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RESUMO  

 

A Síndrome de Sjögren (SS) é uma desordem autoimune crônica que afeta 
principalmente as glândulas salivares e lacrimais. A análise histológica das glândulas 
salivares de pacientes com SS mostra um infiltrado inflamatório crônico focal que é 
um importante critério diagnóstico para definir SS. No entanto, as alterações 
histológicas observadas nas glândulas na SS são de difícil interpretação e podem ser 
encontradas em outras sialodenites crônicas. O objetivo deste trabalho foi analisar 
comparativamente as características morfológicas e o infiltrado linfo-histiocitário dos 
focos inflamatórios encontrados na SS e em outras sialodenites crônicas sugestivas 
de SS. A amostra foi composta por 80 espécimes incluídos em parafina, sendo 20 
casos de cada grupo: sialoadenite linfocítica focal associada à SS, sialoadenite 
crônica, sialoadenite crônica associada à hiperplasia fibrosa inflamatória e glândulas 
salivares menores normais. Reações imunoistoquímicas para CD3, CD20, CD4, CD8, 
CD68, CD163 e IL-17 foram realizadas. Todas as lâminas coradas em hematoxilina e 
eosina e da técnica imunoistoquímica foram digitalizadas em alta resolução de 
imagens usando o Aperio Scanscope CS Slide Scanner (Aperio Technologies Inc., 
Vista, Califórnia, EUA) e analisadas e comparadas entre os quatro grupos. O número 
médio de focos e o tamanho médio dos focos foram maiores na SS. As glândulas 
salivares menores da SS apresentaram maior frequência de dilatação ductal 
(p=0,000), infiltração perivascular (p=0,002) e periductal (p<0,001). A presença de 
células CD4+ foi mais comum na sialoadenite crônica inespecífica e na SS (p=0,002) 
e o escore de expressão de IL-17 foi maior na SS (p=0,000). Assim, os resultados do 
estudo mostraram que a distribuição dos focos inflamatórios dos grupos foi diferente. 
O número de focos, o tamanho médio dos focos, a dilatação ductal e a infiltração 
perivascular/periductal foram mais comuns na SS, além de maior expressão de CD3 
e IL-17. Desta forma, os resultados sugerem que existem diferenças histológicas e 
imunoistoquímicas nos focos inflamatórios da SS e nas sialodenites crônicas 
sugestivas de SS. 

Palavras-chave: Síndrome de Sjögren; glândulas salivares menores; sialoadenite 
crônica; histologia; imunoistoquímica; infiltrado inflamatório. 



ABSTRACT  

 

Sjögren's Syndrome (SS) is a chronic autoimmune disorder that mainly affects the 
salivary and lacrimal glands. Histological analysis of salivary glands from patients with 
SS shows a focal chronic inflammatory infiltrate which is an important diagnostic 
criterion to define SS. However, the histological changes observed in the glands in SS 
are difficult to interpret and can be found in other chronic sialodenitis. The objective of 
this study was to comparatively analyze the morphological characteristics and the 
lymphohistiocytic infiltrate of the inflammatory foci found in SS and in other chronic 
sialodenitis suggestive of SS. The sample consisted of 80 paraffin-embedded 
specimens, including 20 cases each of focal lymphocytic sialadenitis associated with 
SS, chronic sialadenitis, chronic sialadenitis associated with inflammatory fibrous 
hyperplasia and normal minor salivary glands. Immunohistochemical reactions for 
CD3, CD20, CD4, CD8, CD68, CD163 and IL-17 were performed. All HE-stained and 
immunohistochemical slides were scanned into high resolution images using the 
Aperio Scanscope CS Slide Scanner (Aperio Technologies Inc., Vista, California, 
USA), and were analyzed and compared among the four groups. The mean number 
of foci and mean foci size were higher in SS. The minor salivary glands of SS had a 
higher frequency of ductal (p=0.000), perivascular (p=0.002) and periductal (p<0.001) 
dilatation. The presence of CD4+ cells was more common in nonspecific chronic 
sialoadenitis and in SS (p=0.002) and the IL-17 expression score was higher in SS 
(p=0.000). Thus, the results of the study showed that the distribution of inflammatory 
foci in the groups was different. Number of foci, mean foci size, ductal dilatation and 
perivascular/periductal infiltration were more common in SS, in addition to higher 
expression of CD3 and IL-17. Thus, the results suggest that there are histological and 
immunohistochemical differences in the inflammatory foci of SS and in chronic 
sialodenitis suggestive of SS. 

Keywords: Sjögren's Syndrome; minor salivary glands; chronic sialadenitis; histology; 
immunohistochemistry; inflammatory infiltrate. 
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1. INTRODUÇÃO 
 

A Síndrome de Sjögren (SS) é uma doença inflamatória autoimune crônica 

que acomete com maior frequência glândulas exócrinas. A síndrome pode ser 

subclassificada como primária quando envolve apenas glândulas ou secundária 

quando está associada a uma doença subjacente ao tecido conjuntivo (artrite 

reumatoide ou lúpus eritematoso sistêmico) (Tincani, Andreoli, Cavazzana et al., 

2013). 

O quadro histológico da SS assemelha-se a uma sialoadenite periductal 

crônica (Regezi, Sciubba & Jordan, 2017). Nos estágios iniciais da doença, agregados 

linfocitários aparecem nos lóbulos glandulares infiltrando espaços ao redor de 

pequenos ductos interlobulares/intralobulares e, posteriormente, provocam a 

involução atrófica dos ácinos. Na progressão da doença, o infiltrado inflamatório 

linfocitário se dissemina para o parênquima causando a perda da arquitetura tecidual. 

