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ABSTRACT

Objectives To measure the expression level of the
vacuolar protein sorting 13 (VPS13) gene and stimulator
of interferon genes (STING) in patients with SLE with and
without reported neuropsychiatric symptoms to establish
their possible role in the pathogenesis of neuropsychiatric
SLE (NPSLE).

Methods This study included 100 subjects: 50 patients
diagnosed with SLE and 50 age-matched and sex-
matched healthy participants as the control group. The
patients with SLE were further subdivided into NPSLE

and non-NPSLE groups. All the subjects underwent
rheumatological, neurological and psychological
evaluation, MRI, VPS13C gene and STING expression
assessment via quantitative real-time PCR.

Results Seventy-eight per cent of the SLE group were
classified as non-NPSLE, and 22% were classified as
NPSLE. Positive MRI results were found in 55% of the
patients with NPSLE and 7.7% of the patients without
NPSLE.

VPS13C expression levels were decreased in the patients
with SLE compared with the control (p<0.001), while
STING expression levels showed higher levels in the
patients in comparison with the control (p<0.001). Both
markers showed significant differences between the MRI-
positive and MRI-negative groups.

At a cut-off value of 0.225 for the VPS13C assessment and
a cut-off value of 3.15 for STING expression, both markers
were able to distinguish patients with NPSLE from those
who were non-NPSLE; however, VPS13C performed better.
Conclusion The VPS13C expression levels were
decreased in patients with NPSLE compared with patients
without NPSLE, while STING expression levels showed
higher levels in NPSLE. Both were associated with the MRI
findings. To distinguish patients with NPSLE from those
without it, the VPS13C assessment performed better.

INTRODUCTION
Lupus cerebritis, now known as neuropsychi-
atric SLE (NPSLE), is a serious complication
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= Neuropsychiatric SLE (NPSLE) is still considered to
be a mystery in many aspects.

WHAT THIS STUDY ADDS

= Inflammation and neurodegeneration are now
known to be a shared pathogenesis in NPSLE and
neurodegenerative diseases.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= The stimulator of interferon genes pathway, a new
approach to unpuzzle the NPSLE dilemma, may add

to our armamentarium of drugs used to treat SLE.

Since the American College of Rheu-
matology (ACR) proposed, in 1999, a clas-
sification and nomenclature system that
included 19 neurological manifestations, 12
of the central and 7 of the peripheral nervous
system, the identification and diagnosis of
NPSLE has become less puzzling.” Nonethe-
less, despite the major advances in clinical
research, none of the neuroimaging and labo-
ratory biomarkers have been proven reliable
in diagnosing NPSLE accurately. This may be
because it differs from other aspects of SLE
due to its development without serological
changes.”

The culprit mechanisms in NPSLE patho-
physiology are yet to be fully understood.
Recently, two mechanisms have been proposed
to be incriminated, mostly in conjunction
but maybe in separate, in the development
of NPSLE. The first is the autoimmune or
inflammatory pathway, and the second is the
ischaemic or thrombotic pathway.’

With the recent awareness of the major
contribution of the stimulator of interferon
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BMJ Group Ebaid AM, et al. Lupus Science & Medicine 2024;11:¢001271. doi:10.1136/lupus-2024-001271 LU?US 1

uuuuuuuuuuuuuuuuuuu


http://www.lupus.org/
http://lupus.bmj.com/
http://orcid.org/0000-0002-2280-5841
http://orcid.org/0000-0003-0312-7587
http://orcid.org/0000-0003-1354-8262
http://orcid.org/0000-0002-2198-258X
https://doi.org/10.1136/lupus-2024-001271
https://doi.org/10.1136/lupus-2024-001271
http://crossmark.crossref.org/dialog/?doi=10.1136/lupus-2024-001271&domain=pdf&date_stamp=2024-09-20

Lupus Science & Medicine 8

mitochondrial DNA that has failed to be cleared by
autophagy’ ° and double-stranded (ds)DNA present in
apoptotic-derived membrane vesicles.’

Furthermore, defective mitochondrial DNA clearance
seems to be a shared pathogenic triggering factor in both
SLE and neurodegenerative diseases like Parkinson’s
disease (PD), Alzheimer’s disease, amyotrophic lateral
sclerosis and others.”

