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Introduction

Abstract

Objective: In comparison with amyotrophic lateral sclerosis (ALS), the contri-
bution of neuroinflammation in spinobulbar muscular atrophy (SBMA) has
been less explored. We investigated the role of neuroinflammation in the patho-
genesis of ALS and SBMA by analyzing systemic inflammatory markers and
osteopontin (Sppl). Methods: This study involved 105 ALS, 77 SBMA, and 55
healthy controls. We measured their systemic inflammatory markers, serum
Sppl, and cytokine levels (interferon-y, interleukin [IL]-1fB, IL-6, IL-8, IL-10,
tumor necrosis factor-o, and IL-17A), investigated correlations between Sppl
levels and clinical features, and evaluated ALS survival rates according to Sppl
levels. Results: In the ALS group, systemic inflammatory markers were signifi-
cantly higher than in the control and SBMA groups. Sppl levels were observed
to be higher in ALS patients, but the difference was not statistically significant
among the study groups. Cytokine profiles were comparable. In ALS, higher
Sppl levels were correlated with lower ALS Functional Rating Scale-Revised
(ALSFRS-R) scores (r = —0.25, p = 0.02) and faster disease progression rate
(r=0.37, p < 0.001). After adjusting for other prognostic indicators, high Sppl
levels were independently associated with shorter survival in ALS patients (haz-
ard ratio 13.65, 95% confidence interval 2.57-72.53, p < 0.01). Interpretation:
Neuroinflammation does not appear to be a primary contributor to the patho-
genesis of SBMA. Serum Sppl levels may serve as a reliable biomarker for dis-
ease progression and prognosis in ALS. These findings expand our
understanding of these two distinct motor neuron disorders and offer a poten-
tial biomarker for future studies.

dysfunction and environmental factors at least partially
influence the disease pathogenesis.”

Amyotrophic lateral sclerosis (ALS) and spinobulbar mus-
cular atrophy (SBMA) are distinct neurodegenerative dis-
orders that primarily affect motor neurons in the spinal
cord and, in the case of ALS, the brain. SBMA is an X-
linked, monogenic disorder caused by an abnormally
expanded CAG trinucleotide repeat in the first exon of
the androgen receptor (AR) gene,' whereas a single-gene
variant does not solely explain the pathophysiology for
most cases of sporadic ALS. Instead, aging-related

© 2024 The Authors. Annals of Clinical and Translational Neurology published by Wiley Periodicals LLC on behalf of American Neurological Association.

Motor neuron degeneration in ALS occurs both
cell-autonomously within motor neurons and non-cell-
autonomously through the involvement of nonneuronal
cells such as astrocytes and microglia in the CNS and
peripheral immune cells.” It is presumed that the molecu-
lar pathophysiology of ALS, which involves altered pro-
tein homeostasis, defects in RNA processing,’ and
affects  the
immune system. Dysregulated immune responses are

mitochondrial ~ dysfunction,” ultimately
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Spp1 and Inflammation in ALS and SBMA

increasingly accepted as a significant contributor to dis-
ease progression.’ Nevertheless, although nonneuronal
manifestations such as myopathy,” liver pathology,® and
increased insulin resistance’ are widely recognized in
SBMA, wunlike ALS, the role of neuroinflammatory
responses in the pathogenesis of SBMA is poorly
understood.

Osteopontin (Sppl), which has been identified as a
biomarker of neuroinflammation, plays an important role
in immune cell recruitment and neuroglial crosstalk in
the CNS.'® Increased levels of Sppl in plasma and cere-
brospinal fluid (CSF) have been observed in patients with
chronic inflammatory and neurodegenerative disorders,
such as multiple sclerosis'' and Alzheimer disease.'®'’ In
ALS, recent studies have shown that Sppl expression is
upregulated in the spinal cord during the presymptomatic
stages of ALS,'* and patients with high serum Spp1 levels
exhibit a more severe disease state.!> However, the associ-
ations of serum Sppl with detailed clinical features of
ALS, as well as its prognostic value have not been exten-
sively studied.

In this study, we aimed to investigate the systemic
inflammatory profile and serum Sppl levels in patients
with ALS and SBMA, and to examine the associations of
Sppl levels with clinical variables and other systemic
inflammatory markers in motor neuron diseases (MNDs).

