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Sjdgren’s syndrome (SS) is a chronic, systemic, inflammatory autoimmune disease
characterized by lymphocyte proliferation and progressive damage to exocrine glands.
The diagnosis of SS is challenging due to its complicated clinical manifestations and
non-specific signs. Salivary gland biopsy plays an important role in the diagnosis of SS,
especially with anti-Sjégren’s syndrome antigen A (SSA) and anti-SSB antibody negativity.
Histopathology based on biopsy has clinical significance for disease stratification and
prognosis evaluation, such as risk assessment for the development of non-Hodgkin’s
lymphoma. Furthermore, histopathological changes of salivary gland may be implicated
in evaluating the efficacy of biological agents in SS. In this review, we summarize the
histopathological features of salivary gland, the mechanism of histopathological changes
and their clinical significance, as well as non-invasive imaging techniques of salivary
glands as a potential alternative to salivary gland biopsy in SS.
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INTRODUCTION

Sjogren’s syndrome (SS) is a chronic, systemic, inflammatory autoimmune disease characterized by
lymphocyte proliferation and progressive damage to exocrine glands. In addition to impairment
of salivary gland and lacrimal gland function, SS is frequently accompanied by multiple serum
autoantibodies and systemic organ involvement that has a huge impact on the long-term quality of
life of patients (1). The prevalence of SS in the general population is ~0.5% (2), with 0.33-0.77%
reported in China (3).

Salivary gland histopathology based on salivary gland biopsy plays an important role in the
diagnosis of SS and therefore broadly applied in clinical practice (4). Currently, minor salivary
gland biopsy is the most common and the best method to determine the salivary gland composition
in SS in clinical setting due to its disease specificity, wide availability, and minimal invasiveness.
According to the classification criteria for SS, labial salivary gland biopsy (LSGB) is mandatory,
especially with anti-SSA and anti-SSB antibody negativity (5-7). LSGB can also be used for disease
stratification and prognostic evaluation. Therefore, in this review, we focus on the histopathological
features and the mechanism of histopathological changes of LSGB, as well as their clinical
significance in SS.

SAMPLING METHOD OF SALIVARY GLAND BIOPSY

The traditional biopsy method is primarily lip gland biopsy due to the size of the wound. The
lower lip is easier to manipulate and the risk of excessive bleeding is very small, therefore, the
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lower lip is generally selected as the site for biopsy (8). The
general recommendation is a 0.5-1cm long fusiform incision
from the lower lip mucosa to the muscle layer (9). The gland
tissue should include at least four small salivary glands and the
minimum gland surface area should be 8 mm?. If the salivary
glands are too small (<2 mm), 6 glands should be taken (10).

By combining haematoxylin-eosin (H&E) staining with
immunohistochemical staining, lymphocyte infiltration in LSGB
can be well-identified, increasing the certainty of diagnosis.
However, due to the high cost, immunohistochemistry is not
widely used in clinical practice and may only be considered when
the diagnosis is difficult or unclear (11). Sarioglu et al. considered
that increasing the number of foci at multiple section levels and
the total surface area to calculate the accumulative focus score
might improve diagnostic performance and accuracy (10, 12).
Detection of specific proteomic biomarkers in labial gland tissues
can also help to improve diagnostic accuracy (13). Ultrahigh-
frequency ultrasonography, a recently introduced diagnostic
technique, may be implemented to guide LSGB by digital imaging
and improve the detection rate (14).

HISTOPATHOLOGICAL FEATURES OF
SALIVARY GLANDS

The salivary gland is composed of parenchyma and stroma. The
parenchyma contains a basic secretory unit, sebaceous gland
and myoepithelial cells, and the basic secretory unit includes
the acinus and duct system that consists of a moistening tube,
secretory tube and excretory tube (15). Normal parenchyma with
mucinous acini is shown in Figure 1A (16).

The histopathological features of salivary glands in SS
include parenchymal and ductal changes. A decrease or even
disappearance of acini, lymphocyte infiltration and proliferation
of the lining cells, and formation of epimyoepithelial cell islands
can be observed in the salivary glands of patients with SS
(8). Furthermore, focal inflammation in salivary gland tissue is
usually accompanied by acinar atrophy, ductal dilatation, and
fibrosis. Another prominent feature is the presence of adipose
tissue, the significance of which for the pathology of the labial
gland is still controversial (17). Lobular fibrosis, often ignored
in labial gland pathology, is also related to the severity of
inflammation (18).

Although the mechanism triggering salivary gland
inflammation remains unclear, some studies suggest that
virus infection or tissue damage may lead to activation of
the innate immune pathway and apoptosis of epithelial cells
(19). During innate immune pathway activation, stimulated
transcriptional profile of plasmacytoid dendritic cells (pDCs)
underlies the development of sialadenitis, and type-I interferon
(IEN) is considered to be the key mediator. pDCs are premier
type-I IEN-producing cells that trigger production of type-I
IEN and other proinflammatory cytokines after recognizing
viral RNA and DNA, significantly increasing the level of type-I
IFN and therefore amplifying inflammation. In addition, type-I
IEN stimulates lymphocyte aggregation and proliferation by
activating classical dendritic cells (DCs) and other immune cells

FIGURE 1 | Histopathological features of the minor salivary gland biopsy in
patients with SS stained with hematoxylin, eosin and saffron (16). (A) Normal
salivary gland tissue (10x). (B) Focal lymphocytic sialadenitis (FLS) with
perivascular or periductular aggregates of >50 lymphocytes (10x). (C) Dilated
ducts of the minor salivary gland biopsy (10x). (D) FLS surrounded by normal
gland tissue (4 x). (E) Non-specific chronic sialadenitis (NSCS) with acinar
atrophy, interstitial fibrosis and scattered mononuclear cell infiltrates (10x). (F)
FLS with germinal center-like structure (10x).

(20). An increased infiltration of DCs and macrophages in local
lesions will aggravate damage to salivary gland tissue as well
as gland function disorder and is related to the occurrence of
lymphoma (21).

Antigen-driven T cell-mediated B cell activation and
hyperfunction are markers of SS (22). T cells are dominant in
mild lesions, whereas B cells are the most representative subsets
in advanced lesions (23). Among T cell subsets involved in
the pathogenesis of SS, follicular helper T (Tfh) cells are key
mediators of T cell-dependent B cell hyperactivity. Tths primarily
promote the T cell-dependent B cell response in germinal center
(GC)-like structures by secreting interleukin (IL)-21, driving
B cell activation and differentiation into plasma cells. Tths can
promote secretion of proinflammatory cytokines in target tissues,
such as IL-17 and IFN, participating in the specific pathological
functions of different stages of SS development (24, 25). Various

Frontiers in Medicine | www.frontiersin.org

January 2022 | Volume 8 | Article 792593


https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

Liao et al.

Salivary Gland Biopsy in SS

studies have shown that CD8" T lymphocytes also contribute to
damage to exocrine acini (26). On the other hand, a large number
of B cells proliferate and become activated in the salivary glands.
Epithelial and immune cells in the salivary gland produce a large
number of cytokines and chemokines, such as B-cell activation
factor (BAFF), and thereby promote recruitment, activation,
differentiation, and survival of B cells. Notably, imbalance and
disorder of B cell subsets has an important role in driving
inflammation. B cell subsets, such as CD27* memory B cells,
marginal zone B cells and plasma cells, increase and become
further activated in salivary glands, though the function of
regulatory B cells with inhibitory immune function is decreased,
resulting in persistent local inflammation and leading to gland
tissue damage (22, 27).

Salivary epithelial cells, including acinar cells, ductal cells, and
salivary gland progenitor cells (28), are key in the development
of SS and in regulating the activation and differentiation of
infiltrating immune cells (19). The imbalance of the innate
immune signaling pathway in salivary gland epithelial cells leads
to the production of various proinflammatory cytokines by
epithelial cells and promotes the aggregation and infiltration of
T cells and B cells into salivary gland tissue, which leads to
salivary gland dysfunction (19). Salivary gland progenitor cells
can proliferate and differentiate into new salivary gland cells after
the destruction of acinar and duct epithelial cells to maintain the
stability of the salivary gland environment. Studies have shown
that the aging of salivary gland progenitor cells in SS patients
may represent one of the mechanisms underlying salivary gland
dysfunction, which may be an early feature of SS (29, 30).

Taken together, diagnosing SS at the early stage is critical
to improve the clinical outcomes of patients with SS. Some
recent studies have shown that salivary gland histopathology may
have a unique advantage in identifying the early stage of SS
before glandular function is obviously damaged (31). However,
histopathological characteristics involved in different stages of SS
are not very clear yet. Glandular epithelial alternations, as the
initiators of autoimmunity in SS, should be one of the focuses
in future studies of SS.

MORPHOLOGIC PATTERNS OF THE
LABIAL SALIVARY GLAND FOR
SJOGREN’S SYNDROME

Several morphological patterns of chronic inflammation are
observed in LSGB of patients with SS, including focal
lymphocytic sialadenitis (FLS), GCs, non-specific chronic
sialadenitis (NSCS), sclerosing chronic sialadenitis (SCS), and
lymphoepithelial lesions (LELs). FLS is a specific manifestation
of SS (32).

Focal Lymphocytic Sialadenitis

FLS is defined as the presence of more than 50 lymphocytes
around the blood vessels or ducts of the salivary glands
(Figures 1B,D) (16), which are usually surrounded by normal
gland tissue. The collection of each lymphocyte aggregation is
called a focus. The focus score is the number of foci per 4 mm? of

the gland, and the presence of FLS in an LSGB with a focus score
>1 focus/4 mm? is the most specific criterion for the diagnosis
and classification of SS (4, 32).

Aggregation of lymphocytes and B cell hyperactivity are the
characteristic pathological features of FLS (33). Lymphocytes
are attracted to the salivary gland via various proinflammatory
cytokines and cytokines. CXCL10 is a major mediator in the early
formation of lymphocytic infiltration around the ductal gland
and is highly expressed in the ductal epithelium. With disease
development, the chemokines CCL19, CCL21, and CXCL13 are
highly expressed in the salivary glands of patients with SS.
CCL19 and CCL21 bind to the CCR7 receptor, which recruits
naive and memory T cells, B cells, DCs, and other immune
cells to the salivary glands. Other cell types, such as pDCs and
natural killer cells, are also present in different numbers, but
they account for <10% of the total number of cells. CXCL13
binding to CXCR5 plays an important role in the aggregation
of B cells (23, 33-36). CXCL12 production by epithelial cells
in the salivary gland of SS patients can attract plasma cells
that exhibit a long-lived phenotype, and the local salivary gland
microenvironment provides niche factors for plasma cells to
survive (35). Destruction of the endothelial barrier function
creates favorable conditions for the migration and aggregation of
these immune cells (37).

