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Abstract
Objective
Neuropsychiatric systemic lupus erythematosus (NPSLE) is one of the most serious complications of systemic lupus
erythematosus (SLE), lacking efficient diagnostic biomarkers. Previous studies have shown that anti-ubiquitin carboxyl
hydrolase LI(UCH-LI) autoantibody is a promising cerebrospinal fluid (CSF) biomarker for NPSLE diagnosis.
The purpose of this study is to explore the serum autoantibodies against different UCH-LI epitopes and investigate
the potential diagnostic value of serum autoantibodies against different UCH-LI epitopes in NPSLE.

Methods
The epitopes of UCH-LI protein were predicted in DNAStar software. The serum levels of different UCH-LI epitope
autoantibodies in 40 NPSLE patients, 32 SLE patients without neuropsychiatric symptoms and 21 healthy controls
were determined by enzyme-linked immunosorbent assay (ELISA). Data were analysed using Pearson correlation
analysis, ROC curve analysis, nonparametric Mann-Whitney test, t-test and y? test.

Results
We screened three candidate epitopes of UCH-LI protein. The autoantibody against amino acid 58 to 69 of UCH-LI
(UCH%%) showed highest diagnostic power in distinguishing NPSLE patients from SLE patients without neuro-
psychiatric symptoms (p=0.0038). The ROC analysis showed that the specificity and sensitivity of anti-UCH*% were
92.3% and 37.5%, respectively. In addition, increased serum anti-UCH*% levels were associated with increased
SLEDAI, CSF microprotein, CSF leukocyte count, ESR, AnuA, anti-dsDNA, IgG and IgM but with decrease of C3 in
SLE patients.

Conclusion
The serum levels of anti-UCH>% significantly increased in NPSLE patients compared with SLE patients without
neuropsychiatric symptoms and were correlated with disease severity. Anti-UCH**% autoantibody may become a novel
serum biomarker for NPSLE non-invasive diagnosis, which might be applicable for NPSLE early screening and diagnosis.
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Introduction

Neuropsychiatric systemic lupus ery-
thematosus (NPSLE) is a serious nerv-
ous system complication of SLE, with
an incidence of 21-95% (1, 2). It is
characterised by headache, epilepsy,
aseptic meningitis, cranial neuropathy
and other mental symptoms, which are
associated with lower quality of life,
increased utilisation of health care, dis-
ability and irreversible organ damage
(3, 4). Furthermore, the clinical hetero-
geneity of neuropsychiatric involve-
ment in SLE patients leads to poor
prognosis (5, 6).

Timely accurate diagnosis of NPSLE is
limited by the lack of specific biomark-
ers. Previous studies have confirmed
that there is a significant correlation
between many autoantibodies and men-
tal symptoms related to NPSLE. For
example, antiphospholipid antibody
was associated with cerebrovascular
diseases and cognitive impairment (7),
and anti-NR2 level was related to de-
pression, short-term memory and learn-
ing ability (8). Other NPSLE associated
biomarkers include IL-6, Tweak, anti-
r-RNP and anti-neuronal antibody (9-
12). However, none of them is widely
accepted as a specific biomarker for
the diagnosis of NPSLE in clinical
practice. It is still necessary to identify
novel biomarkers with higher specific-
ity and sensitivity in NPSLE diagnosis.
Ubiquitin C-terminal hydrolase L1
(UCH-L1) is a deubiquitinase mainly
expressed in neurons and neuroendo-
crine cells, and also in testis and ovary
(13). It is the most abundant protein in
brain lysates (1-2%), and its mutation
and abnormal functions are related to
many nervous system diseases (14, 15).
At present, UCH-LI is considered as a
serum biomarker of severe traumatic
brain injury (TBI) (16). Neurodegen-
erative diseases are also associated with
UCH-L1 gene dysfunction (17).

Our previous study revealed that au-
toantibodies against UCH-L1 in CSF
showed diagnostic value for NPSLE.
However, serum UCH-L1 autoanti-
body did not show diagnostic signifi-
cance (18). Since the procedure of CSF
collection is invasive and difficult to be
accepted by some patients, a more con-
venient and fast serum test is in need

for NPSLE screening and early diagno-
sis. If we can improve the diagnostic
efficacy of UCH-L1 antibody in serum,
its detection will be more convenient
and less invasive than CSF examina-
tion, and may be practically applied
to early diagnosis and preventive risk
screening, which will be helpful to
NPSLE treatment. Therefore, in this
study, we screened serum autoantibod-
ies against different UCH-L1 epitopes
in SLE patients with and without neu-
ropsychiatric involvement, and identi-
fied an UCH-L1 epitope whose serum
autoantibodies might become a prom-
ising diagnostic marker for NPSLE.