Methods

Study participants

A flowchart depicting the patient selection process is dis-
played in Figure S1. Patients with ALS and SBMA were
retrospectively identified from the MND registry of Seoul
National University Hospital. Data on ALS patients were
collected from February 2017 to August 2023, while data
on those with SBMA were collected from January 2002 to
December 2023. Patients were excluded for the following
reasons: insufficient clinical and laboratory data (ALS:
n = 279; SBMA: n = 75), taking oral steroids or immuno-
suppressants (ALS: n = 153; SBMA: n = 13), history of
cancer (ALS: n = 16; SBMA: n = 6), concurrent infection
(ALS: n = 35; SBMA: n = 5), and rheumatoid or autoim-
mune disease (ALS: n=n=8; SBMA: n=1). After
applying these exclusion criteria, a total of 105 patients
with ALS and 77 with SBMA were included in the final
analysis. All patients with ALS met the criteria for defi-
nite, probable, or possible ALS as per the revised El
Escorial criteria. All patients with SBMA harbored a path-
ogenic expansion of the CAG trinucleotide repeat (>38
repeats) in the AR gene. Additionally, data on 55 male
controls were collected from the neuromuscular clinic of
the Department of Neurology or the outpatient clinic of

W. Ju et al.

the Department of Family Medicine in chronological
order.

Standard protocol approvals, registration,
and patient consents

This study was conducted in accordance with the princi-
ples of the Declaration of Helsinki and was approved by
the Institutional Review Board (IRB) of Seoul National
University Hospital (IRB No. 2110-078-1262). Due to the
retrospective nature of the study, the requirement for
informed consent was waived by the IRB.

Clinical data and laboratory findings

Clinical characteristics, such as sex, age of onset (defined
as the first patient-reported symptom), age at diagnosis,
onset region, ALS Functional Rating Scale-Revised
(ALSFRS-R) score, height, weight, and comorbidities were
examined. The progression rate was determined by sub-
tracting the ALSFRS-R score at the time of assessment
from 48 and then dividing the result by the disease dura-
tion in months. The date of death was obtained from a
database of the Ministry of the Interior and Safety, with
the reference date of December 15, 2023. The upper and
lower motor neuron signs in each anatomical segment
were assessed by a board-certified neurologist using a
combination of neurological examination and electromy-
ography findings. The results of the following blood tests
were recorded: white blood cell (WBC) count (neutrophil
and lymphocyte count in 10°/uL), creatine kinase (CK,
U/L), creatinine (mg/dL), erythrocyte sedimentation rate
(ESR, mm/h), and C-reactive protein (CRP, mg/dL). The
neutrophil-to-lymphocyte ratio (NLR) was calculated by
dividing the absolute number of neutrophils by the abso-
lute number of lymphocytes. In ALS patients, the results
of pulmonary function tests, including forced vital capac-
ity (FVC, %), forced expiratory volume in 1 second
(FEV1, %), sniff nasal inspiratory pressure (SNIP,
c¢mH,0), maximum inspiratory pressure (MIP, cmH,0),
maximum expiratory pressure (MEP, cmH,O), and peak
expiratory flow (PEF, cmH,0), were collected.

Serum osteopontin (Spp1) and cytokines

In each group, we utilized available samples from patients
with ALS (n = 88) and SBMA (n = 28), as well as healthy
controls (n = 31), whose samples were stored in serum
separator tubes. The blood was allowed to clot for at least
30 min, and then it was centrifuged at 1500 rpm for
10 min at 4°C. The supernatant was frozen in aliquots at
—80°C until use. If available, follow-up samples were
taken at least 6 months apart (23 samples from 11 ALS
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patients). The serum Sppl concentration was measured
using the commercially available ELISA kit (Abcam,
ab269374) according to the manufacturer’s instructions.
Briefly, serum was diluted at 1:30 with diluent buffer and
loaded onto the plate. The antibody cocktail was added
to each well and incubated at room temperature for 1 h.
After washing three times with wash buffer, the TMB
solution was reacted for 10 min, and stop solution was
added. Absorbance at 450 nm was measured using a
microplate reader (Molecular Devices). Serum cytokine
levels in 14 patients with ALS, 15 with SBMA, and 10
healthy controls selected by age group were measured
using the Meso Scale Discovery V-PLEX multiplex assay
kit, which included interferon (IFN)-v, interleukin (IL)-
1B, IL-6, IL-8, IL-10, tumor necrosis factor (TNF)-a, and
IL-17A. All samples were analyzed in duplicate by labora-
tory technicians who were blinded to the clinical data.

