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Sjögren primária. 
Métodos: A apoptose foi estudada por imunohis-
toquímica utilizando anticorpos monoclonais anti-
-Fas, FasL e Caspase 3 e as características apoptó-
ticas por TUNEL. Os estudos foram executados em
vinte e quatro glândulas salivares minor de doentes
com Síndroma de Sjögren primária e num igual nú-
mero de controlos. A proliferação foi avaliada com
anticorpos monoclonais anti-PCNA e anti-Ki67. 
Resultados: Todas as glândulas salivares dos doen-
tes com Sjögren apresentavam moléculas apopto-
ticas no epitélio dos ductos salivares, e menos no
tecido acinar, consequentemente a presença do
caspase 3, Fas/FasL eram concordantes com a ex-
pressão da apoptose por TUNEL. Os marcadores de
proliferação foram encontrados nas células infla-
matórias presentes, mas não no epitélio ductal nem
nos acinos. A expressão de marcadores de apopto-
se ou de proliferação nos tecidos das biopsias dos
controlos foi escassa. 
Conclusão: Os dados actuais sugerem que as célu-
las do epitélio ductal e dos acinos das glândulas sa-
livares dos doentes com doença de Sjögren têm au-
mento da apoptose. A proliferação foi observada
principalmente no infiltrado celular linfóide. Em
conjunto, estes eventos constituem um paradoxo
biológico relacionado com o processo inflamatório
das glândulas salivares na Síndrome de Sjögren.

Introduction

The pathogenesis of primary Sjögren’s disease is
multifactorial but the antigen that drives the au-
toimmune response is still unknown. The disease
causes dry eyes and mouth, vasculitis, and neuro-
logical symptoms. Symptoms are the result of im-
mune lymphocytic infiltration in lacrimal and sa-
livary glands.1

B-cell hyperactivity, increased levels of B-cell-
-activating factor/B-lymphocyte stimulator and
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Abstract

Aim: To assess apoptosis and proliferation in sali-
vary glands of patients with primary Sjögren’s syn-
drome.
Methods: Studies were performed in twenty four
minor salivary glands from patients with primary
Sjögren’s syndrome and an equal number of con-
trols. Apoptosis was studied by immunohisto-
chemistry using monoclonal antibodies anti-Fas,
FasL and Caspase 3 and apoptotic features by
TUNEL. Proliferation was assessed with mono-
clonal anti-PCNA and anti-Ki67 antibodies.
Results: All salivary glands from Sjögren’s display
apoptotic molecules along the epithelia of salivary
ducts, and in a smaller amount in acinar tissue. The
presence of Caspase 3, Fas/FasL was concordant
with the expression of apoptosis by TUNEL. Prolif-
eration markers were encountered in inflammato-
ry emigrant cells, but not in ductal epithelia nor in
acini. Control biopsies poorly expressed apoptotic
or proliferation markers.
Conclusion: Present data suggests that the ductal
epithelial and acinar cells of salivary glands from
Sjögren’s disease patients exhibit increased apop-
tosis. Proliferation was mainly observed in infil-
trating lymphoid cells. Both events constitute a bio-
logical paradox related to the inflammatory pro-
cess of salivary glands in Sjögren’s disease.
Keywords: Apoptosis; cell proliferation ; Sjögren
disease; Salivary glands; PCNA; Caspase 3.

Resumo

Este estudo avalia a apoptose e a proliferação nas
glândulas salivares dos doentes com Síndroma de
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APOPTOSIS AND PROLIFERATION IN SJÖGREN

anti-Ro or anti La autoantibodies’ production are
among the abnormalities of the immune system in
Sjögren’s disease. The glandular dysfunction results
from lymphocytic infiltration around the ductal
and acinar epithelium. Infiltrates of activated T cells
produce inflammatory cytokines, and these media-
tors cause tissue damage by cytotoxicity, or induce
glandular apoptosis; the apoptotic remains con-
tain intracellular autoantigens that trigger autoan-
tibody production. Another effect of cytokines is
the induction of functional quiescence, rather than
destructive damage; but in the majority of the pa-
tients different cytokines induce lymphocyte pro-
liferation. Since pathophysiology of Sjögren’s disea-
se is multifactorial, different environmental factors
have been implicated such as HTLV-1 and hepatitis
C viruses. However, the possible role of virus in the
pathogenesis of Sjögren’s is still under investiga-
tion.1-4 

The present study addresses the issue of how
apoptosis and proliferation may coexist in salivary
glands of patients with primary Sjögren’s syndrome.

