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Abstract
Objective

Modulation of TNF- by neutralizing antibodies, soluble receptors and TNFR: Fc fusion proteins are being developed
for the therapeutic modulation of immune inflammation. It is becoming increasingly important to understand the state

and involvement of the TNF- /TNFR system in various rheumatic diseases.
Tumor necrosis factor-alpha (TNF- ) affects its target cells through binding to two different receptors, TNFR-p55 and
TNFR-p75. Mitogenic, cytostatic and cytotoxic effects of TNF- on various cells have been reported. In Sjögren’s syn-
drome (SS) focal sialadenitis leads to salivary gland destruction and loss of function. Although TNF- is one possible
mediator in these processes, nothing is known about the spatial distribution of TNF- in relation to its receptors/ tar-

get cells in salivary gland tissue.

Methods
Labial salivary glands (LSG) were obtained from 16 SS patients and 13 healthy controls and stained using the

immunohistochemical peroxidase-anti-peroxidase (PAP) method for TNF- , TNFR-p55 and TNFR-p75.

Results
TNF- , TNFR-p55 and TNFR-p75 staining was absent, weak or relatively inextensive in controls compared to SS

patients. Infiltrating mononuclear inflammatory cells in SS patients displayed moderate to strong TNF- and TNFR
expression. In addition, resident vascular endothelial cells, ductal epithelial cells and fibroblasts co-expressed TNF-

and TNFR. In contrast, acinar end piece cells did not express TNF- or TNFR-p75 although TNFR-p55 was
expressed.

Conclusion
The interrelated localization of TNF receptors and their ligand TNF- in inflammatory and in endothelial cells 

suggests a proinflammatory role of TNF- in SS. The expression of TNF- and its receptors in fibroblasts and ductal
cells may contribute to ductal hyperplasia and glandular fibrosis. However, in contrast to expectations, the cellular

localization of the TNF- /TNRF system argues against its role in acinar cell atrophy.
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Introduction
I m mune ab n o rmalities in Sjögre n ’s
syndrome (SS) include a reduced peri-
pheral blood CD4+ cell count, hyper-
gammaglobulinemia and specific auto-
antibodies against SS-A/Ro, SS-B/La
and -fodrin. Mononuclear cell infil-
trates/focal adenitis, regularly seen in
the ex o c rine glands of the pat i e n t s ,
seem to lead to disturbances of the aci-
nar end piece cells and, later on, to irre-
versible destruction of the parenchymal
components of the glands (1). Ulti-
mately, salivary flow rates are affected.
The initial event in SS pathogenesis is
thought to be the activation of CD4+
cells by antigen presenting cells carry-
ing a complex of the HLA II molecule
and an unknown antigen on their sur-
face (2). The CD4+ cells can be divided
into two subtypes, T-helper 1 and 2
cells (Th1 and Th2) (3). CD4+ cell acti-
vation leads to the production and
release of many cy t o k i n e s , i n cl u d i n g
TNF- , which is a product of a Th1 sub-
type response (4).
The active form of TNF- is produced
by proteolytic cleavage of a 17 kD frag-
ment from the extracellular carboxyter-
minal domain of the 25 kD membrane-
bound proform of the protein and sub-
sequent formation of a homotrimer of
the cleaved fragments (5). The biologi-
cal (autocrine, paracrine, endocrine and
j u x t a c rine) functions of T N F - a re
m e d i ated through two diffe rent T N F
re c eptor populat i o n s , TNFR-p55 and
TNFR-p75 (CD120a and CD120b,
respectively).
In addition to lymphocytes, TNF- is
produced by macrophages, endothelial
cells and by some epithelial cells, e.g.
keratinocytes and salivary gland epithe-
lial cells (6-8). TNF- plays an impor-
tant role in host defense against infec-
tion and in inflammation. It increases
the adhesive properties of endothelial
cells for inflammatory cells (9) and is
able to activate T- and B-lymphocytes
and monocytes (10-12). It has we l l
k n own cy t o t ox i c / cy t o s t atic pro p e rt i e s
not only for various malignant cells (4),
but also for some salivary cell lines,
e.g. for a human salivary epithelial cell
line (5, 13). These effects have been
s h own to be dependent both on the
T N F - c o n c e n t ration (5) and on the