Além disso, os linfócitos provocam danos aos ductos com a formação de lesões 

epiteliais-mioepiteliais. Como resultado, um material hialino semelhante a membrana 

basal está presente no lúmen dos ductos (Tincani, Andreoli, Cavazzana et al., 2013; 

Regezi, Sciubba & Jordan, 2017). 

Embora as características histológicas da SS estejam bem estabelecidas 

na literatura, a etiopatogênese da SS e das sialoadenites crônicas inespecíficas 

permanecem obscuras. Estudos sugerem que a suscetibilidade a SS pode ser 

atribuída à fatores genéticos, ambientais e hormonais (Peri, Agmon-Levin, Theodor et 

al., 2012; Ice, Li, Adrianto et al., 2012), enquanto a sialoadenite crônica pode estar 

associada a doenças infecciosas e não infecciosas.  

Quanto a SS, estudos têm mostrado que as reações e as respostas do 

hospedeiro na doença consistem na estimulação de uma rede de citocinas e 

quimiocinas, as quais envolvem o fator de necrose tumoral e interleucinas (D’Elia, 

Bjuman, Rehnberg et al., 2009; Brito-Zerón, Baldini, Bootsma et al., 2016).  

Além disso, alguns autores descrevem a importância das células epiteliais 

glandulares em pacientes com SS, pois estas células dirigem e regulam as respostas 

auto-imunes locais mediando a acumulação, ativação e diferenciação de células 

imunes (Tzioutas, Kapsogeorgou & Moutsopoulos, 2012). As células imunes e o 

microambiente inflamatório ativam ainda mais as células epiteliais ou regulam sua 
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sobrevivência, criando um ciclo vicioso de interação entre células epiteliais e células 

imunes que perpetua as respostas autoimunes na SS (Moutsoupoulos, 1994; Hillen, 

Ververs, Kruize et al., 2014). 

Desta forma, pesquisas têm sugerido que as células epiteliais glandulares 

expressam uma grande quantidade de moléculas imunocompetentes que estão 

implicadas no recrutamento, ativação, diferenciação, proliferação, expansão e 

organização de células imunes. Estas moléculas incluem os antígenos leucocitários 

humanos, membros da superfamília 5 do fator de necrose tumoral, moléculas de 

adesão, receptor do fator de necrose tumoral 6, citocinas pró-inflamatórias, citocinas 

envolvidas na diferenciação de células linfoides e quimiocinas que atraem células T 

(Manoussakis & Kapsogeorgou, 2010; Tzioutas, Kapsogeorgou & Moutsopoulos, 

2012; Hillen, Ververs, Kruize et al., 2014). 

Além disso, demonstrou-se que as células epiteliais glandulares ativam 

células TCD4+, in vitro, e medeiam sua diferenciação em células T auxiliares 

foliculares (Gong et al., 2014), o que aumenta a sobrevivência de células B 

(Manoussakis & Kapsogeorgou, 2010; Tzioutas, Kapsogeorgou & Moutsopoulos, 

2012; Youinou, Saraux & Pers, 2012). As células epiteliais glandulares também 

influenciam a diferenciação de células B (Brito-Zerón, Baldini, Bootsma et al., 2016). 

A ativação imune na SS pode ser desencadeada por células sentinelas, tais 

como células dentríticas, como sugerido no modelo experimental demonstrado por 

Hillen, Ververs, Kruize et al. (2014). A associação genética entre os antígenos 

leucocitários humanos e a patogênese da SS sugere o envolvimento das células T, 

por meio da secreção de interferon gama e da interleucina 17, os quais estão 

associados a danos teciduais (Nguyen, Hu, Li et al., 2008; Bikker et al., 2010). 

Citocinas como a interleucina 7 são super expressas nas células epiteliais 

glandulares em paciente com SS. A interleucina 7 mostrou-se capaz ainda de 

direcionar as células T efetoras para induzirem sialodenite em camundongos (Jin, 

Kawai, Cha et al., 2013). Outras citocinas também são super expressas na SS, tais 

como as interleucinas 7, 17, 21, 22 e 23 (Nocture & Mariette, 2013; Brito-Zerón, 

Baldini, Bootsma et al., 2016). Estas citocinas têm demonstrado contribuir para a 

resposta anormal de células T/B e podem desempenhar papel crucial na SS 

aumentando a neurogênese linfoide (Nocture & Mariette, 2013; Hillen, Ververs, Kruize 

et al., 2014; Aluno et al., 2015). 
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Apesar do conhecimento sobre a ativação imunológica nos tecidos epiteliais 

na SS e, consequentemente, parte de sua fisiopatologia, ainda não se sabe ao certo 

os fatores que diferem a sialodenite crônica associada a SS das sialodenites crônicas 

inespecíficas associadas a outros fatores etiológicos. Além disso, existem poucos 

estudos na literatura que tenham avaliado as diferenças morfológicas existentes entre 

esses dois grupos, dificultando a compreensão de sua patogênese assim como 

limitando a sua utilização como parâmetro diagnóstico (Fisher et al., 2017). 

Desta forma, o presente estudo teve como objetivo analisar 

comparativamente as características morfológicas e o infiltrado linfo-histiocitário em 

glândulas salivares menores envolvidas pela síndrome de Sjögren e por outras 

sialodenites crônicas. 
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2. ARTIGO 

 

Comparative study of the lymphohistiocytic infiltrate in Sjögren´s syndrome and 
chronic sialadenitis 
 
Running title: Lymphohistiocytic infiltrate in Sjögren´s syndrome 
 

Keywords: Sjogren’s syndrome; minor salivary glands; chronic sialadenitis; histology; 

immunohistochemistry; inflammatory infiltrate. 
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ABSTRACT 

 
The histological alterations observed in Sjogren’s syndrome salivary glands are 

difficult to interpret and can be found in other chronic sialadenitis. Objective: To 

comparatively analyze the morphological features and the lymphohistiocytic infiltrate 

in minor salivary glands from Sjogren’s syndrome and other chronic sialadenitis. 