Materials and methods

Patients

From March 2019 to July 2021, blood
samples were collected from 72 SLE
patients from Department of Rheu-
matology and immunology, Peking
University People’s Hospital, Beijing,
China. All of the SLE patients fulfilled
the 1997 ACR criteria for SLE (19),
and Systemic Lupus Erythematosus
Disease Activity Index (SLEDAI) was
calculated to evaluate the severity of
SLE (20). Among them, 32 cases with
active  neuropsychiatric ~ symptoms
were diagnosed as NPSLE by consul-
tation with rheumatologists, neurolo-
gists and psychiatrists and fulfilled the
1999 NPSLE ACR nomenclature and
case definitions (21). NPSLE patients
combined with other connective tissue
diseases (including antiphospholipid
syndrome) were excluded. The NPSLE
patients were categorised as severe NP-
SLE (sNPSLE, patients fulfilled 2001
Ainiala’s revised criteria (22)) and mild
NPSLE (mNPSLE, patients with only
headache or mild depression, excluded
by the 2001 criteria but conformed to
the 1999 criteria). The blood sampling
was performed before intensive therapy
(such as glucocorticoid pulse therapy)
for NPSLE. After treatment, we col-
lected blood samples from 9 NPSLE
patients again. Twenty-one age- and
gender-matched healthy controls (HC)
were recruited from the health exami-
nation center of the same hospital. The
study was approved by the Ethics Com-
mittee of Peking University People’s
Hospital (approval no. 2019PHBO007-
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Fig. 1. Prediction results of UCH-L1 epitope peptides. Evaluation of peptides from different antigenic characteristics, such as alpha amphipathic regions
(red), beta amphipathic regions (green), hydrophilicity (purple), flexible regions (blue), antigenic index (pink) and surface probability (yellow).

01). All participants of this study pro-
vided informed consent for participa-
tion in this study.

Screening of potential epitopes

of UCH-LI protein

The epitopes of UCH-L1 protein were
predicted according to the statistical
tendency of amino acids in DNAStar
software. We analysed the protein se-
quence of UCH-L1 by DNAStar soft-
ware, including antigenic index of
main reference sequence, surface prob-
ability of antigen epitope on the origi-
nal protein surface, and hydrophilicity
plot of antigen sequence. Finally, we
chose the potential antigenic epitopes
by evaluating the following character-
istics: alpha amphipathic regions, beta
amphipathic regions, hydrophilicity,
flexible regions, antigenic index and
surface probability.

Clinical and laboratory evaluation

The clinical and laboratory data of
SLE patients were recorded, which in-
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cluded age, gender, clinical symptoms,
urinalysis, white blood cell (WBC)
count, red blood cell (RBC) count,
hemoglobin (Hb), platelet count (PLT),
erythrocyte sedimentation rate (ESR),
C-reactive protein (CRP), anti-nuclear
antibodies (ANA), anti-Sm antibody
(Sm), anti-ribosomal P protein anti-
body, anti-SSA antibody (SSA), anti-
SSA antibody(SSB), anti-nucleosome
antibody (AnuA), anti-double stranded
DNA antibody (anti-dsDNA Ab), anti-
cardiolipin antibody (aCL), anti-p2-
glycoprotein I ($2-GPI), immunoglob-
ulin A (IgA), immunoglobulin G (IgG),
immunoglobulin M (IgM), complement
component 3 (C3) and complement
component 4 (C4). SLE disease activity
was scored by using the SLE Disease
Activity Index (SLEDAI). The NPSLE
patients’ clinical manifestations and
laboratory examinations were also re-
corded, which included central and pe-
ripheral nervous system manifestations,
cerebrospinal fluid (CSF) examination
results, and radiologic data of the CNS

by brain magnetic resonance imaging
(MRI) and/or computed tomography
(CT) scan.

Leukocytes and platelets less than 4 x
10°/L and 10 x 10°/L were regarded as
leukopenia and thrombocytopenia, re-
spectively. Serum IgA, IgG, 1gM, C3,
C4, anti-dsDNA Ab, anti-Sm Ab, anti-
cardiolipin Ab, and AnuA were deter-
mined by ELISA. Complement C3 less
than 0.79 g/L. and C4 less than 0.16
g/L were considered as decreased C3
and C4, respectively. Moreover, AnuA
and anti-dsDNA Ab more than 20RU/
ml or 25 IU/ml were regarded as posi-
tive, respectively. 24-hour urine excre-
tion more than or equal to 0.5 g/day was
defined as proteinuria. Urine leukocytes
and erythrocyte more than 14/ul and
24/ul except for urinary tract infection
were considered as pyuria and haemo-
globinuria, respectively. Urine test in-
cluding Hb/RBC cylinder or granular
cast was defined to be cylindruria. Se-
rum samples were collected with sepa-
ration gel coagulation tubes (BD, NJ,
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Table I Demographic characteristics and neuropsychiatric manifestations of the 32 NPSLE

USA). All serum samples were frozen
at -80 °C until measurement.

Measurement of anti-UCH-LI

epitope autoantibodies

The three synthesised UCH-L1 epitope
peptides were purchased from Wu-
han Huamei Bioengineering Co., Ltd,
Wuhan, China. BSA (Bovine Serum
Albumin) was selected as the carrier
protein, and the epitope peptides were
coupled with BSA. Serum levels of
autoantibodies against these epitopes
were determined by indirect enzyme-
linked immunosorbent assay (ELISA).
Briefly, 96-well polysorp plates (Nunc,
Denmark) were coated with synthe-
sised UCH-L1 peptides (Huamei,
Wuhan, China) of 2pg/mL in carbon-
ate buffer at 4°C overnight. The wells
were then washed four times with phos-
phate-buffered saline containing 0.05%
Tween-20 (PBS-T) at room temperature
and blocked with 5% albumin bovine V
(BSA) for 3 hours at 37°C. After wash-
ing with PBS-T for four times, Serum
samples were diluted with PBS-T con-
taining 1% BSA at 1:100 and were then
added to 96-well plates. After incuba-
tion for 1 hour at 37°C, the wells were
washed by PBS-T for four times. Then,
100 uL of goat anti-human IgG (Solar-
bio, Beijing, China) conjugated to per-
oxidase, diluted at 1:10000, was added
to each well and incubated for 40 min-
utes at 37°C. After washing with PBS-
T for four times, Tetramethylbenzidine
(Solarbio, Beijing, China) was added as
the substrate solution, and five minutes
later, the color reaction was stopped by
the addition of 50 pl 2M sulfuric acid.
Plates were read by a plate reader (Bi-
oTek) at an absorbance wavelength of
450nm optical density (OD 450). The
values of OD were transformed to arbi-
tary units (AU), calculated as follows:

[OD

peptide” 0D/mm.s,m<»,m packground) restserum

AU = x 100
[OD, oD,

peptide P non-specific bac Agnnm{[] positive control serum

Statistical analysis

SPSS21.0 for windows and GraphPad
Prism 8 were used to analyse the data.
The distribution of numerical data was
expressed by the Shapiro-Wilk test.
Numerical data with normal distribu-
tion and non-normal distribution were
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patients.

Type of diseases

Number of patients (%)

Age (years = SD)

mNPSLE
sNPSLE

SLE controls
Healthy controls

Organ involvements, n/N (%)
Cardiac involvement

Lung involvement

Lupus nephritis

Proteinuria

Haematuresis

Haematologic involvement

Neuropsychiatric syndromes, n/N (%)
Aseptic meningitis
Cerebrovascular disease
Movement disorder
Seizure disorders
Psychosis

Acute confusional state
Cognitive dysfunction
Guillain-Barre syndrome
Neuropathy, cranial
Polyneuropathy
Headache

Mood disorder

Cerebrospinal fluid analysis, n/N (%)
Abnormal appearance

Intracranial pressure >180 mmH,O
Intracranial pressure >250 mmH,O
CSF microprotein (g/L)

CSF glucose (mmol/L)

CSF chloride (mmol/L)

CSF total cell count (cells/uL)

CSF leukocyte count (cells/uL)

6/32 (18.8) 3567 15.67
26/32 (81.3) 4173 + 15.18
40/40 (100) 4563 £ 17.11
21/21 (100) 37.33£7.53

3/32 (9.4) 59.00 = 11.53

7/32 (21.9) 39.43 + 12.45
11/32 (34.4) 4027 + 1528
13/32 (40.6) 39.85 + 13.74

8/32 (25) 42.00 + 17.76
18/32 (56.3) 4311+ 16.01

1/32 (3.1) 38
10/32 (31.3) 47.70 + 15.99

1/32 (3.1) 20

3/32 (9.4) 38.67 +4.73

3/32 (9.4) 33.67 +11.06

2/32 (6.3) 4350 +0.71

1/32 (3.1) 30

2/32 (6.3) 59.00 = 1.41

2/32 (6.3) 35.00 + 4.24

7/32 (21.9) 40.57 + 16.04
11/32 (34.4) 3545+ 13.57

4/32 (12.5) 50.25 = 12.18

1/20 (5) 29

4/17 (23.5) 3425 +16.19

117 (5.9) 18

102 +2.65 -

379 +0.89 -
12495 +4.17 -
890.95 + 3857.97 -

4.15 = 15.40 -

mNPSLE: mild neuropsychiatric systemic lupus erythematosus; SNPSLE: severe neuropsychiatric sys-
temic lupus erythematosus; CSF: cerebrospinal fluid. Descriptive statistics for continuous variables
were expressed as mean + SD, and categorical variables were expressed as numbers with percentages.

presented as mean * standard devia-
tion and median (range), respectively.
Statistical significance between two
groups was assessed with the non-par-
ametric Mann-Whitney test, t-test and
%2 test. Pearson’s rank correlation coef-
ficient was applied to calculate the cor-
relations. A p-value less than 0.05 was
considered to be statistically signifi-
cant. The cut-off value of levels of the
anti-UCH-L1 epitope autoantibodies
was determined by receiver operating
characteristic (ROC) curve analysis.

Results

Screening of UCH-LI epitopes

We analysed the protein sequence
of UCH-L1 by DNAStar software,
and screened the potential antigenic
epitopes with the following character-
istics: alpha amphipathic regions (red),

beta amphipathic regions (green), hy-
drophilicity (purple), flexible regions
(blue), antigenic index (pink) and
surface probability (yellow) (Fig. 1).
Three most suitable peptides were ob-
tained. They were located in the alpha
amphiphilic regions, not in the trans-
membrane region, with high hydro-
philicity, high peak value of antigenic
index and high surface probability.
The sequence of three UCH-L1 epitope
peptides is as follows.

1. 58-69 QHENFRKKQIEE
2. 119-130 SETEKMSPEDRA
3 203-214 EFTEREQGEVRF

Characteristics of

NPSLE patients and controls

We determined the serum levels of au-
toantibodies against the above three
UCH-L1 epitope peptides in 72 SLE
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patients and 21 healthy controls with
matched sex and age, then further com-
pared whether there were differences
between 32 NPSLE patients and 40
SLE patients without neuropsychiatric
symptoms (designated as non-NPSLE
patients in the following context). The
demographic characteristics and neu-
ropsychiatric manifestations of these
patients were shown in Table I. Among
the 19 neuropsychiatric manifesta-
tions defined by 1999 NPSLE criteria,
12 manifestations were present in the
NPSLE patients, and 81.3% (26/32) of
them showed two or more overlapped
neuropsychiatric manifestations. Apart
from four patients with mild depres-
sion, all of the mNPSLE patients mere-
ly presented with lupus headache (21,
22).