cooperative action of other cytokines
(e.g. PDGF, EGF, IL-1, 2 and 6 and
IFN- ) (14, 15). In addition, cellular
expression and properties of the two
types of TNF receptors,TNFR-p55 and
T N F R - p 7 5 , m o d u l ate T N F - a c t i o n s
(16). 
An add i t ive effect between the two
TNF receptors has been proposed to be
involved in the cytotoxity and adhesive
p ro p e rties of T N F - (9). T N F R - p 5 5
mediates most of the cytotoxic effects,
fibroblast proliferation and prostaglan-
din synthesis. The TNFR-p75 mediated
effects are more restricted; it potenti-
ates the cytotoxic effects of TNFR-p55
and stimulates T-cell proliferation syn-
ergistically with IL-1, IL-2, and IL-6
(16); it is more abundant in lymphoid
cell aggregates than TNFR-p55 (15).
In SS the salivary gland epithelial cells
produce over 40-fold more TNF- m-
RNA than is produced by non-inflam-
matory control glands (6). Nothing is
known, however, about TNF receptor
expression or distribution in SS sali-
vary glands. To better understand the
local targets and potential effects of
TNF- , we studied the presence, cellu-
lar expression and localization of TNF-

and its two receptors in the labial sali-
vary glands (LSGs) of SS patients com-
pared to healthy controls.

Patients and methods
Patients and biopsies
Six to eight LSGs were obtained from a
total of 16 patients with SS. The diag-
nosis was based on the European crite-
ria for SS (17); in addition, the focus
score index in all patient LSG biopsies
was > 2 (criteria require a focus score ≥
1) showing they all had sialadenitis; 12
of the patients had 1°SS, 4 had 2°SS
with underlying systemic lupus erythe-
matosus, and one had 2°SS with rheu-
matoid arthritis. Similarly, LSGs were
obtained from 13 healthy vo l u n t e e r
controls with no symptoms or clinical
signs of SS; all had a focus score index
< 1 (i.e., they did not have focal sial-
adenitis). All LSG biopsies were fixed
in 10% formalin, dehydrated in etha-
nol, cleared in xylene and embedded in
paraffin. 4 m tissue sections were cut
and mounted on APE (3-aminopropyl-
trietoxysilane; Sigma Chemical Co., St.
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L o u i s , M O, USA) coated slides and
stored at +4°C until staining.

Antisera and immunostaining
Tissue sections were deparaffinized in
x y l e n e, re hy d rated through gra d e d
alcohol series and washed in 20 mM
Tris-HCl, 150mM NaCl, pH7.5 (TBS).
I m mu n o re a c t ive epitopes hidden by
aldehyde cross-links were disclosed by
pretreatment in 0.4% pepsin in 1N HCl
for 20 min at +37°C. The intrinsic per-
oxidase activity was abolished by pre-
t re ating the tissue sections in 0.1%
H2O2 in methanol for 30 minutes. The
tissue antigens were demonstrated with
the unlabelled antibody enzyme meth-
od PAP (perox i d a s e - a n t i - p e rox i d a s e )
(18). Briefly, tissue sections were treat-
ed sequentially with: 1) normal rabbit
s e rum (dilution 1:5; Dako p atts a/s,
Glostrup, Denmark), 2) primary poly-
clonal go at anti-human T N F - a n t i-
b o dy, dilution 1:50 (R&D Systems,
A b i n g d o n , O x fo rd, UK) and mono-
clonal mouse anti-human TNF- (1:50;
Dakopatts a/s); or monoclonal mouse
anti-human TNFR-p55 (CD 120; 1:
100) and TNFR-p75 (CD 120b; 1:150)

