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Abstract

Introduction/objectives Systemic lupus erythematosus (SLE) and Sjogren’s syndrome (SS) may coexist and carry a higher risk
for future comorbidities. Although 14-3-3n protein is recently a known diagnostic marker in rheumatoid arthritis (RA), its role
has not been investigated in SLE. The aim of this study was to compare serum 14-3-3n protein level in SLE and RA patients and
to examine its association with clinical and laboratory features in SLE patients.

Methods Eighty-four SLE patients and 39 RA patients were included. Sociodemographic, SLE disease activity index (SLEDAI),
and damage index were assessed for SLE patients. Data about secondary SS were collected. 14-3-31n was measured by ELISA;
titres above 0.19 ng/ml were considered positive.

Results Serum 14-3-31 protein in SLE was significantly lower than in RA (0.37 £0.09 vs 1.5+ 0.51; p <0.001). 14-3-3n protein
level was comparable between SLE patients with and without arthritis (0.29 +0.8 vs 0.15 £+ 0.08 respectively; p = 0.20). Serum
14-3-31 protein level was higher in SLE with secondary SS features compared to those without (0.22 +0.10 TU/ml vs 0.11 £
0.04 TU/ml; respectively, p < 0.001). There were no differences in 14-3-3n positivity for other lupus criteria or correlation of 14—
3-3n titer with SLEDAI. 14-3-3n protein at 1.11 ng/mL yield a secondary SS diagnostic accuracy of 71%.

Conclusions Serum 14-3-3n protein level is high in SLE-associated SS. The 14-3-3n protein level was able to distinguish
patients with secondary SS among patients with SLE. Studying the role of 14-3-31 protein in Sjogren’s syndrome would be
considered in further larger scale studies to confirm the impact of any association.

Key Points

* Serum 14-3-3n protein level is significantly higher in systemic lupus patients with secondary Sjogren’s syndrome (SS) in comparison to those without.
* Serum 14-3-3n protein can be used as a useful marker to distinguish patients with secondary SS among patients with systemic lupus.

* [4-3-3n protein level shows no difference between systemic lupus patients with and without arthritis.
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Systemic Lupus Erythematosus (SLE) is an autoimmune in-
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flammatory disease that affects mainly women. SLE is char-
acterized with a chronic course of exacerbations and remis-
sions and may lead to serious organ damages [1]. The hetero-
geneous clinical, serological presentation, and response to
treatment suggest that different pathological mechanisms are
responsible for the development and presentation of SLE in
individual patients [2]. Among those with SLE, about 20% of
patients have secondary Sjogren’s syndrome (SS). Sjogren’s
syndrome develops as a result of accumulation of lympho-
cytes in the lacrimal and salivary glands. The most common
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clinical findings include dryness of the mouth and/or the eyes.
Although SLE and SS share clinical and immunogenetic fea-
tures, they are two different conditions with mutual character-
istics [3]. Apoptosis (programmed cell death), plays a funda-
mental role in the pathogenesis of SS, has been proposed as a
possible mechanism for the impairment of secretory function
and glandular damage [4]. In addition, the role of the apoptotic
process seems critical throughout the disease in patients with
SLE [5].

14-3-3n (eta), isoform of 14-3-3 protein family, is an
intracellular protein involved in numerous cell processes
including regulating the proliferation, differentiation, and
apoptosis of cells [6, 7]. Extracellular 14-3-3n has been
demonstrated to stimulate the expression of pro inflamma-
tory cytokines including tumor necrosis factor-alpha
(TNF-«) and matrix metalloproteinase (MMP) [8, 9].
Recent work has implicated that the serum 14-3-3n protein
participates in the process of inflammation in rheumatoid
arthritis (RA) and is significantly higher in RA patients as
compared with patients with other inflammatory arthritis
and healthy controls [10, 11]. Serum 14-3-3n levels, alone
or in combination with other serological measurements, im-
proves the diagnostic utility of patients with RA [12] and
also is a prognostic radiographic damage biomarker [8, 13].