These findings have led us to believe that the vacuolar
protein sorting 13 (VPS13C) gene (a member of the
family that encodes lipid transfer proteins) is localised
to various autonomous contact sites between membra-
nous organelles (eg, endoplasmic reticulum (ER)).® Its
subsequent activation of the cyclic GMP-AMP synthase
(cGAS)-STING pathway (one of the most recently
researched topics regarding the pathogenesis of neuro-
degenerative disorders) has been found to mediate both
neurodegeneration with functional decline and low-
grade inflammation® and may be involved more deeply in
NPSLE pathogenesis. Due to the presence of VPS13C in
mitochondria-associated membrane fractions in ER, the
event of mitochondrial dysfunction in the case of VPS13C
mutation or absence has been reported.’

So, we assume that NPSLE with the evidence of STING
pathway expression might also have VPS13C mutation,
like most of the previously mentioned neurodegenerative
conditions with their shared precedence of microglial
activation, neurodegeneration and a state of low-grade
inflammation. To investigate our hypothesis, we measured
the expression level of the VPS13C gene and STING in
patients with SLE with and without reported neuropsy-
chiatric (NP) symptoms, trying to test the accuracy of our
assumption.

SUBJECTS AND METHODS

Study design and participants

The studied participants were recruited from the
follow-up unit of the Rheumatology and Rehabilitation
Department at Zagazig University. An analysis of the
samples was performed at the Clinical Pathology Depart-
ment. The time frame for conducting this investigation
was from November 2023 to April 2024. It was estimated
that 50 patients with SLE would be required for this case-
control study; 50 healthy participants of comparable
age and gender were also included. The sample size was
calculated at a 95% CI and 80% power using Epi Software
V.6 (Atlanta, Georgia, USA), assuming a mean difference
expression of 0.2 and SD of 0.3 and 0.4 for controls and
cases, respectively."’

All the patients who met the revised ACR classifica-
tion criteria for SLE by the Systemic Lupus International
Collaborating Clinics (SLICC) were diagnosed with SLE."!
Theywere recruited independently of NP events or disease
activity. However, during the analysis of our patients’
medical histories, we came across multiple different
scenarios of their NP disease development: some of our
participants experienced fits as an initial presentation of

both NPSLE and SLE itself, while others developed their
symptoms during different stages of the disease. We chose
patients between the ages of 18 and 55 years to decrease
the likelihood of age-related abnormalities.

The patients with SLE were divided into two groups
with and without NPSLE according to the diagnostic
criteria for NPSLE proposed by the ACR in 1999.° The
ACR defined 19 neurological syndromes (12 central
and 7 peripheral NP); we included only the 12 central
syndromes in the present study and excluded the periph-
eral neurological lesions because of the substantial differ-
ences in anatomy, function and clinical characteristics
between the central and peripheral nervous systems.

We assumed that the examined patients with SLE had
primary NP manifestations after ruling out the proba-
bility of the presence of secondary lesions of the nervous
system related to antiphospholipid antibodies, infec-
tions, electrolyte disturbances, drug intake (neuroleptics,
L-Dopa), concurrent syndromes like chronic renal failure
or diseases like hyperthyroidism. Subjects with a history
of overlapping SLE with other systemic diseases of the
connective tissue, illiteracy, chronic alcoholism and drug
abuse were not included in the study.

Based on the medical records, all 50 patients with
SLE were treated with variable doses of corticosteroids
with or without steroid pulse, along with other immune-
modulating or immunosuppressive agents such as cyclo-
phosphamide and/or rituximab according to their
manifestations and disease activity level.

Antipsychotics or anticonvulsants were used according
to the patient’s clinical condition and after consultation
with the psychiatrist and the neurologist.

After the initial interview, obtaining their consent and
a thorough history and clinical examination (rheumato-
logical, neurological and psychological), the participants
were sent to the radiologist in our team who was blinded
to the clinical status of the recruit, whether a patient or
a control subject. Finally, a laboratory investigation and
gene expression were carried out.

Clinical examination

Every patient filled out a standard medical history form,
and they all underwent examinations that included rheu-
matological and neurological examinations. A psychiatric
evaluation was employed when needed. The SLE Disease
Activity Index-2K (SLEDAI-2K) score was used to quantify
the activity of SLE." To assess the severity of the disease,
we used the SLICC/ACR Damage Index for SLE.'"?

Psychiatric assessment

When psychiatric manifestations were suspected during
the initial evaluation, a thorough psychiatric history and
mental status examination were performed. The diag-
nosis of psychiatric disorders was assessed clinically using
the Diagnostic and Statistical Manual of Mental Disorders
Fifth Edition (DSM-5) criteria'* and confirmed using
psychometric measures when needed. Cognitive dysfunc-
tion, depression and anxiety disorders were confirmed
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using Arabic versions of the Montreal Cognitive Assess-
ment (MoCA) for cognitive dysfunction'” '® and the
Hospital Anxiety and Depression Scale (HADS)'” '® for
depression and anxiety disorders, respectively. An acute
confusional state was diagnosed with the equivalent
DSM-5 criteria for delirium.

