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Abstract
Background. Typical features of Sjögren’s syndrome (SS) are severe xerostomia and xerophthalmia which 
are basic diagnostic criteria.

Objectives. The aim of this study was to compare the serum levels of soluble (s) intercellular adhesion 
molecule 1 (sICAM-1), vascular cell adhesion molecule 1 (sVCAM-1) and sE-selectin between primary (pSS), 
secondary (sSS) and healthy subjects (HS). We correlated these results with selected clinical parameters of 
disease activity and parameters of the severity of xerostomia and xerophthalmia.

Material and methods. The serum levels of sICAM-1, sVCAM-1 and sE-selectin were determined by 
enzyme-linked immunosorbent assay (ELISA) in 16 patients with pSS, 18 with sSS and 15 HS. Eye dryness 
and xerostomia were assessed by the Schirmer’s test, the Fox test and the visual analogue scale (VAS).

Results. The levels of sICAM-1 in pSS and sVCAM-1 in sSS patients were significantly higher when com-
pared to HS (p = 0.02 and p = 0.048, respectively). There were no differences between pSS and sSS. In pSS, 
sVCAM-1 correlated positively with VAS (rS = 0.52, p = 0.04) and the Fox test (rS = 0.66, p=0.01). In sSS, 
sE-selectin correlated positively with sICAM-1 (rS = 0.54, p = 0.01), the duration of the disease (rS = 0.51, 
p = 0.03) and negatively with the Schirmer’s test (rS = 0.59, p = 0.04). sICAM-1 correlated positively with 
the erythrocyte sedimentation rate (ESR) value (rS = 0.59, p = 0.01).

Conclusions. sVCAM-1 reflects xerostomia in pSS. sICAM-1 and sE-selectin may be additional parameters 
of sSS activity.
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Introduction

Recently, the importance of angiogenesis in the patho-
genesis of autoimmune diseases related to chronic inflam-
mation such as rheumatoid arthritis (RA), systemic lupus 
erythematosus (SLE) and Sjögren’s syndrome (SS) has been 
highlighted.1,2 Observations from many studies support 
the existence of an important link between inflammation 
and angiogenesis in the pathogenesis of SS.1,2 In the labial 
salivary glands of SS patients, immunocytochemical stud-
ies have shown an increased expression of ICAM-1 and E-
selectin on endothelial cells and of ICAM-1 on the epithe-
lium.2,3 The expression and function of ICAM-1, VCAM-1 
and E-selectin have been implicated in the pathogenesis 
of connective tissue diseases (CTD) by the interactions of 
circulating immune cells with vascular endothelium dur-
ing extravasation and the interactions between T cells and 
antigen-presenting cells (APC).4

Typical features of SS are severe xerostomia and xeroph-
thalmia, which are basic SS diagnostic criteria. The pres-
ence of both dry mouth and dry eyes classified patients 
with 93% sensitivity and 97.7% specificity.5 Decreased sali-
vation markedly affects oral health and very often inhibits 
normal functioning. To determine xerostomia objectively, 
sialometry is applied to measure the quantity of resting 
and stimulated saliva secretion over the controlled time. 
Subjective tests which evaluate the real experience of xe-
rostomia and the discomfort are of similar importance. 
The VAS and Fox test are carried out for this purpose.

The levels of soluble (s) ICAM-1, sVCAM-1 and sE-se-
lectin in patients with pSS and sSS have not yet been com-
pared. Most of the studies conducted so far have focused on 
the local expression of ICAM-1, VCAM-1 and E-selectin in 
salivary glands. Although elevated serum levels have been 
noticed, our concern is the possibility to correlate their val-
ues with basic inflammatory parameters such as the eryth-
rocyte sedimentation rate (ESR) and other selected clinical 
findings. It seems important to determine how these levels 
affect the whole body. This would make it possible to use  
sICAM-1, sVCAM-1 and sE-selectin levels as additional, 
supporting parameters in the diagnosis and determination 
of the disease and concomitant inflammation severity.