The existence of FLS is one of the hallmarks of SS, and a focus
score >1 provides a semiquantitative assessment of SS salivary
composition. Findings of a focus score =1 may represent an
early or mild form of salivary components of SS, which should
be suspected to the diagnosis of SS (38). Compared to patients
with a focus score of FLS <1 or NSCS/SCS, a focus score >1 is
more strongly associated with the main phenotypic features of
SS, including positive anti-SSA/SSB and rheumatoid factor, high
ANA titers and immunoglobulin (Ig)G concentration, presence
of an ocular staining score >3, and unstimulated whole salivary
flow rates <0.1 ml/min (32). Patients with a higher focus score
are more likely to exhibit double positivity for anti-SSA and anti-
SSB antibodies (39), and a retrospective cohort study showed that
a high focus score is an independent predictor of deterioration
of exocrine gland function (40). Notably, it was proven that
patients with a higher focus score are more likely to develop
salivary gland swelling and lymphoma (39). A focus score of FLS
>3 is considered to be a significant independent factor for the
occurrence of non-Hodgkin’s lymphoma (NHL), and the number
of focus scores is useful for identifying patients with an increased
risk of lymphoma (41).

Nevertheless, there is not always a direct correlation between
the degree of lymphoid infiltration and exocrine dysfunction,
and a focus score >1 is not always associated with symptoms
of dry mouth or dry eyes (32). Of note, studies have shown
that a focus score >1 may also occur in up to 15% of normal
controls (42), and even though a focus score <1 does not mean
a lack of a lesion in the LSGB. It is not clear whether the
lesions are evenly distributed throughout the salivary gland,
and there may be a risk of sampling error (10). There are
differences in the focus score evaluation methods, and focus score
results are often misestimated; if necessary, multiple biopsies
should be performed to reduce sampling errors, and the use
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of standard evaluation methods is essential (16). Furthermore,
a single-center experience showed that smoking and the use
of antihistamines can reduce the occurrence of FLS in clinical
practice (43). Therefore, a thorough medication and smoking
history of patients must be determined before LSGB.

To sum up, although FLS is the feature of the salivary gland
in SS, there was no definite correlation between the severity of
FLS and the destruction of the salivary gland function. Therefore,
FLS may be more valuable in the diagnosis of SS rather than
stratification of the disease.

Germinal Centers

The structure of GC involves well-defined infiltration of
mononuclear inflammatory cells, dominated by B and T cells,
follicular DC networks, and high endothelial venules. After H&E
staining, dense dark areas, and bright areas can be seen in the
salivary gland under light microscope (10). The histopathological
features of GC are shown in Figure 1F (16).

The formation of GCs occurs due to the stimulation of mature
B cells by antigens, which activate B cells in peripheral immune
organs, with the help of T cells, to enter into a proliferative state.
The levels of circulating cytokines (IL-17, IL-15) and chemokines
[macrophage inflammatory protein (MIP)-la, MIP-1B] are
significantly increased in GC-positive SS patients, indicating
enhanced migration of immune cells and capability of attracting
B cells, T cells, macrophages and DCs for local recruitment in
the salivary glands (44). At the same time, autoantigens may
also help stimulate epithelial cells to further secrete cytokines,
thus aggravating inflammation (19). Furthermore, CXCL13, a B-
cell chemoattractant, causes aggregation of malignant B cells and
promotes the formation of GCs and even lymphoma (45).

As GCs play a key role in driving activation of B cells and
T cells, it is likely that high frequencies of GCs will aggravate
the lymphocyte infiltration in SS patients, which may lead to
increased destruction of glandular structures (46). Studies have
shown that the presence of GCs in salivary glands correlates
positively with B cell hyperfunction and focus score, as well
as circulating autoantibodies and systemic manifestations (47).
Furthermore, the existence of GCs leads to the continuous
activation of B cells, which increases the risk of lymphoma.
Hence, GC-like structures exhibit good reliability for predicting
the occurrence of lymphoma (48). A multicenter study showed
that the presence of GC-like structures is associated with a
7.8-fold increased risk of lymphoma occurrence (49).

However, there are some challenges in the detection of GCs.
Sometimes GCs have not completely formed the typical light
microscopic performance, even though it has produced the
corresponding pathological function. Experts suggest additional
staining with CD21 to improve the detection rate (10).
Furthermore, Haacke et al. reported that GC formation is not
a risk factor for NHL but a reflection of high disease activity,
because their controlled trial showed no significant difference
in GCs between SS patients with and without parotid mucosa-
associated lymphoid tissue (MALT) (the most common NHL
subtype in SS) (50).

Overall, evidence has shown that GCs may represent a high
disease activity of SS and a potential risk for lymphoma, while

the conclusions are not consistent across studies. Therefore, the
significance of GCs in the development of SS and the potential
risk for lymphoma needs to be thoroughly studied.

Non-specific Chronic Sialadenitis

NSCS is characterized by acinar atrophy, interstitial fibrosis, and
ductal dilatation, along with scattered or focal infiltration of
lymphocytes, macrophages, and plasma cells, which are usually
not adjacent to normal acini and located in the lobules of acini
(Figures 1C,E) (16). SCS is considered to be a late stage of NSCS,
and the main features of SCS are acinar atrophy and interstitial
fibrosis. Due to the similar pathological features, NSCS and SCS
are classified as one group (16). Notably, NSCS and SCS are not
uncommon in the general population and tend to increase with
age (10, 32).

Studies have shown that patients with NSCS/SCS display
xerostomia and abnormal unstimulated and stimulated salivary
flow (38, 51). However, the coexistence of NSCS and FLS is a very
common phenomenon in SS, in which lymphocyte infiltration or
lymphocyte aggregation in NSCS may be easily confused with
FLS, resulting in the rate of FLS being misestimated. Therefore,
it is necessary to quantitively describe the degree of lymphocyte
infiltration, atrophy and fibrosis when evaluating the pathological
features of salivary glands in SS. The lesion that is not adjacent
to the normal parenchyma cannot be attributed to FLS. Neither
NSCS nor SCS should be included in the FLS to prevent affecting
the diagnosis and evaluation of the disease (10, 52).

Lymphoepithelial Lesions

LELs are the characteristic manifestations of typical duct lesions
in the salivary gland of SS patients that result from infiltration of
lymphocytes into the hyperplasia of basal cells of the duct. LELs
are surrounded by monocyte-like B cells, sometimes mixed with
tumor plasma cells. The severity of LELs correlates positively with
the number of B lymphocytes in the salivary gland, suggesting
that B cells play an important role in the formation process
of LELs (53, 54). LELs are more common in the parotid
gland, which may be associated with asymmetric swelling of the
parotid gland (55). The presence of LELs in parotid biopsy often
indicates the risk for the occurrence of lymphoma, and it can
even be considered as the initial stage of lymphoma in some
cases. Therefore, LELs have a unique advantage for predicting
lymphoma, but the diagnostic value of LELs remains to be studied
(56, 57).

Adipose Tissue

Adipose tissue is defined as the replacement of normal glandular
parenchyma by adipocytes (16, 57) (Figure 2A). The signaling
involved in adipose tissue development in the salivary gland of
SS is enhanced, and the numbers of autoantibody-specific B cells
and plasma cells as well as the cytokine-rich regions are increased
in the area of adipose tissue (58, 59). The increase in CD138"
plasma cells and CD20" B cells correlates positively with fat
infiltration and focal infiltration, indicating that adipocytes
actively participate in promoting the inflammatory response (59).
Patients with SS reportedly have more adipose tissue in their
salivary glands than a healthy control group (17). The frequency
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FIGURE 2 | Histopathological features of the parotid gland tissue stained with
hemoglobin and eosin staining (57). (A) Adipose infiltration and periductular
lymphocytic infiltrates (10x). (B) Lymphoepithelial lesions (LELs) surrounded
by lymphocytic infiltrates (20 x).

of glandular dysfunction was significantly higher in those with
adipose infiltration (60). However, one study has also shown
that the composition of adipose tissue in labial gland increased
significantly with age, indicating that it may be a feature of
aging rather than a characteristic pathological manifestation of SS
(61). Therefore, it remains unknown whether the development of
adipose tissue is associated with the development of SS or merely
represents a self-healing process in the body.

HISTOPATHOLOGY GRADE

The first LSGB classification system, which was proposed in
1968, was divided into five grades according to the degree of
lymphocyte infiltration (8). To quantify the number of labial
gland lesions and to assess the relationship between the number
of lesions and disease activity, Greenspan proposed the concept
of FLS in 1974 (9), they suggest that the presence of FLS should
be carefully assessed after the focus score has been calculated.
In addition, the number of inflammatory cells, degree of acinar
degeneration, fat infiltration, degree of fibrosis, the number of
GCs and LELs were included in the evaluation. Moreover, the
Sjogren’s International Clinical Collaborative Alliance have then
proposed a largely used protocol for sample preparation and
focus score assessment in suspected SS' (32).

Due to the diversity of the dynamic environment and
interpretation of inflammatory glands, the pathological grading

1http:/ /sicca.ucsf.edu/Labial_Salivary_Gland_Assessment.doc

process for salivary glands is very complex. The main problems
in the evaluation process include confusion between true FLS
and non-lymphadenitis. FLS often coexists with NSCS as well as
age-related chronic inflammatory responses and fat infiltration,
presenting challenges for the identification and scoring of FLS
(62). Some authors have proposed the total area and percentage
of inflammatory infiltration as new histopathological parameters
to improve the stratification of patients with SS. These two
parameters can not only evaluate the infiltration degree of LSGB
more accurately but also overcome the bias associated with focus
score and ultimately improve the evaluation of SS (63). One
obstacle of standardizing the assessment in focus scoring is error
in calculating the salivary gland area of inflammatory infiltration
by grid-based calculation. Lucchesi et al. proposed using digital
image analysis to calculate the total area of the salivary
gland, focus score, and inflammatory infiltration to reduce
the error, which achieved far superior interrater agreement
compared to a grid-based approach when calculating the total
area (64).