MRI acquisition and sequences acquired

All the subjects underwent an MRI scan with a 1.5 T
magnet device (Philips Medical Systems) using a head-
phased-array coil with eight channels within a week of
enrolment and after the initial rheumatological and
neurological evaluation. The scans were aligned parallel
to the axial plane through the anterior-to-posterior
commissure and covered the entire brain in all sequences.
Tl-weighted, T2-weighted and fluid-attenuated inversion
recovery (FLAIR) images, diffusion-weighted imaging
and apparent diffusion coefficient maps were acquired
from all the participants. All the MRI images, as well as
the grey matter, white matter, WMH and cerebral-spinal
fluid maps, were carefully inspected by a radiologist who
had >10 years of experience in neuroradiology. She was
also blinded to the clinical data of both groups. The
MRI images with large cerebral infarcts were excluded.
After the white matter hyperintensity (WMHI) volume
with associated significant volumetric brain changes was
considered, a positive finding related to our study was
found as it was mostly attributed to inflammatory changes
in patients with SLE."

Laboratory test

One millilitre of whole blood was donated by each partic-
ipant, and it was collected in an EDTA tube for the study
of gene expression. Three millilitres of each patient’s
entire blood were collected and placed in a plain tube.
The tube was centrifuged at 1200 x g speed for 10 min to
separate the serum. In the erythrocyte sedimentation rate
(ESR) tube, 1.6 mL of whole blood was drawn. Becton
Dickinson vacutainers (Franklin Lakes, New Jersey, USA)
were used in this study.

The ESR was determined using the Vision B automated
analyzer (YHLO Biotech, Shenzhen, China). Serum was
used to measure the levels of C reactive protein (CRP),
C3 and C4 on the Cobas 6000/c501 analyzer (Roche
Diagnostic, Mannheim, Germany). The assay of indirect
immunofluorescence was used to identify antinuclear and
dsDNA antibodies presentin the serum. The ANAFLUOR
test system from DiaSorin (Stillwater, Minnesota, USA)
was used to measure ANAs. INOVA Diagnostic, located
in San Diego, California, evaluated anti-dsDNA anti-
bodies. Using the human antineuronal nuclear antibody
(ANNA) ELISA Kit (catalogue no.: MBS765001). ANNA
was quantified. Every stage of the kit was used in compli-
ance with the guidelines provided by the manufacturer,
MyBiosource, in Southern California, San Diego, USA.
The intra-assay and inter-assay precision of this kit were
indicated by a coefficient of variation <8% and <10%,
respectively.

The reference interval of ANNA was 8.2-16.4 ng/mL.
The reference intervals of C3 and C4 were 0.9-1.8 g/L
and 0.1-0.4 g/L, respectively.

Quantitative real-time PCR was used to assess the gene
expression levels in the peripheral blood. The total RNA
was isolated from the plasma using the QIAGEN, Hilden,
Germany, miRNeasy Serum/Plasma Kit, following the
manufacturer’s instructions. The concentration and
purity of the isolated RNA were assessed using Thermo
Scientific’s NanoDrop-2000 spectrophotometer (USA).
The miScript RT II kit (QIAGEN) was then used to
reverse-transcribe the total RNA into complementary
DNA (cDNA).

Following the manufacturer’s instructions, the miScript
SYBR Green PCR kit was used to perform real-time
RT-PCR on the cDNA templates. As directed by the
manufacturer, a 20 pL of PCR reaction mix was generated
using 5 pL of cDNA. The degree of gene expression was
assessed using the StepOne System real-time PCR appa-
ratus (Applied Biosystems, Foster City, California, USA).
There were 40 cycles, each lasting 10 s at 94°C and 1 min
at 60°C, following a 15 min initial denaturation period
at 95°C. To identify the specific amplification, a melting
curve analysis was performed. To normalise the expres-
sion level of genes, B-actin expression was used.

B-Actin (forward: 5-GGACTTCGAGCAAGAGATGG-3’,
reverse: 5-AGCACTGTGTTGGCGTACAG-3"), VPS13C
(forward: 5-TTGGAAAAGGGCTTGTGGGT-3’, reverse:
5-GGGGACGGAGGCTAGATACT-3") and STING
(forward: 5-CATTGGGTACTTGCGGTT-®’, reverse: 5'-
CTGAGCATGTTGTTATGTAGC-3") primers were used.
Calculations were made to determine the genes’ relative
expression level by the 27**“" method.