Thus, the primary aim of this study was to measure and 
compare the serum levels of sICAM-1, sVCAM-1 and sE-
selectin in pSS, sSS and HS groups and to explore possible 
correlations between the concentrations of the selected mol-
ecules and the laboratory and clinical parameters of SS activ-
ity, including the severity of xerostomia and xerophthalmia.

Material and methods

Study groups

The study was comprised of 34 women with SS (16 with 
pSS and 18 with sSS), fulfilling the 2002 American-Eu-

ropean Consensus Group classification criteria. In our 
study, the diagnosis of pSS required 4 of 6 criteria, includ-
ing antibodies to SSA/SSB. A diagnosis of sSS has not yet 
been addressed by the American-European Consensus 
Group. In practice, we required the patients to fulfill the 
criteria for pSS and, additionally, the American College 
of Rheumatology criteria for an established CTD such as 
RA, SLE or mixed CTD (MCTD).6–9 The patients were 
recruited consecutively in 2013 from the Department 
of Rheumatology and Clinical Immunology at Poznan 
University of Medical Sciences, Poland. Exclusion crite-
ria included: previous radiotherapy to the head and neck, 
lymphoma, sarcoidosis, graft-versus-host disease, infec-
tions of the hepatitis C virus, human T-lymphotropic vi-
rus type I and HIV. A routine patient history was taken 
and physical and dental examinations were performed in 
each subject. Laboratory assessments included routine 
measurements of ESR (Westergren) and detection of an-
tinuclear antibodies (ANA) by indirect immunofluores-
cence on Human Epithelial (HEp)-20-10 cells (Euroim-
mun, Lubeck, Germany) and their differentiation using 
ANA Profile3 (antibodies against nRNP/Sm, Sm, SS-A, 
Ro-52, SS-B, Scl-70, PM-Scl, Jo-1, centromere protein B, 
PCNA, dsDNA, nucleosomes, histones, ribosomal P-pro-
teins and AMA-M2), (Euroimmun, Lubeck, Germany). 
Xerostomia (assessed by patients) was measured using 
the VAS and Fox test. To assess ocular sicca symptoms, 
the Schirmer’s test was carried out. Fifteen age- and gen-
der-matched healthy donors from the Regional Center of 
Blood Donation and Blood Treatment in Poznań formed 
the control group (healthy subjects, HS). The protocol 
for this study was approved by the Bioethics Committee 
of Poznan University of Medical Sciences, Poland (num-
ber 211/2013). This study was performed in accordance 
with the ethical standards laid down in an appropriate 
version of the World Medical Association Declaration of 
Helsinki. Written informed consent was obtained from 
every subject before any study procedure was carried out.

Sample collection

Peripheral blood samples were collected from the an-
tecubital vein in BD Vacutainer Rapid Serum Tubes 
(Becton, Dickinson and Company, Franklin Lakes, USA). 
After 5 min, clots were removed by centrifugation at 
4000 rpm for 15 min at room temperature. The sera were 
stored at -70°C.

ELISA

sICAM-1, sVCAM-1 and sE-selectin levels in serum 
were determined by commercially available ELISA kits 
(R&D Systems, Minneapolis, USA) for sICAM-1/CD54 
(with a  mean minimum detectable dose (MDD) of 
0.096 ng/mL), for sVCAM-1/CD106 (with a mean MDD 
of 0.6 ng/mL) and for sE-selectin/CD62E (with a  mean 
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MDD of 0.009 ng/mL). Absorbance was measured with 
an ELISA plate reader ELx800 (Bio-Tek Instruments, 
Winooski, USA) using KCjunior 1.11 analysis software 
(Bio-Tek, Winooski, USA).

