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Vasculitis and Expression of Vascular Cell Adhesion
Molecule-1, Intercellular Adhesion Molecule-1, and 
E-Selectin in Salivary Glands of Patients with Sjögren’s
Syndrome
NURAN TURKCAPAR, SERPIL DIZBAY SAK, MUSTAFA SAATCI, MURAT DUMAN, and UMIT OLMEZ

ABSTRACT. Objective. We investigated the relationship between clinical symptoms and the grade of histopatho-
logical damage and expression of adhesion molecules in salivary glands of patients with Sjögren’s
syndrome (SS).
Methods. We studied untreated and recently diagnosed patients with primary (n = 20) and second-
ary SS [10 with SS and rheumatoid arthritis (RA); 10 with SS and systemic lupus erythematosus
(SLE)] and 3 healthy controls. Salivary gland biopsies were performed in patients and controls and
clinical data were obtained. Salivary gland biopsies were assessed for lymphocyte focus score and
expression of intercellular adhesion molecule-1 (ICAM-1), vascular cell adhesion molecule-1
(VCAM-1), and E-selectin. In serum, antinuclear antibodies, rheumatoid factor, anti-Ro and anti-La
antibodies, anti-α-fodrin IgA and IgG antibodies, and gamma-globulin concentrations were meas-
ured.
Results. In salivary gland samples, ICAM-1 was expressed on vascular endothelial cells and lym-
phocyte foci, while VCAM-1 was expressed on vascular endothelial cells and follicular dendritic
reticulin cells. There was a positive correlation between lymphocyte focus score and ICAM-1
expression (p < 0.05). We detected correlation between expression of ICAM-1 and VCAM-1, and
the expression of VCAM-1 was significantly related to vasculitis (p < 0.05). The areas of E-selectin
expression and the dispersion and severity of staining were not correlated with the focus score or
with patients’ clinical features (p > 0.05). There was no correlation between the staining and autoan-
tibody positivity and gamma-globulin levels.
Conclusion. ICAM-1 may be important for lymphocyte recruitment and glandular damage and
VCAM-1 may be important for the development of vasculitis in patients with SS. (J Rheumatol
2005;32:1063–70)
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Sjögren’s syndrome (SS) is a multisystem immune-mediat-
ed disorder characterized by chronic inflammation of the
exocrine glands and clinical symptoms of dry eyes and dry
mouth. The spectrum of SS extends from a largely organ-
specific autoimmune disorder to a systemic process that
may involve additional organ systems, and SS may be pri-
mary or secondary to various other autoimmune diseases1,2.

The causes of the glandular damage in SS have not been

confirmed. As adhesion molecules control the tissue recruit-
ment of lymphocytes and their activation, the generation of
inflammatory foci and perpetuation of the inflammatory
response depend on the distribution and functions of the
adhesion molecules. Thus, aberrations in the expression and
function of certain adhesion molecules have been implicat-
ed in the pathogenesis of autoimmune connective tissue dis-
eases, mainly by 2 means. First, they influence the interac-
tions of circulating immune cells with vascular endothelium
during extravasation, and lead to local retention by promot-
ing adhesion to the extracellular matrix. Second, they affect
the interactions between T cells and antigen-presenting
cells, and deliver the necessary activating signals for effec-
tive T-helper, T-cytotoxic, and B cell functions3,4. The prin-
cipal adhesion molecules with roles in inflammation of the
glands are vascular cell adhesion molecule-1 (VCAM-1 or
CD106), intercellular adhesion molecule-1 (ICAM-1 or
CD54), and endothelial leukocyte adhesion molecule-1
(ELAM-1, E-selectin or CD62E)5-11. These adhesion mole-
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cules’ expressions and their effects have been subjects of
research for several years12-16.

We investigated the aberrant expression of ICAM-1,
VCAM-1, and E-selectin in minor salivary glands from
patients with primary and secondary SS. We wished to
determine the relation between the expression of these mol-
ecules and vasculitic symptoms in these patient groups.