Statistical analysis

SPSS V.26.0 was used to tabulate and statistically analyse
all the data (SPSS, Chicago, Illinois, USA). The data
were confirmed to be non-parametric using the Shapiro-
Wilk test. Whereas categorical data were shown as abso-
lute values and percentages, quantitative variables were
shown as the median and range. To compare the varia-
bles, the Mann-Whitney U test and x* test were used.
An examination of the receiver operating characteristic
(ROC) curve was used to evaluate the marker’s predictive
power. Performance was evaluated using the area under
the ROC curve (AUC) and its 95% CI. The link between
the various study variables was evaluated using the Spear-
man’s correlation test. Logistic regression analysis was
used to determine the independent predictive factors by
estimating the OR and its 95% CI. A p value of <0.05 indi-
cates statistical significance.

RESULTS

In all, 100 individuals participated in the study: half of
them with SLE, 7 men and 42 women with a median age
of 35 (19-55) years; the other half were a control group
(9 men and 41 women, with a median age of 39.5 (25-55)
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Table 1 Patients’ demographics, clinical and laboratory characteristics

Parameters NPSLE group (no.: 11) Non-NPSLE group (no.: 39) P value
Age (years) 34 (19-55) 35 (20-55) 0.19
Sex (male/female) 3/8 (27.2/72.7) 4/35 (10.3/89.7) 0.48
Family history of SLE 2(18.2) 4(10.3) 0.47
Duration (years) 4 (0-13) 6 (0-20) 0.19
Clinical features
Malar rash/discoid rash 4 (36.4) 17 (43.6) 0.67
Oral or nasal ulcers 1(9.1) 6 (15.4) 0.59
Arthritis 3 (27.3) 11 (28.2) 0.95
Serositis 1(9.1) 5(12.8) 0.73
Renal disorder 5 (45.5) 15 (38.6) 0.66
SLEDAI-2K activity score 12 (4-44) 6 (1-21) 0.017*
SLICC/ACR Damage Index 3.8 (2-5) 1.6 (1-4) <0.001*
MRI-positive 6 (54.5) 3(7.7) <0.001*
Laboratory tests
ANA 10 (90.9) 36 (92.3) 0.88
Anti-dsDNA antibody 7 (63.6) 22 (56.4) 0.6
ANNA (ng/mL) 25 (10-85) 12 (5-35) <0.001*
CRP (mg/L) 5.2 (0.6-74.1) 4.7 (0.3-64.2) 0.88
ESR (mm/hour) 22 (14-50) 25 (10-105) 0.11
C3 (g/L) 0.62 (0.3-1.47) 0.73 (0.2-1.4) 0.47
C4 (g/L) 0.2 (0.06-0.36) 0.15 (0.1-0.34) 0.47

Data are expressed as median (minimum-maximum) or number (%).
*Significant.

ANNA, antineuronal nuclear antibody; C, complement; CRP, C reactive protein; dsDNA, double-stranded DNA; ESR, erythrocyte
sedimentation rate; NPSLE, neuropsychiatric SLE; SLEDAI, SLE Disease Activity Index; SLICC/ACR, Systemic Lupus International

Collaborating Clinics/American College of Rheumatology.

years. There was no noticeable difference in the demo-
graphic data between the two groups as both the patients’
and control group’s ages (p=0.16) and sexes (p=0.66)
were matched. The laboratory results of the control group
were negative for ANA and anti-dsDNA. The median
ANNA level was 10 (range: 4-22 ng/mL). The CRP was
2.3 (range: 0.3-4.1 mg/L), ESR was 12 (range: 7-15 mm/
hour), the C3 was 1.1 (range: 0.9-1.5 g/L) and the C4 was
0.23 (range: 0.1-0.36 g/L).

Among the 50 studied patients with SLE, based on the
medical history and NP examinations by rheumatolo-
gists, an experienced neurologist and a psychiatrist, and
supported by conventional laboratory tests and appro-
priate complementary tests, 39 patients (78%) were
classified as non-NPSLE, while 11 patients (22%) were
classified as NPSLE. The patient groups’ demographic,
clinical and laboratory results are shown in table 1.