Material and Methods

Minor salivary gland biopsies from 24 patients with
primary Sjögren’s disease were studied; patients
fulfilled the revised version of the European crite-
ria proposed by the American-European Consen-
sus.5 There were 17 females and 7 males with a
mean age of 47 years (range 37 - 57). All the pa-
tients and controls were previously informed about
the biopsy and written consent was obtained. An
equal number of biopsies from controls without
Sögren’s disease were included; these samples were
obtained during oral surgery for other purpose. The
protocol was authorized and monitored by the
ethics committee of CBE and the study was con-
ducted according to the World Medical Associa-
tion’s Declaration of Helsinki. Specimens were fixed
in formaldehyde and included in paraffin, sectio-
ned at 4 µm thin and stained with haematoxylin &
eosin. After microscopic evaluation by two patho-
logists, biopsies were classified according to the re-
vised multilevel assessment of a cumulative focus
score (FS).6 Biopsies were considered negative in
case of absence of inflammatory infiltrates (FS=0).
The presence of one or more foci/4 mm2 was clas-
sified as positive in spite of the normal appearan-
ce of the adjacent glandular parenchyma (0 < FS 
< 1). Positive FS biopsies were divided in two addi-

tional groups as follows: those with less than two
foci/4 mm2 (1 ≤ FS < 2) and those with two or more
foci (FS ≥ 2). 

Unstained tissue sections were used for immu-
nohistochemistry.

Immunohistochemistry. Slides containing 4 µm
sections of minor salivary glands were dewaxed,
then permeabilized with 0.01% Triton X- 100/PBS
and washed three times with PBS. Endogenous pe-
roxidase was blocked with 56°C heated horse se-
rum. After washing, tissues were incubated for 1
hour with anti-FasL (sc-19681 Santa Cruz, Bio-
technology, Inc. Santa Cruz.CA), anti-Fas (m3553,
Dako Carpinteria,CA), anti-Ki-67 antibody (cat 35-
-1600, Zymed, San Francisco, CA), and anti-PCNA
(cat 13-3900, Zymed). Antibodies were diluted
1:1000 in 10% BFS-PBS. After washings with PBS,
bound antibodies were tagged with goat anti-mou-
se IgG labelled with peroxidase. Colour reaction
was induced by 2, 2 diaminobenzydine-0.06% H2O2

(Sigma, San Luois, MO). Reaction was stopped with
2N sulphuric acid. The slides were then evaluated
by three observers; assays were done in triplicate. 

TdT-mediated dUTP nick end labeling (TUNEL)
was done according to the manufacturer’s instruc-
tions (Roche Molecular Biochemicals. Penzberg,
Germany). Nuclear stripping was performed by
immersing the slides for 5 minutes in 10 mM Tris-
HCl, pH 8.0, followed by 15 minutes in 20 µg/ml
proteinase K dissolved in the same buffer, and fi-
nally the slides were washed with PBS. Elongation
of the DNA fragments was performed by incubati-
on for 60 minutes at 37ºC with 75 µl of the reacti-
on mixture [DDW, 10XTdT buffer (30 mM Tris base,
140 mM sodium cacodylate, pH 7.2, 1 mM cobalt
chloride, 1 mM DTT); 10% of the final volume],
fluorescein-11-dUTP (0.5 mg dissolved in 1 ml of
10 mM Tris-HCl, pH 7.0), and TdT enzyme (0.3 en-
zyme units/µl). The reaction was terminated by
adding the stop solution (300 mM NaCl, 30 mM
sodium citrate, pH 8.0).

Results

Lymphocyte infiltrates: Biopsies from Sjögren’s
disease were classified as FS1=five biopsies,
FS<2=six, FS = 2=five and FS >2=eight biopsies.
Control biopsies from normal individuals were all
negative (FS 0).
Apoptotic features: All minor salivary glands show
apoptotic markers. As expected, the Fas receptor
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was widely distributed along ductal epithelium
and in a lesser amount along acini. No difference
between patients and controls was observed as Fas
is constitutive. However, normal salivary glands
displayed a faint signal of Fas receptor. Meanwhile,
Sjögren’s salivary glands exhibited a strong Fas sig-
nal. It seems that the glandular inflammation over-
expresses the Fas receptor. In sharp contrast, the
FasL was expressed exclusively in Sjögren’s salivary
glands, but not in controls. Moreover, the FasL was
broadly distributed in inflammatory infiltrates,
suggesting that the main source of FasL is lym-
phocyte-dependent (Figure 1 and Table I). 

Caspase 3 is a crucial molecule for apoptosis;
consequently it was important to define its pres-
ence in ductal epithelia and acini. Control biopsies
displayed a faint signal of caspase 3; Sjögren’s sali-
vary glands expressed a strong signal of caspase 3
in ducts, acini and along inflammatory infiltrates.
Because the detection of Fas/FasL pair and Caspa-
se 3 does not necessarily implicate functional ac-

tivity, a complementary TUNEL assay was per-
formed with the following results: Sjögren salivary
glands showed positive TUNEL assays, apoptotic
tags were distributed along ductal epithelial and
acinar cells and were coincident with the Fas/FasL
and Caspase 3 presence (Figure 2). 
Proliferation markers: PCNA and Ki-67 proteins
are considered reliable markers of proliferation.
No proliferation markers were detected in control
biopsies. PCNA was broadly expressed in Sjögren’s
tissues. Ki-67 was also detected in Sjögren’s salivary
glands, but the signal was weak. PCNA and Ki-67
were mainly detected along the inflammatory cell
infiltrates and ductal epithelia and were absent in
acinar cells (Figure 3).

