 altered AQP5 expression, a water 
channel protein that is critical for the salivation 
process. A recent study using inhibitors of BMP6 
signaling showed recovery of AQP5 in a mouse 
model of SS [58], which further supported target-
ing therapies for the treatment of SS to BMP6 or 
AQP5 as promising approaches in treating sali-
vary hypofunction [9] (Fig. 12.1, see “Epithelial 
Function-Associated Gene”).

12.6.2  Spontaneous Models

Over the past decade, scientists have developed 
inbred strains of mice that spontaneously develop 
a SS-like characteristics, including MRL/lpr 
mice, NZB/NZW mice, NOD, and NOD-derived 
strains such as NOD.B10-H2b mice [59] and 
C57BL/6.NOD-Aec1Aec2 mice [60], etc. (for 
review, see [40]). A complication in some of 
these models is the development of diabetes or 
other autoimmune diseases. The development of 
diabetes in NOD mice is problematic as it limits 
the life expectancy of the mice and can require 
insulin treatment to control blood sugar. Even 
then, variability in the development of disease is 
reported [61]. The NOD.B10-H2b [59] and 
C57BL/6.NOD-Aec1Aec2 [60] are two strains 
derived from the NOD background that only 
develop a SS-like phenotype.

The C57BL/6.NOD-Aec1Aec2 mice contain 
two loci from NOD mice in a C57BL/6 back-
ground and exhibit the full SS-like phenotype. In 
general, C57BL/6.NOD-Aec1Ace2 mice present 
a rapid SS-like disease progression and the devel-
opment of the hallmarks, exocrine gland lympho-
cytic infiltration, and dysfunction. In NOD mice, 
small salivary and lacrimal gland infiltration can 
occur by 8 weeks and are clearly identifiable by 
12–16 weeks of age, followed by secretory dys-
function by 16–20 weeks of age. Autoantibodies 
can also be detected in NOD mice during the 
8–16 weeks period. Disease progression is simi-
lar to the C57BL/6.NOD-Aec1Ace2 mice and 

can be divided into three phases: phase 1 (pre-
clinical stage, 0–8 weeks of age), phase 2 (clini-
cal stage, 8–16 weeks of age), and phase 3 
(full-blown disease stage, 16 weeks and older). 
The mouse strain exhibits pronounced secretory 
dysfunctions of the SG and LG during the phase 
2 and phase 3 [60, 62].

While the disease remains progressive, the 
survival and general condition of the C57BL/6.
NOD-Aec1Aec2 mice is stable, which makes it 
more ideal to be used as a SS model. Both sexes 
of C57BL/6.NOD-Aec1Aec2 mice develop 
SS-like disease with different features [60, 62, 
63]. The induction of SS disease in the C57BL/6.
NOD-Aec1Aec2 has been investigated in many 
aspects, including apoptotic events, genetic sus-
ceptibility, epigenetic changes, adaptive immune, 
and altered glandular homeostasis prior to innate 
and adaptive immune responses.

12.7  Preclinical Gene Therapies 
Studies in Mice

Several preclinical gene therapy studies have 
been undertaken to establish efficacy in the SS 
animal models. Many of these studies involve Ad 
or AAV vectors, which can direct localized sus-
tained expression in the submandibular galnd 
(SMG) of mice by retroductal cannulation [8]. 
Often a control group of mice is cannulated with 
a vector encoding LacZ or GFP. In both SG and 
systemic (serum) expression and secretion, the 
recombinant protein can be observed after retro-
ductal cannulation [64, 65]. SG function is mea-
sured by pilocarpine- stimulated saliva flow 
volume before gene delivery as baseline, and 
every 4–6 weeks during the study [8, 9, 46, 65]. 
The treatments and effects of these studies are 
summarized in Table 12.1.

12.7.1  Immunomodulatory Gene 
Therapies

Immunomodulatory gene therapies were 
designed to block pro-inflammatory cytokines or 
enhance protective cytokines to correct the auto-
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immune epithelitis in SS (Fig.  12.1, see 
“Autoimmune Epithelitis”).

12.7.1.1  Targeting Cytokines

12.7.1.1.1 Blocking Pro-inflammatory 
Cytokine: Tumor Necrosis Factor-α (TNF-α)
TNF-α is mainly produced by NK cells and Mф 
and is a master pro-inflammatory cytokine 
involved in the development, tissue damage, and 
dysfunction in a variety of autoimmune diseases 
such as SS, RA, and systemic lupus erythemato-
sus (SLE) [73, 74]. The revolutionary benefit 
seen in RA with inhibitors of TNF-α inspired 
several clinical trials in SS patients with mixed 
results [75, 76]. AAV2 vectors encoding soluble 
TNF-α receptor 1-IgG (AAV2-sTNFR1IgG) 
administered locally in the submandibular glands 
(SMG) of 8 weeks old female NOD mice resulted 
in decreased saliva flow, suggesting a negative 
effect on the protection of SG function. Although 
the local delivery to the SG showed a protective 
immune response with increased levels of TGF- 
β1 and decreased levels of Th1, Th2, and Th17 
cytokines, decreased TGF-β and increased T cell 
cytokine expressions were also detected in 
plasma [66].

