Salivary cystatin D is a candidate non-invasive biomarker for
primary Sjogren’s syndrome diagnosis and salivary gland injury
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Abstract
Objective
To evaluate the role of cystatin D as a non-invasive biomarker for primary Sjogren’s syndrome (pSS), salivary cystatin D
levels were measured and the association between cystatin D and clinical parameters was analysed.

Methods
A total of 73 patients with pSS, 23 patients with head and neck cancer who had completed radiotherapy (HNCR),
and 58 healthy controls (HC) were included in this study. Salivary cystatin D levels were measured via an enzyme-linked
immunosorbent assay (ELISA). Salivary gland flow rate, salivary gland ultrasound scores, and disease activity indexes
were assessed in patients with pSS. The receiver operating characteristic (ROC) curves was used to assess the potential
value of salivary cystatin D as a diagnostic biomarker.

Results
Salivary cystatin D levels were significantly reduced in the patients with pSS, compared with the patients with HNCR

(p<0.001) and HC (p<0.001). Salivary cystatin D level was positively correlated with unstimulated salivary gland flow

rate (USFR) and stimulated salivary gland flow rate (SSFR), whereas, negatively correlated with serum IL-6 levels, IgE

levels and peripheral blood CD4* T cell counts. In addition, salivary cystatin D levels were significantly reduced in the
PSS patients with parotid or submandibular gland ultrasonography scores = 2. The diagnostic value of salivary cystatin D
was determined by receiver operating curve (ROC) analysis, with an area under the curve of 0.713 (95% CI: 0.632, 0.749,
p<0.001), a sensitivity of 51.9% and a specificity of 83.6%. In addition, cystatin D improved the accuracy of pSS diagnosis,

particularly in the patient with negative anti-SSA.

Conclusions
Salivary cystatin D emerged as a promising biomarker for pSS diagnosis and was correlated with salivary gland
dysfunction.
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Introduction

Primary Sjogren’s syndrome (pSS) is
a common systemic autoimmune dis-
ease characterised by mononuclear
cell and lymphocyte infiltration of the
exocrine glands, leading to dryness of
the eye and mouth (1, 2). For patients
with pSS, delayed diagnosis and treat-
ment invariably contribute to damage
to multiple organs and systems, includ-
ing the kidney, lung, blood and the
nervous system, affecting the quality
of life, and even resulting in death (3).
Currently, no effective biomarkers are
used in clinical practice for the diag-
nosis and assessment of disease activ-
ity for pSS. Serum anti Sjogren’s syn-
drome A (anti-SSA) antibodies, a com-
mon adjunct marker for the diagnosis
of pSS, have low sensitivity and speci-
ficity. The diagnosis of pSS is mainly
based on classification criteria com-
bined with histopathology, presence
of anti-SSA, tear and saliva secretion
analysis that are complicated and likely
to lead to misdiagnosis and missed di-
agnosis (4). The assessment of disease
activity in pSS is based mainly on the
European League against Rheumatism
(EULAR) Sjogren’s syndrome disease
activity index (ESSDAI) score that is
complex and includes 12 items (5).
Pathological examinations are gener-
ally not acceptable to patients because
of their invasive nature. However, it is
worthy to assess the degree of salivary
gland glands damage for diagnosis and
prognosis. Therefore, a new, stable,
non-invasive biomarker is needed for
pSS diagnosis and assessment of dis-
ease activity.

Saliva is a complex biological fluid
composed of water, diverse salivary
proteins, and molecules derived from
the bloodstream, and is secreted from
the major and minor salivary glands.
The components of saliva are similar
to those of serum and reflect the physi-
ological and pathological state of the
salivary glands (6). Changes in the
salivary levels of these molecular con-
stituents can be used not only to assess
the function of the salivary glands but
also as biomarkers for systemic disease
detection and risk assessment, includ-
ing cardiovascular, cancer, and autoim-
mune disease (7-9). As a chronic auto-

immune disease, pSS requires regular
monitoring to assess disease activity
for modulation of treatment. The col-
lection of saliva is convenient, non-in-
vasive and preferred over other sample
types, especially for repeated testing;
therefore, the use of salivary marker
as a diagnostic and evaluative tool has
clinical advantages (10).