Elevated serum

anti-UCH?%% in NPSLE patients
Compared with the results of the oth-
er two peptides, the level of autoanti-
bodies against amino acid 58 to 69 of
UCH-LI (anti-UCH?**°) in NPSLE pa-
tients (AU value: 11.82 (2.90-33.16))
was significantly higher than both of
non-NPSLE patients (AU value: 5.50
(1.02-16.69)) (p=0.0038) and healthy
controls (AU value: 5.88 (2.06-13.11))
(»=0.0001) (Fig. 2a). These results
suggested that anti-UCH>*% in serum
might distinguish NPSLE patients
from non-NPSLE patients or healthy
controls. Although anti-UCH"*!*° and
anti-UCH?%2!4were also significantly
elevated compared with that of HCs,
neither of them could distinguish NP-
SLE patients from non-NPSLE patients
efficiently (Fig. 2b-c).

Diagnostic power of

anti-UCH?5% for NPSLE

To further evaluate the diagnostic
power of anti-UCH>*% for NPSLE,
the mean AU value plus two times
standard deviation of anti-UCH>% in
healthy control serum was set up as
the cut-off value to identify NPSLE
patients from the whole SLE cohort.
The cut-off value was 10.66 (Fig. 2a).
With this cut-off value, the ROC analy-
sis showed a sensitivity of 37.5% and a
specificity of 92.3% of anti-UCH>**% to
distinguish NPSLE patients from non-

Clinical and Experimental Rheumatology 2022
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Table II. Correlation of serum anti-UCH® with clinical and laboratory features of SLE

patients.

Laboratory features

Anti-UCH>**

Pearson r p-value

Age 0.074 0.540
SLEDAI 0.279 0.018
24h proteinuria (g) -0.210 0.124
Serological tests (SLE patients)

WBC (x10°/L) 0.040 0.738
RBC (x10°L) -0.133 0.270
Hb (g/L) -0.114 0.346
PLT (x10%L) -0.073 0.548
ESR (mm/h) 0.451 <0.001
CRP (mg/dL) -0.116 0.335
Anti-r-RNP (RU/mL) 0.075 0.543
AnuA (RU/mL) 0.385 0.001
Anti-dsDNA (IU/mL) 0.438 <0.001
aCL (U/mL) 0.232 0.059
Anti-B2GPI (RU/mL) 0.114 0.356
IgA (g/L) 0.202 0.090
IgG (g/L) 0.507 <0.001
IgM (g/L) 0.331 0.005
C3 (g/L) -0.350 0.003
C4 (g/L) 0.165 0.169
Cerebrospinal fluid analysis (NPSLE patients)

Intracranial pressure (mmH,0) 0413 0.088
CSF microprotein (g/L) 0.454 0.039
CSF glucose (mmol/L) -0.054 0.816
CSF chloride (mmol/L) -0.237 0.300
CSF total cell count (cells/ul) -0.112 0.629
CSF leukocyte count (cells/ulL) 0.452 0.040

SLEDALI: systemic lupus erythematosus disease activity index; WBC: white blood cell; RBC: red
blood cell; Hb: haemoglobin; PLT: platelet count; ESR: erythrocyte sedimentation rate; CRP: C-re-
action protein; Anti-r-RNP: anti-ribosomal RNA-protein antibody; AnuA: anti-nucleosome antibody;
Anti-dsDNA: anti-double-stranded DNA antibody; aCL: anti-cardiolipin antibody; Anti-32GPI: anti-
p2-glycoprotein I antibody; IgA: immunoglobulin A; IgG: immunoglobulin G; IgM: immunoglobulin
M; C3: complement component 3; C4: complement component 4; CSF: cerebrospinal fluid.

NPSLE patients. The area under curve
(AUC) was 0.785, and the 95% confi-
dence interval (CI) was 0.681 to 0.889
(Fig. 3a), while the ROC analysis of
anti-UCH"*1% showed a sensitivity of
59.4% and a specificity of 64.1% (Fig.
3b, and anti-UCH?»?'* showed a sen-
sitivity of 59.4% and a specificity of
53.8% (Fig. 3c).

Serum anti-UCH>% levels

were associated with increased

SLE disease severity

As shown in Table II, the increase of
serum anti-UCH*®% was associated
with the increase of SLEDAI in SLE
patients (r=0.279, p=0.018, Fig. 2d and
Table II). Importantly, the increased
serum level of anti-UCH* in NP-
SLE patients was correlated with the
increase of cerebrospinal fluid micro-
protein and cerebrospinal fluid leu-
kocyte count (r=0.454, p=0.039 and
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r=0.452, p=0.040, Fig. 4g-h and Table
II). Meanwhile, the increase of anti-
UCH>*% was also significantly corre-
lated with the increase of ESR, AnuA,
anti-dsDNA, IgG and IgM, and the
decrease of C3 in SLE patients (ESR:
r=0451, p<0.001, AnuA: r=0.385,
p=0.001,  anti-dsDNA: r=0.438,
p<0.001, IgG: r=0.507, p<0.001, IgM:
r=0.331, p=0.005 and C3: r= -0.350,
p=0.003, Fig. 4a-f and Table II). These
results demonstrate that the increase of
serum anti-UCH?% is related to the se-
verity of SLE and the injury of central
nervous system.