12.7.1.1.2 Overexpressing Protective 
Cytokine: IL-10
Immunomodulatory gene therapy in SS can be 
achieved by the expression of protective cyto-
kines such as IL-10 and IL-27 (see below 
“Targeting Th17 cells”), which are important as 
enhancers of Treg cells and suppress Th17 cells 
in autoimmune diseases [77–80]. AAV vectors 
encoding human IL-10 (rAAVhIL-10) were 
delivered to female NOD by retrograde SMG 
cannulation or IM injection at age 8 weeks (early) 
or at 16 weeks (late). After submandibular admin-
istration of rAAVhIL-10, salivary flow rates at 20 
weeks for both the early and late treatment groups 
were significantly higher than for control vector 
treated and untreated mice. Systemic delivery of 
rAAVhIL-10 led to improved salivary flow in the 
late treatment group. Lymphocytic infiltrates in 
SG, however, were significantly reduced only in 
mice receiving rAAVhIL-10 locally in the 

SMG.  In addition, improvement in the blood 
sugar levels was also observed in the NOD mice 
when the IL-10 expression was targeted to the 
SG, indicating some systemic benefit of this 
treatment [8]. This study shows that expression 
of hIL-10 by rAAV vectors can have disease- 
modifying effects in the SG of NOD mice.

12.7.1.2  Targeting Co-Stimulatory 
Molecules

12.7.1.2.1 Cytotoxic T Lymphocyte 
Antigen-4 (CTLA-4)
The activation of autoimmune T cells and B cells 
requires co-stimulatory molecules. CTLA4 is 
one of the critical checkpoints that negatively 
regulates B7: CD28 co-stimulatory pathway 
between DC and T cells interaction. The negative 
regulation of CTLA4 is the result of competition 
with CD28 to bind B7–1/2 (CD80/ CD86) [79, 
81–83]. The recombinant fusion protein of 
CTLA4 and a constant immunoglobulin region 
(CTLA4IgG, Abatacept, Orencia) is a prescrip-
tion therapy for RA [84]. AAV2 vectors encoding 
a CTLA4IgG fusion protein was delivered to 
SMG of C57BL/6.NOD-Aec1Aec2 mice with 
early-stage disease at 8 weeks. Overexpression 
and secretion of CTLA4IgG both locally in SMG 
and systemically in the serum were observed. 
While the mice receiving control vector had a 
continuous decline of saliva, AAV2-CTLA4IgG- 
treated mice had a recovery of salivary flow to 
baseline level, which was sustained until the end 
point of the study at 30 weeks. Decreased T, B, 
DC, and Mф cells were also seen in the glands of 
AAV-CTLA4IgG-treated mice compared with 
controls. In addition, decreased pro- inflammatory 
cytokines and increased TGF-β1 expression were 
observed in the serum of CTLA4IgG-treated 
mice compared with controls [65]. In clinical tri-
als of abatacept, a mild disease stage-dependent 
improvement was reported [85].

12.7.1.2.2 CD40
CD40-CD154 (CD40 ligand) is another co- 
stimulatory pathway that is upregulated in the SG 
of SS patients [86]. Studies in NOD mice treated 
with an AAV vector encoding a soluble CD40 
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fused with human Fc (sCD40:Fc) and delivered 
to SMG reported a number of gene expression 
changes that were associated with immune regu-
lation. However, systemic and local markers of 
inflammation and exocrine gland function were 
not improved. These results would suggest that 
the level of expression of sCD40:Fc was not suf-
ficient or that targeting CD40 co-stimulation 
alone may not be sufficient to alter the progres-
sion of disease in NOD mice [87]. In a phase II 
clinical trial of the anti-CD40 monoclonal anti-
body CFZ533, a significant decrease in disease 
activity score and the germinal center-related 
chemokine, CXCL-13, was reported [67].

12.7.1.2.3 Intercellular Adhesion 
Molecule-1 (ICAM-1)
Another important co-stimulatory pathway in T 
and B cell communication is the intercellular 
adhesion molecule 1 (ICAM) and lymphocyte 
function-associated antigen-1 (LFA-1) interac-
tion. ICAM-1 expression was increased in the SG 
epithelial cells of SS patients [88]. SMG retro-
ductal cannulation of AAV vectors encoding a 
soluble ICAM-1:Fc fusion molecule was able to 
compete for binding of LFA-1 with cell- 
associated ICAM in young NOD mice and 
resulted in a decrease in lymphocytic foci and 
IgM in the SG. However, the same treatment in 
older mice with more advanced disease resulted 
in increased T cells in the gland and increase lev-
els of immunoglobulins, which is a marker of B 
cell activation. Stimulated salivary flow was 
unchanged in both early and late treatment groups 
[89]. The finding in older mice corresponded to 
the findings in a small phase 1 clinical trial of 
efalizumab, a monoclonal antibody that blocks 
the binding of LFA-1 to ICAM-1 in SS. Patients 
developed an increase in inflammation and wors-
ened SG function [68].

12.7.1.3  Targeting Th17 Cells

12.7.1.3.1 IL-17
IL-17 producing Th17 cells are one of the major 
pro-inflammatory cells involved in SS develop-
ment in patients and animal models. Functional 
genomics studies using AAV vectors to locally 

express IL-17 in the SG of healthy mice induced 
a SS-like disease [45, 90]. Two preclinical gene 
therapy studies have investigated IL-17 modu-
lation as an intervention for SS: (1) soluble 
IL-17 receptor (IL17R:Fc) [46] and (2) expres-
sion of IL-27, a regulatory cytokine for IL-17 
signaling [91].