CLINICAL SIGNIFICANCE OF LABIAL
SALIVARY GLAND BIOPSY IN SUOGREN’S
SYNDROME

A review conducted by Guellec et al. indicated that LSGB has
a good diagnostic value for SS with an enhanced specificity
and a sensitivity ranging from 63.5 to 93.7% (65). In healthy
individuals, LSGB leads to a 6-9% false positive diagnosis.
Moreover, 18-40% of patients with a clinical diagnosis of SS have
a negative LSGB (66). Nevertheless, the frequency of abnormal
LSGB improves with age. Post-mortem studies have shown that
older age is associated with high false-positive rates of LSGB (67).
Therefore, the specificity of LSGB in older patients is probably
overestimated, and there is not always a definite correlation
between lymphocyte infiltration and SS, especially in old patients.
In contrast, a study that includes age as a control variable showed
that the number of fibrotic tissues in the labial gland of patients
with SS was significantly increased. The authors suggested that
salivary gland fibrosis is an element of SS pathology related to
FLS and is not solely attributable to age (18).

LSGB is recommended for a diagnosis of SS, especially in
patients with anti-SSA and anti-SSB antibody negativity, which
can be used for the early diagnosis of SS. The frequency
of anti-SSA or anti-SSB antibodies is often lower in patients
with SS who only have neurological involvement than in those
without neurological involvement, and these patients often
require salivary gland biopsy showing the presence of FLS for
an early diagnosis of SS (4). IgA-expressing cells in the salivary
gland are significantly decreased in SS, but IgG-expressing
cells are significantly increased (68), and focus score combined
with <70% IgA-expressing cells is considered to have higher
sensitivity and specificity for the diagnosis of SS (69). Although
LSGB is not the only gold standard for the diagnosis of SS, it
is the best way to identify salivary components and evaluate the
autoimmune activity. Routine LSGB may help to predict adverse
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outcomes, such as risk assessment for the development of NHL,
and further assess the severity of the disease (32).

The severity and composition of lymphocyte infiltration in the
salivary glands differ among individuals with SS. Intriguingly,
it has been revealed that the pathological features of the
salivary gland are fully developed at the time of diagnosis and
remain stable thereafter. This indicates that the histopathological
changes of the labial gland are quite stable over time, which
may not reflect disease progression or disease activity (70). Some
findings suggest that the major progression of salivary gland
inflammatory lesions involves B cell malignant transformation
rather than the type or number of infiltrating cells (71). In
addition, fibrosis and fatty cell infiltration remain unchanged
during a median time interval of 55 months, indicating that
chronic inflammation in SS does not necessarily lead to
degeneration of the glandular tissue or replacement with fibrosis
and fatty cells (71). All these indicate that the histopathology of
LSGB is not a perfect way to evaluate the progress or activity of
the disease.

Until now, there is no specific immunosuppressive
therapy for SS. Most international guidelines recommend
symptomatic treatment for SS, such as local eye drops to
relieve dry eyes or chewing to relieve symptoms of dry mouth.
Immunosuppressants are used for systemic disease treatment
intervention and management (72). Some believe that severe and
long-standing disease of SS indicates irreversible dysfunction,
thus treatment cannot effectively improve the symptoms of
patients with dry mouth (51), and sometimes the effectiveness
of treatment cannot be reflected by simple European League
Against Rheumatism SS Patient Reported Index (ESSPRI) or
European League Against Rheumatism SS Disease Activity
Index (ESSDAI). Of note, pathological biopsy may reflect
changes in glandular components during the process of disease
development and treatment, representing a method to evaluate
treatment efficacy (70).

According to the pathogenesis of SS, biological agents for
the treatment of SS primarily affect the number of B cells,
such as rituximab, or inhibit expression of BAFE which is a
target protein for B cell proliferation and/or activation, such as
belimumab (19, 73). The primary mechanism of rituximab in the
treatment of SS is depletion of B cells. Rituximab continuously
reduced B cell infiltration and expression of IL-17 in the salivary
gland and interfered with the formation of GC-like structures
and LELs in the salivary gland. These findings show that SS
patients have a good response to rituximab treatment (74—
76). More importantly, some patients with SS and parotid
gland-associated MALT lymphoma achieve complete remission
after rituximab treatment, with plausible salivary gland tissue
regeneration and functional recovery (77). Despite depletion of
B cells in the salivary gland of patients treated with rituximab,
Ig-producing cells in the salivary gland still exist (78), and
continuous activation of B cells driven by BAFF may be the
basis of relapse after treatment (79). Accordingly, a clinical
trial found that FLS in the labial glands of some SS patients
treated with belimumab for 28 weeks became negative; the B
cell/T cell ratio and BAFF-positive cells in the labial salivary
gland also decreased (80). However, another open-label study

reported no significant change in the FLS of LSGB in SS patients
treated with belimumab for 52 weeks (81). Although it has been
proved that belimumab effectively reduces disease activity and
peripheral serum biomarkers in SS (82), there is still insufficient
evidence to support the FLS of LSGB as an indicator of the
efficacy of belimumab treatment. Intriguingly, the combination
of belimumab and rituximab for the treatment of SS can
successfully achieve long-term clinical remission of lymphoma
and cryoglobulinemia, indicating promising prospects for the
alleviation of SS (83).

Janus kinase inhibitors constitute a potential novel therapy
for SS that can reduce secretion of BAFF in the salivary
gland and thereby decrease lymphocyte infiltration in the
glands (84). Abatacept is a biological agent that inhibits T cell
activation, reducing T cell-dependent B cell overactivity and
CD4™ T cell subsets (85). Abatacept treatment could effectively
improve xerostomia and reduced systemic disease activity in
patients with SS (86). A preliminary study of abatacept for
the treatment of SS showed that the inflammation of salivary
glands and the number of lymphocytic foci were significantly
reduced (87).

MAJOR SALIVARY GLAND BIOPSY

Major salivary gland biopsies, including parotid gland, sublingual
gland, submandibular gland, and maxillary gland biopsy, have
also been applied in the diagnosis of SS (88). Among these,
parotid gland biopsy (PGB) is the most frequently reported.
However, they are not commonly used in clinical practice, mainly
due to risk of complications, such as facial nerve damage and
development of salivary fistulae (66).

Notably, compared with LSGB, LELs are also characteristic
histopathological changes in the major salivary glands and are
more often observed in parotid gland tissue of patients with SS.
The histopathological features of LELs in parotid gland tissue
are shown in Figure 2B (57). When either a focus score >1 or
a focus score <1 but with the presence of LELs is considered
positive in parotid biopsy, the sensitivity and specificity of PGB
and LSGB are comparable in the diagnosis of SS, at 78 and 86%,
respectively (57). One early study by Marx et al. even showed
that a significantly higher number of patients were confirmed
by PGB than LSGB in patients suspicious for SS (100 vs. 58%)
(89). In this study, lymphoma in five patients could only be
identified by PGB but with no evidence by LSGB. Furthermore,
Haacke et al. revealed that Fc receptor-like protein 4 (FcRL4),
mainly expressed on some mucosa-associated B cells and MALT
lymphoma B cells, correlated with the presence of LELs in the
salivary gland of patients with primary SS. The level of FcRL4
mRNA in parotid MALT lymphoma was significantly higher
than that in parotid gland from individuals without lymphoma.
Moreover, FcRL4-positive B cells were far more common in PGB
than those in LSGB, suggesting a potential role of FcRL4-positive
B cells in the parotid gland as an indicator of SS-associated MALT
lymphoma (54). In addition, PGB may have a better advantage
in predicting early-stage lymphoma due to the fact that SS-
associated lymphoma often primarily occurs in the parotid gland
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(50, 57, 90). Therefore, PGB is suggested to be an alternative to
LSGB in SS.

The results of one randomized clinical trial have shown
that rituximab treatment for SS leads to a major decrease in
lymphocytic infiltration and the number of B cells, GCs and
LELs in the parotid gland parenchyma (76). This study also
revealed that the absolute pre-treatment number of CD20" B
cells/mm? in the parotid gland parenchyma are predictive for
the responsiveness to rituximab therapy in patients with SS as
defined by ESSDALI, suggesting a potential role of PGB in guiding
personalized treatment. Moreover, Haacke et al. demonstrated
that the number of FcRL4-positive B cells is significantly
decreased in the parotid gland after rituximab treatment,
accompanied by restoration of the glandular epithelium (54),
indicating the change of FcRL4-positive B cells in the parotid
gland as a possible marker for the efficacy of rituximab treatment.
Additionally, comparison between sequential PGBs from patients
with primary SS pre- and post-rituximab treatment revealed
that increased parotid gland flow and restoration of the salivary
sodium content may be associated with the histopathological
changes of reduced glandular inflammation and redifferentiation
of lymphoepithelial duct damage (91). Furthermore, abatacept
has also been shown to reduce the formation of GCs in the
parotid gland (92). Dynamic histopathological changes in parotid
gland may have advantages in determining response during
treatment with biological agents due to the possibility of repeated
biopsies in the same parotid gland (70). Therefore, PGB could
also have a potential for diagnosis and evaluation of therapeutic
response in SS.

SALIVARY GLAND BIOPSY IN OTHER
SYSTEMIC DISEASES

In addition to primary SS, histopathological changes in salivary
glands are also observed in patients with other connective tissue
diseases. Peculiar histopathological changes of LSGB in patients
with systemic lupus erythematosus (SLE) may be a multisystemic
presentation independent of SS (93). Lymphocyte infiltration
mainly accumulates around blood vessels in LSGB of patients
with SLE. Compared with those without perivascular infiltrates
in LSGB, the presence of perivascular infiltration in patients with
concurrent SLE and SS is significantly associated with longer
durations of disease, sicca manifestations, and salivary gland
enlargement (94). Notably, periductal infiltrates can be observed
in the majority of patients with rheumatoid arthritis and sicca
syndrome, while the frequencies of DCs and macrophages are
increased in those patients with a focus score <1 and negative
anti-SSA or anti-SSB antibodies (95), which is different from
that of primary SS. Furthermore, sicca syndrome in systemic
sclerosis (SSc) has been considered to be attributed to SSc-
associated glandular fibrosis in LSGB, which is independent
from SS-associated lymphocytic sialadenitis (96). However,
further studies are still needed to evaluate the relationship
between the histopathological changes of salivary glands and
disease activity, as well as prognosis in different connective
tissue diseases.