Anti-UCH>®% is an

indicator of SNPSLE

According to the cut-off value, NP-
SLE patients were divided into anti-
UCH>*® positive group (AU value
>10.66, n=12) and anti-UCH** nega-
tive group (AU <10.66, n=20). Due

to the small number of cases of each
NPSLE syndrome, there is no statis-
tical significance of the correlation
between anti-UCH% and specific
NPSLE manifestations. However, the
incidence of serious NPSLE manifes-
tations such as cerebrovascular disease
and psychosis in the anti-UCH>*% pos-
itive group was higher, which proved
that anti-UCH*® might play a role in
the development of severe neuropsy-
chiatric manifestations.

It is noteworthy that the intracranial
pressure of the patients in anti-UCH?3-¢
positive group were significantly high-
er than those of anti-UCH*** negative
group (17400 = 3798 vs. 11242 +
67.05,p=0.027), which revealed that an-
ti-UCH®% may play an important role
in the pathogenesis of NPSLE. Further
statistical analysis (Table III) showed
that ESR, AnuA, Anti-dsDNA, IgG and
IgM values of anti-UCH** positive
group were significantly higher than
those of anti-UCH>*% negative group
(ESR: 56.00+£37.77 vs. 22.30+22.07,
p=0.003; AnuA: 152.97+173.42 vs.
224544455, p=0.044;  Anti-dsD-
NA: 114.53+88.32 vs. 53.63+66.80,
p=0.025; IgG: 21.29+6.61 vs.
12.48+5.24, p=0.001; IgM: 1.70+1.07
vs. 0.90+£0.46, p=0.036). On the con-
trary, RBC and C3 values were signifi-
cantly lower than those of anti-UCH?®¢°
negative group (RBC: 3.40+0.94 vs.
4.11+£0.63, p=0.037; C3: 0.46+0.23
vs. 0.69+0.21, p=0.004). These results
suggested SLE patients with increased
anti-UCH?>*% were more active, and an-
ti-UCH>*% can be used as an indicator
of SLE activity.

The influence of treatment

on serum anti-UCH*% levels

The treatment and medication re-
ceived by all patients are listed in Ta-
ble IV, and no significant difference
was observed between NPSLE patients
with and without elevated serum anti-
UCH?>*%. We also compared the levels
of serum anti-UCH**% in 9 NPSLE pa-
tients positive for serum anti-UCH?*¢°
at neuropsychiatric symptom onset
and remission after treatment. The AU
values of anti-UCH*% decreased sig-
nificantly after treatment (p=0.0162,
Fig. 5), which indicated that therapies

2083



A UCH-L1 epitope in NPSLE / Y. Guo et al.

d
r=0451

150 P <0.001

100 L .

ESR (mm/h)

anti-UCH>%®® AU value

r=0438
50— P <0.001
=5
E 200- oo o0 0 @ . .
S
S 4g0d @
< 150 . .
L]
2 100 o«
A P
g s0q
» . - * ™
O-M — T 1
0 10 20 30 40
anti-UCH**®? AU value
r=0.331
10~ P=0.005
2 .
I g
-‘é 6
3 41 . o
e .
[ ]
24 * et
e " 0 [ ]
0 T T T ]
(] 10 20 30 40
anti-UCH*%? AU value
r=0454
15 P=0039
I
‘a L]
c 10
g
e
& 54
]
L)
E 0- - ) 'y |
@ 10 20 30 40
anti-UCH>*% AU value

]
o
L

b

€3 (g/L) 19G (g/L) AnuA (RU/mL)

-

CSF leukocyte count (cells/uL)

500+

400+

3004

200

100+

40+

10 20 30 40
anti-UCH®*% AU value

r=0.507

p<0.001

40
1
0 10 20 30 40
anti-UCH®%® AU value
r=0.452
go- P=0.040
L ]
60—
404
20
L ]
0 e reo .
10 20 30 40
-20

anti-UCH®®? AU value

Fig. 4. Pearson’s correlation between the serum level of anti-UCH* with laboratory parameters in

SLE patients.

(a) Pearson’s correlation between anti-UCH>** AU value and ESR, (b) Pearson’s correlation between
anti-UCH>*% AU value and AnuA, (¢) Pearson’s correlation between anti-UCH>*% AU value and Anti-
dsDNA, (d) Pearson’s correlation between anti-UCH>% AU value and IgG, (e) Pearson’s correlation
between anti-UCH** AU value and IgM, (f) Pearson’s correlation between anti-UCH*% AU value
and C3, (g) Pearson’s correlation between anti-UCH*% AU value and CSF microprotein, and (h)
Pearson’s correlation between anti-UCH>***° AU value and CSF leukocyte count.
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might affect anti-UCH>*% levels in
NPSLE patients.

Discussion

It has been reported that UCH-L1 is
released from injured neurons, then
enters cerebrospinal fluid (CSF) and
finally reaches the circulating blood
(23), making it widely used as a thera-
peutic and diagnostic target for nerve
injury. A recent study showed that
even moderate and mild TBI can eas-
ily detect UCH-LI in serum and plas-
ma within 24 hours after injury (24).
Therefore, it is possible that UCH-L1
may be released and induce the produc-
tion of autoantibodies against UCH-L1
during autoimmune nerve injury. Our
previous study has revealed that anti-
UCH-L1 is a promising CSF biomark-
er for NPSLE diagnosis but could not
identify NPSLE patients as a serum bi-
omarker (18). However, the method of
obtaining CSF is invasive, making the
application of CSF in biomarker detec-
tion for diagnosis far less convenient
and safe than that with serum. There-
fore, we screened the specific epitopes
of UCH-L1, and confirmed that the se-
rum autoantibodies against one specif-
ic epitope of UCH-L1 (anti-UCH?%%-)
may be a promising serum diagnostic
marker of NPSLE.