Time course studies in the C57BL/6.
NODAec1Aec2 mouse model of SS showed 
expression of IL-17 suggesting its expression 
served as a key point in the progression of the 
disease [45]. SG gene therapy using Ad-5 vectors 
encoding IL17R:Fc delivered in SMG of 
C57BL/6.NODAec1Aec2 mice between 6 and 8 
weeks of age (a pre-disease stage) or 15–17 
weeks of age (a diseased stage) resulted in 
approximately 50% decrease of IL-17 and Th17 
cells in serum and spleen, respectively. These 
immunologic changes were accompanied by a 
significant amelioration of the SS-like phenotype 
in the mice, including decreased SG focus score 
(FS), recovery of SG function, and normalization 
of ANA levels. Ad-5 IL17R:Fc delivered in pre- 
disease mice maintained baseline saliva flow 
level till the end point of the study at 19 weeks 
post vector delivery. Ad-5 IL17R:Fc gene therapy 
in disease stage C57BL/6.NODAec1Aec2 mice 
resulted a 50% increase of salivary flow than 
baseline after 12 weeks post vector delivery, 
while the control group showed no change [46]. 
However, a phase II clinical trial to assess the 
effects of IL-17 antibody (secukinumab) in dry 
eye has been completed (NCT01250171), and it 
was shown that systemic administration of IL-17 
antibody does not influence the severity of dry 
eye sign and symptoms.

12.7.1.3.2 IL-27
A function of IL-27 is to inhibit the expression of 
IL-17A (commonly referred to as IL-17), and its 
expression reduces the severity of Th17-mediated 
autoimmune diseases [69, 92]. Gene therapy to 
decrease IL-17 activity by increasing expression 
of IL-27 has been tested in C57BL/6.NOD- 
Aec1Aec2 mice. Systemic expression of IL-27 
by IV injection in either 6 weeks old (pre- disease) 
or 14 weeks old (clinical disease) mice resulted 
in decreased IL-17 in the serum and moderation 
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of the disease phenotype in the mice. While mice 
treated with control vector or saline at 6 or 14 
weeks of age exhibited a relatively rapid loss in 
SFRs and remained low, the rAAV2-IL27-treated 
mice at 6 weeks of age showed a slow recovery 
starting at 4 weeks post cannulation and returned 
to baseline level by the end of the study at 20 
weeks post vector delivery. Mice treated with 
rAAV2-IL27 at 14 weeks of age also showed 
minor improvements in their saliva flow starting 
at 8 weeks post cannulation. These suggest that 
IL-27 gene therapy might prevent the continuous 
decrease of salivary function when treatment is 
done prior to the onset of disease and may par-
tially restore glandular function at a later stage. 
rAAV2-IL27 injections at different disease stages 
had little effect on FS but resulted in structural 
changes in LF, lower titers of ANAs with changes 
in staining patterns [69].

12.7.1.4  Targeting B Cells
APRIL and BAFF (BAFF/APRIL system) are 
members of TNF family and play pivotal roles in 
B cell activation, including augmentation of B 
cell antigen presentation, co-stimulation of B 
cells, B cell survival, regulation of B cell toler-
ance, and germinal center maintenance. BAFF 
binds to three receptors: BAFF-R, TACI, and 
BCMA, whereas APRIL interacts with TACI, 
BCMA, and proteoglycans [93]. BAFF expres-
sion was found in serum of SG epithelial cells 
from SS patients, and expression in transgenic 
mice induces SS-like phenotype [94–96].

12.7.1.4.1 B Cell-Activating Factor
The inhibition of BAFF in SS patients has been 
investigated in two large clinical studies and 
yielded promising results [97]. Although belim-
umab, an antibody to BAFF, did not show clinical 
benefits on glandular inflammation or function, 
there was an improvement in patient outcome 
and disease activity score. Gene therapy locally 
targeting BAFF expression has also yielded 
promising results. Rather than blocking the effect 
of circulating BAFF protein, the approach used 
in local gene therapy was to block BAFF expres-
sion intracellularly by changing the splicing of 
the natural message for BAFF to produce a trun-

cated form (ΔBAFF), which is a physiological 
inhibitor of BAFF. An AAV vector containing a 
modified U7 promoter was able to induce exon 
skipping in the mouse BAFF mRNA. When this 
vector was retroductally cannulated into the 
SMG of 8 weeks old female NOD mice, by week 
20, BAFF protein expression was significantly 
reduced along with a decrease in FS, B lympho-
cytes, and plasma cells in the gland. The ΔBAFF 
local overexpression mice had more than 60% 
increase in salivary flow compared with the con-
trol vector group. These preclinical studies fur-
ther support local blockage of BAFF as a 
therapeutic approach to the treatment of SS [98].

12.7.1.4.2 Transmembrane Activator 
and CAML Interactor (TACI)
TACI acts as a shared receptor for both BAFF 
and APRIL signaling. Blockade of this receptor 
with a recombinant form of the receptor was 
shown to delay the onset of disease in mouse 
models of SLE [70]. Therefore, it would appear 
to be an attractive target for intervention in 
SS. Preclinical studies in NOD mice treated with 
AAV vectors that encoded a soluble form of the 
TACI receptor fusion protein showed a signifi-
cant reduction in FS as well as changes in IgD+ 
cells and CD138+ B cells with decreased produc-
tion of IgG and IgM compared to control mice. 
However, SG function was not improved in the 
TACI-treated mice. Further studies are needed to 
evaluate dual blockade of APRIL and BAFF by 
sTACI:Fc as a treatment for SS [99].

12.7.1.5  Targeting Neuroendocrine- 
Immune Regulator

12.7.1.5.1  Vasoactive Intestinal Peptide 
(VIP)

Vasoactive intestinal peptide (VIP) is a 
neuroendocrine- immune regulator and was 
reported to ameliorate RA in animal models via a 
shift from Th1 to Th2 response or by downregu-
lating NF-kB activity [71, 100]. 1010 particles/
gland of rAAV2hVIPAAV2-VIP was delivered to 
SMG of female NOD mice at 8 weeks of age. 
Eight weeks after vector delivery, the salivary 
flow rates for the rAAV2LacZ and rAAV2hVIP 
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group were about two times higher than the con-
trol vector group. Although FS did not change, a 
decrease in pro-inflammatory cytokines and full 
recovery of gland function suggest that VIP is a 
promising therapeutics in SS [101].