Both the SLEDAI and SLICC scores were consider-
ably greater in patients with NPSLE (0.017 and p<0.001,
respectively). Positive MRI results were found in around
55% of the patients with NPSLE, but some patients
without NPSLE also had positive MRI findings (7.7%).
Among the patients with NPSLE, eight patients (72.7%)

had white matter lesions, six (54.5%) had cerebral atrophy
and only two (18.2%) had grey matter lesions (figure 1).
Acute phase reactants, CRP, ESR and complements C3
and C4, did not differ significantly between the patient
groups (p>0.05). Patients with NPSLE had higher levels
of ANNA than those without it (p<0.001). Table 2 shows
how positive MRI results were found in around 55% of
patients with NPSLE, and some patients without NPSLE
had positive MRI findings (7.7%).

The VPS13C expression levels were decreased in the
patients with SLE compared with the control group
(p<0.001) (figure 2A). On the other hand, the STING
expression levels were higher in the patients (p<0.001)
(figure 2B). The VPSI3C expression levels were lower
in patients with NPSLE compared with those without
NPSLE. Meanwhile, the STING expression levels were
higher in the patients with NPSLE. The relationship
between the studied markers and MRI status is illustrated
in figure 2C,D. Both markers showed significant differ-
ences between the MRI-positive and MRI-negative groups.

On conducting a ROC analysis to discriminate between
the patients with SLE and the healthy control subjects
(figure 3), the STING expression showed the highest
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Figure 1 Abnormal MRI signals in a female patient with
SLE aged 55 years presented with convulsions. (A) Axial T1-
weighted imaging, showing multiple bilateral periventricular
foci of low signal intensity (SI). (B) Axial fluid-attenuated
inversion recovery (FLAIR), (C) and (D) axial and coronal
T2-weighted imaging (T2WI) images: showing (1) multiple
bilateral white matter hyperintensity lesions seen at a
periventricular location and frontal subcortical white matter,
as well as corona radiata high Sl lesions seen on T2WI and
FLAIR. (2) Mild atrophic changes in the form of mild dilated
ventricles with prominent cortical sulci and Sylvian fissures.
Peri-ventricular linear sheets of abnormal Sl display high Sl
on T2WI and FLAIR, consistent with leukoencephalopathy
(additional two cases illustrated in online supplemental figure
1 and 2).

sensitivity (98%) and specificity (92%) ata cut-off value of
1.2 with an AUC of 0.979. Also, the VPS13C gene expres-
sion at a cut-off value of 0.88 showed (100%) sensitivity
and (96%) specificity with an AUC of 0.971.

A ROC curve analysis was used to evaluate the signif-
icance of the markers in the diagnosis of NPSLE
(figure 3). The ROC-AUC values for the VPSI3C and
STING were 0.904 and 0.805, respectively. The cut-
off value for VPS13C was 0.225 (Youden’s index=0.69),
resulting in 81.8% sensitivity and 87.2% specificity. At the
cut-off of 3.15 (Youden’s index=0.56), the STING exhib-
ited 81.8% sensitivity and 74.4% specificity. To distinguish
patients with NPSLE from those without it, the VPS13C
performed better.

We looked into the relationships between the charac-
teristics of patients and the levels of markers. The VPS13C
levels were negatively correlated with SLEDAI, SLICC/
ACR, CRP, ESR, ANNA and STING (online supple-
mental figure 3). However, there was a positive correla-
tion with C3 and C4. However, the STING levels showed

Table 2 SLE neuropsychiatric symptoms and MRI positivity
in each symptom

NPSLE MRI-positive
group in each
Parameter (no.: 11) symptom
Neurological disorders
Aseptic meningitis 0(0) 0 (0)
Headache 4 (36.4%) 3 (75)
Myelopathy 0(0) 0(0)
Cerebrovascular disease 0 (0) 0 (0)
Demyelinating syndrome 2 (18.2%) 1 (50%)
Seizures 4 (36.4%) 2 (50%)
Movement disorders 0 (0) 0 (0)
Psychiatric disorders
Acute confusion 3 (27.3%) 1 (33.3%)
Anxiety disorder 2(18.2) 0 (0)
Cognitive dysfunction 3 (27.3%) 1 (33.3%)
Mood disorders 2 (18.2%) 0 (0)
Psychosis 1(9.1%) 0 (0)

MRI considered to be postive when changes attributed to
inflammatory process are resent, eg, white matter hyperintensities
(WMHI) and or associated significant volumetric brain changes.
Data are expressed as number (%).

NPSLE, neuropsychiatric SLE.

the opposite pattern of correlation (online supplemental
figure 4) (table 3).