There were previous reports on the expression of 14-3-3n
protein in other inflammatory arthritis, such as juvenile id-
iopathic arthritis (JIA) and psoriatic arthritis [14, 15].
Overall the utility of 14-3-31 protein in SLE and the asso-
ciation with SLE clinical and serological features has not
been established in the existing literature [16]. Therefore,
our primary aim was to compare the serum 14-3-3n protein
levels in SLE and RA patients. The secondary objective was
to evaluate the relationship between 14-3-3n protein with
clinical and laboratory characteristics of SLE patients in-
cluding secondary SS features.

Patients and methods
Study design and participants

This cross sectional study was carried out at the
Rheumatology Department, Assiut University Hospitals,
Assiut, Egypt. Eighty-four SLE patients aged > 18 years
fulfilling the Systemic Lupus International Collaborative
Clinics (SLICC) classification criteria were enrolled [17].
Thirty-nine RA patients, diagnosed according to the 2010
American College of Rheumatology (ACR) classification
criteria, were enrolled as a control group [18]. Patients with
known hepatitis C or any other autoimmune diseases were
excluded. The study ethics approval was obtained from the
Faculty of Medicine Ethics Research Office (Pro17300290)
and performed in accordance with 1964 Helsinki
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Declaration and its later amendments or comparable ethical
standards. Informed consent was obtained from all involved
patients prior to their participation in the study.

Sociodemographic and clinical assessments

The sociodemographic data, disease characteristics, and cur-
rent medications administration of all SLE patients were
assessed. The disease activity and damage level of the patients
were evaluated using Systemic Lupus Erythematosus Disease
Activity Index (SLEDAI) [19] and Systemic Lupus
International Collaborative Clinics/American College of
Rheumatology Damage Index (SLICC/ACR-DI) [20], respec-
tively. The presence of specific system activities based on their
criteria presentation in SLEDAI within 10 days preceding the
evaluation was measured. Furthermore, symptoms of dry eye
and mouth were assessed based on classification criteria ques-
tionnaire [21] for more than 3 months.

Laboratory and serologic tests

Laboratory investigations included the erythrocyte sedimenta-
tion rate (ESR), C-reactive protein (CRP), complete blood cell
count (CBC), serum creatinine, and urinalysis. Complement
C3 and C4 and relevant autoantibodies including anti-double-
stranded DNA (anti-dsDNA), rheumatoid factor (RF), anti-
Ro, and anti-La were measured by enzyme-linked immuno-
sorbent assay (ELISA). Serum 14-3-3n protein levels were
measured by quantitative 14-3-3n ELISA JOINTstat® sup-
plied by Augurex Life Sciences Corp, Vancouver, BC,
Canada. Positivity was assessed as per the manufacturer’s
suggested cutoff of >0.19 ng/ml [12].

Ophthalmologic examinations

Routine ophthalmic examinations, including tear function
tests, were performed by an expert ophthalmologist and re-
corded. Tear function tests consisted of tear film break-up
time (TBUT), Rose-Bengal (Van Bijsterveld) score, and the
Schirmer-I test (Schirmer). For TBUT, a strip of moistened
fluorescein paper was used to touch the inferior fornix for a
short time with minimal stimulation. The tear film was ob-
served under cobalt blue—filtered light. The interval
(seconds) between the last complete blink and the first
emergence of randomly distributed dry spots was averaged
from triplicate measurements. This was followed by stain-
ing with 1% Rose-Bengal solution. Both fluorescein and
Rose Bengal staining scores were recorded and ranged be-
tween 0 and 9 points. Schirmer was performed using stan-
dardized strips of filter paper which were placed in the lat-
eral canthus away from the cornea and left in place for 5 min
with the eyes closed. ST was positive when reading was
recorded in millimeters of wetting for 5 min (mm/5 min).
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The Schirmer test result <5 mm/5 min and/or a positive
ocular color score (van Bijsterveld’s score) >4 was consid-
ered positive ocular abnormalities.