Cystatin D is a natural cysteine pro-
tease inhibitor and a secreted protein
found in human saliva and tear fluid.
Recent studies have shown that cysta-
tin D is involved in innate immunity
and inflammation by inhibiting coro-
navirus replication at physiological
concentrations (11, 12). Herein, we se-
lected cystatin D as a biomarker of pSS
to explore its value. We detected the
expression of cystatin D in the saliva
of pSS patients, head and neck can-
cer patients treated with radiotherapy
(HNCR) patients, and healthy controls
(HC) and further analysed the correla-
tion between cystatin D and clinical
characteristics in patients with pSS to
assess the efficacy of cystatin D for
salivary gland dysfunction.

Materials and methods

Study population

A total of 73 patients (68 females and
5 males) diagnosed with pSS were re-
cruited from the Department of Rheu-
matology and Immunology of the First
Affiliated Hospital of Xi ‘an Jiaotong
University from September 2022 to
October 2024. The age of the patients
ranged from 28 to 72 years, with an
average age of 49.74+10.89 years. The
patients met the 2016 ACR-EULAR
Classification Criteria for primary
Sjogren’s syndrome (13). The exclu-
sion criteria were as follows: 1) Other
rheumatic connective tissue diseases;
2) Patients recently taking oral cholin-
ergic drugs; 3) Diagnosis of HIV, HCV
and/or other virus infections; 4) Seri-
ous complication; 5) Patients unwill-
ing to undergo clinical trials or with
incomplete data.

In the same period, 58 HC (52 females
and 6 males) with no history of dry
mouth or dry eyes were selected as
the healthy control group, aged from
29 to 68 years, with an average age of
46.95+10.94 years. The 23 HNCR pa-
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tients (21 females and 2 males) with
dry mouth, aged from 35 to 73 years,
with an average age of 51.61+9.66
years, were defined as the disease con-
trol group. The cases who were found
to have the following antibodies were
excluded from the HC and HNCR
groups: positive HIV, HCV, rheuma-
toid factors (RF) or anti-nuclear anti-
bodies. This study was conducted in
accordance with the Declaration of
Helsinki and approved by the Medical
Ethics Committee of the First Affiliat-
ed Hospital of Xi’an Jiaotong Univer-
sity, China (Ethical Approval Number:
2023-63). All the participants provided
written informed consent to participate
in this study.

There were no statistically significant
differences in age or sex among the
three groups. We reviewed cases veri-
fied by medical records, follow-up visit
by telephone (condition of gingival
bleeding, loose teeth and toothache)
and diagnosis by dentists, and con-
firmed the periodontal disease rates
of the two patient groups (pSS and
HNCR). The proportions of periodontal
disease were no statistically significant
differences between the HNCP and pSS
groups. Their demographic and clinical
characteristics are shown in Table I.

Salivary sample collection

Before collecting the saliva sample and
measuring salivary flow rate, food was
prohibited for 4 hours and the mouth
was rinsed with water for 10 minutes.
First, the tip of the subject’s tongue
was pressed against the roof of the
mouth to collect saliva for 10 minutes,
and then 2 drops of 2% citric acid were
applied to the front of the tongue at
intervals of 1 minute for 4 times, and
saliva was collected again for 10 min-
utes. The volume of saliva collected
twice was measured and the saliva flow
rate = saliva volume/collection time
was calculated. The saliva collected in
the unstimulated state was centrifuged
at 4°C at 10000 g for 10 minutes, and
the supernatant after centrifugation
was frozen at -80°C.

Salivary cystatin D detection

Salivary cystatin D was quantified in
unstimulated saliva using a human cys-
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Table I. Demographic and clinical characteristics of pSS patients.

Parameters Healthy controls ~ HNCR patients pSS patients
(n=58) (n=23) (n=73)
Age, years* 46.95 +10.94 51.61 £9.66 49.74 +10.89
Gender, female (%) 52 (89.66%) 21 (91.30%) 68 (93.15%)
Duration of disease, years* - - 520+4.19
Periodontal disease (%) - 6 (26.09%) 22 (27.85%)
Treatment
Glucocorticoid (%) - - 11 (15.07%)
Iguratimod (%) - - 24 (32.88%)
Hydroxychloroquine (%) - - 61 (83.56%)
Total glucosides of pacony (%) - - 64 (87.67%)
Belimumab (%) - - 2 (2.74%)
USFR, ml/min* 0.66 +0.26 0.25+0.12 0.11 £0.06
SSER, ml/min* 1.31+0.33 0.88 +0.34 0.73 £ 041
SGUS 22 in parotid gland (%) 0 6 (26.09%) 46 (63.01%)
SGUS =2 in submandibular gland (%) 0 3 (13.04%) 36 (49.32%)
Biomarker
Anti-SSA/Ro52kD (%) 0 0 55 (75.34%)
Anti-SSA/Ro60kD (%) 0 0 48 (65.75%)
Anti-SSB (%) 0 0 26 (35.62%)
RF (%) 0 0 25 (34.25%)
IgG, g/L* - - 17.94 +7.35
ESR, mm/h* - - 24.75 +15.86
CRP, mg/L* - - 12.5+6.94
IL-6, pg/mL* - - 4.86 +3.15
Cystatin D (pg/mL) * 321.6 £164.1 311.2 +121.3 2127 £117.2