In this study, we explored the diag-
nostic value of serum anti-UCH¢
autoantibody in differentiating NPSLE
patients from SLE patients. The level
of anti-UCH**% was increased in NP-
SLE, especially compared with other
SLE patients and healthy controls,
indicating that UCH-L1 induced spe-
cific autoimmune response in NPSLE
patients. According to our study, anti-
UCH?>*% has good diagnostic signifi-
cance (a specificity of 92.3% and a sen-
sitivity of 37.5% to distinguish NPSLE
patients from non-NPSLE patients).
Our data show that anti-UCH% are
correlated with SLE disease activity,
and not all patients have high titres
of anti-UCH**% antibodies. Only pa-
tients with severe conditions have high
anti-UCH antibodies, which might
affect the nervous system and lead to
more severe NPSLE. In contrast, in
patients with low disease activity, the
anti-UCH%-% levels are lower, so this
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Table III. Clinical and laboratory characteristics of NPSLE patients with the elevated and

normal levels of serum anti-UCH?%,

A UCH-L1 epitope in NPSLE / Y. Guo et al.

antibody is positively correlated with
disease activity of NPSLE patients.
NPSLE patients with lower disease

Clinical and laboratory Anti-UCH>*®® tu/y? p-value o . .
characteristics activity do not have high anti-UCH?*%°
negative positive levels and may have negative tests.

A 2665+ 1377 41721578 1 000 0.056 The blood sampling performed imme-
ge 65 +13. 17 £ 15. -1 | . .
SLEDAI 15.10 +7.04 13.00 +7.06 -0.547 0584 diately after the onset of NPSLE, indi-
24h proteinuria (g) 0.45 +0.68 024+0.13 -0.341 0.733 cating that it would correlate with the
mNPSLE 4/20 (20) 2/12 (16.7) 0.055 0815 disease activity of NPSLE. SLEDAI
SNPSLE 16220 (30) 10712 (83.3) 0055 0815 is an index that is strongly affected by
Organ involvements NP symptoms. Among them, NPSLE

Cardiac involvement 1/20 (5) 2/12 (16.7) 1.202 0.273 lated h i
Lung involvement 5120 (25) 212 (16.7) 0.305 0.581 related scores such as epilepsy, cer-
Lupus nephritis 7/20 (35) 4/12 (33.3) 0.009 0.923 ebrovascular disease and other mental
Proteinuria 9/20 (45) 4/12 (333) 0.423 0515 Symptoms account for a large propor-
Haematuresis 5/20 (25) 3/12 (25) 0.000 1.000 . . 58-69
Haematologic involvement 1120 (55) 712 (583) 0.034 0.854 tion of SLEDAL If the anti-UCH
o ) ) has a strong correlation with NPSLE,
Neuropsychiatric manifestations . ioht al h lati
Aseptic meningitis 1120 (5) 0/12 (0) 0619 0431 1t might also show a strong correlation
Cerebrovascular disease 5/20 (25) 5/12 (41.7) 0.970 0.325 with SLEDAI. Therefore, using SLE-
Movement disorder 1720 (5) 0/12 (0) 0.619 0.431 DALI as an index of disease activity for
Seizure disorders 2/20 (10) 1/12 (8.3) 0.025 0.876 . .
Psychosis 120 (5) 212 (16.7) 1202 0273 correlation analysw c.annot accuratelly
Acute confusional state 2/20 (10) 0/12 (0) 1.280 0.258 reflect the relationship between anti-
Cognitive dysfunction 120 (5) 0/12 (0) 0.619 0431 UCH?>**% and other organ involvement
Guillain-barre syr_ldrome 2/20 (10) 0/12 (0) 1.280 0.258 in SLE. In future studies, we will de-
Neuropathy, cranial 2/20 (10) 0/12 (0) 1.280 0.258 . . d b h
Polyneuropathy 4/20 (20) 3/12 (25) 0.110 0.740 sign a prospective study to observe the
Headache 9/20 (45) 2/12 (16.7) 2.669 0.102 association between antibodies and or-
Mood disorder 3/20 (15) 1/12 (8.3) 0.305 0.581 gan injury other than neuropsychiatric
Serological tests symptoms of SLE.
WBC (x10°/L) 6.25+2.89 549276 -0.818 0413 We compared the anti-UCH® lev-
RBC (x10°L) 4.11 +0.63 3.40 +0.94 -2.083 0.037 s b Vol Th :
Hb (g/L) 118.30 % 14.90 103.50 27 41 -1.285 0.199 els by organ involvement. The results
PLT (x10°/L) 192.75 £ 57.35 136.67 + 88.27 -1.733 0.083 showed that there was little correlation
ESR (mm/h) 22.30 £22.07 56.00 = 37.77 -2.940 0.003 between Other Organ involvement and
CRP (mg/dL) 3.03 503 536 +5.05 -1.226 0.220 . S5.69 .
Anti-Sm 3/19 (15.8) 211 (182) 0.029 0.865 anti-UCH™® levels, suggesting tsl;a;;
Anti-UIRNP 9/19 (47.4) S/11 (45.5) 0010 0919 the correlation between anti-UCH
Anti-SSA 12/19 (63.2) 7/11 (63.6) 0.001 0.979 and SLEDAI may indeed be due to its
Anti-SSB 4/19 (21.1) 111 (9.1) 0.718 0397 close correlation with NPSLE symp-
ANA (titre) 240.00 + 236.82 312.73 +270.60 -0.950 0342 1 o th hy P
Anti-r-RNP (RU/mL) 23.13 £ 58.08 5234+ 94.19 0732 0.464 toms, and also supporting that the an-
AnuA (RU/mL) 2245 + 44.55 152.97 +173.42 -2.014 0.044 ti-UCH®% is a specific biomarker of
Anti-dsDNA (IU/mL) 53.63 + 66.80 114.53 + 88.32 -2.246 0.025 NPSLE. In the anti-UCH positive
aCL (U/mL) 6.63 +7.96 10.54 +9.89 -1.639 0.101
Anti-B2 GPI (RU/mL) 2340 +4733 17.04 + 19.58 -0.445 0.657 NPSLE group, RBC and C3 decreased,
IgA (g/L) 276+ 155 308+ 136 20.876 0.381 ESR, IgG and IgM increased, and lupus
IgG (g/L) 1248 +£5.24 21.29 + 6.61 -3.446 0.001 specific antibodies AnuA and anti-dsD-
IgM (g/L) 0.90 +0.46 1.70 = 1.07 -2.102 0.036 A incr ionificantl iall
C3 (g/L) 0.69 0.21 0.46 +0.23 -2.842 0.004 N ¢ e.ased significantly, especlally
C4 (g/L) 201 +332 1.89 +245 -0.331 0.741 intracranial pressure increased. These
Cerebrospinal fluid analysis lab.or.ato.ry parameters indicate disease
Intracranial pressure (mmH,0) 11242 + 67.05 174.00 + 37.98 2215 0.027 activity in lupus and lupus encephalop-
CSF microprotein (g/L) 0.45+0.31 2.36 +4.83 -1.156 0.248 athy, indicating that anti-UCH?58-¢° may
CSF glucose (mmol/L) 3.80+1.01 3.77+0.59 -0.330 0.741 helpful identif PSLE ien
CSF chloride (mmol/L) 125.62 +3.74 123.38 £5.06 -1.361 0.173 be helpful to identify NPSLE patients