Secondary SS evaluation

Secondary SS in this cohort of patients with SLE was defined
by presence of symptoms of dry eye and dry mouth plus
objective dry eye by ocular staining and/or ST, and positive
serum anti-Ro and/or anti-La [21]. These findings were only
considered valid in the absence of medications or certain dis-
eases that might have overlap features.

Statistical analyses

Data were tested for normality by the Shapiro-Wilk test.
Continuous data were presented as mean and standard devia-
tion (SD) or median (interquartile range “IQR”), while cate-
gorical data were presented as frequency (%). When analyzing
differences in protein levels, the independent samples ¢ for
continuous parameters and chi® tests for binary parameters
and Mann—Whitney U test for non-parametric variables were
used. Correlations were investigated by Spearman’s rank cor-
relation coefficient. Receiver operator characteristic (ROC)
curves were used to detect the optimal threshold of 14-3-3n
level for prediction of SLE patients with secondary SS from
those without. A p value of <0.05 was considered significant.
Data were analyzed using the STATA version 15 (Stata Corp.,
College Station, TX, USA).

Results
Patients and disease characteristics

A total of 84 SLE patients were included with a mean age of
31.1+9.7 years; 80 (95.2%) were women, and mean disease
duration of 5.2 +0.7 years. Average SLEDAI was 16.3£1.5,
with 22.2% of patients displaying moderate disease activity,
and SLICC/ACR-DI score was 1.9+ 0.3. The most frequent
active systems were mucocutaneous (64.3%), renal (61.4%),
and musculoskeletal (57.1%). Active arthritis and erythema-
tous skin rash were present in 66.6% and 77.7%, respectively.
Positive ds-DNA antibodies were detected in 60% of the pa-
tients. Thirty-four percent of patients were anti-La positive,
and 27.7% were anti-Ro positive. Demographic data, clinical,
and laboratory manifestations present in Tables 1 and 2.

Difference in serum 14-3-3n protein between SLE
and RA

Thirty-nine RA patients, 87.2% were female, mean age of
37.7+ 13 years, and mean disease duration of 9.6 =8 were

Table 1  Demographic and clinical characteristics of SLE patients

Parameter
Mean + SD or N (%)

SLE patients (n = 84)

Age (years) 31.1+£9.7
Body mass index (kg/m?) 25+6.1
Disease duration (years) 52+0.7
Clinical manifestations  Constitutional 56 (66.7)
Mucocutaneous 54 (64.3)
Musculoskeletal 48 (57.1)
Lupus nephritis 51(61.4)
Neuropsychiatric 23 (27.4)
Cardiac 12 (14.3)
Chest 14 (16.6)
Vascular thrombosis 10 (12)
Sjogren’s syndrome 20 (24)
Hematological 66 (80.5)
SLEDALI score 163+1.5
SLICC/ACR-DI 1.9+0.3
Medications use Steroids 62 (74)
Hydroxychloroquine 78 (93)
Cyclophosphamide 34 (42.5)
Azathioprine 53 (63)
Methotrexate 74 (88)

SLE systemic lupus erythematosus, SLEDAI SLE disease activity index,
SLICC/ACR-DI Systemic Lupus International Collaborative Clinics/
American College of Rheumatology damage index

included as the control group. As expected, serum 14-3-31
protein expression was significantly higher in patients with
RA compared with SLE patients (1.5+0.51 vs 0.37+0.09;
p<0.001), Fig. 1. Moreover, the frequency of positive 14-3-
3n protein was markedly higher in RA compared with SLE
patients (66.7% vs 33.3%).

Relationships between 14-3-3n with clinical
and serological parameters

Mean serum 14-3-3n protein expression in all SLE pa-
tients was 0.37 +0.09, and the frequency of positive 14-
3-31 protein was 33.3%. Serum 14-3-3n levels were pos-
itively correlated with erythematous skin rash and ESR
(r=0.24, p=0.027 and »=0.28, p =0.009, respectively).
A significant correlation was observed between serum 14-
3-31 protein levels and components of secondary SS in-
cluding ocular sicca, anti-La, and anti-Ro (p <0.05)
(Table 3). Notably, 14-3-3n levels were significantly
higher in SLE patients with secondary SS compared with
those without (0.22+£0.10 vs 0.11+0.04, p<0.001),
Fig. 2. SLE patients with and without current active ar-
thritis have almost nearl4-3-3n protein levels (0.29 £0.8
vs 0.15+0.08 respectively; p=0.20). There were no
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Table 2 Laboratory features of the systemic lupus erythematosus
patients
Parameter SLE patients (n = 84)