*The values are expressed as the mean + standard deviation.
CRP: C-reactive protein; ESR: erythrocyte sedimentation rate; IL-6: interleukin 6; SGUS: salivary
gland ultrasonography; SSER: stimulated salivary gland flow rates; USFR: unstimulated salivary gland

flow rates; pSS: primary Sjogren’s syndrome.

tatin D ELISA kit following the manu-
facturer’s instructions (Thermo Fisher
Scientific, USA). All salivary samples
were analysed concurrently in a single
batch, with cystatin D levels being de-
termined by reference to a standardised
calibration curve. For each sample,
duplicate wells were employed in the
assay, and the resultant values were
averaged to yield the final measured
concentration.

Salivary gland ultrasonography (SGUS)
SGUS was conducted on the bilateral
parotid and submandibular glands us-
ing a Logic 9 system (General Electric
Medical Systems, Milwaukee, WI,
USA). A simplified scoring system
based on parenchymal inhomogeneity
was defined as follows: grade 0, normal
parenchyma; grade 1, mild inhomoge-
neity without anechoic or hypoechoic
areas and hyperechogenic bands; grade
2, moderate inhomogeneity with focal
anechoic or hypoechoic areas; grade 3,
severe inhomogeneity with diffuse an-
echoic or hypoechoic areas occupying
the entire gland or fibrous gland (14).

An SGUS score of =2 was considered a
pathological change.

Statistical analysis

Data were statistically analysed us-
ing SPSS 23.0 (SPSS, Inc, Chicago,
IL) and presented as mean + standard
deviation (SD). The Shapiro-Wilk test
and Levene’s test were used to assess
normality and homogeneity of vari-
ance, respectively. Depending on the
situation, the #-test or Mann-Whitney
U test was used to assess the differenc-
es between the two groups. Pearson’s
correlation coefficient or Spearman’s
correlation coefficient was used to
analyse correlations between two vari-
ables. The diagnostic value of salivary
cystatin D was assessed by construct-
ing receiver operating characteristic
(ROC) curves, followed by assessment
of overall accuracy using the areas un-
der the curves. The Youden Index, de-
fined as the sensitivity plus the speci-
ficity minus one, was used to identify
the cut-off value of cystatin D. P values
<0.05 were considered statistically sig-
nificant.
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Fig. 1. Salivary cystatin D levels decreased in pSS patients. (A-B) Comparison of USFR and SSFR in HC, HNCR and pSS groups. (C) Salivary cystatin D
levels in HC, HNCR and pSS groups were determined by ELISA.

USFR: unstimulated salivary gland flow rates; SSFR: stimulated salivary gland flow rates; HC: healthy controls (n=58); HNCR: head and neck cancer pa-
tients who completed radiotherapy (n=23); pSS: Sjogren’s syndrome (n=73).
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Fig. 2. Correlation between saliva cystatin D and pSS related clinical parameters ascertained by Spearman’s correlation analysis. Red colour indicates posi-

tive correlation between two variables while blue colour indicates negative correlation. Darker shades of blue and red colours indicate significant correlation,
and lighter shades indicate low collinearity between variables. Asterisks represent statistically significant differences.

Results HC, HNCR and pSS patients. Com-  reduction was more significant in the
Salivary cystatin D reduction in pared with the HC group, the unstim-  pSS group (Fig. 1A-B). Unlike hypop-
pSS patients ulated and stimulated salivary gland tyalism caused by physical damage in

We compared the unstimulated and
stimulated salivary gland flow rates in

flow rates were significantly reduced
in the HNCR and pSS groups, and this

the HNCR group, the pSS group had
the lowest level of cystatin D and the
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least level of saliva secretion among
the 3 groups, and there were no statisti-
cally significant differences of cystatin
D levels between the HC and HNCR
groups (Fig. 1C). Based on the above
results, we hypothesised that salivary
cystatin D level may be a specific
marker for reduced salivary production
in the patients with pSS.