Materials and Methods: Eighty paraffin-embedded specimens, including focal 

lymphocytic sialadenitis associated with Sjogren’s syndrome, chronic sialadenitis, 

chronic sialadenitis associated to inflammatory fibrous hyperplasia, and normal minor 

salivary glands, were selected. Immunohistochemical reactions for CD3, CD20, CD4, 

CD8, CD68, CD163 and IL-17 were performed. HE-stained and immunohistochemical 

slides were compared among the four groups. Results: Mean foci number and mean 

focus size were higher in Sjogren’s syndrome. Sjogren’s syndrome minor salivary 

glands showed a higher frequency of duct dilatation (p=0.000), and perivascular 

(p=0.002) and periductal (p<0.001) infiltration. The presence of CD4+ cells was more 

common in nonspecific chronic sialadenitis and Sjogren’s syndrome (p=0.002) and IL-

17 expression score was higher in Sjogren’s syndrome (p=0.000). Conclusion: there 

are histological and immunohistochemical differences in minor salivary glands from 

Sjogren’s syndrome in comparison with nonspecific chronic sialadenitis, and their 

usefulness in both diagnosis and prognosis of the syndrome should be further 

evaluated. 
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INTRODUCTION 
 

Sjogren’s syndrome (SS) is an autoimmune disorder characterized by 

infiltration of the salivary and lacrimal glands by mononuclear cells, especially 

lymphocytes, causing xerostomia and xerophthalmia (Nocturne & Mariette, 2013; 

Bautista-Vargas, Vivas & Tobón, 2020; Tian, Yang, Liu, Li & Chen, 2021). The etiology 

of SS is unknown and multiple factors (infectious, hormonal, stress-related and 

genetic) may play a role in its pathogenesis (Bautista-Vargas et al., 2020). 

Diagnosis of SS is complex because the clinical and histological 

characteristics of the disease are usually not specific, and several diagnostic criteria 

have been suggested. In 1993 the European classification criteria was proposed (Vitali 

et al., 1993), and subsequently reassessed by the American-European Consensus 

Group (AECG) in 2002 (Vitali et al., 2002). The AECG aimed to improve the pre-

established diagnostic criteria, including evidences of autoimmunity by autoantibodies 

(anti-Ro and anti-La) and presence of focal lymphocytic sialadenitis (FLS) in biopsies 

from minor salivary glands (MSG) (Vitali et al., 2002). In 2012 the American College 

of Rheumatology/European League Against Rheumatism (ACR/EULAR) suggested a 

set of classification criteria for primary SS, which was validated by a consensus group 

in 2016 (Shiboski et al., 2012; Shiboski et al., 2017). The classification criteria included 

five items: more than one focus of inflammatory infiltrate of mononuclear cells (mostly 

lymphocytes) containing ³ 50 inflammatory cells per 4 mm2 on MSG glands obtained 

by biopsy (3 points); presence of serum anti-SSA antibodies (3 points); SICCA ocular 

staining score of ≥ 5 (1 point); Schirmer test showing £ 5mm result for 5 minutes (1 

point); and unstimulated salivary flow of £ 0,1ml per minute (1 point). A total score ³ 4 

is compatible with the diagnosis of primary SS (Shiboski et al., 2017). Nevertheless, 

both classification systems seem equivalent, that is, patients who meet the AECG 

criteria generally also meet the ACR/EULAR classification criteria (Billings, Amin 

Hadavand & Alevizos, 2018). 

The presence of a predominantly lymphocytic focal infiltration in MSG has 

been associated with SS in several studies (Chisholm & Mason, 1968; Greenspan, 

Daniels, Talal & Sylvester, 1974; Tarpley, Anderson & White, 1974; Daniels & 

Whitcher, 1994; Daniels et al., 2011; Fisher et al., 2017; Kroese, Haacke & 

Bombardieri, 2018). However, the morphological pattern of SS-like chronic 
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inflammation can occur in nonspecific chronic sialadenitis (NCS) and chronic 

sclerosing sialadenitis (Daniels, 1984; Daniels et al., 2011; Fisher et al., 2017). Thus, 

the accuracy of biopsy interpretation and the impact on disease classification has been 

studied by several work groups (Wise & Woodruff, 1993; Al-Hashimi, Wright, Cooley 

& Nunn, 2001; Vivino, Gala & Hermann, 2002; Langerman, Blair, Sweiss & Taxy, 

2007; Stewart et al., 2008; Costa et al., 2015; Bredahl, Reibel & Pedersen, 2021; Vivas 

et al., 2021). Histological patterns such as mononuclear cell infiltration, presence of 

acinar atrophy, ductal dilatation and presence of fibrosis have already been evaluated 

and compared in SS and NCS; however, lack of diagnostic agreement among 

pathologists reflects the importance of establishing tools to improve the consistency 

of histological interpretations (Stewart et al., 2008; Costa et al., 2015; Fisher et al., 

2017). Apart from conventional histological analyses, immunohistochemical markers 

expressed in the MSG lymphocytic infiltrates can offer additional useful diagnostic 

information (Trivedi, Cornejo, O'Donnell, Dresser & Deng, 2021). 