Mean = SD or N (%)

ESR (mm/Ist h) 57+34.7
CRP (mg/L) 19.1+3.3
HGB (g/dl) 10.5+£2.2
TLC (% 10*/mm?®) 57+2.7
PLT (x 10*/mm®) 242 +108
AST (U/L) 34.1+56.4
ALT (U/L) 33.9+47.6
Albumin (mg/dl) 35.8+10.3
SUA (mg/dl) 54+2
Creatinine (mg/dl) 84.2+67.0
Pyuria 19 (23)
Proteinuria (g/24 h) 1.2+0.16
Hematuria 13 (15.7)
C3 (mg/dl) 63.3+67.3
C4 (mg/dl) 6.8+34.4
ACL (U/ml) 02+0.4
Anti-La 74719
Positive anti-La 17 (34)
Anti-Ro 62.7+17.1
Positive anti-Ro 13 (27.7)
ANA 84 (100)
Anti-ds DNA (IU/ml) 72.1+76.8
Positive anti-dsDNA 49 (60)

SLE systemic lupus erythematosus, £SR erythrocyte sedimentation rate,
HGB hemoglobin, TLC total leucocytic count, PLT platelets, AST aspar-
tate transaminase, ALT alanine transaminase, SUA serum uric acid, C
complement, ACL anti-cardiolipin, ANA anti-nuclear antibody, anti-
dsDNA anti-double stranded deoxyribonucleic acid

significant correlation between 14-3-3n titer and other lu-
pus criteria nor correlation of 14-3-3n protein with
SLEDALI criteria or medications use.

Define the optimal 14-3-3n threshold to detect SLE
with secondary SS

ROC curve analysis comparing patients with SLE with sec-
ondary SS and those without secondary SS demonstrated area
under the curve (AUC) of 0.71 (95% confidence interval
0.60-0.81). At a cutoff of 1.11 ng/mL, the ROC curve yielded
a sensitivity of 89.7% and specificity of 39% (Fig. 3).

Discussion
The real significance of 14-3-31 protein in inflammatory au-
toimmune disease, other than RA, their true specificity, the

question of whether it is truly linked to arthritis, how accurate-
ly it reflects arthritis severity, and if it can differentiate specific

@ Springer

.4
L

=
L

serum 14-3-3n levels

L

SLE RA

Fig. 1 Difference in serum 14-3-3n protein between systemic lupus and
rheumatoid arthritis patients. Serum 14-3-3n protein is significantly
higher in RA patients compared to SLE patients (1.5+0.51 vs 0.37+
0.09; respectively, p <0.001)

disease subsets are all questions that have been posed. This
study shows that serum 14-3-3n protein can be used to en-
hance detection rate of patients with secondary SS among
SLE patients. In the present study, our results demonstrate a
significant association between serum 14-3-3n protein levels
with clinical and laboratory components of secondary SS in
patients with SLE. Of interest is that 14-3-31 protein is corre-
lated with anti-La/SSB (= 0.50, p = 0.003) greater than with
anti-Ro/SSA (r=0.29, p=0.04), which is corresponding to
that anti-La/SSB is more associated with SS [22]. Apart from
the higher protein expression in SLE with secondary SS, there
were no major differences in the protein levels between SLE
patients with and without arthritis. To our knowledge, there is
no prior study investigating the significance of 14-3-3n pro-
tein in relation to the clinical, laboratory characteristics of
patients with SLE and associated SS.