12.7.2  Non-immunomodulatory 
Gene Therapies

12.7.2.1  AQP1
In addition to gene therapy as an approach to 
modulating the immune imbalance in SS, gene 
therapy could also be used to directly restore 
secretory function in the glands by expression of 
rate-limiting proteins in the secretion of saliva 
that are inhibited during the course of disease. In 
SG, the water channel molecule, AQP5, on acinar 
cells is crucial in the initiation of fluid movement 
that leads to saliva secretion. Altered AQP5 
expression has been reported in many studies of 
SS patients and mouse models of the disease [29, 
56] (Fig.  12.1, see “Epithelial Function- 
Associated Gene”). AQP5 allows the movement 
of water across the membrane in response to the 
osmotic gradient created by the release of chlo-
ride ions into the lumen of the gland. AQP gene 
therapy to repair membrane water permeability 
defects has been tested in animal models of SG 
hypofunction induced by radiation damage [17, 
72, 102] to the gland and also in a clinical trial for 
radiation-induced SG hypofunction with positive 
results reported [22, 103, 104]. In these studies, 
the expression and function of AQP5 is replaced 
by the expression of AQP1, another member of 
the AQP family, which shows membrane 
polarization- independent distribution. 
Furthermore, unlike AQP5, which is regulated by 
the transient receptor potential 4, (TRP4) in the 
SG, AQP1 is not reported to be regulated [105]. 
Thus, expression of AQP1 would create a facili-
tated pathway for water to move through a cell in 
response to an osmotic gradient.

Positive effect of SG-targeted AQP gene ther-
apy was observed in both BMP6 SG overexpress-
ing mice and C57BL/6.NOD-Aec1Aec2 mice 
with established late-stage disease [9]. At a dose 

of 1011 particles/mouse, secretory function was 
improved by more than 70% at 4 weeks post can-
nulation in BMP6 SG overexpressing mice. In 
the C57BL/6.NOD-Aec1Aec2 mice treated with 
AQP1 SG gene therapy, a 400% increase in saliva 
flow was observed with significant downregula-
tion of overall inflammation in SG and serum, 
including decreased Th1 and Th17 cells and 
increased Treg cells. This local gene therapy with 
AQP1 also improved systemic inflammation. 
Although the mechanism is not clear, restoration 
of flow could lead to decreased antigen exposure, 
lowering glandular inflammation and inducing a 
return to immune homeostasis. Interestingly, 
SG-targeted AQP gene therapy also significantly 
increased secretory function at a distal site, the 
LG [9].

12.8  Future Therapeutic Targets 
in Gene Therapy

Gene therapy is rapidly advancing from concept 
to preclinical to drugs for treating a number of 
diseases. A key aspect of future development for 
the field is the vectors used to deliver the genes 
and the regulation of the therapeutics expression. 
Although AAV is showing promise as a vector 
platform, it has limitations in packaging size, 
immunogenicity, and persistence of expression in 
dividing cells.

With respect to gene therapy for SS, new vec-
tors with enhanced transduction activity for aci-
nar cells will be a benefit. This will both improve 
the therapeutic index and reduce the potential for 
an immune response to the vector. However, the 
future will largely be dictated by developing a 
better understanding of the underlying pathology 
of the disease so that therapies can target under-
lying causes rather than simply treating symp-
toms. Understanding environmental triggers 
responsible for the initiation of the disease would 
open several new avenues for therapy. In gene 
therapy, this could result in developing vectors 
that initiate the expression of neutralizing anti-
bodies to a contributing pathogen or siRNA pro-
ducing vectors that silence the pathogen or the 
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inflammatory pathway. Likewise, future treat-
ments will rely on understanding the elements of 
the genetic predisposition that allows the devel-
opment of SS upon the introduction of an envi-
ronmental trigger.

By understanding epigenetic regulators of 
SS, key drivers for the disease can be identi-
fied, and regulation of autoreactive immune 
cells can be achieved. Initial steps for this 
approach are to understand the regulatory net-
work of the SG gene expression [106] and to 
improve glandular dysfunction by turning on 
silent genes in acinar cells, such as AQP1, 
instead of adding a new gene [107]. Future 
work may involve utilization of targeted 
CRISPR/Cas-based activators or repressors to 
regulate specific pathways rather than intro-
ducing a single gene. In the near future, gene 
therapy with AQPs promises a good likelihood 
of success in addressing salivary hypofunc-
tion, which is a chief complaint of SS patients. 
Resolution of markers of inflammation by 
AQPs will need a close consideration and 
evaluation. Given the overall advances in the 
field and the promising preclinical results with 
animal models of SS, rapid progress in gene 
therapy is warranted.

12.9  Concluding Thoughts

In summary, the variety of preclinical studies 
in gene therapies provide both useful informa-
tion and directions for future clinical applica-
tion as well as advance an understanding of the 
basic imbalance associated with SS. The results 
also provide valuable reference for other auto-
immune diseases. Although it has not been 
reported yet, advances in siRNA, CRISPR, and 
CAR-T combined with gene therapy may pres-
ent new opportunities for the treatment of this 
disease.
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Clinical Management of Dry Eye 
in Sjögren’s Syndrome

Joon Young Hyon

Dry eye is defined as a multifactorial disease of 
the ocular surface characterized by a loss of 
homeostasis of the tear film, which is accompa-
nied by ocular symptoms [1]. Dry eye is classi-
fied into two primary categories, aqueous 
deficient or evaporative, and Sjögren’s syn-
drome is major subcategory of aqueous deficient 
dry eye [2].