 The inflammatory infiltrate in MSG from SS patients is predominantly 

lymphocytic, in contrast to the heterogeneous infiltrate found in NCS and other chronic 

sialadenitis. However, there is only few information on the detailed comparative 

lymphohistocytic composition of the infiltrate in these two conditions. Thus, the aim of 

this study was to comparatively analyze the morphological and immunohistochemical 

characteristics of MSG showing FLS-SS and NCS. 

 

 

MATERIAL AND METHODS 
 

1. SAMPLES 

 
The files of the Oral Pathology Laboratory, Dental School, Rio de Janeiro 

State University, Rio de Janeiro, Brazil, were reviewed and all cases representing 

MSG biopsies performed for diagnosis of SS and fibrous inflammatory hyperplasias 

containing MSG showing chronic inflammatory infiltrate were selected. All HE-stained 

histological slides were reviewed under light microscopy, and, after analysis of the 

integrity and representativeness of the specimens, 80 cases were selected and 

divided in four groups: FLS-SS (n=20), NCS (n=20), normal MSG without evident 

inflammatory infiltrate (NMSG, n=20), and inflamed MSG present in inflammatory 
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fibrous hyperplasias (IFH) (n=20). The first three groups (FLS-SS, NCS and NMSG) 

were selected from biopsies performed in labial MSG indicated for the diagnosis of 

SS. 

 

2. HISTOLOGICAL ANALYSES 

 

Histological features in the MSG of the studied cases were described after 

analysis of 5µm HE-stained sections under light microscopy. The presence, type and 

distribution of the inflammatory infiltrate; periductal and perivascular infiltration; 

number of inflammatory foci, and presence of intraductal eosinophilic material, acinar 

atrophy, fibrosis, liposubstitution, germinal centers and focus score were evaluated in 

all cases. 

 

3. IMMUNOHISTOCHEMISTRY 

 

Immunohistochemical reactions were performed using 4µm sections in 

silanized slides, deparaffinized in xylene, and hydrated in graded series of alcohol. 

Antigen retrieval was performed with pressure cooker and the activity of the 

endogenous peroxidase was blocked with one 15-minute bath in 10% hydrogen 

peroxidase. The primary antibodies incubated for 2 hours were CD3 (Polyclonal; 

DAKO; diluted. 1:300), CD4 (CD4-1F6; NOVOCASTRA; diluted 1:100), CD8 

(C8/144B; DAKO; diluted 1:100), CD20 (L26; DAKO; diluted 1:200), CD68 (CD-

68KP1; DAKO; diluted 1:200), CD163 (10D6; NOVOCASTRA; diluted 1:400) and 

interleukin 17 (IL-17) (Polyclonal; ABCAM; diluted 1:500). Sections were incubated 

with the super-sensitive non-biontin based immunohistochemical visualization system 

(AdvanceTM HRP Kit – DakoCytomation, Carpinteria, CA, USA). Diaminobenzidine 

(DAB, Sigma, St. Louis, MO, USA) was used as chromogen and the slides were 

counterstained with Carazzi’s hematoxylin. 

 

4. DIGITAL QUANTIFICATION OF THE HE-STAINED AND 

IMMUNOHISTOCHEMICAL SLIDES 

 

All HE-stained and immunohistochemical slides were scanned into high-

resolution images using the Aperio Scanscope CS Slide Scanner (Aperio 
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Technologies Inc., Vista, California, USA). For the analysis of the sample, a focus of 

interest was selected and analyzed individually in each case. In HE analyses, the 

software ruler was used to measure ductal dilatation and the size of the focus at its 

largest diameter. For the analysis of immunohistochemistry, the same focus of interest 

considered in HE was demarcated and analysed for CD3, CD4, CD8, CD20, CD68 

and CD163. Ducts and acini that could interfer on the cell count were excluded. 

Antibody expressions were analyzed using the Membrane algorithm (Aperio 

Technologies Inc.), considering the number of positive and negative cells in the focus 

of interest (Figure 1). 

For IL-17 the digitized images were analyzed with the Pixel Count V9 

algorithm (Aperio Technologies Inc.) in three distinct medium power fields in each 

case. Staining was quantified in terms of percentage of positivity and according to the 

intensity; weak staining scored 1, moderate 2, and strong 3 (Figure 1). The calculation 

of the final score for each case was the sum of the percentage of each category 

multiplied by their intensity scores using the following formula: [(% weak x 1) + (% 

moderate x 2) + (% strong x 3)]. Results ranged from 100 to 300, similarly to previous 

studies published by our group (Fonseca et al., 2015; Morais et al., 2019). 

 

5. STATISTICAL ANALYSIS 

 
Statistical analysis was performed by using SPSS software version 26 (IBM 

Corporation, Armonk, NY, USA). Descriptive frequency statistics were performed for 

qualitative variables related to patient gender, number of fragments, presence of 

inflammatory infiltrate, acinar atrophy, presence of ductal dilatation, periductal 

infiltration, perivascular infiltration, presence of intraductal eosinophilic material, 

presence of fibrosis, liposubstitution and germinal centers. Statistical analysis of 

qualitative variables was performed using Fisher's Exact Test or Chi-Square Test. 

Quantitative variables were submitted to descriptive statistics and the 

assessment of normality – Gauss curve, asymmetry, and kurtosis. In addition, a 

statistical test, Shapiro-Wilk, was performed to assess normality. Asymmetric 

variables (age, number of foci, average size of focus, average size of ductal dilatation, 

CD3, CD20, CD4, CD8 and CD163) were analyzed using the Kruskal Wallis test, while 

variables with normal distribution (CD68 and IL- 17) were submitted to ANOVA. 