antibodies characterized for their speci-
ficity in detail elsewhere (19, 20); 3)
rabbit anti-go at or rabbit anti-mouse
I g G, h e avy and light chain specifi c,
respectively (1:50; Dakopatts a/s), and
4) with the appropriate horseradish per-
oxidase - anti-hors e radish perox i d a s e
complexes (1:100; Dakopatts a/s). For
colour development, the sections were
incubated for 3 min in 3,3’-diamino-
benzidine tetrahydrochloride and H2O2.
Between each step the specimens were
washed for 3 x 5 min in TBS. Finally,
thesections, withouthematoxylin coun-
t e rs t a i n , we re dehy d rated in gra d e d
ethanol series, cleared in xylene and
mounted in Diatex. The specificity of
the reaction was tested by omitting the
primary antibody, which was replaced
with the corresponding normal serum
or mouse IgG (Dakopatts a/s).
All samples were stained at the same
time for each primary antibody and the
conditions for each sep a rate staining
procedure were similar every time in
order to get the best possible compara-
bility. The reaction of polyclonal TNF-

antibody was confirmed using mono-
clonal T N F - a n t i b o dy. The re s u l t s

were analyzed by two members of the
group in a blinded manner.

Results
General assessment
The PAP method gave a good signal-to-
noise ratio for TNF- , TNFR-p55 and
TNFR-p75 in LSGs in SS and in heal-
thy controls. In all samples there was
some intra-sample va ri ation in the
staining intensity, but by and large it
was similar throughout the sample.
Staining controls confirmed the speci-
ficity of all immunoreactions reported.
8 of the 16 SS samples and 9 of the 13
healthy specimens underwent a TNF-
staining procedure; 6 of the 8 SS sam-
ples and all 9 of 13 healthy LSGs used
in T N F - staining we re also stained
with TNFR-p75 antibody. All 8 of
these patients had pri m a ry SS. Th e
remaining 8 of the 16 SS samples and
the remaining 4 of the 13 healthy LSGs
were stained with TNFR-p55 antibody
(Table I).

Tumor necrosis factor-alpha
Healthy control glands did not contain
mononuclear cell infiltrates. Half of the
h e a l t hy specimens did not show any
immunoreaction for TNF- (although
the positive sample controls were posi-
tive) but TNF- staining, when found,
was moderate to strong as in all SS
specimens. In SS samples infiltrating
cell lymphocytes and macrophages in
the mononu clear cell infi l t rates also
showed a strong immunoreaction (Fig-
ure 1, panel A, SS patient; Table I). 
In addition, in some SS biopsy samples
endothelial cells of the arterioles, capil-
laries and postcapillary venules stained
strongly for TNF- (Fig. 1, panel A).
Fibroblasts of fibrotic areas of the SS
glands showed a strong immunoreac-
tion for T N F - ( TableI). Fi n a l ly, i n
control samples staining of the salivary
duct epithelial cells was more occa-
sional than in SS samples; both dis-
played a relatively strong TNF- reac-
tion (Fig. 1, panels B and C). Acinar
cells did not display any immunoreac-
tion for TNF- in either the control or
SS samples.

Tumor necrosis factor receptor-p55
All samples contained TNFR-p55 posi-

Table I. Expression of tumor necrosis factor-alpha (TNF- ) and its receptors p75 and p55
in labial salivary glands (LSG) in primary (1°) and secondary (2°) Sjögren’s syndrome (SS)
and in healthy controls.

Samples TNF-alpha TNFR-p75 Samples TNFR-p55

1°SS 1 bv dc ic f bv dc ic 1°SS 9 ic f

2 dc ic  f dc ic 10 ac dc f

3 bv dc ic bv dc ic 11 ic bv ac dc

4 ic f ic 12 bv ac dc f

5 bv ic bv ic 2°SS 13 ic bv ac

6 dc ic f dc ic 14 ic ac dc f

7 bv dc ic bv dc ic 15 bv ac dc f

8 bv dc ic f bv dc ic 16 bv ac dc

Contr. 1 dc bv dc Contr.  10 bv ac dc

2 - dc 11 bv ac dc

3 dc bv dc 12 ac dc

4 - dc 13 bv ac dc

5 dc Dc

6 - -

7 Dc bv dc

8 - dc 

9 - -

ac: acini; bv: blood vessel; f: fibroblasts; dc: ductus epithelial cells; ic: inflammatory cells; f: fibrob-
lasts.