Assessment of xerostomia  
by Fox test and VAS

Each subject completed a  specially prepared question-
naire concerning afflictions, with special attention paid to 
the presence of oral dryness symptoms. The questionnaire 
consists of 10 items, 4 of which (1–4) show a significant cor-
relation with reduced salivary flow. These questions con-
cern a feeling of too little saliva in the oral cavity, a sense of 
oral dryness (xerostomia) while eating, difficulty in swal-
lowing and the need to wash down dry food with water.

Items in the Fox test:
1.	 Do you need to sip liquids to aid in swallowing dry 

foods?
2.	 Does your mouth feel dry when eating a meal?
3.	 Do you have difficulty swallowing any foods?
4.	 Does the amount of saliva in your mouth seem to 

be too little, too much, or you do not notice it?
5.	 Does your mouth feel dry at night or on awaken-

ing?
6.	 Does your mouth feel dry during the daytime?
7.	 Do you keep a glass of water by your bed?
8.	 Do you chew gum daily to relieve oral dryness?
9.	 Do you use hard candies or mints daily to relieve 

oral dryness?
10.	 Do you feel the need for frequent moistening of the 

oral cavity?
The Fox test score is measured as a proportion of posi-

tive to negative answers (yes/no) and expressed as a per-
centage value.10,11

Assessment of the patient’s xerostomia on the VAS con-
sisted in the patient marking the severity of dry mouth on 
a 100 mm line. The VAS is a horizontal line, 100 mm in 
length, anchored by word descriptors. The VAS score is 
determined by measuring in mm from the left-hand end 
of the line to the point of the patient’s mark.12,13

Assessment of dry eye by Schirmer’s test

In 23 patients (11 with pSS and 12 with sSS), the Schirm-
er’s test was carried out to assess the severity of dry eye. 
Both eyes were tested at the same time. Special paper 
strips were placed under the lower eyelid of each eye. The 
patients kept their eyes closed for 5 min. Mechanical ir-
ritation resulted in the production of tears. After 5 min, 
the paper was removed and measured to check how moist 
it was. More than 10 mm of moisture on the filter pa-
per after 5 min is a sign of normal tear production. Both 
eyes normally release the same amount of tears. A score 
between of 6-10 mm is a  sign of mild to moderate dry 
eye. Less than 6 mm of moisture on the filter paper after 

5 min is a sign of severe dry eye. To report the severity of 
dry eye we used the average of both eyes.

Statistical analyses

The calculations were carried out with Microsoft Ex-
cel 2010 and STATISTICA v. 10 software (StatSoft Inc., 
Tulsa, USA). The distributions obtained at each step of 
data processing were evaluated for normality using the 
Shapiro-Wilk test. Depending on the number of groups 
analyzed, the differences between them were tested using 
the Mann-Whitney U test or the Kruskal-Wallis one-way 
analysis of variance (ANOVA) by ranks followed by post 
hoc multiple comparisons of the mean ranks. The Spear-
man’s rank correlation analysis was used to find the as-
sociations between the levels of selected cytokines and 
other laboratory and clinical parameters of SS activity. 
Unless otherwise stated, the data are expressed as medi-
ans with interquartile ranges (IQR). The differences were 
considered to be statistically significant at p < 0.05.

Results

Demography

 All the subjects were of Caucasian origin. Tables 1 and 
2 present a demographic, laboratory and clinical profile 
of the SS patients.

Serum sICAM-1, sVCAM-1 and sE-selectin 
levels

Serum sICAM-1 levels in pSS patients were significant-
ly higher than those of HS (p = 0.02). Serum sVCAM-1 
levels in sSS were significantly higher than those of HS 
(p = 0.048). Concentrations of sE-selectin in all studied 
groups were at a  similar level. The detailed results are 
presented in Table 3. In pSS, the serum levels of sVCAM-1 
correlated positively with VAS (rS = 0.52, p = 0.04), as well 
as with the scores on the Fox test (rS = 0.66, p = 0.01) (Fig. 
1A and 1B, respectively). The levels of sE-selectin cor-
related positively with the levels of sICAM-1 (rS =  0.54, 
p = 0.01) (Fig. 2A) and with the duration of the disease 
(rS  =  0.51, p  =  0.03) (Fig. 2B). The levels of sE-selectin 
correlated negatively with the Schirmer’s test (rS = -0.59, 
p = 0.04) (Fig. 2C). The levels of sICAM-1 positively cor-
related with the ESR value (rS = 0.59, p = 0.01) (Fig. 2D). 
No other significant correlations were found between the 
levels of molecules and the clinical parameters studied.