Tukey's Post-hoc Test was performed after ANOVA. Data were also examined using 
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Spearman's correlation test. The level of significance considered was 5% (p ≤ 0.05) 

for all tests. 

 

This study was conducted in accordance with the ethical principles of the 

World Medical Association Declaration of Helsinki (466/2012) and it was approved by 

the Institutional Ethical Board of the University of Campinas (process number 

29278919.0.0000.5418). 

 

 

RESULTS 
 

The FLS-SS group consisted of 19 women and 1 man with a mean age of 

49.3 years (range 29 to 75 years). Histologically, all cases presented periductal, 

perivascular and interacinar inflammatory infiltrate. Inflammatory foci were mostly 

composed by lymphocytes and caused replacement of adjacent glandular structures 

(Figure 2). Lymphocytic foci were present throughout the salivary glands, both in the 

center and periphery, and foci coalesced with each other in some cases (Figure 2). 

There was an average of 12.3 foci per case (range 3 to 24). Thirteen cases had acinar 

atrophy and 17 intraductal eosinophilic material and fibrosis. All cases presented 

liposubstitution, and only 1 case presented germinal center formation (Table 1 and 

Figure 2). Inflammatory foci showed an average size of 62105.63 µm (median 565.48 

µm) and ducts showed an average size of 81.11 µm. Immunohistochemical findings 

in the focus showed a mean of 87.3% CD3+ cells and 79.1% CD20+ cells. CD4+ and 

CD8+ lymphocytes showed a mean of 36.3% and 65.1%, respectively. CD68+ and 

CD163+ histiocytes showed a mean of 30.2 % and 30.1% respectivelly. IL-17 mean 

expression score was 175.5 (Figures 4, 5 and 6).  

The NCS group was composed by 17 women and 3 men with a mean age 

of 50.8 years (range 23 to 76). Histological analysis showed an inflammatory infiltrate 

in all cases, sometimes resembling the pattern found in the FLS-SS group (Figures 

3A and 3B). However, there was an average of 3.7 foci per case (range 1 to 8), and 

they showed no coalescence to each other. Nineteen and 11 cases presented, 

respectively, periductal and perivascular inflammatory infiltrate (Figure 3C). Intraductal 

eosinophilic material was present in 19 cases, 13 cases had fibrosis and 10 cases 

showed liposubstitution (Table 1). The NCS cases had a mean focus size of 316.22 
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µm (median 274.74 µm), and mean ductal size was 58.74 µm. Immunoreactions in the 

selected focus showed a mean frequency of 78.7%, 62.8%, 53.0%, and 55.3%, 

respectively for CD3+, CD20+, CD4+ and CD8+ cells. Histiocyte markers showed a 

frequency of 30.3% for CD68+ cells and 34.3% for CD163+ cells. Mean IL-17 

expression score was 166.2 (Figures 4, 5 and 6). 

The NMSG group consisted of 17 women and 3 men with a mean age of 

48.3 years (range 28 to 77). Microscopically, scattered diffuse, periductal, and 

perivascular inflammatory cells, including mostly lymphocytes and plasma cells, were 

found in 8 cases, but they were not associated with foci formation. Two cases showed 

intraductal eosinophilic material, and 11 cases had acinar atrophy and liposubstitution, 

while 17 cases had fibrosis (Table 1). The mean ductal size was 53.39 µm. CD3+, 

CD20+, CD4+, CD8+, CD68+, and CD163+ were encountered as isolated cells, but 

no focus formation was found. Mean IL-17 expression score was 158.8 (Figures 4, 5 

and 6). 

Twelve women and 8 men made up the IFH group. The mean age was 59.8 

years (range 19 to 78). All cases showed an inflammatory infiltrate, with an average 

of 2.7 foci per case. In these cases, the inflammatory foci were mostly present in the 

periphery of the MSG (Figures 3D and 3E). Perivascular inflammatory infiltrate and 

fibrosis were not frequent, however, 11 cases had periductal inflammatory infiltrate 

and intraductal eosinophilic material. Seven cases showed acinar atrophy and 2 cases 

showed liposubstitution (Table 1). The average size of the foci was 293.86 µm (median 

292.70 µm), and the average ductal size was 73.17 µm. The mean frequency of CD3+, 

CD20+, CD4+, and CD8+ cells were, respectively, 76.7%, 57.1%, 25.4%, and 55.0%. 

Histiocytic markers showed a mean expression of 35.0% and 27.8%, respectively, for 

CD68+ and CD163+ cells. IL-17 mean expression score was 159.8 (Figures 4, 5 and 

6). 

Statistical analysis showed that ductal dilatation was more common in FLS-

SS and IFH (p<0.00). Intraductal eosinophilic material was more common in FLS-SS 

and NCS (p<0.001), while liposubstitution was more common in FLS-SS, NMSG and 

NCS (p<0.001). Perivascular (p=0.002) and periductal (p<0.001) inflammatory 

infiltrate were more common in FLS-SS and NCS. The differences in the number of 

focus (p=0.000), focus mean size (p=0.000), presence of CD4+ cells (p= 0.002) and 

IL-17 expression score (p=0.000) were significantly different when comparing the four 

groups. 



29 

 

There was a moderate positive correlation between CD3+ and CD20+ cells 

(r=0.401; p=0.002), CD20+ and CD4+ cells (r=0.351; p=0.008), CD20+ cells and IL-

17 expression score (r=0.412; p=0.002) and CD4+ cells and IL-17 expression score 

(r=0.334; p=0.013). A weak correlation was observed between CD3+ and CD4+ cells 

(r=0.272; p=0.04), CD3+ and CD8+ cells (r=0.260; p=0.049), CD8+ and CD68+ cells 

(r=0.267; p=0.045), CD8+ cells and IL-17 expression score (r=0.284; p=0.034) and 

CD68+ and CD163+ cells (r=0.283; p=0.039). 