Other systemic diseases, such as IgG4-related diseases,
sarcoidosis, and amyloidosis, have different characteristic
histopathological features (97). The three main histopathological
features of IgG4-related diseases are dense lymphoplasmacytic
infiltrate, fibrosis (arranged at least focally in a storiform
pattern) and occlusive phlebitis. The infiltrating lymphocytes
are mainly composed of T cells and aggregates of B cells, with
an IgG41/IgG" plasma cell ratio of >40% as a mandatory for
histological diagnosis of IgG4-related diseases (98). Nevertheless,
the main histopathological feature of sarcoidosis is non-caseous
epithelioid-cell granulomatous lesions without the evidence
of organisms or particles (99), and the presence of amyloid
protein in the salivary gland can be of great diagnostic value
in amyloidosis. Of note, Marx et al. demonstrated that PGB
seems to have a higher diagnostic accuracy for sarcoidosis (93
vs. 36%) as well as sialosis with enlarged parotids (14 vs. 0%)
compared to LSGB (89). One case report about a woman with
concurrent hemochromatosis and sicca symptom revealed
significant deposition of iron in acinar and duct epithelial cells
without focal lymphocytic infiltration in the LSGB, and her
iron deposition completely disappeared after desferrioxamine
treatment (100). In addition, the affected salivary gland biopsy,
mainly parotid and submandibular glands, has also been
suggested in patients suspected with anti-neutrophil cytoplasmic
autoantibody (ANCA)-associated vasculitis. The histological
features, such as vasculitis, granulomatous inflammation,
necrosis, and the existence of multinucleated giant cells could
be found in salivary gland lesions caused by ANCA-associated
vasculitis (101). Intriguingly, postmortem biopsies of salivary
glands were positive for SARS-CoV-2 by immunohistochemistry,
which were proven to be a target for SARS-CoV-2, with
cytoplasmic and nuclear vacuolization as well as nuclear
pleomorphism in the ductal epithelium and degenerative
changes of the zymogen granules and enlarged nuclei in acinar
cells (102). These indicate that saliva detection may be used as
a diagnostic method for SARS-CoV-2. Therefore, the salivary
gland biopsy also contributes to the differential diagnosis of these
systemic diseases.

IMAGING TECHNIQUES OF SALIVARY
GLAND

Imaging techniques, such as salivary gland ultrasonography
(SGUS), sialography, magnetic resonance imaging (MRI),
and positron emission tomography/computed tomography
(PET/CT), have also been shown to contribute to the diagnosis
of SS, evaluation of disease activity and prognosis in SS
(103). As an invasive tool with risk of radiation exposure,
sialography is not frequently used in clinical practice. Moreover,
despite the potential applicability in SS-associated lymphomas,
MRI and PET/CT are neither often used in SS due to a
high cost and unproven correlation with histopathological
features. Therefore, SGUS, with a high spatial resolution in
superficial organs, has gradually emerged as a promising
imaging technique, as it is non-invasive, economic, and more
easily accessible.

Frontiers in Medicine | www.frontiersin.org

January 2022 | Volume 8 | Article 792593


https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

Liao et al.

Salivary Gland Biopsy in SS

SGUS is mainly used for examination of major salivary
glands, such as parotid glands and submandibular glands.
SGUS has been proven to be effective in the detection of
typical structural changes in SS, with uneven hypoechogenic
areas, hyperechogenic reflection and unclear salivary gland
boundaries as the typical ultrasonic manifestations in SS (103).
There are various available SGUS scoring systems, while no
specific scoring system to date has been recommended as
optimal. Although new definitions for developing a novel
semiquantitative SGUS scoring system in SS have been recently
developed with good inter-reader and excellent intrareader
reliabilities (104), further studies are required to achieve
evidence-based consensus.

Consistency between SGUS and LSGB or PGB has been
investigated in a large number of previous studies. Normal-
appearing SGUS was statistically associated with negative LSGB
in patients with SS (105). SGUS scores were positively correlated
with the focus score of LSGB (Spearman r = 0.61) (106),
and abnormal SGUS (score 2 or 3) was associated with GC-
like structures in LSGB that indicate a possibly higher risk for
lymphoma development (107). A high diagnostic accuracy of
SGUS was comparable to LSGB in patients with SS (108). Of note,
in a cohort of 103 consecutive patients clinically suspected for
SS, a slightly higher absolute agreement was observed between
SGUS and PGB compared with LSGB (83 vs. 79%) (90). The
accuracy of SGUS to predict PGB and LSGB outcome was good,
with an area under the curve of 0.849 and 0.824, respectively.
Additionally, real-time sonoelastography based on SGUS may
be useful in identifying SS patients with fibrotic changes in
salivary gland (109). Intriguingly, studies have revealed an
add-on value of SGUS in improving the performance and
feasibility of the 2016 classification criteria for SS (110). Some
researchers suggested that LSGB is even not recommended for
the patients with negative SGUS and anti-extractable nuclear
antigen antibodies unless there are otherwise strong indications
for SS (111). Furthermore, patients with pathologic SGUS
have more systemic complications and higher disease activity,
as well as a higher risk for lymphoma development (107).
Notably, ultrasound-guided core needle biopsy has recently been
considered to be a safe and useful procedure in SS patients
with suspected salivary gland lymphoma (112). Therefore,
SGUS has great potential for the management of SS and is
therefore considered as a promising alternative to salivary
gland biopsy.

However, due to the different SGUS scoring systems applied,
the sensitivity and specificity of SGUS vary largely among
different studies. A systematic review has revealed a sensitivity of
45.8-91.6% and a specificity of 73-98.1% for SGUS in patients
with suspected SS (113). Moreover, Mossel et al. found it
only fair to moderate the correlation between SGUS score and
focus score in parotid biopsy (Spearman r = 0.376) and LSGB
(Spearman r = 0.412), respectively (114). The histopathological
features of salivary glands, such as inflammatory infiltrates,
might not be well-represented by the changes of hypoechogenic

areas on SGUS. Whether or not the SGUS scoring system is
sensitive enough to identify the changes is still unclear. Therefore,
further studies are required to standardize the SGUS definition
and to confirm the reliability of SGUS in SS, especially in
identifying the early stage of SS (113). Long-term longitudinal
studies, with clinical and histological records as well as imaging,
are pivotal to clarify the correlation of SGUS and salivary
gland biopsy.

CONCLUSIONS

Histopathology of salivary glands, especially LSGB, not only plays
an important role in the diagnosis of SS but also has a role in
the stratification and prognosis of the disease. Moreover, it may
have a unique advantage in identifying the early stage of SS. The
degree of lymphocyte infiltration and focus score in pathological
tissues often correlate positively with the disease activity of
SS, while whether it represents a reliable indicator for the
prognosis of SS is still controversial. In addition, GCs and LELs
in salivary gland pathology may have potential significance in
predicting lymphoma. Despite various clinical trials showing that
biological agents cannot improve the symptoms of patients, the
pathological changes of salivary glands indicate that biological
agents do in fact ameliorate the damage and inflammatory
infiltration of salivary glands, which suggests that salivary gland
pathological changes may be useful for evaluating the efficacy of
therapies in clinical trials.

Although LSGB is widely used in clinical practice, as an
invasive method, the limitations of LSGB, including sampling
errors and subjective errors in assessing histopathological
patterns, cannot be completely neglected. Therefore, the
acquisition of salivary gland tissue and histopathological
interpretation as well as histopathological grading systems
are required to be standardized for use in clinical practice.
Moreover, non-invasive imaging techniques, especially SGUS,
could be considered as a potential alternative to salivary gland
biopsy in SS. Incorporation of SGUS into the classification
criteria for SS may also have an add-on value in the
diagnosis of SS.

AUTHOR CONTRIBUTIONS

RL and H-TY mainly drafted the manuscript. D-ZL and Y-LC
conceived the work and revised the manuscript. HL, L-XL,
KL, and J-JL participated in drafting the manuscript. JL and
X-PH participated in editing the manuscript. All the authors
contributed to the final manuscript.

FUNDING

This work was supported by the National Natural Science
Foundation of China (Grant Number: 81971464) and the
National Key Research and Development Program of China
(Grant Number: 2019YFC0840603).

Frontiers in Medicine | www.frontiersin.org

January 2022 | Volume 8 | Article 792593


https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

Liao et al.

Salivary Gland Biopsy in SS

REFERENCES

10.

11.

12.

13.

14.

15.

16.

17.

18.

. Brito-Zeron P, Baldini

. Mariette X, Criswell LA. Primary Sjogren’s syndrome. N Engl ] Med. (2018)

378:931-9. doi: 10.1056/NEJMcp1702514

. Skarlis C, Argyriou E, Mavragani CP. Lymphoma in Sjogren’s
syndrome: predictors and therapeutic options. Curr Treatment
Options ~ Rheumatol. ~ (2020)  6:1-17.  doi:  10.1007/s40674-020-
00138-x

. Zhang W, Li XM, Xu D, Liu DZ, Xu J, Zhao FT, et al

Recommendations of diagnosis and treatment of primary Sjogren’s
syndrome in China. Zhonghua Nei Ke Za Zhi. (2020) 59:269-76.
doi: 10.3760/cma.j.cn112138-20200113-00021

C, Bootsma H, Bowman §J, Jonsson R,
Mariette X, et al. Sjogren syndrome. Nat Rev Dis Primers. (2016)
2:16047. doi: 10.1038/nrdp.2016.47

. Vitali C, Bombardieri S, Jonsson R, Moutsopoulos HM, Alexander

EL, Carsons SE, et al. Classification criteria for Sjogren’s syndrome:
a revised version of the European criteria proposed by the
American-European Consensus Group. Ann Rheum Dis. (2002)
61:554-8. doi: 10.1136/ard.61.6.554

. Shiboski SC, Shiboski CH, Criswell L, Baer A, Challacombe S, Lanfranchi H,

et al. American College of Rheumatology classification criteria for Sjogren’s
syndrome: a data-driven, expert consensus approach in the Sjogren’s
International Collaborative Clinical Alliance cohort. Arthritis Care Res.
(2012) 64:475-87. doi: 10.1002/acr.21591

. Shiboski CH, Shiboski SC, Seror R, Criswell LA, Labetoulle M, Lietman

TM, et al. 2016 American College of Rheumatology/European League
Against Rheumatism Classification Criteria for Primary Sjogren’s
Syndrome: a consensus and data-driven methodology involving three
International Patient Cohorts. Arthritis Rheumatol. (2017) 69:35-45.
doi: 10.1002/art.39859

. Chisholm DM, Mason DK. Labial salivary gland biopsy in Sjogren’s disease.