MATERIALS AND METHODS
Patients. All patients were examined at the Department of Clinical
Immunology and Rheumatology outpatient clinic, School of Medicine,
Ankara University. Each patient had a positive Schirmer test (without anes-
thesia, ≤ 5 mm in 5 min) and saliva test (unstimulated whole salivary flow
≤ 1.5 ml in 15 min). They exhibited keratoconjunctivitis sicca, and minor
salivary gland biopsy was performed from the lower lip in all cases.
Patients with other causes of dry mouth and eyes, including viral infections
(hepatitis C, hepatitis B, human immunodeficiency virus), sarcoidosis, drug
use, smoking, lymphoma, graft versus host disease, and diabetes and
patients who had had radiotherapy were excluded.

All patients were evaluated by extensive clinical and laboratory studies.
Organ system involvement was detected by chest radiograph and high res-
olution computed tomography (HRCT), magnetic resonance imaging
(MRI), electroneuromyography, and echocardiography. Demographic and
clinical data and blood samples were obtained from all patients. Clinical
evidence of vasculitis was based on neurological signs and cutaneous find-
ings including digital ulcers, non-healing leg ulcers, hemorrhagic macules,
subcutaneous nodules, splinter hemorrhages, macular rash, palpable purpu-
ra, and vasculitic urticarial lesions. Forty-three cases (patients with SS and
3 healthy controls) were included in this study. All cases and controls were
female. Patients with primary SS (n = 20, mean age 48.0 yrs) were recent-
ly diagnosed and untreated. Twenty patients had secondary SS [RA + SS: n
= 10, mean age 53.3 yrs; systemic lupus erythematosus (SLE) + SS: n = 10,
mean age 44.7 yrs]. Minor salivary gland biopsies and blood samples were
taken from 3 healthy volunteers (mean age 52 yrs). Labial minor salivary
gland biopsies were performed by the same surgeon under local anesthesia.
Patients with primary SS and controls were taking no steroids or other
immunosuppressive drugs. Patients with secondary SS were taking low
dose steroids (prednisolone 5–10 mg/day) and disease modifying
antirheumatic drugs (DMARD: methotrexate 10–20 mg/week, sul-
fasalazine 1.5–2 g/day, hydroxychloroquine 200–400 mg/day) for the pri-
mary disease (SLE or RA).

All patients fulfilled the revised European classification criteria for
SS17. All patients with RA and SLE fulfilled American College of
Rheumatology classification criteria for RA18 and SLE19. The study,
including labial salivary gland biopsies performed with informed consent,
was approved by the Ethical Committee, Faculty of Medicine, Ankara
University.

Laboratory measures. Measurement of Westergren erythrocyte sedimenta-
tion rate (ESR) and thyroid tests including thyroxin, thyroid stimulating
hormone, anti-thyroglobulin, and anti-myeloperoxidase antibodies were per-
formed in the laboratories of Ibni Sina Hospital, School of Medicine, Ankara
University. Serum samples were evaluated for gamma-globulin concentra-
tions (normal range 8–19 mg/dl), presence of antinuclear antibodies (ANA)
by indirect immunofluorescence on HEp-2 cells using a screening dilution of
1:100 (Euroimmun, Laboratorium für Experimentelle Immunologie GmbH,
Gross Grönau, Germany). Rheumatoid factor (RF; Immage, Beckman
Coulter Inc., Fullerton, CA, USA) was measured by nephelometric test. Anti-
Ro and anti-La antibodies were both measured by ELISA (Imtec
Immunodiagnostika GmbH, Berlin, Germany). α-fodrin IgA and IgG anti-
bodies were detected by an ELISA method employing recombinant human
α-fodrin as antigen (Anti-α-fodrin IgG+IgA; Orgentec Diagnostica GmbH,
Mainz, Germany) according to the manufacturer’s instructions. All serum
samples were studied in 1:100 diluted serum samples.

Histological and immunohistological study. After fixation in 10% buffered
formalin, all salivary gland biopsies were routinely processed and embed-
ded in paraffin. For each patient, one or 2 tissue fragments were available.
Hematoxylin and eosin (H&E) stained sections were evaluated histologi-
cally using the criteria described by Chisholm and Mason and subsequent-
ly modified by Greenspan, et al to provide a quantitative scoring method.
Grades ranged from 0 to 4 (0 = no infiltrate, 1 = slight infiltrate, 2 = mod-
erate infiltrate, 3 = one focus of at least 50 lymphocytes/4 mm2 of gland, 4
= more than one focus of at least 50 lymphocytes/4 mm2 of gland). The
focus score was the actual number of foci/4 mm2 (F = 0, 1, 2, 3, 4, 6, 8,
12)20,21. All patients had a focus score ≥ 1 per 4 mm2 of gland.