The relationship between salivary
cystatin D and clinical parameters

of pSS patients

We analysed the correlation between
salivary cystatin D levels and clinical
parameters in the patients with pSS
(Fig. 2). Salivary cystatin D was posi-
tive associated USFR and SSFR, and
negatively associated with serum IL-6
levels, IgE levels and peripheral blood
CD4* T cell counts, whereas, it was not
correlated with the EULAR Sjogren’s
Syndrome Disease Activity Index (ES-
SDAI), EULAR Sjogren’s syndrome
Patient Reported Index (ESSPRI), or
other clinical indicators.

Cystatin D levels were correlated with
salivary gland damage in pSS patients
To determine whether cystatin D can
reflect the severity of salivary gland
damage in patients with pSS, we ana-
lysed the correlation between cysta-
tin D, salivary flow rate, and salivary
gland ultrasonography score. The re-
sults showed that salivary cystatin D
level was positively correlated with
unstimulated and stimulated salivary
gland flow rates in patients with pSS
(Fig. 3A-B), but was not correlated
with salivary gland flow rates in HC
and HNCR patients (data not shown).
Subsequently, we used SGUS to eval-
uate the degree of injury to the sub-
mandibular and parotid glands, and
an SGUS score =2 was considered
as pathological injury. Among the 73
patients with pSS, 46 and 36 patients
had SGUS scores =2 in the parotid and
submandibular glands, respectively.
Salivary cystatin D levels were signifi-
cantly lower in those patients who had
an SGUS score =2 in both the parotid
and submandibular glands, compared
with the patients with SGUS scores <2
(Fig. 3C-D), and this finding suggested
that salivary cystatin D level was re-

Clinical and Experimental Rheumatology 2025

é 6001

E

§ s00-

=

0O 4004

£

T 300

4

&

> 200+

S

= 1007

7]

0 T T T T T T 1
0 0.05 0.10 0.15 0.20 0.25 0.30 0.35

USFR (ml/min)

C Parotid

600+ *

E o

=)

=

o 400 ®

=

g -

3 )

© .

> 200

2 e

&J“ o

0 T T
SGUS < 2 SGUS 22

B 600-
.'g r=0.3059
5, 500 L) ° p = 0.0085
&
o 4004
£
T 300
g
o
> 2004
[}
% 100+
3 L)
O T T T T 1
0 0.5 1.0 15 20 25
SSFR (ml/min)
D Submandibular glands
6001 %
E °
(2]
&
0 4004 [ ]
% [P
° L
© 200- 9
E $ 0:0'
g :o o
© o
3 Sguded
0 T T
SGUS <2 SGUS 22

Fig. 3. Cystatin D levels were correlated with salivary gland injury in primary Sjogren’s syndrome
(pSS) patients. (A-B) The relationship between salivary cystatin D levels and salivary gland flow rates
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lated to the degree of salivary gland
damage.

Salivary cystatin D as a diagnostic
biomarker

To determine the value of salivary
cystatin D as a diagnostic biomarker,
the ROC analysis was conducted. The
results showed that the area under the
ROC curve was 0.713 (95% CI: 0.632,
0.749, p<0.001), and the cut-off point
of cystatin D was 318.1 pg/mL, with
a sensitivity of 51.9%, specificity of

83.6%, and Youden index of 35.5% for
the diagnosis of pSS (Fig. 4A). Anti-
SSA serves as the signature autoanti-
body for pSS and poses challenges in
diagnosis when it is negative. Herein,
we used ROC analysis to assess the
diagnostic value of salivary cystatin
D in the patients with negative anti-
SSA/R052 and anti-SSA/Ro60. The
results showed that the area under the
ROC curve was 0.758 (95% CI: 0.563,
0.625, p<0.05), and the cut-off point
of cystatin D was 161.3 pg/mL, with
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a sensitivity of 87.7%, specificity of
62.5%, and Youden index of 50.2% for
pSS (Fig. 4B).