In the univariate analysis for NPSLE prediction, the
VPS13C and STING expressions were associated with
an OR of 18.1 and 13, respectively. In addition, SLICC,
ANNA and MRI were risk factors for NPSLE (table 4).
Using the factors listed in table 4 in the multivariate anal-
ysis, the VPS13C expression was still significantly associ-
ated with NPSLE. The VPS13C expression seems to be an
independent predictor of NPSLE. It showed an adjusted
OR 0f 15.2 (95% CI 0.3 to 0.99) (p=0.03).

DISCUSSION

NPSLE is a serious and potentially life-threatening mani-
festation of SLE. Its prevalence rates vary widely; it was
estimated to be between 12% and 95%, which may be due
to the lack of consistency of NPSLE definitions, differ-
ences in study designs, the variability of study populations
and differences in ethnicities included, among other
factors.”

Many factors hinder the identification and diagnosis
of NPSLE, including the multifarious neurological symp-
toms, the absence of standardised assessment and the
traditional markers of SLE being unreliable in terms of
diagnosis and NPSLE disease monitoring.”'

Even with the 2019 EULAR/ACR classification criteria
(for the classification of SLE) and the SLEDAI (for strat-
ification of disease activity), which incorporated several
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Figure 2 (A) Expression levels of vacuolar protein sorting 13
(VPS13C) and (B) expression levels of stimulator of interferon
gene (STING) in patients with SLE and healthy controls.

(C) Relationship between VPS13C and MRI. (D) Relationship
between STING expression levels and MRI. NPSLE,
neuropsychiatric SLE.

serological criteria,” * both are frequently deemed inef-
fective in predicting the course of NP disease activity in
the absence of concurrent systemic inflammation.”

Our results support this notion because our NPSLE
group had considerably higher disease activity using
SLEDAI than the non-NPSLE group. It was demonstrated
that patients with SLE with diffuse NPSLE manifesta-
tions, but not focal, had higher disease activity.”” This was
further proved by many others and a recent systematic
review even has set a SLEDAI score of >10 to be consid-
ered a prerequisite for diagnosis for NPSLE.**

Our current data support the widespread belief that
NPSLE activity is different from other aspects of SLE
disease activity because it may occur separately and in
the absence of serological activity, as shown by our tested
groups which indicated insignificant differences in the
levels of CRP, ESR, C3 and C4. Moreover, it can happen
solely without any other organ involvement.”

The old-known fact that anti-dsDNA antibodies possess
less value when it comes to isolated NP involvement
is supported by our existing results because both our
NPSLE and non-NPSLE groups had more positive than
negative anti-dsDNA, but in the end, there was no signifi-
cant difference between them (p value=0.6).*
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Figure 3 Receiver operating characteristic curves of

(A) vacuolar protein sorting 13 (VPS13C) and (B) stimulator
of interferon gene (STING) for SLE diagnosis. Receiver
operating characteristic curves of (C) VPS13C and (D) STING
for neuropsychiatric SLE diagnosis.

Anti-dsDNA antibodies are famous for being highly
specific for SLE and correlating closely with SLE disease
activity.”® Up to 70% of patients with NPSLE may have
these antibodies, but their levels do not seem to be
correlated with the activity of NP diseases.* >’

Table 3 The correlation of VPS13C and STING expression
levels with patients' characteristics

VPS13C STING
Parameters r, P value r, P value
Age 0.09 0.35 -0.11 0.27
Duration 0.08 0.57 0.07 0.63
SLEDAI -0.36 0.01* 0.34 0.017~
SLICC/ACR —-0.52 <0.001* 0.65 <0.001*
CRP -0.35 <0.001* 0.39 <0.001*
ESR -0.61 <0.001* 0.69 <0.001*
C3 0.38 <0.001* -0.47  <0.001*
C4 0.44 <0.001* -0.48  <0.001*
ANNA -0.49 <0.001~ 0.37 0.009*
STING -0.72 <0.001* 1
*Significant.

ANNA, antineuronal nuclear antibody; C, complement; CRP, C
reactive protein; ESR, erythrocyte sedimentation rate; SLEDAI, SLE
Disease Activity Index; SLICC/ACR, Systemic Lupus International
Collaborating Clinics/American College of Rheumatology; STING,
stimulator of interferon genes; VPS13C, vacuolar protein sorting
13.
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Table 4 Logistic regression analysis of risk factors for NPSLE

Univariate analysis

Multivariate analysis

Covariate OR (95% CI) P value AOR (95% CI) P value
VPS13C 18.1 (0.57 to 0.92) <0.001* 15.2 (0.3 to 0.99) 0.03*
STING 13 (2.4 to 70.89) 0.003* 7.03 (0.56 to 88.99) 0.13
ANNA 1.15 (1.04 to 1.27) 0.007* 1.21 (0.98 to 1.47) 0.07
SLEDAI 1.01 (0.98 to 4.54) 0.09 1.23 (0.80 to 4.26) 0.56
SLICC/ACR 1.14 (1.02 to0 1.27) 0.022* 1.1 (0.87 to 1.39) 0.43
MRI 14.4 (2.71 to 76.65) 0.002* 4.58 (0.11 to 182.33) 0.42
*Significant.