For immunohistochemical study, sections 4–6 µm thick were cut from
the paraffin blocks. After deparaffinization, a high temperature antigen-
unmasking technique was performed in a pressure cooker in 0.01 M citrate
for CD54 (pH 7.3) and 1 mM EDTA (pH 8.0) for CD62E and CD106.
Staining was performed with an automatic stainer (Ventana Nexes) using
Ventana iView diaminobenzidine detection system for CD62E (E-selectin)
(NCL-CD 62E-382; Novocastra, Newcastle, UK), CD 106 (VCAM-1)
(NCL-CD106; Novocastra), and CD54 (ICAM-1) (NCL-CD54-307;
Novocastra) expression. Primary antibody dilutions were 1/50, 1/25, and
1/50 for CD62E, CD106, and CD54, respectively. In all staining runs,
inflamed tonsil and inflamed appendix vermiformis sections were used as
positive controls. As negative controls, primary antibodies were omitted
and phosphate buffered saline was used.

For all 3 antibodies membranous staining was evaluated as positive.
Cytoplasmic staining alone was regarded as nonspecific. Stainings of the
endothelium and epithelium were evaluated independently. The quantity
and intensity of the stainings were estimated separately and subjectively
evaluated on a scale of 0, 1, 2, or 3 (0: absent, 1+: weak, 2+: definite, 3+:
strong staining). For each antibody a total staining score of 0, 2, 3, 4, 5 or
6 was obtained and used for statistical evaluation. In addition, stainings
observed in the other cells were subjectively evaluated. Histological and
immunohistochemical analyses were performed blindly for clinical data by
the same histopathologist for all cases.

Statistical analysis. Correlation between focus scores and staining scores of
adhesion molecules was analyzed by the Spearman correlation test.
Relations between presence of vasculitis and focus/staining scores of adhe-
sion molecules were assessed by multiple comparison test22.

RESULTS
The demographic data and clinical and serological features
of patients with primary and secondary SS and healthy con-
trols are summarized in Table 1. The following prevalences
of extraglandular involvement were found in patients with
primary SS: musculoskeletal 90% (18/20), neurologic 10%
(2/20), cutaneous vasculitic signs 10% (2/20), and pul-
monary 5% (1/20). Autoimmune thyroiditis (Hashimoto’s
thyroiditis) was observed in the 20% (4/20) of patients with
primary SS. No patient with primary SS was taking steroids
or DMARD.

All patients with secondary SS had the symptoms of their
primary diseases, and they were diagnosed with secondary
SS when they were being evaluated for the primary diseases.
In the patients with RA + SS, pulmonary (interstitial lung
disease) and neurologic involvement was found to be 20%
(2/10) and cutaneous vasculitic signs were found to be 10%
(1/10). Autoimmune thyroiditis was not observed in this
group. In patients with SLE + SS, cutaneous vasculitic signs
and autoimmune thyroiditis were found to be 33% (3/10)
and 10% (1/10), respectively. Neurologic involvement was
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Table 1. Demographic and clinical data and autoantibody profiles in patients with primary (PSS) and secondary
Sjögren’s syndrome.
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found to be 50% (5/10), but pulmonary involvement was not
found in this group. 