134



135

tive cells. Inflammatory mononuclear
cells in SS samples stained occasional-
ly for TNFR-p55 (Table I). In contrast
to the cytoplasmic T N F - s t a i n i n g,
TNFR-p55 staining was most intense
on the cell surfaces of inflammmatory
mononuclear cells.
Some of the fibroblasts found in the
inflamed and fibrotic areas were less
intensively positive (Fig. 1, panel E).
TNFR-p55 staining of vascular endo-
thelial cells was strong in both SS and
in control specimen. In both groups,
ductal epithelial cells we re stro n g ly
TNFR-p55 positive (Fig. 1, panels E
and F; Table I). In acinar cells the
TNFR-p55 immunoreaction was found
to be restricted to the basal cytoplasm
of the acinar cells, and sometimes sev-
eral such cells formed half-moon like
structures (Fig. 1, panels E and F).

Tumor necrosis factor receptor-p75
The immu n o reaction for T N F R - p 7 5
was strong in SS LSGs compared to the
healthy controls and two of the healthy
samples showed hardly any reaction for
TNFR-p75 (Table I). All of the mono-
nuclear cells in the infiltrates observed
in SS glands stained positive ly with
this re c eptor antibody. The re a c t i o n
was as intense as that for TNF and
TNFR-p55 (Fig. 1, panel G).
Blood vessel endothelium of both con-
trol and SS samples showed some posi-
t ive reaction with more intense and
w i d e s p read staining observed in SS
than in control samples. Ductal cells
s h owed positive reaction for T N F R -
p75 with similar intensity as that for
TNFR-p55 and TNF- . This reaction
was strong in SS samples and less
intense and more occasional in healthy
specimens (Fig. 1, panel G).

In contra s t , no immu n o reaction fo r
TNFR-p75 was detectable in any of the
control or SS acinar cells.

Discussion
Sjögren’s syndrome, clinically charac-
terized by xerostomia and dry eyes, is
an autoimmune disease where a com-
plex cytokine network plays a signifi-
cant role in the pat h ogenesis. Th e
effects of TNF- on its target cells de-
pend not only on its concentration (5),
but also on receptor molecule expres-
sion and on the affinity of the receptors
for TNF- (16). One way to modulate
TNF- binding is via structurally relat-
ed receptors in soluble form instead of
the usual cell surface re c ep t o rs. Th e
soluble receptors compete for TNF-
with the membrane bound re c ep t o rs ,
thus inhibiting TNF activ i t y. Intera c-
tions between many other cy t o k i n e s
f u rther modulate T N F - m e d i at e d
effects. 
In addition to the local autocrine and
paracrine effects of TNF- , juxtacrine
stimulation of monocytes/macrophages
is supposed to be possible and to con-
t ri bute to T N F - m e d i ated killing of
tumor cells and viru s - i n fected cells.
IFN- has well known anti-viral effects
and it is detected in normal salivary
glands (21, 22). Salivary gland ductal
epithelial cells may harbor some virus-
es in healthy individuals after the pri-
m a ry infection. Norm a l ly, h oweve r,
viruses are kept latent and are not reac-
tivated or shed except in some autoim-
mune diseases and in immu n o s u p-
pressed patients (2). This is assumed to
emphasize the T-cell mediated and/or
IFN- dependent control of the infect-
ed cells (23, 24). Therefore, the basal
production of TNF- and the receptors

for it, now detected in normal salivary
glands as well, may modulate normal
cellular immune responses. TNF- may
together with IFN- have useful func-
tions in host defense in normal salivary
glands.
In SS most of the local lymphocytes are
T lymphocytes of the CD4+ subtype
(2). The Th1 subtype of CD4+ cells,
rather than the Th2 cells, are according
to many studies in SS responsible for
local lymphokine production (6, 2 5 -
27). Some of these cells are IL-2 recep-
tor positive, p ro l i fe rating T ly m p h o-
blasts producing IFN- and IL-2 (22,
28). TNF- has been shown to be pro-
duced by activated Th1 cells (4). TNF-