Dry eye or keratoconjunctivitis sicca, along 
with dry mouth, is one of the hallmarks of clini-
cal manifestations in Sjögren’s syndrome. Dry 
eye in Sjögren’s syndrome typically accompanies 
with decreased tear secretion. Symptoms of dry 
eye vary from lack of ocular symptoms to devas-
tating ocular soreness and decreased visual acu-
ity. However, it is well known that ocular 
symptom does not correlate well with signs of 
keratoconjunctivitis sicca, such as corneal/con-
junctival epithelial erosion and corneal filaments 
[3]. Thus, thorough ocular evaluation should be 
performed to assess ocular surface damage and 
residual lacrimal gland function irrespective of 
ocular symptoms.

13.1  Diagnosis of Dry Eye

Four aspects should be evaluated for the diagno-
sis of dry eye: (1) tear production, (2) tear film 
stability, (3) ocular surface damage, and (4) 
patient symptom.

Schirmer’s test is a conventional method to 
measure tear production by placing a strip of 
paper onto the lateral one-third of lower lid 
margin, and the length of wetting after 5 min is 
measured as a score. It is performed without 
topical anesthesia to assess basic tear secretion 
and reflex tearing as well. The cutoff value of 
≤5 mm/5 min [4] or ≤10 mm/5 min [5] is pro-
posed for the diagnosis of dry eye. However, 
tear secretion ≤5 mm/5  min is typically used 
for the classification criteria for Sjögren’s 
syndrome.

Strip meniscometry, a variation of Schirmer’s 
test, is to measure tear volume from tear menis-
cus. It takes only 5 s to measure and is reported to 
have 81% sensitivity and 99% specificity when 
combined with tear breakup time (TBUT) in the 
diagnosis of dry eye [6]. However, diagnostic 
efficacy of strip meniscometry for Sjögren’s syn-
drome is not established well.

TBUT is the time interval between a blink and 
the first appearance of a break spot in the tear 
film. The most frequently employed test is fluo-
rescein breakup time, in which 1.0–2.0% sodium 
fluorescein solution is used to stain tear film, and 
the cutoff value of ≤5 or ≤10 s is used. The cutoff 
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value of TBUT ≤10 s is generally used, and 
 cutoff value of ≤5 s was suggested when small 
volumes of fluorescein are installed [7]. The sen-
sitivity and specificity of the test have been 
reported to be 72.2% and 61.6% in Sjögren’s syn-
drome [8]. Noninvasive TBUT can be measured 
without using fluorescein solution using interfer-
ometry [9] or through observation of reflection 
from the ocular surface.

Punctate or patchy patterns of ocular surface 
staining is a key feature of many ocular surface 
conditions, and ocular surface staining with topi-
cal dyes is routinely used in the diagnosis and 
management of dry eye. Rose bengal has been 
used to stain ocular surface epithelial cells that 
are not protected by mucin. However, Rose ben-
gal has been replaced by 1% lissamine green due 
to its cytotoxicity. Recently, double dye using 
fluorescein and lissamine green is employed to 
evaluate ocular surface damage from dryness and 
inflammation [10]. Various scoring systems of 
ocular surface staining are used in an office set-
ting and for clinical studies. Recently, the 
Sjögren’s International Collaborative Clinical 
Alliance (SICCA) grading system for corneal 
fluorescein and conjunctival lissamine staining 
pattern (SICCA ocular staining score [OSS]) is 
used as the key ocular diagnostic parameter for 
diagnosis of Sjögren’s syndrome (Table  13.1). 
The OSS is based on lissamine green and fluores-
cein staining, and an abnormal OSS of ≥5 (or van 
Bijsterveld score of ≥4) is considered to be posi-
tive. Grading of cornea, nasal conjunctiva, and 
temporal conjunctiva is performed with points 
from 0 to 3, and extra points can be added up to 3 
according to corneal fluorescein pattern (1 point 
each for patches of confluent staining, staining in 
pupillary area, and one or more filaments) [11] 
(Fig. 13.1).

Ocular symptoms of dry eye in Sjögren’s syn-
drome include dryness, itching, eye fatigue, for-
eign body sensation, discharge, injection, or 
soreness. Patients also complain visual symp-
toms, such as decreased vision, visual fluctua-
tion, decrease in contrast, or blurry vision. 2016 
ACR-EULAR classification criteria adopted the 
definition of ocular symptoms from 2002 AECG 
definition [12, 13]. Having ocular symptoms 

were defined as 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?

Various other questionnaires are available to 
assess patients’ symptoms and provide an oppor-
tunity for screening patients with potential dry 
eye [14–18]. Ocular Surface Disease Index 
(OSDI) is the most frequently used tool that con-
sists of 12 questions regarding ocular symptoms, 
triggering factors, and impact on visual function 
[16]. OSDI has been validated for discriminating 
between normal, mild to moderate, and severe 
dry eye. Subjective symptom and objective sign 

Table 13.1 Ocular SICCA grading

Score Cornea Conjunctiva
0 No PEE 0–9 dots
1 1–5 PEE 10–32 dots
2 6–30 

PEE
33–100 dots

3 >30 PEE >100 dots (or confluent staining 
≥4 mm2)

An additional point is added if:
 1. PEE in the central 4 mm of the cornea
 2. One or more filaments
 3. One or more patches of confluent staining

Fig. 13.1 Fluorescein staining of the cornea in a 
Sjögren’s syndrome patient shows patches of confluent 
staining (a) and filament (b)
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poorly correlated each other in dry eye. In addi-
tion, it has been reported that corneal sensitivity 
is often decreased in patients with Sjögren’s syn-
drome [19, 20]. It is speculated that chronic irri-
tation on the ocular surface results in neuropathic 
condition following earlier hyperesthesia phase. 
It is not uncommon that Sjögren’s syndrome 
patient with severe ocular surface damage often 
lacks ocular symptom and complains visual 
symptom only.