Serum 14-3-3n proteins can play a fundamental role in the
pathogenesis of primary SS through different mechanisms.
14-3-3 proteins are crucial regulators of intracellular protein
trafficking and DNA damage response [23, 24]. 14-3-3 pro-
teins play an additional role in regulating apoptosis and au-
tophagy in inflammatory diseases [24] and have a protective
function against mitochondria-mediated apoptosis, and higher
14-3-3n protein was found to be associated with reduced ox-
idative stress [25]. The uncontrolled apoptosis is the main
pathogenesis in primary SS [4], and in line, oxidative stress
was found to be significantly lower in Egyptian patients with
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Table 3  Correlation between 14-3-31 protein and the clinical,
and serological variables

Parameters 14-3-3n protein

r P value
Age 0.080 0.469
Disease duration —0.088 0.431
Neuropsychiatric 0.132 0.231
Skin rash 0.240 0.027
Lupus nephritis 0.152 0.168
Arthritis 0.126 0.252
RF titer 0.068 0.724
ESR 0.284 0.009
CRP 0.003 0.988
ANA positive 0.122 0312
ds-DNA positive -0.271 0.247
SLEDAI score 0.066 0.554
SLICC/ACR-DI 0.149 0.267
Ocular sicca 0.328 0.015
Anti-Ro 0.291 0.046
Anti-La 0.505 0.003
SS 0.601 <0.001

RF rheumatoid factor, ESR erythrocyte sedimentation rate, CRP C-
reactive protein, ANA antinuclear antibody, SLEDAI systemic lupus ery-
thematosus disease activity score, SLICC/ACR-DI Systemic Lupus
International Collaborative Clinics/American College of Rheumatology
damage index, SS Secondary Sjogren’s syndrome. Italic values are sig-
nificant at p <0.05

secondary SS compared with those with RA [26]. Moreover,
14-3-3 protein is critical for B cell survival and potentially
leading to or stimulating the production of antibodies. 14-3-
3n protein may stimulate the proinflammatory cytokines as
TNF-o [9]. The role of various cytokines, such as TNF-«, is
considered in the development of primary SS, and it has an
important role in the pathogenesis of the disease and has not
been described in SLE [27]. Deutsch et al. detected that 14-3-3
protein had a 2- to 3-fold difference in expression level in oral
fluid in patients with primary SS compared with controls [28].
The risk of B cell non-Hodgkin lymphoma is 44 times greater
in patients with primary SS than in a healthy population [29].
14-3-3 protein isoforms have been implicated in the pathogen-
esis and response to treatment in B cell lymphoma [30].
Primary SS is strongly linked to lymphoma while lupus is
not [27]. Further investigations for the role of 14-3-3n protein
in the pathogenesis of primary SS are required.

In the present work, 14-3-3n significantly correlated with
ocular sicca, anti-Ro, anti-La, and ESR, which all components
of secondary SS. The presence of these associations between
14-3-3n protein and secondary SS but not with SLE features
increase lines of evidence that SLE and secondary SS are
wholly distinct diseases and occasionally overlap as a result

.3
1

=
1

=1
1

Serum protein 14-3-3n levels

SLE without SS SLE-SS

Fig. 2 Difference in serum 14-3-3n protein between systemic lupus with
and without secondary Sjogren’s syndrome. Serum 14-3-3n protein is
significantly higher in SLE patients with secondary Sjogren’s syndrome
compared with SLE without Sjogren’s syndrome patients (0.22 +0.10 vs
0.11 £0.04; respectively, p <0.001) (Fig. 2)

of shared organ or serologic manifestations [29]. The subset of
patients with SLE and secondary SS has higher frequency of
photosensitivity, oral ulcers, anti-Ro antibodies, and anti-La
antibodies and a lower frequency of renal disease and anti-
dsDNA antibodies [21, 31]. ESR is elevated in 80% of sec-
ondary SS patients [29]. These results may support the fact of
different mechanisms attributed to these symptoms in patients
with SLE and secondary SS. This has raised the question of
whether 14-3-31 proteins may serve as a biomarker for detec-
tion, as well as for unveiling possible mechanisms involved in
secondary SS.