has a significant ability to activate
i n fl a m m at o ry cells. In combinat i o n
with IFN- it increases HLA-II expres-
sion on antigen presenting cells and
together with IL-2 it increases T-lym-
phocyte proliferation and activates T-
and B-lymphocytes (5). TNF- produc-
tion and expression have been shown to
be increased in ly m p h o p ro l i fe rat ive
conditions and in lymphoid cell aggre-
gates in rheumatoid arthritis (15, 29).
M o re ove r, TNF re c eptor pro d u c t i o n
and expression, mostly that of p75, is
i n c reased in activated ly m p h o cy t e s
(29). Interestingly, IFN- has in some
studies been more consistently found in
healthy controls than in SS patients (6,
25, 30). This suggests that IFN syn-
thesis may be selectively downregulat-
ed in SS and perhaps shift toward that
of TNF- . Expression of TNF- and of
both p55 and p75 type re c ep t o rs in
m o n o nu clear infl a m m at o ry cells, a s
s h own in this study, most ev i d e n t ly
i n d i c ates a pro i n fl a m m at o ry role fo r
T N F - in SS. The pro l i fe ration and
activation of inflammatory cells might

Fig. 1. Immunohistochemical peroxidase-anti-peroxidase staining of tumor necrosis factor-alpha (TNF- ) and its receptors p55 and 75 in labial salivary
glands. 
TNF- (panels A-D). A typical staining pattern for TNF- was as follows: In Sjögren’s syndrome (SS) lymphocytes and macrophages in the periductal
mononuclear cell infiltrates were TNF- positive (panel A). TNF- expression of the ductal epithelial cells was strong in SS samples (panels A and B), but
usually more weak although still discernable in about half of the healthy control samples (panel C). In addition,TNF- was seen in the endothelial cells of
local blood vessels (bv) in both SS samples (strong staining, panel A) and occasionally in healthy control samples (weak staining, not shown). 
TNFR-p55 (panel E, a SS sample and panel F, a healthy specimen) was found in SS in the inflammatory mononuclear cells as surface staining and was in
addition expressed in salivary duct (dc) epithelial cells, blood vessel (bv) endothelium and acinar cells (ac), often in half-moon like structures. TNFR-p55
expression was intensive both in SS and in healthy control samples. 
TNFR-p75 (panel G) was found in inflammatory mononuclear cells and in ductal epithelial cells. TNFR-p75 (and its ligand TNF- ) were never observed in
the acinar cells. 
Negative staining controls (panel D for TNF- and panel H for its receptors),in this instance after the omission of the primary antibody, which for control
purposes was replaced with goat and mouse IgG, respectively, demonstrates the specificity of the staining. Original magnification x 400 in all panels; all sam-
ples without counterstaining.
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thus partly occur in situ through TNF-
actions.
TNF- increases the adhesive proper-
ties of vascular endothelial cells by
inducing ICAM-1, VCAM-1 and E-
selectin (9), which are also induced by
IFN- (31). In our study the endothelial
cells showed marked immunoreactivity
for TNF- and for both of its receptors
in SS samples, wh e reas in healthy
specimens only TNFR-p55 immunore-
action was strong. IFN- is decreased
in LSGs in SS compared to normal sali-
vary glands (30), but TNF- is more
abundant in the disease compared to
controls (6). It is therefore possible that
in normal salivary glands the regulation
of adhesive properties of the endothe-
lial cells occurs through IFN- actions,
but is shifted toward TNF- actions in
SS. These findings support the thought
t h at migration of infl a m m at o ry cells
from the circulation through endotheli-
um to glandular tissue is enhanced by
TNF- in SS.
One interesting point of view is that
TNF- of endothelial cells is locally
produced (9, 16). It converts the endo-
thelium into a procoagulant surface (9),
thus disturbing the normal function of
endothelium. In the context of SS, an
interesting question is whether TNF- ,
through its local effects on endothelial
cells, is involved in the regulation of
the transport of liquids to saliva and
thus in decreased salivary flow, which
is regularly seen in patients of SS.
TNF- takes part in release of collage-
nases from fibroblasts and endothelial
cells (14, 26, 32). In this study, TNF-
and its receptor p55 were frequently
found in fibroblasts in SS samples. In
this respect TNF- might, at least in
part, explain the induction and increas-
ed expression of collagenase and other
matrix metalloproteinases in SS (33).
It has also been suggested that TNF-
has a role in parenchymal damage of
salivary glands in SS (34). The cytotox-
ic properties of TNF- are highly de-
pendent on TNF- concentrations and
on env i ronmental conditions such as
the presence of other growth fa c t o rs
and the level of TNFR ex p re s s i o n .
T N F - i n c reases the antipro l i fe rat ive
effects of IFN- on human salivary cell
line (13) and on mesangial cells (35).