J Clin Pathol. (1968) 21:656-60. doi: 10.1136/jcp.21.5.656

. Greenspan JS, Daniels TE, Talal N, Sylvester RA. The histopathology of

Sjogren’s syndrome in labial salivary gland biopsies. Oral Surg Oral Med Oral
Pathol. (1974) 37:217-29. doi: 10.1016/0030-4220(74)90417-4

Fisher BA, Jonsson R, Daniels T, Bombardieri M, Brown RM, Morgan
P, et al. Standardisation of labial salivary gland histopathology in clinical
trials in primary Sjogren’s syndrome. Ann Rheum Dis. (2017) 76:1161-
8. doi: 10.1136/annrheumdis-2016-210448

Trivedi, Cornejo KM, O’Donnell P, Dresser K, Deng A. Employing
immunohistochemical staining to labial minor salivary gland biopsies from
patients with Sjogren’s syndrome increases diagnostic certainty. ] Oral Pathol
Med. (2021) 50:98-102. doi: 10.1111/jop.13119

Sarioglu S, Kucuk U, Cetin P, Sari I, Birlik AM. Minor salivary
gland evaluation: Sjogren’s syndrome. Turk ] Med Sci. (2016) 46:63—
5. doi: 10.3906/sag-1409-96

Hjelmervik TO, Jonsson R, Bolstad AL
gland  proteome in  Sjogren’s  syndrome.
15:342-53. doi: 10.1111/j.1601-0825.2009.01531.x
Izzetti R, Ferro F, Vitali S, Nisi M, Fonzetti S, Oranges T, et al. Ultra-high
frequency ultrasonography (UHFUS)-guided minor salivary gland biopsy:
a promising procedure to optimize labial salivary gland biopsy in Sjogren’s
syndrome. ] Oral Pathol Med. (2021) 50:485-91. doi: 10.1111/jop.13162
Porcheri C, Mitsiadis TA. Physiology, pathology and regeneration of salivary
glands. Cells. (2019) 8:976. doi: 10.3390/cells8090976

Costa S, Quintin-Roue I, Lesourd A, Jousse-Joulin S, Berthelot JM, Hachulla
E, et al. Reliability of histopathological salivary gland biopsy assessment
in Sjogren’s syndrome: a multicentre cohort study. Rheumatology. (2015)
54:1056-64. doi: 10.1093/rheumatology/keu453

Jonsson R, Brokstad KA, Jonsson MYV, Delaleu N, Skarstein K.
Current concepts on Sjogren’s syndrome - classification criteria and
biomarkers. Eur ] Oral Sci. (2018) 126(Suppl. 1):37-48. doi: 10.1111/eos.
12536

Leehan KM, Pezant NP, Rasmussen A, Grundahl K, Moore JS, Radfar L, et al.
Minor salivary gland fibrosis in Sjogren’s syndrome is elevated, associated
with focus score and not solely a consequence of aging. Clin Exp Rheumatol.
(2018) 36(Suppl. 112):80-8.

The
Oral

minor
Dis.

salivary
(2009)

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Verstappen GM, Pringle S, Bootsma H, Kroese FGM. Epithelial-immune cell
interplay in primary Sjogren syndrome salivary gland pathogenesis. Nat Rev
Rheumatol. (2021) 17:333-48. doi: 10.1038/s41584-021-00605-2

Hillen MR, Pandit A, Blokland SLM, Hartgring SAY, Bekker CP],
van der Heijden EHM, et al. Plasmacytoid DCs from patients
with sjogren’s syndrome are transcriptionally primed for enhanced
pro-inflammatory  cytokine production. Front Immunol. (2019)
10:2096. doi: 10.3389/fimmu.2019.02096

Manoussakis MN, Boiu S, Korkolopoulou P, Kapsogeorgou EK, Kavantzas
N, Ziakas P, et al. Rates of infiltration by macrophages and dendritic
cells and expression of interleukin-18 and interleukin-12 in the chronic
inflammatory lesions of Sjogren’s syndrome: correlation with certain features
of immune hyperactivity and factors associated with high risk of lymphoma
development. Arthritis Rheum. (2007) 56:3977-88. doi: 10.1002/art.23073
Bombardieri M, Argyropoulou OD, Ferro F Coleby R, Pontarini E,
Governato G, et al. One year in review 2020: pathogenesis of primary
Sjogren’s syndrome. Clin Exp Rheumatol. (2020) 38(Suppl. 126):3-9.

Goules AV, Kapsogeorgou EK, Tzioufas AG. Insight into pathogenesis of
Sjogren’s syndrome: dissection on autoimmune infiltrates and epithelial cells.
Clin Immunol. (2017) 182:30-40. doi: 10.1016/j.clim.2017.03.007

Rios-Rios W], Sosa-Luis SA, and Torres-Aguilar H. T cells subsets in
the immunopathology and treatment of Sjogren’s syndrome. Biomolecules.
(2020) 10:1539. doi: 10.3390/biom10111539

Verstappen GM, Kroese FGM, Bootsma H. T cells in primary Sjogren’s
syndrome: targets for early intervention. Rheumatology. (2019) 60:3088-
98. doi: 10.1093/rheumatology/kez004

Zhou H, Yang J, Tian J, Wang S. CD8(+) T
crucial players in Sjogren’s syndrome. Front Immunol.
11:602823. doi: 10.3389/fimmu.2020.602823

Nocturne G, Mariette X. B cells in the
primary Sjogren syndrome. Nat Rev Rheumatol.
45. doi: 10.1038/nrrheum.2018.1

Pringle S, Wang X, Bootsma H, Spijkervet FK, Vissink A, Kroese
FG. Small-molecule inhibitors and the salivary gland epithelium
in  Sjogren’s syndrome. Expert Opin Investig Drugs. (2019)
28:605-16. doi: 10.1080/13543784.2019.1631796

Wang X, Bootsma H, Terpstra ], Vissink A, van der Vegt B, Spijkervet
FKL, et al. Progenitor cell niche senescence reflects pathology of the
parotid salivary gland in primary Sjogren’s syndrome. Rheumatology. (2020)
59:3003-13. doi: 10.1093/rheumatology/keaa012

Pringle S, Maimets M, van der Zwaag M, Stokman MA, van Gosliga
D, Zwart E, et al. Human salivary gland stem cells functionally
restore radiation damaged salivary glands. Stem Cells. (2016) 34:640-
52. doi: 10.1002/stem.2278

Brito-Zeron P, Theander E, Baldini C, Seror R, Retamozo S, Quartuccio
L, et al. Early diagnosis of primary Sjogren’s syndrome: EULAR-SS task
force clinical recommendations. Expert Rev Clin Immunol. (2016) 12:137-
56. doi: 10.1586/1744666X.2016.1109449

Daniels TE, Cox D, Shiboski CH, Schiodt M, Wu A, Lanfranchi H,
et al. Associations between salivary gland histopathologic diagnoses and
phenotypic features of Sjogren’s syndrome among 1,726 registry participants.
Arthritis Rheum. (2011) 63:2021-30. doi: 10.1002/art.30381

Blokland SLM, Flessa CM, van Roon JAG, Mavragani CP.
Emerging roles for chemokines and cytokines as orchestrators of
immunopathology in Sjogren’s syndrome. Rheumatology. (2019)
5:key438. doi: 10.1093/rheumatology/key438

Kramer JM, Klimatcheva E, Rothstein TL. CXCL13 is elevated in Sjogren’s
syndrome in mice and humans and is implicated in disease pathogenesis. ]
Leukocyte Biol. (2013) 94:1079-89. doi: 10.1189/j1b.0113036

Szyszko EA, Brokstad KA, Oijordsbakken G, Jonsson MYV, Jonsson R,
Skarstein K. Salivary glands of primary Sjogren’s syndrome patients
express factors vital for plasma cell survival. Arthritis Res Ther. (2011)
13:R2. doi: 10.1186/ar3220

Kroese FGM, Haacke EA, Bombardieri M. The role of salivary gland
histopathology in primary Sjogren’s syndrome: promises and pitfalls. Clin
Exp Rheumatol. (2018) 36(Suppl. 112):222-33.

Cong X, Zhang XM, Zhang Y, Wei T, He QH, Zhang LW, et al. Disruption
of endothelial barrier function is linked with hyposecretion and lymphocytic

lymphocytes:
(2020)

pathogenesis  of
(2018)  14:133-

Frontiers in Medicine | www.frontiersin.org

January 2022 | Volume 8 | Article 792593


https://doi.org/10.1056/NEJMcp1702514
https://doi.org/10.1007/s40674-020-00138-x
https://doi.org/10.3760/cma.j.cn112138-20200113-00021
https://doi.org/10.1038/nrdp.2016.47
https://doi.org/10.1136/ard.61.6.554
https://doi.org/10.1002/acr.21591
https://doi.org/10.1002/art.39859
https://doi.org/10.1136/jcp.21.5.656
https://doi.org/10.1016/0030-4220(74)90417-4
https://doi.org/10.1136/annrheumdis-2016-210448
https://doi.org/10.1111/jop.13119
https://doi.org/10.3906/sag-1409-96
https://doi.org/10.1111/j.1601-0825.2009.01531.x
https://doi.org/10.1111/jop.13162
https://doi.org/10.3390/cells8090976
https://doi.org/10.1093/rheumatology/keu453
https://doi.org/10.1111/eos.12536
https://doi.org/10.1038/s41584-021-00605-2
https://doi.org/10.3389/fimmu.2019.02096
https://doi.org/10.1002/art.23073
https://doi.org/10.1016/j.clim.2017.03.007
https://doi.org/10.3390/biom10111539
https://doi.org/10.1093/rheumatology/kez004
https://doi.org/10.3389/fimmu.2020.602823
https://doi.org/10.1038/nrrheum.2018.1
https://doi.org/10.1080/13543784.2019.1631796
https://doi.org/10.1093/rheumatology/keaa012
https://doi.org/10.1002/stem.2278
https://doi.org/10.1586/1744666X.2016.1109449
https://doi.org/10.1002/art.30381
https://doi.org/10.1093/rheumatology/key438
https://doi.org/10.1189/jlb.0113036
https://doi.org/10.1186/ar3220
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

Liao et al.