with severe disease activity. Moreover,

serum anti-UCH** AU values of NP-
SLE patients significantly decreased
after treatment, which suggested that
anti-UCH%* may be used as an in-
dicator to reflect the patient’s disease
condition and treatment effect. Due to
the lack of efficient laboratory diagnos-
tic methods for NPSLE with complex
clinical conditions, anti-UCH¥®% may

SLEDALI: systemic lupus erythematosus disease activity index; mNPSLE: mild neuropsychiatric sys-
temic lupus erythematosus; SNPSLE: severe neuropsychiatric systemic lupus erythematosus; WBC:
white blood cell; RBC: red blood cell; Hb: haemoglobin; PLT: platelet count; ESR: erythrocyte sedi-
mentation rate; CRP: C-reaction protein; Anti-Sm: anti-Sm antibody; Anti-r-RNP: anti-ribosomal
RNA-protein antibody; Anti-SSA: anti-SSA antibody; Anti-SSB: anti-SSB antibody; ANA: anti-nucle-
ar antibody; Anti-U1RNP: anti-ribonucleoprotein (RNP) antibody; AnuA: anti-nucleosome antibody;
Anti-dsDNA: anti-double-stranded DNA antibody; aCL: anti-cardiolipin antibody; Anti-B2GPI: anti-
p2-glycoprotein I antibody; IgA: immunoglobulin A; IgG: immunoglobulin G; IgM: immunoglobulin
M; C3: complement component 3; C4: complement component 4; CSF: cerebrospinal fluid. Descrip-
tive statistics for continuous variables were expressed as mean + SD and categorical variables were
expressed as numbers with percentages.
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Table IV. Previous therapies in anti-UCH>**-positive and anti-UCH>*%-negative patients.

Therapy anti-UCH>** + anti-UCH>* - tu/y? p-value
NPSLE, n=12 (%) NPSLE, n=20 (%)
GCs 12 (100) 20 (100) — —
MTX 2 (16.7) 6 (30) 0.711 0.399
CTX 3 (25) 8 (40) 0.748 0.387
LEF 1 (83) 0 (0) 1.720 0.190
MMF 4 (33.3) 10 (50) 0.847 0.358
HCQ 5 (41.7) 12 (60) 1.012 0314
IVIG 5 (41.7) 3 (15) 2.844 0.092
CYC 2 (16.7) 0 (0) 3.556 0.059
GTW 1 (83) 0 (0) 1720 0.190
Rituximab 1 (8.3) 1) 0.142 0.706

GCs: glucocorticoids; MTX: methotrexate; CTX: cyclophosphamide; LEF: leflunomide; MMF: my-
cophenolate mofetil; HCQ: hydroxychloroquine; IVIG: intravenous immunoglobulin; CYC: cyclo-

sporine; GTW: Tripterygium wilfordii.
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Fig. 5. Serum anti-UCH*% AU value in anti-
UCH?*®*%-positive NPSLE patients before and
after treatment.

help clinicians to make a more accurate
diagnosis for at least a portion of NP-
SLE patients.