Discussion

Adhesive molecules such as ICAM-1, VCAM-1 and 
E-selectin contribute to the pathogenesis of SS in many 
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Table 1. Characteristics of SS patients

SS patients (n = 34) pSS (n = 16) sSS (n = 18) HS (n = 15)

Age (years) 41.5 (28.5) 56.0 (21.0) 49 (14)

Gender (women/men) 16/0 18/0 14/1

BMI 24.65 (7.60) 23.55 (5.30)

Disease duration (years) 4.5 (4) 3 (9)

Connective tissue disease, n (%)

RA - 7 (38.89)

SLE - 4 (22.20)

MCTD - 1 (5.55)

Others - 6 (33.33)

Serological and clinical parameters of SS activity

Westergren ESR (mm/h) 23.5 (31) 19 (15)

ANA, n (%) 11 (68.75) 15 (83.33)

Anti-SAA antibodies SSA 10 (62.50) SSA 10 (55.55)

Anti-SSB antibodies SSB 7 (43.75) SSB 4 (22.22)

Other identified  
ANA profile 3, n (%)

Ro-52 10 (62.50)

Ro-52 11 (61.11)
dsDNA 3 16.67

Sm 1 (5.55)
PCNA 1 (5.55) ribosomal-P-protein 3 16.67

centromeres B 1 (5.55)
PM-Scl 1 (5.55)

histones 1 (5.55)
nucleosomes 1 (5.55)

RNP 1 (5.55)

Organ involvement, n (%)

Arthritis 11 (68.75) 11 (61.11)

Cutaneous 4 (25.00) 3 (16.17)

Peripheral nervous system 5 (31.25) 3 (16.67)

Pulmonary 4 (25.00) 1 (5.55)

Lymphadenopathy 3 (18.75) 2 (11.11)

Glandular 1 (6.25) 1 (5.55)

Current treatment, n (%)

MTX 0 5 (27.78)

NSAID 4 (25.00) 4 (22.22)

Methylprednisolone 4 (25.00) 6 (33.33)

BMI – body mass index; ESR – erythrocyte sedimentation rate; na – not applicable; RA – rheumatoid arthritis; SLE – systemic lupus erythematosus;  
MCTD – mixed connective tissue disease; ANA – antinuclear antibodies; MTX – methotrexate; NSAID – non–steroidal anti–inflammatory drugs;  
unless otherwise stated, the data are expressed as medians (interquartile range).
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Table 3. Serum levels of sICAM-1, sVCAM-1 and sE-selectin in the studied groups

sICAM-1 (ng/mL) sVCAM-1 (ng/mL) sE-selectin (ng/mL)

pSS (n = 16) 221.26 (60.95) 576.82 (518.35) 28.03 (7.86)

sSS (n = 18) 216.00 (67.66) 599.35 (509.07) 23.69 (23.07)

HS (n = 15) 168.48 (61.76) 376.44 (194.12) 18.94 (16.27)

p-value# 0.02 (pSS vs HS) 0.048 (sSS vs HS) ns

The results are expressed as median (interquartile range); # Kruskal-Wallis one-way ANOVA by ranks followed by post hoc multiple comparisons  
of the mean ranks.