Salivary Gland Biopsy in SS

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

infiltration in salivary glands of Sjogren’s syndrome. Biochim Biophys Acta
Mol Basis Dis. (2018) 1864:3154-63. doi: 10.1016/j.bbadis.2018.07.002
Daniels TE, Whitcher JP. Association of patterns of labial salivary gland
inflammation with keratoconjunctivitis sicca. Analysis of 618 patients
with suspected Sjogren’s syndrome. Arthritis Rheum. (1994) 37:869-
77. doi: 10.1002/art.1780370615

Carubbi E Alunno A, Cipriani P, Bartoloni E, Baldini C, Quartuccio L, et al.
A retrospective, multicenter study evaluating the prognostic value of minor
salivary gland histology in a large cohort of patients with primary Sjogren’s
syndrome. Lupus. (2015) 24:315-20. doi: 10.1177/0961203314554251
Haldorsen K, Moen K, Jacobsen H, Jonsson R, Brun JG. Exocrine
function in primary Sjogren syndrome: natural course and prognostic
factors. Ann Rheum Dis. (2008) 67:949-54. doi: 10.1136/ard.2007.
074203

Risselada AP, Kruize AA, Goldschmeding R, Lafeber FP, Bijlsma JW, van
Roon JA. The prognostic value of routinely performed minor salivary
gland assessments in primary Sjogren’s syndrome. Ann Rheum Dis. (2014)
73:1537-40. doi: 10.1136/annrheumdis-2013-204634

Radfar L, Kleiner DE, Fox PC, Pillemer SR. Prevalence and clinical
significance of lymphocytic foci in minor salivary glands of healthy
volunteers. Arthritis Rheum. (2002) 47:520-4. doi: 10.1002/art.10668
Ayesha B, Fernandez-Ruiz R, Shrock D, Snyder BM, Lieberman
SM, Tuetken R, et al. Clinical and laboratory features of patients
with focal lymphocytic sialadenitis on minor salivary gland biopsy
for sicca symptoms: a single-center experience. Medicine. (2021)
100:€25325. doi: 10.1097/MD.0000000000025325

Reksten TR, Jonsson MYV, Szyszko EA, Brun ]G, Jonsson R, Brokstad
KA. Cytokine and autoantibody profiling related to histopathological
features in primary Sjogren’s syndrome. Rheumatology. (2009) 48:1102-
6. doi: 10.1093/rheumatology/kep149

Kazanietz MG, Durando M, Cooke M. CXCL13 and its receptor CXCR5
in cancer: inflammation, immune response, and beyond. Front Endocrinol.
(2019) 10:471. doi: 10.3389/fendo.2019.00471

Risselada AP, Looije MF, Kruize AA, Bijlsma JW, van Roon JA. The role
of ectopic germinal centers in the immunopathology of primary Sjogren’s
syndrome: a systematic review. Semin Arthritis Rheum. (2013) 42:368-
76. doi: 10.1016/j.semarthrit.2012.07.003

Carubbi F, Alunno A, Cipriani P, Di Benedetto P, Ruscitti P, Berardicurti
O, et al. Is minor salivary gland biopsy more than a diagnostic tool in
primary Sjogrens syndrome? Association between clinical, histopathological,
and molecular features: a retrospective study. Semin Arthritis Rheum. (2014)
44:314-24. doi: 10.1016/j.semarthrit.2014.05.015

Theander E, Vasaitis L, Baecklund E, Nordmark G, Warfvinge G, Liedholm
R, et al. Lymphoid organisation in labial salivary gland biopsies is a possible
predictor for the development of malignant lymphoma in primary Sjogren’s
syndrome. Ann Rheum Dis. (2011) 70:1363-8. doi: 10.1136/ard.2010.
144782

Séne D, Ismael S, Forien M, Charlotte F, Kaci R, Cacoub P, et al. Ectopic
germinal center-like structures in minor salivary gland biopsy tissue predict
lymphoma occurrence in patients with primary Sjogren’s syndrome. Arthritis
Rheumatol. (2018) 70:1481-8. doi: 10.1002/art.40528

Haacke EA, van der Vegt B, Vissink A, Spijkervet FKL, Bootsma
H, Kroese FGM. Germinal centres in diagnostic labial gland biopsies
of patients with primary Sjogren’s syndrome are not predictive for
parotid MALT lymphoma development. Ann Rheum Dis. (2017) 76:1781-
4. doi: 10.1136/annrheumdis-2017-211290

Bookman AA, Shen H, Cook RJ, Bailey D, McComb R], Rutka JA, et al. Whole
stimulated salivary flow: correlation with the pathology of inflammation
and damage in minor salivary gland biopsy specimens from patients with
primary Sjogren’s syndrome but not patients with sicca. Arthritis Rheum.
(2011) 63:2014-20. doi: 10.1002/art.30295

Fisher BA, Brown RM, Bowman S], Barone F. A review of salivary
gland histopathology in primary Sjogren’s syndrome with a focus on its
potential as a clinical trials biomarker. Ann Rheum Dis. (2015) 74:1645-
50. doi: 10.1136/annrheumdis-2015-207499

van Ginkel MS, Haacke EA, Bootsma H, Arends S, van Nimwegen
JE Verstappen GM, et al. Presence of intraepithelial B-lymphocytes is
associated with the formation of lymphoepithelial lesions in salivary glands

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

of primary Sjogren’s syndrome patients. Clin Exp Rheumatol. (2019)
37(Suppl. 118):42-8.

Haacke EA, Bootsma H, Spijkervet FK, Visser A, Vissink A, Kluin PM, et al.
FcRL4+ B-cells in salivary glands of primary Sjogren’s syndrome patients. ]
Autoimmunity. (2017) 81:90-8. doi: 10.1016/j.jaut.2017.03.012

Medeiros R Jr, de Almeida OP, Leao JC, Gueiros LA. Lymphoepithelial
infiltrate  of palatal minor salivary glands: implications for
diagnostic ~ work-up. Int ] Oral Maxillofacial ~ Surg.  (2016)
45:1626-9. doi: 10.1016/j.ijom.2016.08.016

Bridges AJ, England DM. Benign lymphoepithelial lesion: relationship
to Sjogren’s syndrome and evolving malignant lymphoma. Semin
Arthritis  Rheum.  (1989)  19:201-8.  doi:  10.1016/0049-0172(89)9
0033-4

Pijpe J, Kalk WW, van der Wal JE, Vissink A, Kluin PM, Roodenburg JL,
et al. Parotid gland biopsy compared with labial biopsy in the diagnosis of
patients with primary Sjogren’s syndrome. Rheumatology. (2007) 46:335-
41. doi: 10.1093/rheumatology/kel266

Agrawi LA, Jensen JL, Oijordsbakken G, Ruus AK, Nygard S, Holden
M, et al. Signalling pathways identified in salivary glands from primary
Sjogren’s syndrome patients reveal enhanced adipose tissue development.
Autoimmunity.  (2018)  51:135-46.  doi:  10.1080/08916934.2018.
1446525

Skarstein K, Jensen JL, Galtung H, Jonsson R, Brokstad K, Aqrawi LA.
Autoantigen-specific B cells and plasma cells are prominent in areas of
fatty infiltration in salivary glands of patients with primary Sjogren’s
syndrome. Autoimmunity. (2019) 52:242-50. doi: 10.1080/08916934.2019.
1684475

Sardenberg WM, Santos M, Skarstein K, Carvalho Caser L, Brun JG, Ulvik A,
et al. Acinar adipose tissue infiltration in salivary gland biopsy is associated
with kynurenines-Interferon-gamma pathway inflammation biomarkers.
Clin Exp Rheumatol. (2020) 38(Suppl. 126):27-33.

Leehan KM, Pezant NP, Rasmussen A, Grundahl K, Moore JS, Radfar
L, et al. Fatty infiltration of the minor salivary glands is a selective
feature of aging but not Sjogren’s syndrome. Autoimmunity. (2017) 50:451-
7. doi: 10.1080/08916934.2017.1385776

Wicheta S, Van der Groen T, Faquin WC, August M. Discrepancies
in interpretation of the minor salivary gland biopsy in the
diagnosis of Sjogren syndrome. ] Oral Maxillofac Surg. (2019)
77:1628-35. doi: 10.1016/j.joms.2019.01.052

Donati V, Ferro E, Governato G, Fulvio G, Izzetti R, Nardini V, et al. Total area
of inflammatory infiltrate and percentage of inflammatory infiltrate identify
different clinical-serological subsets of primary Sjogren’s syndrome better
than traditional histopathological parameters. Clin Exp Rheumatol. (2020)
38(Suppl. 126):195-202.

Lucchesi D, Pontarini E, Donati V, Mandarano M, Sidoni A, Bartoloni
E, et al. The use of digital image analysis in the histological assessment
of Sjogren’s syndrome salivary glands improves inter-rater agreement and
facilitates multicentre data harmonisation. Clin Exp Rheumatol. (2020)
38(Suppl. 126):180-8.

Guellec D, Cornec D, Jousse-Joulin S, Marhadour T, Marcorelles P, Pers
JO, et al. Diagnostic value of labial minor salivary gland biopsy for
Sjogren’s syndrome: a systematic review. Autoimmun Rev. (2013) 12:416-
20. doi: 10.1016/j.autrev.2012.08.001

Delli K, Vissink A, Spijkervet FK. Salivary gland biopsy for
Sjogren’s syndrome. Oral Maxillofac Surg Clin North Am. (2014)
26:23-33. doi: 10.1016/j.coms.2013.09.005

Chen H. Age-related changes of human lip salivary glands and their values in
the diagnosis of Sjogren syndrome. Zhongguo Yi Xue Ke Xue Yuan Xue Bao.
(1993) 15:343-8.