We observed significant correlation be-
tween anti-UCH>*® and anti-dsDNA
and a marginally correlation between
anti-UCH% and aCL. Since anti-ds-
DNA and aCL were also reported to be
meaningful in NPSLE distinguishment
(2,25), possible cross reaction between
anti-UCH>% and these antibodies
might lead to its clinical significance in
NPSLE diagnosis. SLE associated ds-
DNA antibodies generally bind to the
conserved region of dsDNA skeleton

instead of peptide epitopes. Herrmann
et al. (26) screened two short DNA se-
quences from the sera of SLE patients
and proved that the antibody bound to a
DNA fragment with a size of about 6-12
bp. For anti-phospholipid antibodies,
the anticardiolipin antibody recognises
the negatively charged cardiolipin on
platelet and endothelial cell surfaces
as the target antigen (27), which is dif-
ferent from anti-UCH-L1°%%. In our
study, the ELISA kit (Euroimmun,
Germany, EA 1621-9601G) for detect-
ing anticardiolipin antibody is coated
with purified anticardiolipin from bo-
vine heart, which belongs to different
molecular type from the UCH-L1%%
peptide antigen we studied. Therefore,
the possibility that UCH-L1%%% might
share similar antigenic determinants
with dsDNA and phospholipids is low.
It is expected that dsDNA and phos-
pholipid antibodies do not have high
homology with anti-UCH>*%, but fur-
ther research is still needed to deter-
mine whether there is cross reaction in
the future. Besides, our study showed
that the ability of anti-dsDNA anti-

a EB dsDNA b B anti-UCH pos
s! pos
% 80 . antiUCH58-69
= dsDNA neg anti-UCH neg
60 g3 aCl pos

aCL neg

anti-UCH % pos

dsDNA pos

aCL pos

Supplementary Fig. S1. Distribution of anti-UCH*%, aCL and dsDNA in NPSLE patients.
(a) The distribution of dsDNA and aCL in anti-UCH%-positive NPSLE patients.
(b) The distribution of anti-UCH*** in dsDNA-positive and aCL-positive NPSLE patients.
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bodies and aCL to distinguish NPSLE
from SLE patients were different from
anti-UCH*. In this study, 7 patients
with negative aCL were anti-UCH>*%°
positive and 4 patients with negative
dsDNA were anti-UCH*% positive,
indicating the ability of anti-UCH*%°
to detect aCL-negative and dsDNA-
negative NPSLE patients. In anti-
UCH?>**% positive NPSLE patients, the
negative rates of dsDNA and aCL are
33.33% and 58.33% (Supplementary
Fig. S1(a)), while the positive rates of
anti-UCH%* in dsDNA and aCL posi-
tive NPSLE patients are 47.06% and
62.50% (Suppl. Fig. S1(b)), indicating
that the distribution patterns of anti-
UCH>*%, dsDNA and aCL in patients
with NPSLE are not totally overlapped.
The above comparison suggested that
there is no strong cross reaction among
anti-UCH>*%°, dsDNA and aCL.

In SLE patients, when brain compli-
cations occur and blood-brain bar-
rier (BBB) is damaged, the increase of
anti-UCH* autoantibody may target
UCH-L1 expressed in nerve cells (28-
30). Experimental evidence shows that
autoantibodies reacting with brain an-
tigens are the key factors in the patho-
genesis of NPSLE (31). Our study
showed that the increased level of anti-
UCH?>**% in NPSLE patients was corre-
lated with the increase of cerebrospinal
fluid microprotein and cerebrospinal
fluid leukocyte count. More important-
ly, the intracranial pressure of the pa-
tients in anti-UCH>*% elevated group
was significantly higher than that of
the anti-UCH%®% normal group. This
may lead to the destruction of nerve
cells and pathological changes of brain
tissue, and then increase the level of
CSF microprotein and the number of
leukocytes. Due to the small number
of cases of each NPSLE syndrome,
there is no correlation with a specific
NPSLE syndrome, but the incidence of
NPSLE manifestations is higher in an-
ti-UCH-% positive patients. Although
not statistically significant in this anal-
ysis, preparations are being made to
expand the sample for further research.
The increase of anti-UCH¥®% was also
significantly correlated with the in-
crease of ESR, AnuA, anti-dsDNA,
IgG and IgM, and the decrease of C3 in
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SLE patients, suggesting that NPSLE
patients with increased anti-UCH?%-¢
are more active. Further studies may
help us to better understand the neu-
ronal damage in NPSLE and the role of
UCH-L1 in this process.

There are some limitations in this
study. The number of serum samples
we collected is limited. Therefore, we
need to expand the sample size for
verification in future studies, so as to
clarify the clinical correlation between
UCH-L1 autoantibodies and NPSLE
more accurately.

In summary, our study showed that
anti-UCH>*% autoantibody may be-
come a novel serum biomarker for
NPSLE non-invasive diagnosis, which
is applicable for NPSLE early screen-
ing and diagnosis. Anti-UCH*% was
significantly associated with NPSLE
neuropsychiatric symptoms and SLE
disease activity, suggesting its potential
role in the induction of brain injury. The
exact pathogenesis of anti-UCH>* in
NPSLE is still unclear, which needs
further study.
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