Discussion

Primary Sjogren’s syndrome is a sys-
temic autoimmune disease, where most
patients present with dry mouth due
to reduced salivation as the primary
symptom. In clinical practice, it is diffi-
cult to perform the recommended inva-
sive tests to diagnose pSS. A lip biopsy
is not readily available in many clinics
because of the lack of experienced per-
sonnel to collect samples and interpret
the results (pathologists). Moreover,
determining the ocular staining score
requires experienced ophthalmolo-
gists, and salivary rate measurements
require time and effort. A wide range
of serum and salivary biomarkers have
been used to diagnose pSS and assess
its disease activity. However, these
biomarkers cannot fully reveal the bio-
logical characteristics of the disease or
indicate clinical course owing to their
low sensitivity and specificity (15-17).
Therefore, a new, stable, non-invasive
biomarker is needed for pSS diagnosis.
Cystatin D, as a natural cysteine pro-
tease inhibitor, a recent study found
that it suppresses osteoclast-mediated
bone destruction by blocking the ac-
tivation of the nuclear factor kappa B
mechanism (18). Furthermore, cystatin
D is considered a tumour suppressor
and exhibits anti-migratory and anti-
proliferative cellular effects, probably
due to a cathepsin-independent mecha-
nism (19, 20). In summary, based on
the characteristics of cystatin D se-
creted in human tears and saliva and its
involvement in the immune response, it
may be an important molecular mark-
er reflecting the function of salivary
glands. The composition of salivary
proteins may be affected by a variety of
factors, including disease states, medi-
cations, oral hygiene and periodontal
disease. These factors were taken into
account in this study, the patients with
other rheumatic connective tissue dis-
eases, recently taking oral cholinergic
drugs, diagnosis of HIV, HCV and/or
other virus infections or serious com-
plication, were excluded. Furthermore,
the proportions of periodontal disease

were compared between the HNCP and
pSS groups to eliminate the effect of
salivary proteins. There were no statis-
tically significant differences. In addi-
tion, for oral hygiene, before collecting
the saliva sample and measuring sali-
vary flow rate, food was prohibited for
4 hours and the mouth was rinsed with
water for 10 minutes to reduce effect
of confounding factors and identify the
role of cystatin D in pSS.

This study demonstrated that salivary
cystatin D levels are lower in patients
with pSS, especially in those with a
lower salivary flow rate. To confirm
whether cystatin D can distinguish
between reduced salivary gland flow
rate caused by immune injury and
non-immune injury, we compared cys-
tatin D levels in the saliva of patients
with HNCR and pSS, and found that
cystatin D was significantly reduced
in the saliva of the patients with pSS
compared with the HNCR patients.
The continual interaction between the
innate and adaptive immune systems
plays a crucial role in the initiation of
the inflammatory process of pSS, and
the amplification as well as perpetua-
tion of the autoimmune process (21).
In this study, the correlation analysis
confirmed that cystatin D was nega-
tively correlated with the serum IL-6
levels and peripheral blood CD4* T
cell counts of the pSS patients. All of
these results indirectly indicated that
the reduction of salivary cystatin D in
the pSS patients was not simply the
result of damage to salivary epithelial
cells, because of the different cystatin
D expression in the HNCR patients
with epithelial cell damage caused by
radiotherapy. Our findings in pSS may
be the result of infiltration of immune
cells, such as CD4*T cells or B cells
into the salivary glands. In addition,
we evaluated the correlation between
cystatin D expression and the presence
of pathological damage in the salivary
gland and found that it was significant-
ly lower in patients with a higher ultra-
sonography score in the submandibu-
lar and/or parotid glands. ROC curve
analysis also confirmed that cystatin
D had a potential diagnostic value for
pSS. When cystatin D, as an independ-
ent diagnostic indicator, the sensitivity

was 51.9%, which was dissatisfactory
for pSS diagnosis. Whereas, in patients
with negative anti-SSA autoantibody,
who had more difficulties in diagnos-
ing pSS (13), the sensitivity of cys-
tatin D increased as 87.7%, and the
specificity was still high. The cystatin
D showed superior diagnostic value,
specially combined with anti-SSA au-
toantibody.

To our knowledge, this is the first report
that supported the use of cystatin D as a
novel pSS biomarker that can be meas-
ured from non-invasively obtainable
salivary samples. To translate these find-
ings into clinical practice, future studies
with a larger sample size are warranted.
In conclusion, salivary cystatin D repre-
sents a promising candidate for the di-
agnosis of pSS and was associated with
salivary gland dysfunction.
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