Discussion

The present study demonstrates that cells of the
salivary glands from Sjögren’s patients exhibit

Figure 1. Fas receptor distribution in salivary glands of
controls (A) and Sjögren disease (B). FasL distribution in
controls (C) and in Sjögren disease (D).

Table I. Apototic and proliferation markers in salivary glands 

Molecule Controls Distribution Sjögren Distribution
FasR 23/24 Faint in epithelial ducts 24/24 Broad, lymphoepithelial and acini 
FasL 0/24 Absent 24/24 Broad, inflammatory cells
Caspase 3 0/24 Absent 17/24 Broad, lymphoepithelial lesions
TUNEL 1/24 Limited in ducts 24/24 Broad, lymphoepithelial and acini
PCNA 0/24 Faint in ductal epithelium 24/24 Broad, lymphoepithelial lesions
Ki-67 0/24 Absent 10/24 Faint, Lymphoepithelial lesions

Figure 2. Caspase 3 distributions in salivary glands of
controls (A) and Sjögren disease (B).TUNEL in negative
controls (C) and positive in Sjögren salivary glands (D).

 



ÓRGÃO OF IC IAL DA SOC IEDADE PORTUGUESA DE REUMATOLOGIA - ACTA REUMATOL PORT. 2008;33:299-303

302

apoptotic features; inflammatory infiltrates in Sjö-
gren’s Syndrome display proliferation markers in
lymphoid cells and this biological paradox inflam-
mation-apoptosis in Sjögren’s disease frequently
results in atrophy and secretor dysfunction.

Among the possible mediators of apoptosis in
Sjögren’s syndrome are the CD8 cells, who may re-
lease proteases such as perforin or granzyme B.7

Another route by which CD8 cell may induce apop-
tosis is by triggering the Fas pathway, because un-
der stimulation FasL is expressed on its surface.
According to our findings, the apoptotic targets are
the epithelial and the acinar cells, rather than the
infiltrating lymphocytes, which seem to be unable
to cause autocrine or paracrine apoptosis. Simul-
taneous expression of Bcl-2 and FasL in CD8 lym-
phocytes may increase their resistance to apopto-
sis.8

The presence of CD4 cells in the inflammatory
infiltrates of Sjögren’s syndrome may be involved
in apoptosis. In the animal model of Sjögren’s
syndrome, glandular apoptosis is induced via CD4
cells. During this process, a cleavage of the 120 kDa
alpha-fodrin takes place. Interestingly, this autoan-
tigen is important in triggering the disease in ani-
mal models and in humans. This effect is blocked
by inhibitors of caspases.9

Another mechanism of apoptosis has been pro-
posed in Sjögren’s disease: anti-Ro and anti-La au-
toantibodies from Sjögren’s patients may induce
apoptosis of the A-253 cell line in a caspase-de-
pendent manner, but this mechanism remains to
be clarified.10,11

Cell proliferation in Sjögren’s disease was recog-
nized by Mickulicz in 1892, who reported a 42-year-
-old male farmer with lacrimal, parotid, and sub-
mandibular enlargement. The excised glands were
filled with small round cells (lymphocytes). The
patient died, possibly from a lymphoma, perhaps
even Waldenstrom’s macroglobulinemia.12 Salivary

glands in Sjögren’s disease may develop benign
lymphoepithelial lesions and ductal lesions, which
are followed by basal cell hyperplasia and aberrant
differentiation into a multi-layered and reticulated
epithelium. All these changes are the result of cell
proliferation. Morphological changes are accom-
panied by alteration in the cytokeratin pattern and
enhanced Ki-67 protein expression.13 Interestingly,
a constant finding in target organs is a progressive
focal infiltration of mononuclear lymphoid cells
that replace the glandular epithelium. Different
cytokines and chemokines are involved in B cell
maturation and proliferation, the B cell activating
factor being involved in this process.14 In few cases
of Sjögren’s syndrome, the uncontrolled prolifera-
tion may result in malignant lymphoproliferative
diseases.15

In summary, there is growing evidence that
cytokines, chemokines and proliferation factors
create a favourable glandular environment that al-
ters the cell cycle resulting in proliferation of few
epithelial areas and lymphoid foci.

Finally, the present investigation demonstrates
that inflammatory cells play an important role in
this paradox of the cell cycle, by which apoptosis
and proliferation can co-exist in the same tissue
target, leading to atrophy and loss of function.
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