Zandbelt MM, Wentink JR, de Wilde PC, van Damme PA, van de Putte
LB, van den Hoogen FH. The synergistic value of focus score and IgA%
score of sublabial salivary gland biopsy for the accuracy of the diagnosis
of Sjogren’s syndrome: a 10-year comparison. Rheumatology. (2002) 41:819-
23. doi: 10.1093/rheumatology/41.7.819

Salomonsson S, Rozell BL, Heimburger M, Wahren-Herlenius
M. Minor salivary gland immunohistology in the diagnosis
of primary Sjogren’s syndrome. J Oral Pathol Med. (2009)

38:282-8. doi: 10.1111/.1600-0714.2008.00697.x

Frontiers in Medicine | www.frontiersin.org

10

January 2022 | Volume 8 | Article 792593


https://doi.org/10.1016/j.bbadis.2018.07.002
https://doi.org/10.1002/art.1780370615
https://doi.org/10.1177/0961203314554251
https://doi.org/10.1136/ard.2007.074203
https://doi.org/10.1136/annrheumdis-2013-204634
https://doi.org/10.1002/art.10668
https://doi.org/10.1097/MD.0000000000025325
https://doi.org/10.1093/rheumatology/kep149
https://doi.org/10.3389/fendo.2019.00471
https://doi.org/10.1016/j.semarthrit.2012.07.003
https://doi.org/10.1016/j.semarthrit.2014.05.015
https://doi.org/10.1136/ard.2010.144782
https://doi.org/10.1002/art.40528
https://doi.org/10.1136/annrheumdis-2017-211290
https://doi.org/10.1002/art.30295
https://doi.org/10.1136/annrheumdis-2015-207499
https://doi.org/10.1016/j.jaut.2017.03.012
https://doi.org/10.1016/j.ijom.2016.08.016
https://doi.org/10.1016/0049-0172(89)90033-4
https://doi.org/10.1093/rheumatology/kel266
https://doi.org/10.1080/08916934.2018.1446525
https://doi.org/10.1080/08916934.2019.1684475
https://doi.org/10.1080/08916934.2017.1385776
https://doi.org/10.1016/j.joms.2019.01.052
https://doi.org/10.1016/j.autrev.2012.08.001
https://doi.org/10.1016/j.coms.2013.09.005
https://doi.org/10.1093/rheumatology/41.7.819
https://doi.org/10.1111/j.1600-0714.2008.00697.x
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

Liao et al.

Salivary Gland Biopsy in SS

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

Spijkervet FK, Haacke E, Kroese FG, Bootsma H, Vissink A. Parotid gland
biopsy, the alternative way to diagnose Sjogren syndrome. Rheum Dis Clin
North Am. (2016) 42:485-99. doi: 10.1016/j.rdc.2016.03.007

Kapsogeorgou EK, Christodoulou MI, Panagiotakos DB, Paikos S, Tassidou
A, Tzioufas AG, et al. Minor salivary gland inflammatory lesions
in Sjogren syndrome: do they evolve? J Rheumatol. (2013) 40:1566-
71. doi: 10.3899/jrheum.130256

Ramos-Casals M, Brito-Zeron P, Bombardieri S, Bootsma H, De Vita S,
Dorner T, et al. EULAR recommendations for the management of Sjogren’s
syndrome with topical and systemic therapies. Ann Rheum Dis. (2020)
79:3-18. doi: 10.1136/annrheumdis-2019-216114

Both T, Dalm VA, van Hagen PM, van Daele PL. Reviewing primary Sjogren’s
syndrome: beyond the dryness - from pathophysiology to diagnosis and
treatment. Int ] Med Sci. (2017) 14:191-200. doi: 10.7150/ijms.17718
Carubbi E Cipriani P, Marrelli A, Di Benedetto P, Ruscitti P, Berardicurti O,
et al. Efficacy and safety of rituximab treatment in early primary Sjogren’s
syndrome: a prospective, multi-center, follow-up study. Arthritis Res Ther.
(2013) 15:R172. doi: 10.1186/ar4359

Ciccia F Guggino G, Rizzo A, Alessandro R, Carubbi E Giardina A,
et al. Rituximab modulates IL-17 expression in the salivary glands of
patients with primary Sjégren’s syndrome. Rheumatology. (2014) 53:1313—
20. doi: 10.1093/rheumatology/keu004

Delli K, Haacke EA, Kroese FG, Pollard RP, Ihrler S, van der Vegt B, et al.
Towards personalised treatment in primary Sjogren’s syndrome: baseline
parotid histopathology predicts responsiveness to rituximab treatment. Ann
Rheum Dis. (2016) 75:1933-8. doi: 10.1136/annrheumdis-2015-208304
Pijpe ], van Imhoff GW, Spijkervet FK, Roodenburg JL, Wolbink GJ,
Mansour K, et al. Rituximab treatment in patients with primary Sjogren’s
syndrome: an open-label phase II study. Arthritis Rheum. (2005) 52:2740-
50. doi: 10.1002/art.21260

Hamza N, Bootsma H, Yuvaraj S, Spijkervet FK, Haacke EA, Pollard RP, et al.
Persistence of immunoglobulin-producing cells in parotid salivary glands of
patients with primary Sjogren’s syndrome after B cell depletion therapy. Ann
Rheum Dis. (2012) 71:1881-7. doi: 10.1136/annrheumdis-2011-201189

Cornec D, Costa S, Devauchelle-Pensec V, Jousse-Joulin S,
Marcorelles P, Berthelot JM, et al. Blood and salivary-gland
BAFF-driven ~ B-cell  hyperactivity is associated to  rituximab

inefficacy in primary Sjogren’s syndrome. ] Autoimmunity. (2016)
67:102-10. doi: 10.1016/j.jaut.2015.11.002

Seror R, Nocturne G, Lazure T, Hendel-Chavez H, Desmoulins F
Belkhir R, et al. Low numbers of blood and salivary natural killer
cells are associated with a better response to belimumab in primary
Sjogren’s syndrome: results of the BELISS study. Arthritis Res Ther. (2015)
17:241. doi: 10.1186/s13075-015-0750-y

De Vita S, Quartuccio L, Seror R, Salvin S, Ravaud P, Fabris M, et al. Efficacy
and safety of belimumab given for 12 months in primary Sjogren’s syndrome:
the BELISS open-label phase II study. Rheumatology. (2015) 54:2249-56.
doi: 10.1093/rheumatology/kev257

Alvarez-Rivas N, Sang-Park H, P. Diaz Del Campo, Fernandez-Castro
M, Corominas H, Andreu JL, et al. Efficacy of belimumab in Primary
Sjogren’s syndrome: a systematic review. Reumatol Clin. (2021) 17:170-
4. doi: 10.1016/j.reuma.2020.03.003

Mavragani CP, and Moutsopoulos HM.
old and new therapeutic targets. J
110:102364. doi: 10.1016/j.jaut.2019.102364

Lee J, Lee ], Kwok SK, Baek S, Jang SG, Hong SM, et al. JAK-1 inhibition
suppresses interferon-induced BAFF production in human salivary gland:
potential therapeutic strategy for primary Sjogren’s syndrome. Arthritis
Rheumatol. (2018) 70:2057-66. doi: 10.1002/art.40589

Verstappen GM, Meiners PM, Corneth OB, Visser A, Arends S, Abdulahad
WH, et al. Attenuation of follicular helper T cell-dependent B cell
hyperactivity by abatacept treatment in primary Sjogren’s syndrome.
Arthritis Rheumatol. (2017) 69:1850-61. doi: 10.1002/art.40165

Machado AC, Dos Santos LC, Fidelix T, Lekwitch I, Soares SB, Gasparini
AF, et al. Effectiveness and safety of abatacept for the treatment of
patients with primary Sjogren’s syndrome. Clin Rheumatol. (2020) 39:243—
8. doi: 10.1007/s10067-019-04724-w

Sjogren’s
Autoimmun.

syndrome:
(2020)

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

Adler S, Kérner M, Forger E Huscher D, Caversaccio MD, Villiger PM.
Evaluation of histologic, serologic, and clinical changes in response to
abatacept treatment of primary Sjogren’s syndrome: a pilot study. Arthritis
Care Res. (2013) 65:1862-8. doi: 10.1002/acr.22052

Colella G, Cannavale R, Vicidomini A, Itro A. Salivary gland biopsy:
a comprehensive review of techniques and related complications.
Rheumatology.  (2010) ~ 49:2117-21.  doi: ~ 10.1093/rheumatology/
keq225

Marx RE, Hartman KS, Rethman KV. A prospective study comparing
incisional labial to incisional parotid biopsies in the detection and
confirmation of sarcoidosis, Sjégren’s disease, sialosis and lymphoma. ]
Rheumatol. (1988) 15:621-9.

Mossel E, Delli K, van Nimwegen JE Stel AJ, Kroese FG, Spijkervet FK,
et al. Ultrasonography of major salivary glands compared with parotid
and labial gland biopsy and classification criteria in patients with clinically
suspected primary Sjogren’s syndrome. Ann Rheumatic Dis. (2017) 76:1883-
9. doi: 10.1136/annrheumdis-2017-211250

Pijpe J, Meijer JM, Bootsma H, van der Wal JE, Spijkervet FK, Kallenberg CG,
et al. Clinical and histologic evidence of salivary gland restoration supports
the efficacy of rituximab treatment in Sjogren’s syndrome. Arthritis Rheum.
(2009) 60:3251-6. doi: 10.1002/art.24903

Haacke EA, B. van der Vegt, Meiners PM, Vissink A, Spijkervet FK, Bootsma
H, et al. Abatacept treatment of patients with primary Sjogren’s syndrome
results in a decrease of germinal centres in salivary gland tissue. Clin Exp
Rheumatol. (2017) 35:317-20.