One of the main indicators of dry eye is 
increased tear osmolarity. Hyperosmolarity 
results in cascade of inflammatory events involv-
ing mitogen-activated protein (MAP) kinases and 
the nuclear factor kappa-light-chain-enhancer of 
activated B cells (NF-kB) signaling pathway and 
is considered as one of the key “core mecha-
nisms” in the pathogenesis of dry eye [21, 22]. 
Tear hyperosmolarity is reported to be a hallmark 
of dry eye disease [23] although there have been 
several publications disputing the efficacy of tear 
osmometer in the diagnosis dry eye [24–27]. 
High tear osmolarity in Sjögren’s syndrome 
patients is reported to be correlated with low 
Schirmer score and low OSDI score [28]. 
However, measuring tear osmolarity is not always 
feasible for Sjögren’s syndrome patients in the 
clinical setting because of difficulty in acquiring 
enough amount of tear from Sjögren’s syndrome 
patients.

Dry eye often has comorbid meibomian gland 
dysfunction (MGD) to which tear film instability 
and ocular surface change may be attributed. It 
has been reported that destruction of meibomian 
glands is also associated with change in the ocu-
lar surface in patient with Sjögren’s syndrome 
[29]. Meibomian glands are holocrine glands 
embedded in tarsal plates along the upper and 
lower rims of eyelid [30]. They produce meibum 
and contribute to formation of lipid layer of tear 
film which prevents tear film from evaporation. 
MGD is the major cause of evaporative dry eye, 
and loss or alteration of the meibomian glands 
results in hyposecretion of meibum, and evapora-
tion of aqueous tear film [31]. The frequency of 
MGD is also higher in Sjögren’s syndrome 
patients than in the normal population. 

Meibomian gland is known to be androgen target 
organ, and insufficiency of androgen can increase 
the risk of MGD [32]. Women with Sjögren’s 
syndrome were proven to be androgen-deficient, 
which is thought to contribute to higher incidence 
of MGD in Sjögren’s syndrome than in normal 
population [33].  Recently introduced meibogra-
phy is a useful procedure for visualizing meibo-
mian gland morphology. It can assess the severity 
of gland destruction and identify evaporative 
component of disease. A diagnostic device that 
provides meibography image using near-infrared 
illumination and measures lipid layer thickness 
of tear film using interferometer is available as 
well. Sometimes, feasibility of this test can be 
limited because Sjögren’s syndrome patients 
have very little aqueous component in their tear 
film, which confound the interpretation of lipid 
layer thickness measurement.

13.2  Treatment of Dry Eye 
in Sjögren’s Syndrome

Tear film is composed of three layers, and each 
layer performs its own function to maintain and 
stabilize tear film. The innermost mucus layer 
which has a direct contact with corneal epithe-
lium contains mucin, immunoglobulins, glucose, 
and enzymes [34]. The mucus layer anchors 
aqueous layer to the cornea and provides hydro-
philic environment enabling even spread of aque-
ous layer. The aqueous layer is between mucus 
and lipid layer, and tear film liquid is continu-
ously secreted by lacrimal gland, then drained 
into nasolacrimal duct eliminating dirty particles. 
And it also lubricates the cornea during blinking 
and prevents dehydration of tear film as well. The 
outermost layer is lipid layer, and it keeps tear 
film stability by reducing surface tension and by 
providing tear film re-spreading [35]. Imbalances 
or dysfunction of any of three layers above can 
induce tear film instability, and specific type of 
dry eye can occur according to which layer is 
invaded.

Dry eye has two major categories, aqueous 
deficient and evaporative. However, these two 
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components are mixed and overlapped in a cer-
tain clinical case. Proper diagnosis and 
 classification to determine which component is 
dominant in a specific patient is important to 
establish treatment strategy. Sjögren’s syndrome 
is well-known as a typical example of aqueous 
deficient dry eye. However, evaporative compo-
nent still may exist in Sjögren’s syndrome dry 
eye patient. Main treatment of target of dry eye in 
Sjögren’s syndrome is aqueous component of 
tear film. Treatment scheme includes tear replace-
ment, tear retention, and stimulation of tear 
secretion. Treatment is also aimed at controlling 
ocular surface inflammation and improving ocu-
lar surface homeostasis.

13.2.1  Lubricant

Topical lubricants, or artificial tears, are first-line 
therapies of dry eye. Basic rationale is to replenish 
tear film and lubricate the ocular surface. Artificial 
tear products vary in their active ingredients, vis-
cosity, osmolarity, and preservatives. Common 
active ingredients are carboxymethyl cellulose, 
hydroxypropyl methylcellulose, hyaluronic acid, 
hydroxypropyl-guar, and hydroxypropyl cellulose. 
There have been a few publications reporting that 
hyaluronic acid-based artificial tear has advantage 
over other polymer- based lubricants in promoting 
epithelial healing [36, 37]. Sjögren’s syndrome 
patients often instill artificial tears with very fre-
quent dose for almost lifelong period, thus preser-
vative-free formulation is recommended to prevent 
potential ocular toxicity by preservatives. Artificial 
tear with high viscosity tends to stay longer on the 
ocular surface and enhances lubrication, but also 
causes blurry vision after instillation of eye drops. 
Very high viscous artificial tears or gel-type poly-
mer may be used before bedtime. Several hypo-
tonic artificial tears have been introduced to 
compensate hyperosmolarity of tear film and, thus, 
to subside osmolarity-induced inflammation. 
Although some reports suggest that hypotonic arti-
ficial tear can be beneficial to corneo- conjunctival 
epithelium [38, 39], impact of intermittent instilla-
tion of hypotonic artificial tear on long-term effect 
of tear osmolarity remains in question.