 

 

DISCUSSION 
 

SS is a chronic autoimmune disease that primarily affects the salivary and 

lacrimal glands from middle-aged adults (Bautista-Vargas et al., 2020). It may manifest 

alone (primary SS) or associated with other disorders (Mariette & Criswell, 2018). 

Notably, histological analysis of the MSG of patients with SS shows a FLS, which is 

an important diagnostic criterion to define SS (Chisholm & Mason, 1968; Daniels & 

Whitcher, 1994; Fisher et al., 2017; Shiboski et al., 2017). It has been shown that FLS 

and focus score show sensitivity of 62.5 to 98.7%, specificity of 61.2 to 100%, and 

high positive (57 to 63.6%) and negative (95.5 to 97.5%) predictive values in the 

diagnosis of SS (Yazisiz, Avci, Erbasan, Kiris & Terzioglu, 2009; Daniels et al., 2011; 

Guellec et al., 2013; Wicheta, Van der Groen, Faquin & August, 2017; Kroese et al., 

2018; Wicheta, Van der Groen, Faquin & August, 2019; Bredahl et al., 2021). 

Nevertheless, it is estimated that 18 to 40% of the primary SS patients show a focus 

score < 1, and that 6 to 9% of non-SS healthy patients show a focus score > 1 (Kroese 

et al., 2018). Besides an important criterion for diagnosis, cumulative evidences have 

shown that the histological features in SS-affected salivary glands can serve as 

biomarkers for prognosis and a guide for treatment (Risselada et al., 2014; Fisher, 

Brown, Bowman & Barone, 2015). However, it is not uncommon in routine Oral 

Pathology that, apart from biopsies obtained for SS diagnosis, other biopsies 

containing MSG may also show focal inflammatory infiltrate resembling the SS pattern, 

such as NCS and chronic sclerosing sialadenitis (Daniels, 1984; Daniels et al., 2011; 

Fisher et al., 2017; Wicheta et al., 2019). In these cases, the definitive diagnosis is 

complex, as clinical, and histological data may be not specific and, in addition to the 
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consensus established for SS diagnosis, immunostaining would be a helpful tool to 

understand SS diagnosis and pathogenesis (Trivedi et al., 2021). 

The present study aimed to compare the morphology and the pattern of the 

lymphohistiocytic aggregates present in FLS-SS, NCS, NMSG and IFH. The first three 

groups were included as they represent the routine when interpreting MSG biopsies 

performed for SS diagnosis. We have also included a fourth group (IFH) for 

comparison as, although not associated to SS, MSG from these lesions were exposed 

to an inflammatory stimulus (trauma) and can present morphological alterations that 

resemble those observed in SS. Lymphocytic infiltrate was present in three groups 

(FLS-SS, NCS and IFH), but the infiltration pattern differed from each other. In FLS-

SS and NCS, periductal, perivascular and interacinar infiltration were evident in the 

center and periphery of the glands, while in IFH it was almost exclusively present at 

the periphery of the glands. The literature presents well-established data regarding 

the presence of inflammatory foci in FLS-SS and NCS (Vitali et al., 1993; Vitali et al., 

2002; Shiboski et al., 2017), but not on the relevant histological features to distinguish 

salivary gland inflammatory disorders. NCS is characterized by infiltration of 

lymphocytes, macrophages and plasma cells located in glandular lobes that exhibit a 

combination of acinar atrophy, interstitial fibrosis, duct dilation and luminal mucus 

(Daniels et al., 2011; Fisher et al., 2017). Meanwhile, FLS-SS is characterized by 

irregular periductal and perivascular mononuclear infiltrates (lymphocytes, plasma 

cells and macrophages) adjacent to normal-appearing mucous acini (Fisher et al., 

2017), usually lacking both duct dilatation and fibrosis (Stewart et al., 2008).  

The present results showed divergent results between FLS-SS and NCS, 

regarding acinar atrophy, presence of fibrosis and duct dilatation. These results could 

be at least partially due to the use of whole slide imaging (WSI), which provides better 

observation of details that cannot be easily visualized in a conventional light 

microscope (Parwani, Hassell, Glassy & Pantanowitz, 2014). WSI consists of 

converting glass slides into high resolution digital images scanned by a camera, and 

the software assembles the image and allows it to be viewed as a single image (Boyce, 

2015; Araújo et al., 2018). WSI has been important for helping the diagnosis in routine 

oral pathology and has been also used in research, education, telepathology and 

immunohistochemical analysis (Araújo et al., 2018). 

Furthermore, the presence of acinar atrophy and fibrosis in FLS-SS can be 

due to overexpression of TGF-β, resulting in the replacement of the normal salivary 



31 

 

gland parenchyma by connective tissue (Hall et al., 2010). The present study also 

analyzed ductal dilatation by measuring the size of the ductal lumen with WSI. The 

presence of periductal and perivascular reactive lymphoid cells is a characteristic 

finding of SS, and it has been demonstrated that salivary gland epithelial and acinar 

cells adjacent to sites of intense inflammation can recruit, activate, differentiate, and 

propagate inflammatory cells (Manoussakis & Kapsogeorgou, 2010), which may also 

explain the presence of lymphocyte aggregates in NCS and IFH. However, due to the 

aberrant expression of various immunoreactive factors, glandular epithelial cells from 

primary SS appear to have the potential to actively participate in and modulate immune 

responses in inflammatory lesions (Manoussakis & Kapsogeorgou, 2010).  