Immunohistochemical staining results. Focus scores of the
patients with SS were 1 or higher (Figure 1A). In some
patients, the biopsy specimens showed germinal center for-
mation within the inflammatory foci (Figure 1B).
Characteristically, immunohistochemical staining revealed
substantial differences between patients and controls in the
expression of ICAM-1, VCAM-1, and E-selectin. In the
controls, ICAM-1 or VCAM-1 staining was not detected,
although E-selectin was slightly positive in 2 controls. In all
patients, ICAM-1 was expressed on vascular endothelial
cells and mononuclear inflammatory cells. ICAM-1 staining
was prominent near or within the lymphocytic foci and/or
the germinal centers and on the vascular endothelial cells
(Figure 1E and 1F). The intensity of VCAM-1 staining was
generally low, and it was observed on ductal epithelial cells,
acini, and vascular endothelial cells (Figure 1G and 1H). E-
selectin staining was limited to endothelial cells, and it did
not show any accentuation within or near the lymphocytic
foci (Figure 1C and 1D). Histopathological grade focus

scores and immunohistochemical staining scores for the
adhesion molecules in biopsy specimens of controls and
patients with primary and secondary SS are shown in Table
2. Total staining scores of the primary and secondary SS
groups did not show statistical differences for any of the 3
antibodies (p > 0.05).

In the patients with primary and secondary SS, there was
a significant correlation between total lymphocyte focus
score and staining scores of ICAM-1 (p < 0.05), whereas no
such correlation was observed for VCAM-1 or E-selectin (p
> 0.05). Staining scores of VCAM-1 and ICAM-1 showed a
positive correlation (p < 0.05). A positive correlation was
found between the presence of vasculitis and VCAM-1
staining (p < 0.001). However, there was no correlation
between the presence of vasculitis and total lymphocyte
focus score and ICAM-1 and E-selectin stainings (p > 0.05).
The relationship between the presence or absence of vas-
culitis and total lymphocyte focus score and total staining
score for adhesion molecules is shown in Table 3.

There was no relation between the total staining score of
the adhesion molecules and the positivity of autoantibodies

1066 The Journal of Rheumatology 2005; 32:6

A B

C D

Personal non-commercial use only.  The Journal of Rheumatology Copyright © 2005.  All rights reserved.



including anti-α-fodrin IgA and IgG, anti-SSA, anti-SSB,
ANA titer, RF levels, ESR values, gamma-globulin levels,
and total lymphocyte focus score (p > 0.05).

DISCUSSION
Adhesion of inflammatory cells to vascular endothelium
is the initial step in cell migration into sites of injury or
infection. Adhesion molecules and activated lymphocyte
function-associated antigen type 1 (LFA-1) promote
lymphocyte homing and occasionally characteristic cell
clustering similar to follicular structures of the lymph
nodes4.

First, E-selectin is expressed primarily on activated
endothelial cells. E-selectin mediates the adhesion of neu-

trophils, eosinophils, basophils, monocytes, and a subset of
memory T lymphocytes to vascular endothelium by binding
its ligands to the cell surface23. Aberrant endothelial expres-
sion of E-selectin has also been observed in the salivary
glands of patients with primary and secondary SS, but E-
selectin seems to be involved to a lesser extent than other
adhesion molecules in the process of glandular lymphocytic
infiltration5,7,9.

In our study, E-selectin was more weakly expressed on
submucosal vascular endothelium than on the glandular site
far from the lymphocyte focus in the salivary glands of
patients with primary and secondary SS. The sites of the
expression and intensity of E-selectin were correlated with
neither focus scores nor vasculitis (p > 0.05). Based on our
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Figure 1. Histopathological and immunohistochemical findings in the patients with SS. A. A focus that shows a collection of at least 50 lymphocytes (H&E,
original magnification ×100). B. A large focus destroying the lobule and showing germinal center formation (H&E, original magnification ×50). C. E-selectin
(CD62), staining of vascular endothelial cells (original magnification ×200). D. E-selectin (CD62), staining of vascular endothelial cells and ductal epitheli-
um (original magnification ×200). E. ICAM-1 (CD54), staining of mononuclear inflammatory cells within the germinal center in a focus (original magnifica-
tion ×100). F. ICAM-1 (CD54), staining of vascular endothelial cells and inflammatory cells (original magnification ×100). G. VCAM-1 (CD106), apical stain-
ing of ductal epithelium (original magnification ×50, inset ×200). H. VCAM-1 (CD106), staining of vascular endothelial cells (original magnification ×500).
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results, we believe that E-selectin is of minor importance in
the infiltration of glandular lymphocytes for SS.