13.2.2  Secretagogues

Oral cholinergic agonists, pilocarpine and cev-
imeline, may have beneficial effects on symp-
toms and reduction in OSS, while they have 
failed to show improvement in tear production 
[40–42]. Oral secretagogues are generally con-
sidered to have greater effects on dry mouth than 
dry eye. Diquafosol is a P2Y2 receptor agonist 
that stimulates water transportation across con-
junctival epithelial cells and mucin secretion 
from goblet cells. Commercial product as 3% 
diquafosol sodium ophthalmic solution is avail-
able in some country such as Japan and South 
Korea. It has not been approved by FDA in the 
United States. Several clinical trials suggest that 
diquafosol is useful in various dry eye condition, 
including aqueous deficient dry eye, MGD, 
Sjögren’s syndrome, and dry eye following ocu-
lar surgery [43–47]. Yokoi et  al. reported that 
topical installation of 3% diquafosol sodium sig-
nificantly increased tear meniscus radius from 
0.16 ± 0.07 to 0.21 ± 0.08 mm in Sjögren’s syn-
drome patients [43]. Rebamipide is a mucin 
secretagogue, and 2% rebamipide ophthalmic 
solution has been approved for the treatment dry 
eye. It has been reported that fluorescein score 
was decreased from 0.5 ± 1.1 to 0.2 ± 0.4, and 
TBUT was increased from 2.4 ± 1.0 to 4.1 ± 1.0 
after 2 weeks treatment with topical rebamipide 
in short TBUT type of dry eye. This study also 
showed that dry eye symptoms including foreign 
body sensation, dryness, photophobia, eye pain, 
and blurred vision improved or stayed unchanged 
without worsening after 4 weeks [48].

13.2.3  Topical Corticosteroid

Inflammation plays major role in the develop-
ment and progression of dry eye. Infiltration of 
activated T cells is found in the lacrimal gland of 
Sjögren’s syndrome, which results in the destruc-
tion of acinar and ductular tissue and hypopro-
duction of the tear. Hyperosmolarity of tear film 
induces inflammation on the ocular surface cells, 
which leads to expression of inflammatory cyto-
kines and matrix metalloproteinases (MMPs). 
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Chronic inflammation in the ocular surface 
results in the death of surface epithelial cells and 
goblet cells.

Corticosteroid is the potent anti-inflammatory 
agent, and topical corticosteroid effectively 
improves symptoms, corneal staining, and fila-
mentary keratitis in Sjögren’s syndrome patients. 
While topical corticosteroids are indispensable in 
the management of ocular surface inflammation 
in Sjögren’s syndrome dry eye, there is a risk of 
developing steroid-induced cataract, increased 
intraocular pressure, and ocular surface infection. 
Topical corticosteroids are usually employed as 
short-term use for moderate-to-severe disease.

13.2.4  Cyclosporine A

Cyclosporine A is an immunomodulatory agent 
with anti-inflammatory activities, which inhibits 
IL-2 expression and subsequent activation of 
CD4+/CD8+ T lymphocytes. Ophthalmic solu-
tion 0.05% is available as a commercial formula-
tion and approved for the treatment of 
moderate-to-severe dry eye. In phase III study, 
topical cyclosporine A improved corneal stain-
ing, Schirmer values, and subjective symptoms in 
Sjögren’s syndrome and non-Sjögren’s syndrome 
dry eye patients. Cyclosporine A also decreased 
the number of activated conjunctival lymphocyte, 
increased conjunctival goblet cells, and reduced 
expression of pre-apoptotic marker such as 
CD40, CD40 ligand, and Fas in dry eye patients 
with or without Sjögren’s syndrome [49]. 
Randomized controlled trial showed that subjec-
tive symptoms such as burning and pricking sen-
sation, light sensitivity and pain as well as 
objective signs including Schirmer’s test, TBUT, 
and redness were significantly improved after 1 
week and 1 month of treatment with 0.05% 
cyclosporine A in Sjögren’s syndrome patients 
when compared to placebo treatment [50].

13.2.5  Lifitegrast

Lifitegrast downregulates T cell-mediated inflam-
mation by blocking the interaction of intracellu-

lar adhesion molecule 1 (ICAM-1) and integrin, 
lymphocyte function-associated antigen (LFA- 
1). Lifitegrast 5% ophthalmic solution achieved 
significant improvement of inferior corneal stain-
ing and eye dryness symptoms score after 12 
weeks of treatment in phase 2 and phase 3 clini-
cal trials, then received FDA approval for the 
treatment of signs and symptoms of dry eye [51, 
52]. Animal study showed that lifitegrast inhib-
ited desiccation stress-induced interferon gamma 
(IFN-r) expression and Sjögren’s syndrome-like 
keratoconjunctivitis sicca in the dry eye mouse 
model [53].