As expected, the present results showed that the mean number of focus 

and the mean focus size were significantly higher in FLS-SS in comparison to the other 

groups. This finding reaffirms the importance of the lymphocytic focus in the diagnosis 

of SS and the importance of applying a homogenous histological interpretation on their 

evaluation (Vivino et al., 2002; Fisher et al., 2017). Furthermore, our results showed 

the utility of using WSI to measure the size of the focus, encouraging its use in 

upcoming similar studies. Liposubstitution was more prominent in FLS-SS, followed 

by NMSG and NCS. It has been suggested that there is a premature early 

liposubstituion in SS-affected salivary glands (Izumi, Eguchi, Nakamura, Nagataki & 

Nakamura, 1997), but it is difficult to interpret, by the present methods, if it may 

represent a nonspecific finding associated with advancing age or any specific 

phenomenon linked to FLS-SS or NCS. 

Immunoreactions performed in the present study have shown that the 

inflammatory aggregates in FLS-SS, NCS and IFH were composed by CD20+ B cells; 

CD3+, CD4+, and CD8+ T cells; and CD68+ and CD163+ histiocytes. IL-17 

expression was mostly observed in FLS-SS. Immunohistochemical stains provide 

pathologists with more reliable and reproducible identification and quantification of 

cellular types, helping to understanding SS etiopathogenesis (Trivedi et al., 2021). The 

present results showed that CD3+ T cells are the predominant lymphocytes in FLS-

SS, in accordance with the literature (Trivedi et al., 2021). The presence of CD20+ B 

cells increases with the progression of the disease and possibly reflects its severity, 

serving as a guide for treatment (Costa et al., 2016). Counting B and T cells with the 

aid of digital strategies, as used in the present study, turns interpretation of the results 

and correlation with disease activity/severity more precise and reproducible (Costa et 
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al., 2016; Fisher et al., 2017). We observed statistically significant differences in the 

presence of CD4+ cells and IL-17 expression when comparing the four groups, IFH 

showing a lower expression of CD4+ cells in their microenvironment when compared 

to FLS-SS. This finding can be explained based on previous studies suggesting that 

primary SS is related to abnormal activity of CD4+ helper 1 (Th1) T cells (Skopouli et 

al., 1991; Tian et al., 2021). This evidence is also supported by the high level of 

interferon gamma (IFN-g) and Th1 cells in the serum of SS patients (Van Woerkom et 

al., 2005; Chivasso, Sarrand, Perret, Delporte & Soyfoo, 2021). Furthermore, the 

higher expression of IL-17 in SS is correlated with the recruitment and polarization of 

CD4+ T helper 17 (Th17) cells. Th17 cells produce IL-17 and other inflammatory 

cytokines such as tumor necrosis factor alfa (TNF-a), IL-22 e IL-26, and IL-17 

overexpression has been previously reported in SS (Verstappen, Corneth, Bootsma & 

Kroese, 2018; Zhang et al., 2018). However, the pathogenic role of Th17 cells in SS 

and in other inflammatory salivary gland disorders is not completely understood. 

Another interesting finding in our study was the correlation between 

CD3+/CD20+ cells, CD20+/CD4+ cells and CD20+ cells/IL-17 expression. B cells play 

an important role in the development of SS, including an early activation of B cells by 

the innate system (Chivasso et al., 2021; Tian et al., 2021). The IFN signaling pathway 

(the main SS pathway) interacts with B cells to trigger the production of autoantibodies 

(Nocturne & Mariette, 2013). Furthermore, regulatory B cells (another B cell subtype 

present in SS) exert their regulatory function through the production of IL-10. These 

cells induce the expansion of Treg cells (through the action of IL-10) that regulate the 

actions of TNF-a, Th17 cells and dendritic cells (Chivasso et al., 2021). 

In conclusion, the results of the present study showed that the distribution 

pattern of mononuclear cell infiltration in FLS-SS, NCS, IFH, and NMSG was different. 

Higher number of focus and mean focus size, and duct dilatation and 

perivascular/periductal infiltrate were more common in FLS-SS, followed by NCS. 

There were also differences on the presence of CD3+, CD20+, CD4+ and CD8+ cells, 

and IL-17 expression when comparing the four groups. These results suggest that 

there are both histological and immunohistochemical differences in the immune cell 

infiltration, and in the morphological alterations in SS-affected minor salivary glands 

when comparing with other chronic sialadenitis. The analysis of the signaling 

pathways activated in SS in comparison with other sialadentis, and the value of these 
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immunoinflammatory differences in both the diagnosis and prognosis of the disease 

should be encouraged in upcoming studies.  
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TABLES 

Table 1. Distribution of the histological features in the four studied groups (FLS-SS - 

focal lymphocytic sialadenitis; NCS - nonspecific chronic sialoadenitis; NMSG - normal 

minor salivary glands; IFH - minor salivary glands associated with inflammatory fibrous 

hyperplasias).  