ICAM-1 and VCAM-1 are 2 molecules that play an
important role in mediating T cells. Many proinflammatory

cytokines, including tumor necrosis factor-α (TNF-α) and
interleukin 1 (IL-1), not only upregulate ICAM-1 expres-
sion but also induce de novo VCAM-1 expression4. Some
reports describe that elevated levels of ICAM-1 expression
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Table 2. Immunohistologic analyses of the patients with primary (PSS) and secondary Sjögren’s syndrome.

Table 3. Correlation between the presence of vasculitis and total staining scores of adhesion molecules and total
lymphocyte focus scores (TLFS) in patients with primary and secondary Sjögren’s syndrome.

Vasculitis (+) Vasculitis (–)
Mean ± SD Median (range) Mean ± SD Median (range) p

TLFS 2.60 ± 2.58 1.33 (0–9.33) 2.60 ± 1.85 2 (1–6.7) 0.294
ICAM-1 3.10 ± 2.06 3 (0–6) 4.07 ± 1.33 4 (2–6) 0.133
VCAM-1 1.07 ± 1.31 0 (0–4) 5.14 ± 0.86 5 (4–6) < 0.001
E-selection 2.21 ± 1.80 2 (0–6) 2.14 ± 1.41 2 (0–6) 0.69
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were observed on ductal epithelial cells and infiltrating
mononuclear cells in salivary and/or lacrimal glands of
patients with SS. It has been shown that interferon-γ acti-
vated the expression of ICAM-1 and HLA-DR, while TNF-
α activated the expression of ICAM-1 and VCAM-16,9,15,16.
Further, Flipo, et al described that there were increased lev-
els of ICAM-1 mRNA and protein in the salivary glands of
SS patients and patients with severe rheumatoid vasculitis,
but that VCAM-1 expression was low10. Their data should
be interpreted cautiously because the expression of these
molecules might have been inhibited by immunosuppressive
or steroid treatments.

We observed that ICAM-1 was strongly expressed on
vascular endothelial cells and in the lymphocyte foci, and
VCAM-1 was strongly expressed on vascular endothelial
cells, apical duct epithelial cells, and acini in the salivary
glands of patients with SS. There was a correlation between
lymphocyte focus score and ICAM-1 expression (p < 0.05).
Based on these results, the ICAM-1 molecule may be
responsible for the occurrence and direction of the inflam-
mation and for the formation of lymphocyte foci in SS. We
found a correlation between expressions of VCAM-1 and of
ICAM-1. In both primary and secondary SS, we found an
increased VCAM-1 expression in the presence of vasculitis
(p < 0.05). It has been suggested that VCAM-1 is an impor-
tant molecule in the pathogenesis of vasculitis; however, no
correlation was observed between ICAM-1 expression and
vasculitis. That VCAM-1 and HLA-DR are aberrantly
expressed on the same sites in SS is interesting. Hence, it is
possible that VCAM-1 is an important adhesion molecule (a
costimulator molecule) for antigen-presenting cells and
CD4+ T cells in SS. There was no relation between the
staining scores of the adhesion molecules and the positivity
of autoantibodies including anti-α-fodrin IgA and IgG, anti-
SSA, and anti-SSB, and ANA titers, RF levels, ESR values,
gamma-globulin levels, and total lymphocyte focus scores
in our study (p > 0.05).

In earlier studies, one or more expressions of adhesion
molecules were found in either the salivary glands or in sol-
uble forms in patients’ sera. Nevertheless, we tested the
expression of all 3 adhesion molecules on the minor salivary
glands, and we also studied the relation between these mol-
ecules and focus scores and vasculitis in untreated patients
with primary SS and secondary SS. Since we studied
untreated patients with primary SS, the results from this
study are important. Anticytokine therapy for autoimmune
disease is currently available despite inconclusive results.
New therapeutic strategies for inflammatory disease against
adhesion molecules are promising.

Finally, it has been suggested that in patients with SS,
ICAM-1 may be responsible for the glandular damage and
VCAM-1 may be related to the vasculitis. The correlated
clinical studies on our patients are insufficient and must be
supported by in vitro experiments. Advances in this field

provide new insights into the pathogenetic mechanisms
leading to tissue damage in patients with autoimmune con-
nective tissue diseases and should provide the basis for new
therapeutic strategies in the near future.
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