In SS the salivary gland epithelial cells
produce 40-fold more TNF- mRNA
than epithelial cells from indiv i d u a l s
with histologi c a l ly normal saliva ry
g l a n d s , as discussed ab ove (6). A l l
these findings bring up the thought that
TNF- could have growth arrest/cyto-
t oxic effects on acinar cells in SS.
However, acinar cells did not contain
T N F - or TNFR-75. Because high
T N F - c o n c e n t rations and possibly
synergistic TNFR p55/p75 interactions
are required for cytotoxic effects, the
p resent findings do not support the
hypothesis of TNF- induced cytotoxi-
city as a cause of acinar cell atrophy/
loss in SS. It is also noteworthy that
TNF- , which also has cytotoxic ef-
fects and is able to bind to both TNF
receptors, has not been found in acinar
cells either (11). However, it can not be
excluded that the high production of
TNF- , perhaps in concert with some
other cytokines, in inflammatory areas
can via TNFR-p55 induce acinar cell
d a m age. Indeed, TNFR-p55 showe d
strong immunoreaction in acinar cells.
Lack of neurogenic trophic stimuli, as a
result of the loss of the anatomical peri-
pheral nerve-acinar cell coupling, has
been proposed as an alternative cause
for acinar cell atrophy (36-38).
In previous studies (6, 34) the ductal
epithelial cells have been shown to
ex p ress T N F - with higher intensity
than normal salivary gland ductal cells.
Our study supports this finding and is
the first that locates both TNF receptors
in ductal epithelial cells, partly in the
same cells that express TNF- itself.
This finding suggests that both auto-
crine and paracrine growth factor-like
m i t ogenic effects can be exe rted by
TNF- on ductal cells in SS. Again,this
p o s s i ble mitogenic effect pro b ably
requires interactions with other growth
factors, as discussed in the context of
mitogenic effects on fibroblasts in the
p revious ch ap t e r. Indeed, T N F - h a s
been shown to be mitogenic for mesan-
gial cells in the presence of PDGF (35)
and it increases EGF-R expression on
fi b ro blasts (14). Furt h e rm o re, t ra n s-
cription factor NF-kappa B is not inhib-
ited by 1 kappa B alpha in the human
salivary gland ductal cell line in the
presence of TNF- (39). Normally, the

growth arrest of salivary epithelial cells
happens through IFN- actions, which
are strengthened by TNF- present at
the same time (13). In SS, though, the
lack of IFN- discussed in the previous
chapters and thus its inhibitory action
on ductal epithelial cells might be
i nvo l ved in the marked ductal cell
hyperplasia frequently seen in SS.
The localization and the incre a s e d
expression of TNF- and receptors for
it shed light on its role as a proinflam-
matory cytokine and as a growth factor
in SS. Recently, promising results have
been published on the use of soluble
TNFR-p55 in NOD mice (40), which is
widely used as a model for focal adeni-
tis/Sjögren’s syndrome.
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