Table 2. Oral and ocular characteristics of SS patients

SS patients (n = 34) pSS (n = 16) sSS (n = 18)

Xerostomia 9 (56.25) 12 (66.67)

Dysphagia 4 (25.0) 6 (33.33)

PtXer-VAS (mm) 46.5 (52.5) 28.0 (47.0)

Fox test score (%) 45 (40) 55 (30)

Oral symptoms, n (%)

Cheilitis simplex 4 (25.00) 4 (22.22)

Aphthae 2 (12.5) 1 (5.55)

Cheilitis angularis 1 (6.25) 2 (11.11)

Tongue inflammation 1 (6.25) 2 (11.11)

Stomatitis 1 (6.25) 1 (5.55)

Cheilitis exfoliativa 1 (6.25) 0

Oral paleness 1 (6.25) 0

Non-specific 
ulcerations

0 1 (5.55)

Ocular symptoms

Schirmer’s test (mm) 
(pSS n = 11, sSS n = 12)

4 (8) 10.75 (12)

Dryness of the eyes 
(subjective assessment), 
n (%)

11 (68.75) 13 (72.22)

PtXer-VAS – patient xerostomia assessment on visual analogue  
scale; unless otherwise stated, the data are expressed as median 
(interquartile range).

aspects. In our study, the serum levels of sICAM-1 were 
elevated in pSS and the serum levels of sVCAM-1 were 
elevated in sSS as compared with HS. Similar results were 
obtained by Kapsogeorgou et al. They detected higher 
spontaneous expression of ICAM-1 in cell lines obtained 
from SS patients compared to the controls.3 The epithe-

lial cells are the main target in the pathogenesis of SS and 
the main site of infiltration formation, which lead to a de-
terioration in the functioning of the salivary glands and 
other organs.5,14 Epithelial cells adjacent to the sites of 
intense inflammation and lymphocytic infiltrations have 
been shown to express high levels of ICAM-1, VCAM and 
E-selectin, which influence the interaction between epi-
thelial cells and immunologic cells. The epithelial cells in 
SS are activated and act as non-professional APC. ICAM-1 
and VCAM-1 are expressed on APC and binding lympho-
cyte function-associated antigen-1 (LFA-1), and the very 
late activation antigen-1 (VLA-1) receptors on T cells en-
sure stabilization of the APC/T cell synapsis.5 The possi-
ble consequence of this interaction is an augmentation of 
the inflammatory response either by directly activated T 
cells or by enhancing co-stimulatory and adhesion mol-
ecules such as ICAM-1 on the APC.5 This means that the 
activation of the epithelial component of salivary glands 
and other organs could be responsible for the increased 
levels of ICAM-1 and VCAM-1 in pSS and sSS patients, 
respectively, and for the positive correlations between 
the levels of ICAM-1 and the severity of inflammation 
in sSS patients. SS affects many organs and the similar 
mechanism of activation of the epithelial cells takes place 
not only in the salivary and lacrimal glands but in other 
organs as well, and is responsible for the elevated serum 
levels of ICAM-1 and VCAM-1.8

Furthermore, the presence of proinflammatory cyto-
kines such as interleukin (IL) 1β, tumor necrosis factor 
alpha (TNF-α), IL-4 and interferon gamma (IFN-γ) in 
the walls of blood vessels adjacent to the sites of inflam-
matory infiltrations results in the expression of ICAM-1, 
VCAM-1 and E-selectin on endothelial cells and on leu-
kocytes.1,4,14–16 TNF-α and IL-1β also induce de novo 
VCAM-1 expression.4 For a  comprehensive view of SS, 
the determination of adhesive molecule-cytokine inter-
actions is necessary. Injuries to the endothelium and its 
subsequent apoptosis in salivary glands significantly con-
tribute to the pathogenesis of SS.17 Endotoxins and pro-
inflammatory cytokines released from injuries induce 
the surface expression of adhesive molecules on endo-
thelial cells, which results in inflammatory destruction.18 
This explains the overexpression of adhesive molecules 
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Fig. 1. Correlations between sVCAM-1 and PtXer VAS (A) and the results of the Fox test (B) in patients with pSS. The strength of the correlations was 
determined using Spearman’s rank correlation coefficient; p < 0.05 was considered statistically significant

Fig. 2. Correlations between concentrations of sE-selectin and sICAM-1 (A), sSS duration (B) and the results of Schirmer’s test (C) and between ESR and 
sICAM-1 levels (D) in patients with sSS. The strength of the correlations was determined using Spearman’s rank correlation coefficient; p < 0.05 was 
considered statistically significant
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in damaged salivary glands in SS.18 Thus, the activation 
of epithelial cells and endothelial cells reflects the elevat-
ed serum levels of sICAM-1 and sVCAM-1 in pSS and sSS 
compared to HS.