Bologna SB, Nico MM, Florezi G, Cavalcante WS, Lourenco SV. Peculiar
histopathological features in minor salivary gland in lupus erythematosus.
Lupus. (2018) 27:1706-11. doi: 10.1177/0961203318790672

Manoussakis MN, Georgopoulou C, Zintzaras E, Spyropoulou M,
Stavropoulou A, Skopouli FN, et al. Sjogren’s syndrome associated
with systemic lupus erythematosus: clinical and laboratory profiles and
comparison with primary Sjogren’s syndrome. Arthritis Rheum. (2004)
50:882-91. doi: 10.1002/art.20093

Fragoulis GE, Fragkioudaki S, Reilly JH, Kerr SC, McInnes IB, Moutsopoulos
HM. Analysis of the cell populations composing the mononuclear
cell infiltrates in the labial minor salivary glands from patients with
rheumatoid arthritis and sicca syndrome. J Autoimmunity. (2016) 73:85-
91. doi: 10.1016/j.jaut.2016.06.008

Avouac J, Sordet C, Depinay C, Ardizonne M, Vacher-Lavenu MC, Sibilia
J, et al. Systemic sclerosis-associated Sjégren’s syndrome and relationship
to the limited cutaneous subtype: results of a prospective study of sicca
syndrome in 133 consecutive patients. Arthritis Rheum. (2006) 54:2243-
9. doi: 10.1002/art.21922

Carubbi F Alunno A, Gerli R, Giacomelli R. Histopathology of salivary
glands. Reumatismo. (2018) 70:146-54. doi: 10.4081/reumatismo.2018.1053
Deshpande V, Zen Y, Chan JK, Eunhee EY, Sato Y, Yoshino T, et al.
Consensus statement on the pathology of IgG4-related disease. Modern
Pathol. (2012) 25:1181-92. doi: 10.1038/modpathol.2012.72

Valeyre D, Prasse A, Nunes H, Uzunhan Y, Brillet PY. Sarcoidosis. Lancet.
(2014) 383:1155-67. doi: 10.1016/S0140-6736(13)60680-7

Takeda Y, Ohya T. Sicca symptom in a patient with hemochromatosis: minor
salivary gland biopsy for differential diagnosis. Int ] Oral Maxillofacial Surg.
(1987) 16:745-8. doi: 10.1016/S0901-5027(87)80062-0

Akiyama M, Takanashi S, Takeuchi T, Kaneko Y. Salivary gland
involvement in ANCA-associated vasculitis. Autoimmunity Rev. (2021)
20:102940. doi: 10.1016/j.autrev.2021.102940

Matuck BE Dolhnikoff M, Duarte-Neto AN, Maia G, Gomes SC, Sendyk
DI, et al. Salivary glands are a target for SARS-CoV-2: a source for saliva
contamination. J Pathol. (2021) 254:239-43. doi: 10.1002/path.5679

van Ginkel MS, Glaudemans AW, van der Vegt B, Mossel E, Kroese FG,
Bootsma H, et al. Imaging in primary Sjogren’s syndrome. J Clin Med.
(2020) 9:2492. doi: 10.3390/jcm9082492

Jousse-Joulin S, d’Agostino MA, Nicolas C, Naredo E, Ohrndorf S, Backhaus
M, et al. Video clip assessment of a salivary gland ultrasound scoring
system in Sjogren’s syndrome using consensual definitions: an OMERACT
ultrasound working group reliability exercise. Ann Rheum Dis. (2019)
78:967-73. doi: 10.1136/annrheumdis-2019-215024

Frontiers in Medicine | www.frontiersin.org

11

January 2022 | Volume 8 | Article 792593


https://doi.org/10.1016/j.rdc.2016.03.007
https://doi.org/10.3899/jrheum.130256
https://doi.org/10.1136/annrheumdis-2019-216114
https://doi.org/10.7150/ijms.17718
https://doi.org/10.1186/ar4359
https://doi.org/10.1093/rheumatology/keu004
https://doi.org/10.1136/annrheumdis-2015-208304
https://doi.org/10.1002/art.21260
https://doi.org/10.1136/annrheumdis-2011-201189
https://doi.org/10.1016/j.jaut.2015.11.002
https://doi.org/10.1186/s13075-015-0750-y
https://doi.org/10.1093/rheumatology/kev257
https://doi.org/10.1016/j.reuma.2020.03.003
https://doi.org/10.1016/j.jaut.2019.102364
https://doi.org/10.1002/art.40589
https://doi.org/10.1002/art.40165
https://doi.org/10.1007/s10067-019-04724-w
https://doi.org/10.1002/acr.22052
https://doi.org/10.1093/rheumatology/keq225
https://doi.org/10.1136/annrheumdis-2017-211250
https://doi.org/10.1002/art.24903
https://doi.org/10.1177/0961203318790672
https://doi.org/10.1002/art.20093
https://doi.org/10.1016/j.jaut.2016.06.008
https://doi.org/10.1002/art.21922
https://doi.org/10.4081/reumatismo.2018.1053
https://doi.org/10.1038/modpathol.2012.72
https://doi.org/10.1016/S0140-6736(13)60680-7
https://doi.org/10.1016/S0901-5027(87)80062-0
https://doi.org/10.1016/j.autrev.2021.102940
https://doi.org/10.1002/path.5679
https://doi.org/10.3390/jcm9082492
https://doi.org/10.1136/annrheumdis-2019-215024
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

Liao et al.

Salivary Gland Biopsy in SS

105.

106.

107.

108.

109.

110.

111.

Zandonella Callegher S, Zabotti A, Giovannini I, Treppo E, Quartuccio
L, De Vita S. Normal-appearing salivary gland ultrasonography identifies
a milder phenotype of primary Sjogren’s syndrome. Front Med. (2020)
7:602354. doi: 10.3389/fmed.2020.602354

Cornec D, Jousse-Joulin S, Costa S, Marhadour T, Marcorelles P, Berthelot
JM, et al. High-grade salivary-gland involvement, assessed by histology or
ultrasonography, is associated with a poor response to a single rituximab
course in primary Sjégren’s syndrome: data from the TEARS randomized
trial. PloS ONE. (2016) 11:¢0162787. doi: 10.1371/journal.pone.01
62787

Theander E, Mandl T. Primary Sjogren’s syndrome: diagnostic and
prognostic value of salivary gland ultrasonography using a simplified scoring
system. Arthritis Care Res. (2014) 66:1102-7. doi: 10.1002/acr.22264

Milic VD, Petrovic RR, Boricic IV, Marinkovic-Eric J, Radunovic GL,
Jeremic PD, et al. Diagnostic value of salivary gland ultrasonographic scoring
system in primary Sjogren’s syndrome: a comparison with scintigraphy
and biopsy. J Rheumatol. (2009) 36:1495-500. doi: 10.3899/jrheum.
081267

Dejaco C, De Zordo T, Heber D, Hartung W, Lipp R, Lutfi A, et al.
Real-time sonoelastography of salivary glands for diagnosis and
functional assessment of primary Sjogren’s syndrome. Ultrasound
Med Biol. (2014) 40:2759-67. doi: 10.1016/j.ultrasmedbio.2014.
06.023

van Nimwegen JE, Mossel E, Delli K, van Ginkel MS, Stel AJ, Kroese FG, et al.
Incorporation of salivary gland ultrasonography into the American College
of Rheumatology/European League against rheumatism criteria for primary
Sjogren’s syndrome. Arthritis Care Res. (2020) 72:583-90. doi: 10.1002/acr.
24017

Astorri E, Sutcliffe N, Richards PS, Suchak K, Pitzalis C, Bombardieri M, et al.
Ultrasound of the salivary glands is a strong predictor of labial gland biopsy
histopathology in patients with sicca symptoms. J Oral Pathol Med. (2016)
45:450-4. doi: 10.1111/jop.12387

112. Zabotti, Zandonella Callegher S, Lorenzon M, Pegolo E, Scott
CA, Tel A, et al. Ultrasound-guided core needle biopsy compared
with open biopsy: a new diagnostic approach to salivary gland
enlargement  in  Sjogren’s  syndrome?  Rheumatology.  (2021)
60:1282-90. doi: 10.1093/rheumatology/keaa441

Jousse-Joulin S, Milic V, Jonsson MV, Plagou A, Theander E, Luciano
N, et al. Is salivary gland ultrasonography a useful tool in Sjogren’s
syndrome? A systematic review. Rheumatology. (2016) 55:789-800.
doi: 10.1093/rheumatology/kev385

Mossel E, Delli K, van Nimwegen JF Stel AJ, Haacke EA, Kroese
FGM, The parotid gland
biopsies in primary Sjogren’s syndrome. Ann Rheum Dis.
77:€38. doi: 10.1136/annrheumdis-2017-212331

113.

114.
and
(2018)

et al connection: ultrasound

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Liao, Yang, Li, Liu, Li, Li, Liang, Hong, Chen and Liu. This is an
open-access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply
with these terms.

Frontiers in Medicine | www.frontiersin.org

12

January 2022 | Volume 8 | Article 792593


https://doi.org/10.3389/fmed.2020.602354
https://doi.org/10.1371/journal.pone.0162787
https://doi.org/10.1002/acr.22264
https://doi.org/10.3899/jrheum.081267
https://doi.org/10.1016/j.ultrasmedbio.2014.06.023
https://doi.org/10.1002/acr.24017
https://doi.org/10.1111/jop.12387
https://doi.org/10.1093/rheumatology/keaa441
https://doi.org/10.1093/rheumatology/kev385
https://doi.org/10.1136/annrheumdis-2017-212331
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

	Recent Advances of Salivary Gland Biopsy in Sjögren's Syndrome
	Introduction
	Sampling Method of Salivary Gland Biopsy
	Histopathological Features of Salivary Glands
	Morphologic Patterns of the Labial Salivary Gland for SJÖGREN'S Syndrome
	Focal Lymphocytic Sialadenitis
	Germinal Centers
	Non-specific Chronic Sialadenitis
	Lymphoepithelial Lesions
	Adipose Tissue

	Histopathology Grade
	Clinical Significance of Labial Salivary Gland Biopsy in SJÖGREN'S Syndrome
	Major Salivary Gland Biopsy
	Salivary Gland Biopsy in Other Systemic Diseases
	Imaging Techniques of Salivary Gland
	Conclusions
	Author Contributions
	Funding
	References