Histological parameter 
Groups (n=20, each group) 

FLS-SS NCS NMSG IFH 

Presence of inflammatory infiltrate 20 (100%) 20 (100%) 8 (40%) 20 (100%) 

Mean number of foci 12.3 3.7 0 2.7 

Focus size (average in µm) 62105.63 316.22 0 293.86 

Focus size (median in µm) 565.48 274.74 0 292.70 

Perivascular infiltrate 13 (65%) 11 (55%) 4 (20%) 3 (15%) 

Periductal infiltrate 20 (100%) 19 (95%) 4 (20%) 11 (55%) 

Duct size (average in µm) 81.11 58.74 53.39 73.17 

Acinar atrophy 13 (65%) 10 (50%) 11 (55%) 7 (35%) 

Intraductal eosinophilic material 17 (85%) 19 (95%) 2 (10%) 11 (55%) 

Fibrosis 17 (85%) 13 (65%) 17 (85%) 9 (45%) 

Liposubstitution 20 (100%) 10 (50%) 11 (55%) 2 (10%) 

Germinal center 1 (5%) 0 0 0 

 

 



41 

 

Table 2. Distribution of the mean frequency (in %, range in parenthesis) of CD3+, 

CD20+, CD4+, CD8+, CD68+ and CD163+ cells in the focus and IL-17 expression in 

the whole salivary gland by group (FLS-SS - focal lymphocytic sialadenitis; NCS - 

nonspecific chronic sialoadenitis; IFH - minor salivary glands associated with 

inflammatory fibrous hyperplasias; NMSG - normal minor salivary glands). 

Immunohistochemical 
marker 

Groups (mean frequency in %; range in parenthesis) 

FLS-SS NCS IFH NMSG 

CD3+ cells 
87.3 

(65.9 – 98.9) 

78.7 

(42.6 – 98.7) 

76.7 

(46.6 – 97.6) 
NA 

CD20+ cells 
79.1 

(38.2 – 94.3) 

62.8 

(6.3 – 94.9) 

57.1 

(10.6 – 94.9) 
NA 

CD4+ cells 
36.3 

(2.2 – 95.7) 

53.0 

(12.0 – 90.2) 

25.4 

(2.3 – 77.7) 
NA 

CD8+ cells 
65.1 

(27.0 – 84.6) 

55.3 

(23.1 – 77.2) 

55.0 

(28.5 – 70.3) 
NA 

CD68+ cells 
30.2 

(7.1 – 62.3) 

30.3 

(7.6 – 69.3) 

35.0 

(11.3 – 70.4) 
NA 

CD163+ cells 
30.1 

(7.8 – 65.8) 

34.3 

(9.8 – 82.1) 

27.8 

(12.3 – 46.1) 
NA 

IL-17 expression 
score 

175.5 

(149.0 – 200.7) 

166.2 

(143.7 – 191.4) 

159.8 

(140.5 – 181.2) 

158.8 

(147.9 – 179.7) 
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FIGURES 

Figure 1. Method used for immunohistochemical analysis using the Aperio Scanscope 

NCS Slide Scanner (Aperio Technologies Inc., Vista, California, USA). For 

immunohistochemical analysis of CD3, CD20, CD4, CD8, CD68, and CD163, a focus 

of interest was circled and demarcated in the reactions. For IL-17, three distinct 

medium power fields were evaluated for each case. 

 

 

 

 

 



43 

 

Figure 2. Histological characteristics of the focal lymphocytic sialadenitis in Sjögren´s 

syndrome. (a) Low-power view showing five lymphocytic foci (H&E, 4x). (b) 

Perivascular and periductal lymphocytic infiltration (H&E, 20x). (c) Detail of the 

predominantly lymphocytic infiltrate (H&E, 40x). (d) Presence of a germinal center and 

liposubstitution (H&E, 10x).  
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Figure 3. Histological characteristics of the nonspecific chronic sialadenitis (NCS) and 

minor salivary glands in inflammatory fibrous hyperplasia (IFH). (a) Low-power view 

showing inflammatory foci in NCS (H&E, 4x). (b) Detail of inflammatory foci and ductal 

dilatation in NCS (H&E, 10x). (c) Periductal predominantly lymphocytic infiltrate in NCS 

(H&E, 40x). (d) Perivascular and periductal inflammatory infiltrate in IFH (H&E, 10x). 

(e) Detail of the predominantly lymphocytic infiltrate in IFH (H&E, 40x). 
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Figure 4. Graphic illustration of the immunohistochemical expression of CD3 (a), CD20 

(b), CD4 (c), CD8 (d), CD68 (e), CD163 (f) and IL-17 (g) in focal lymphocytic 

sialadenitis (FLS-SS), nonspecific chronic sialadenitis (NCS), minor salivary glands 

associated with inflammatory fibrous hyperplasias (IFH), and normal minor salivary 

glands (NMSG). 
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Figure 5. Immunohistochemical expression of CD3, CD20, CD4, and CD8 in focal 

lymphocytic sialadenitis (FLS-SS), nonspecific chronic sialadenitis (NCS), minor 

salivary glands associated with inflammatory fibrous hyperplasias (IFH), and normal 

minor salivary glands (NMSG). 
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Figure 6. Immunohistochemical expression of CD68, CD163 and IL-17 in focal 

lymphocytic sialadenitis (FLS-SS), nonspecific chronic sialadenitis (NCS), minor 

salivary glands associated with inflammatory fibrous hyperplasias (IFH), and normal 

minor salivary glands (NMSG). 
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3. CONCLUSÃO  

 

O número de focos predominantemente linfocíticos, assim como seu 

tamanho médio, além da presença de dilatação ductal e infiltração 

perivascular/periductal, foram mais comuns na SS em comparação com as 

sialoadenites crônicas inespecíficas. A presença de células T CD4+ foi mais frequente 

na SS e nas sialoadenites crônicas inespecíficas e os escores de imunoexpressão de 

IL-17 foram maiores na SS. Os resultados sugerem que existem diferenças 

histológicas e imunoistoquímicas nas glândulas salivares menores na SS em 

comparação com outras sialodenites crônicas.  
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