In addition to being caused by aberrant angiogenesis 
and blood vessel injuries, the increased levels of adhe-
sive molecules can be the result of the VEGF-A/VEGFR2 
dependent mechanism of neovascularization.19 Elevated 
levels of VEGF appear in many CTDs.20 Additionally, 
VEGF promotes the migration of monocytes and lym-
phocytes into the extracellular matrix and sustains in-
flammation by endothelial cell expression of ICAM-1 
and VCAM-1.2,19,21 ICAM-1, VCAM-1 and E-selectin 
function as receptor molecules for circulating neutro-
phils. After binding, they reduce the blood flow of cir-
culating cells and initiate their migration into the tissue. 
If the adhesion receptors are no longer needed, they are 
shed from the endothelial layer and circulate as soluble 
adhesion molecules. Therefore, the levels of circulating 
molecules are proportional to their previous activation 
level and blood vessel destruction. This can also explain 
the elevated serum levels of soluble adhesive molecules in 
pSS and sSS patients.

We did not find any differences between pSS and sSS 
in the levels of sICAM-1, sVCAM-1 and sE-selectin. 
It  was found in recent studies comparing pSS and sSS 
that the intensity and frequency of some symptoms can 
vary. There is uncertainty whether sSS is merely a mani-
festation of the underlying disease or a  true overlap of 
pSS with CTD. According to Salliot et al., subjects with 
sSS in the setting of SSc suffered from xerostomia, dry 
eye symptoms, the presence of anti-SSA/SSB antibodies 
and a classic histological pattern similar to those of sub-
jects with pSS, again suggesting that these two entities 
are the same.22 The lack of clear results might arise from 
the different classification of sSS. The prevalence of sSS 
has been reported to range from 4% to 31%, depending 
on the criteria applied, the methodological design and as-
sociated CTD.23 In our study, there were no differences in 
the levels of adhesive molecules in pSS and sSS patients. 
In our opinion, similar elevated serum levels of ICAM, 
VCAM and E-selectin can be a result of the similar histo-
logical pattern in pSS and sSS.

In our study, the levels of sVCAM-1 in pSS patients cor-
related with the severity of xerostomia assessed by VAS 
and the Fox test. In SS patients, the local environment of 
the inflamed gland leads to the dysfunction of the resid-
ual glandular units owing to the release of cytokines, me-
talloproteinases and autoantibodies. The earliest changes 
involve the development of small capillaries into high 
endothelial venules that secrete chemokines and express 
adhesive molecules, promoting the migration of immune 
cells into the glands. The infiltrating cells (T and B cells, 
dendritic cells) interfere with glandular functions by 
means of the secretion of IL-1 and TNF-α, which inhibit 
the release of neurotransmitters such as acetylcholine, 

and the glandular response to these neurotransmitters 
ultimately leads to decreased saliva secretion.8 The blood 
supply of the salivary glands plays a  role in salivation. 
In earlier studies, it was suggested that VCAM-1 in pa-
tients with SS may be related to vasculitis.4 These mecha-
nisms could explain the correlation between the levels of 
sVCAM-1, reflecting salivary gland inflammation and 
glandular dysfunction, and the severity of xerostomia.

The levels of sICAM-1 positively correlated with sE-
selectin levels in sSS. This could suggest a similar contri-
bution of these molecules in the pathomechanism of this 
disease, and their concentrations may be reflected by the 
activation of endothelial and epithelial cells. For a com-
prehensive view of sSS, these molecules should be deter-
mined together in material more representative for SS.