ANNA, antineuronal nuclear antibody; AOR, adjusted OR; SLEDAI, SLE Disease Activity Index; SLICC/ACR, Systemic Lupus International
Collaborating Clinics/American College of Rheumatology; STING, stimulator of interferon genes; VPS13C, vacuolar protein sorting 13.

SLE was found to carry a type I interferon (IFN) signa-
ture. It was even classified among the o interferonopathy
group of diseases.” Itwas suggested that IFNo hasaleading
role in NPSLE pathogenesis as it has in SLE itself. The
evidence presented by Shiozawa et al’ shows that IFNo is
produced in the central nervous system (CNS), especially
in NPSLE manifestations like psychosis and headache.”
These anecdotal pieces of evidence gave solid grounds for
our presumption that the complex relationship between
type I IFN, VP13C mutation and STING pathway acti-
vation might have a more crucial role in NPSLE patho-
physiology than what is currently known. IFN expression
via the cGAS-STING cytosolic DNA-sensing pathway was
detected, with the resulting activation of JAK-STAT signal-
ling and IFN-stimulated gene expression. Such activation
culminates in IFN production.”

The local microglia in the CNS are known to be potent
cytokine producers; they were found to be activated by
elevated levels of type I IFNs (both in serum and the
hippocampus), leading to erratic pruning of synaptic
neurons in NPSLE mouse models.™

A recent highly regarded study by Gulen et al revealed
that the activation of STING triggers reactive microglial
transcrietional states, neurodegeneration and cognitive
decline.” Moreover, in multiple earlier studies, activated
microglia were established to be a feature of several mouse
models of lupus.”” ** Even their inhibition was found to
attenuate the phenotype of NPSLE in these mice.”

In addition, Gkirtzimanaki et al proposed that sustained
IFN signalling leads to anti-DNA autoimmunity by
damaging mitochondrial metabolism. This, in turn, leads
to oxidative stress that impairs lysosomal degradation and
the obstruction of autophagic clearance. An antiviral-
like response against self-DNA is initiated when the non-
degraded mitochondrial DNA (mtDNA) escapes to the
cytoplasm and is sensed.”

A much similar pattern was proposed in PD more
recently by Hancock-Cerutti ¢t al, who demonstrated that
depleting VPS13C in HeLa cells causes an accumulation
of lysosomes with an altered lipid profile. These cells have
an activated DNA-sensing cGAS-STING pathway which
results from a combination of increased cytosolic mtDNA

and a malfunction in the degradation of activated STING,
becoming a lysosome-dependent mechanism.”

These findings imply a connection between lysosome
lipid transfer and innate immune activation in a model
human cell line and put VPS13C and STING in a shared
pathway relevant to PD pathogenesis and, by extension,
NPSLE pathogenesis.

Indeed, we detected an elevated expression level of
STING in both NPSLE and non-NPSLE groups more
than in the control group, but the level of STING expres-
sion in the NPSLE group was slightly more evident than
in the non-NPSLE group. Moreover, VPS13C expression
levels decreased in patients with SLE compared with the
control group, and even less in the NPSLE group.

The already-established link between VPS13C-
dependent cGAS-STING in neurodegenerative disorders
and its induced immune sensing of DNA has proved to be
a critical driver of chronic inflammation and functional
decline during ageing.”™ ** Leading the way, these non-
precedent results open a new chapter to a more in-depth
search in the pathogenesis of NPSLE and may unveil a
hidden territory that has not been broached before.

Low-grade inflammation mediated by an innate immune
response and neurodegeneration are two mechanisms
that have been proposed in the pathogenesis of NPSLE.
Functional studies of neuronal networks, although
performed on patients with rheumatoid arthritis and not
on patients with SLE, have shown changes in network asso-
ciation patterns. These changes correlate with the degree
of inflammation as well as pain and fatigue.*’ The results
suggest that the ongoing inflammatory process leads to
functional changes in brain connectivity and function,
which could explain some manifestations of NPSLE or
contribute to their severity."'

The previous finding goes hand in hand with the posi-
tive correlation we detected between STING expression
levels and markers of inflammation and activity such
as ESR, CRP and SLEDAI, and the exact opposite with
VPS13C expression levels.