13.2.6  Blood Derivatives

Serum contains biologically active molecules, 
such as nutrient content, vitamins, and growth 
factors, which are similar to those of tear fluid. 
Autologous serum has been used to treat severe 
ocular surface disease including Sjögren’s syn-
drome since 1980s [54, 55]. Various concentra-
tion of serum from 20 to 50% have been reported, 
and there are many Level I studies that have 
shown beneficial effects on symptoms, TBUT, 
OSS, and epithelial healing in Sjögren’s syn-
drome [55–60]. Platelet also contains several 
growth factors with regenerative capabilities. 
Platelet-rich plasma, plasma rich in growth fac-
tors, and plasma lysate with different preparation 
protocol have been reported the efficacy of plate-
let preparation in reducing symptoms and 
improving ocular surface staining [61].

13.2.7  Bandage Contact Lens

Therapeutic soft contact lens provides mechani-
cal protection and retention of tear film. Bandage 
contact lens reduces pain and discomfort, and 
also promotes epithelial healing by preventing 
desiccation of ocular surface. However, use of 
contact lens on the already compromised ocular 
surface would increase the risk of microbial 
keratitis. Bandage contact lens is usually pre-
scribed for short-term use. It may be worn for 
long-term with careful follow-up and concomi-
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tant use of prophylactic topical antibiotics. 
Silicone hydrogel is high oxygen permeable soft 
contact lens material and is suitable for the 
patients with ocular surface disease, which is 
susceptible to hypoxic damage [62]. A prospec-
tive, randomized study showed that bandage 
contact lens has more beneficial effects on OSDI 
scores and corneal staining scores than autolo-
gous serum in Sjögren’s syndrome-associate dry 
eye patients [56].

13.2.8  Tear Retention

Sjögren’s syndrome patients typically have very 
low Schirmer score, and it is not uncommon that 
Schirmer score is zero in these patients. Treatment 
strategies to accumulate as much tears as possible 
on the ocular surface include punctal plugs or 
occlusion goggles. Occlusion goggles creates 
moisture chamber by providing tight sealing of 
periocular space and protects the cornea from 
wind, dust, and other irritants. By doing so, 
symptoms of dry eye are alleviated and patients 
feel more comfortable during and after wearing 
occlusion goggles. Secreted tears on the ocular 
surface drain to the lacrimal sac through the 
upper and lower punctum in the medial eyelid. 
Punctal plugs are either absorbable/“temporary” 
or nonabsorbable/“permanent” (Fig.  13.2). 
Temporary punctal plugs reside in the canalicu-
lus for 1–4 months and dissolve afterward. It is 
used to relieve symptoms and signs when there is 
aggravation from seasonal or environmental trig-
gers, or as a “test” procedure before permanent 
punctal plugs or punctal occlusion. Punctal 
occlusion is the surgical procedure including 
cauterization, suturing, or canalicular ligation. It 
is reserved for the patients who have benefit from 
the punctal plugs but are unable to maintain the 
device.

Various inflammatory cytokines in the tear 
film and from the surface epithelial cells can be 
also accumulated on the ocular surface with tear 
retention procedure. Earlier or concurrent use of 
topical corticosteroid or other anti-inflammatory 
agents is needed to prevent increased inflamma-
tory response after tear retention. Randomized 

controlled trials have shown that punctal plugs 
resulted in improvement of OSDI, corneal fluo-
rescein staining, Schirmer score, TBUT, rose 
bengal score, and symptoms in Sjögren’s syn-
drome dry eye patients [63, 64].

13.2.9  Essential Fatty Acids

Essential fatty acids are based on linoleic acid 
(LA) [omega-6 group], and alpha-linoleic acid 
(ALA) [omega-3 fatty group]. As they can be 
not synthesized in the body, it should be pro-
vided from dietary sources. The long chain 
omega-3, eicosapentaenoic acid (EPA) and 
docosahexaenoic acid (DHA), can be synthe-
sized from ALA, but with low conversion effi-
ciency. Therefore, dietary intake oral 
supplementation of the long chain omega-3 is 
recommended for its anti- inflammatory effects 
in dry eye patients.

Several randomized controlled trials have 
shown that oral n-3 fatty acids, in the form of 
EPA and DHA, result in improvement in symp-
toms, Schirmer score, or TBUT [65–67]. 
However, recent a large multicenter, double-blind 
clinical study failed to show the benefit of 
omega-3 supplementation for the treatment of 
dry eye [68]. There is little evidence that essential 
fatty acids supplement is beneficial for the ocular 
complications of Sjögren’s syndrome. One 
double- masked randomized controlled trial com-
pared the oral daily dose of LA 112  mg and 

Fig. 13.2 Illustration of the right eye shows inserted tem-
porary punctal plug (upper canaliculus, in purple) and 
permanent punctal plug (lower canaliculus, in gray)
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gamma-linolenic acid (GLA) 15 mg and placebo 
for 1 month in Sjögren’s syndrome and showed 
improvement of symptoms and corneal staining 
scores [69].

13.3  Summary

Impact of proper tear secretion on visual function 
in daily life is profound. Comprehensive ocular 
evaluation should be performed to assess the 
severity of dry eye condition and its etiologic fac-
tors in patients. Sjögren’s syndrome patients fre-
quently presented with dry eye symptoms in the 
eye clinic. Careful history taking of the patients 
would identify the possibility of autoimmune 
Sjögren’s syndrome in those patients. Treatment 
strategy usually follows a stepwise approach as 
ocular lubricant alone is not usually sufficient to 
relieve symptoms and manage inflammatory pro-
cess in Sjögren’s syndrome patients. There are 
new attempts to relieve dry eye symptoms of 
Sjögren’s syndrome by using biological agents 
such as rituximab and abatacept as well as 
interferon- based therapeutic strategies, but long- 
term clinical studies are necessary to confirm 
their efficacy in Sjögren’s syndrome [70]. Timely 
application of anti-inflammatory treatment is 
critical in the long-term management of Sjögren’s 
syndrome-related dry eye.
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