We also found a positive correlation between sE-selec-
tin and sSS duration. Our result suggests that the higher 
concentration of this molecule may result from a longer 
activation of endothelium and epithelium in SS. There-
fore, sE-selectin may be considered a more representative 
parameter for SS progression.

In a study by Gao et al., it has been observed that ICAM-1 
levels positively correlated with the progression of dry 
eye symptoms.24 We found only a significant correlation 
between the levels of sE-selectin in sSS patients and the 
severity of dry eyes assessed by the Schirmer’s test. Thus, 
this molecule seems to be the most representative param-
eter for the assessment of eye dryness in sSS.

The levels of sICAM-1 correlated positively with the 
ESR value in sSS patients. Its levels may reflect the previ-
ous activation of the epithelium and endothelium. Egerer 
et al. detected higher levels of ICAM-1 in pSS and SLE pa-
tients, as well as in sepsis, indicating a comparable stage 
of endothelial activation and therefore inflammation and 
subsequently vascular damage in these diseases. No dif-
ferences were observed between patients with a  local-
ized infection and healthy controls regarding the levels 
of sE-selectin and sICAM-1. Interestingly, the endothe-
lium in SLE and pSS appears to be chronically activated 
in contrast to the situation found in sepsis, where a high 
and constant level of ICAM-1 is usually detectable only 
for a  period of days or weeks.25 The ICAM-1 level sus-
tained at a constant and increased level can be a useful 
monitoring parameter of disease severity and the activity 
of inflammation.26

The limitations of this study arise mainly from the 
small sample size. Thus, it should be considered a pilot 
study. Our findings need to be verified in a larger SS pop-
ulation. In our study, a  few patients were taking meth-
ylprednisolone, non-steroidal anti-inflammatory drugs 
(NSAIDs) and immunosuppressive drugs. There were 
no naïve patients with regard to both disease-modifying 
anti-rheumatic drugs and NSAIDs. These drugs may re-
duce the levels of proinflammatory cytokines and adhe-
sive molecules. Moreover, the drug-cytokine interactions 
could be responsible for the disparity between the levels 
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of adhesive molecules found in our study, especially in 
pSS and sSS patients. Additionally, many drugs applied 
in the therapy of hypertension, depression and other dis-
eases can reduce salivation. Therefore, current and previ-
ous therapy and co-existing diseases and therapies might 
have interfered with our results but it is not clear whether 
these drugs can affect serum sICAM-1, sVCAM-1 and sE-
selectin levels in SS patients. In our study we correlated 
the levels of adhesive molecules with parameters of dis-
ease activity such as ESR. In our opinion, ESR is a good 
clinical marker for the assessment of a  relationship 
between inflammation and disease activity in SS. Re-
cently, two disease activity indices have been proposed: 
The European League Against Rheumatism (EULAR) 
Sjögren’s syndrome patient reported index (ESSPRI) and 
the EULAR Sjögren’s syndrome disease activity index 
(ESSDAI).27,28 These indices evaluate the effectiveness of 
therapy in pSS. In our clinical characteristics of SS pa-
tients, we included 6 of 12 domains (organ involvement) 
from the ESSDAI. Lack of a comprehensive evaluation of 
organ involvement according to the ESSDAI is a  limita-
tion of our study.

The limitations of the assessment of xerostomia and its 
relationship with the levels of adhesive molecules can arise 
from a  subjective test of xerostomia. In our opinion, the 
Fox tests and VAS can be representative and helpful tests 
and they additionally describe the patient’s discomfort in 
SS. Among the selected molecules, sVCAM-1 reflects xe-
rostomia in pSS, and sICAM-1 and sE-selectin may be ad-
ditional parameters of the activity of sSS. However, they 
cannot be applied for the differentiation of pSS and sSS.
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