Previous gene expression investigations in patients
with SLE have generally found a cross-sectional correla-
tion between disease activity and different types of genes,
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including type I IFN-induced gene expression.** This was
contradicted by Jin et al, who stated that in their sample
type, the type I IFN patterns were independent of both
disease activity and medical treatment, and they attributed
the high disease activity (SLEDAI >10) to another immu-
noregulatory event.”” Perhaps this is also the case in our
sample: the underexpression level of VPS13C and overly
expressed STING are the cause of the higher disease
activity we encountered in our study and, thus, both can
be used as biomarkers to diagnose and monitor both SLE
activity in general and NPSLE activity in particular. This
might open a window for the newly proposed STING
inhibitors to be tried for the more resistant cases of
NPSLE."!

Although STING and VPS13C expression levels could
differentiate between patients with SLE and healthy
controls, VPS13C proved to be superior to STING in
distinguishing between patients with NPSLE and patients
without NPSLE.

The dysregulation of the cGAS-STING pathway in SLE,
and its relevance to triggering adaptive immunity by
promoting the development of autoreactive and dysfunc-
tional B and T cells,45 as well as its involvement in innate
immunity and INF-producing dendritic cell-related path-
ways, was not discovered until a few years ago.®*®

In the NPSLE group, headache was among our most
encountered NP manifestations (36.4%), and both
seizures and acute confusion came second (27.3%),
followed equally by demyelinating syndrome, anxiety
and mood disorders (18.2%). These findings were not
different from multiple previous reports offering similar
results with a minimal percentage difference.” * */

Conventional MRI is known to be an important tool in
the evaluation of patients with NPSLE. It possesses the
ability to detect structural brain abnormalities because of
the excellent soft tissue contrast and the ability to acquire
multiplanar images.*®

To date, neuroimaging has been helpful in ruling out
other possible causes of NP symptoms but cannot be the
sole referee for diagnosing NPSLE, which still primarily
relies on clinical expertise.”'

In the current study, the MRI findings varied signifi-
cantly between patients with NPSLE and patients without
NPSLE (p<0.001). We had a minuscule number of
patients without NPSLE showing variable MRI-positive
signs (7.7%), which is not uncommon. Zaky et al detected
MRI abnormalities in 20% of their non-NPSLE group
compared with 46% of the NPSLE group.* A noted
cohort stated that 25%-50% of patients with SLE without
CNS involvement had MRI abnormalities, mostly in the
form of WMHIs that were also found in subjects without
SLE. They explained that WMHIs represent the major
histopathological changes observed in postmortem brain
analyses of patients with SLE, implying that brain damage
progresses over time in patients with SLE, regardless of
NP clinical involvement, due to both SLE-related and
non-SLE-related risk factors.”

Conversely, previous data have suggested that up to
40%-50% of patients with NPSLE may produce a normal
MRI scan, especially in diffuse syndromes such as head-
ache, mood disorder and psychiatric disease.” **

Such a discrepancy between the MRI findings and
the clinical presentation urged the EULAR task force
to recommend the use of advanced imaging, such as
the MRI methods of magnetisation transfer imaging,
diffusion-weighted imaging and diffusion tensor imaging,
and methods that use radioactive tracers, such as positron
emission tomography and single-photon emission CT, in
cases of normal MRI findings in patients with NPSLE.*

Our results have shown that MRI findings correlated
with both markers (positively with STING expression and
negatively with VPS13C expression). This was impressive
considering various studies have not found a correlation
with multiple variables, neither clinical, such as disease
activity by SLEDAI2K or damage by SLICC,”* *® nor
laboratory-based, such as variable autoantibodies exam-
ined in an MRI cohort, where the results have shown that
none of the autoantibodies they tested were associated
with MRI findings, except for lupus anticoagulant, which
was significantly associated with ischaemic lesions and
cerebral atrophy.”®

STUDY LIMITATIONS

One limitation of our study is the number of cases. It
would have been preferable to employ a larger sample
size of patients with SLE in general or, specifically, patients
with NPSLE covering all phenotypes to give a more defin-
itive conclusion about the significance of our results in
NPSLE, although it is appreciably within the range as
previous studies on NPSLE.

CONCLUSIONS

VPS13C expression levels were decreased in patients with
NPSLE compared with patients without NPSLE. While
STING expression levels showed higher levels in NPSLE,
both were associated with MRI findings. To distinguish
patients with NPSLE from those without it, VPS13C
performed better. VPS13C expression seems to be inde-
pendently associated with NPSLE.
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