Furthermore, we support the evidence that 14-3-31 protein
is a diagnostic marker to identify RA patients from other in-
flammatory arthritis such as SLE. The higher 14-3-3n protein
levels in RA patients compared with SLE patients was in line
with the literatures [13, 32]. 14-3-3n protein level is specific
biomarker to enhance detection of patients with RA [12]. 14-
3-3n is detected extracellularly in arthritis and behaves as a
marker that are involved in joint damage, and thus, it is
expressed at higher levels in patients with erosive RA.
Previous researches in RA patients revealed that serum 14-3-
3n expression was significantly higher in patients with radio-
graphic damage [8, 9, 29]. Moreover, previous work demon-
strates higher levels of serum 14-3-31) protein in erosive pso-
riatic arthritis but not in non-erosive psoriatic subjects per
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Fig. 3 ROC analysis showing
serum 14-3-3n protein as a pre-
dictor of secondary Sjogren’s
syndrome in systemic lupus pa-
tients. Serum 14-3-3n protein is a
predictor of SLE with secondary
SS demonstrated area under the
curve (AUC) of 0.71 (95% confi-
dence interval: 0.60-0.81). Ata
cutoff of 1.11 ng/mL, the ROC
curve yielded high sensitivity of
89.7% but with low specificity of
39%

0.50 0.75 1.00
1 1 1

Sensitivity

0.25
1

0.00
1

AUROC curve = 0.7053
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=
)

radiographic assessment. 14-3-311 was independently associ-
ated with erosive status in psoriatic arthritis after adjusting
other factors [15].

The present study could not find a relationship between 14-
3-31 protein and arthritis in patients with SLE. Hitchon et al.
[16] examined serum 14-3-31 titer from 265 patients with SLE.
Results of this study showed that 14-3-31 positivity was similar
across the three arthritis groups (active/inactive/never present);
however, they found that highest quartile of 14-3-31) was asso-
ciated with active arthritis. The relationship between 14-3-31
protein and arthritis in patients with SLE could interpret with
caution. While the majority of arthritis in SLE is non-erosive
arthritis, few patients can develop erosive arthritis indistinguish-
able from RA. These patients have often been called “rhupus”
[15]. The lack of relationship of 14-3-3n protein and SLE ar-
thritis in the current study may reflect differences in cohort size
and absence of underlying overlap erosive arthritis and thupus
patients. Further work explores the associations of 14-3-31 pro-
tein with erosive arthritis in lupus is in need.

Furthermore, there was no correlation of 14-3-31 titer with
other lupus criteria nor SLEDALI or specific system activity,
which was consistent with the previous work in systemic lu-
pus [16] and in RA patients [32, 33]. Inflammatory status and
the immunological stages are uncoupled process along the
course of the disease. 14-3-31 protein may influences the clin-
ical and immunological features of secondary SS, but it does
not appear to affect disease activity.

To our knowledge, this is the first study to investigate the
14- 3-3n protein levels in SLE patients and confirm its relation
to secondary SS. We could draw a discovery that 14-3-3n
protein was elevated in patients with secondary SS in SLE
patients, and it may represent a new biomarker for secondary
SS. A limitation to this study is the relatively small sample of
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secondary SS patients, and it is recommended to perform the
study on a larger number of patients. Moreover, data regarding
salivary gland biopsy pathology are lacking, and the number
of SLE patients with secondary SS could thus be
underestimated. While Sjogren’s syndrome in this study was
defined by the 2002 SS classification criteria [34], combina-
tions of clinical symptoms and objective manifestations pre-
dict classification by the research criteria very well [35].

Conclusion

In conclusion, 14-3-3n protein titers are higher in SLE with
secondary Sjogren’s syndrome, suggesting the precise role of
these 14-3-31 proteins in secondary SS pathogenesis. No dif-
ference in serum 14-3-3n protein in SLE patients with and
without arthritis was found. This study opens a window for
the association between 14-3-3n protein and secondary SS,
and examining this association in primary SS could be more
specific.

Compliance with ethical standards

Informed consent  The study conforms to the 1995 Helsinki declaration
and was approved by Assiut Faculty of Medicine ethical committee.
Informed consent was obtained from all patients.

Disclosures None.
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