Statistical analysis

The normality of the distribution was assessed using the
Shapiro—Wilk test. Normally distributed variables were
expressed as  mean =+ standard  deviation, and
non-normally distributed variables were expressed as
median (interquartile range [IQR]). Categorical variables
were expressed as number (percentage). Differences
between two groups were analyzed using the Welch’s
t-test or Wilcoxon rank-sum test for continuous variables,
and the chi-squared test for categorical variables. To com-
pare among three groups while adjusting for covariates,
analysis of covariance (ANCOVA) and multivariable lin-
ear regression analysis were conducted. The correlations
between variables were assessed using the Spearman cor-
relation test. All biomarkers were transformed using the
logarithmic method for analysis. Age was adjusted in all
comparative analyses.

In ALS group, the functional endpoint was defined as
either death from any cause or the introduction of
tracheostomy-invasive ventilation. Kaplan-Meier curves
based on serum Spp1 levels were generated and compared
using the log-rank test. The appropriate cutoff point for
Sppl was determined based on the value with the largest
standardized log-rank statistic and was calculated using
the “maxstat” package in R program. Univariable and
multivariable Cox proportional-hazard regression analyses
were performed to assess the prognostic value of serum
Sppl concentrations. Based on previous research,'®!”
demographic and clinical characteristics such as age, sex,
and disease onset, BMI, diagnostic delay, disease progres-
sion rate, ALSFRS-R, and FVC were included as covari-
ates. A two-tailed p-value of less than 0.05 was considered
statistically significant. All statistical analyses were con-
ducted using R version 4.3.2.

Spp1 and Inflammation in ALS and SBMA

Results

Clinical characteristics

In total, 237 participants were included in the study,
comprising 105 patients with ALS, 77 with SBMA, and 55
healthy controls (Table 1). The sex ratio differed signifi-
cantly, with female patients only included in the ALS
group (n = 35). The mean age of onset was significantly
older in patients with ALS than in those with SBMA
(57.5 £ 10.4 vs. 48.8 £ 9.8 years, p <0.001). The
median ALSFRS-R score at diagnosis was significantly
lower in ALS patients than in SBMA patients (40 [36—43]
vs. 42 [39-45], p < 0.05). Additionally, the median dis-
ease progression rate (DPR) was significantly faster in
ALS patients than in SBMA patients (0.73 [0.35-1.15] vs.
0.14 [0.08-0.20], p < 0.001). In SBMA patients, the
median CAG repeat number was 48 [46-50]. In ALS
patients, the median FVC (% predicted) was 74 [61-89].

Laboratory findings and serum Spp1
concentrations

Biochemical profiles were compared among 105 patients
with ALS, 77 with SBMA, and 34 healthy controls
(Table 2). The age at sampling of ALS patients was signifi-
cantly older than that of SBMA patients. Controlling for
age at sampling as a confounding variable, inflammatory
markers such as the WBC count and ESR were significantly
higher in ALS than in healthy controls. Furthermore, NLR
and CRP were also significantly elevated in ALS patients
compared to those with SBMA. However, in patients with
SBMA, the slightly elevated WBC count was the only
parameter with a statistically significant difference com-
pared to healthy controls. In the multivariable linear
regression analysis, CRP and ESR remained significantly
high compared to controls (Table S1). The CK levels were
significantly elevated in both ALS and SBMA patients, with
a more pronounced increment observed in SBMA. On the
contrary, creatinine levels were significantly reduced in
both ALS and SBMA patients, with a more pronounced
decrement observed in the SBMA group.

Serum Sppl levels were measured in 88 patients with
ALS, 28 with SBMA, and 31 controls. Patients’ age did
not significantly differ across these groups (Table 2,
p =0.23). While Sppl concentrations seemed to be
slightly higher in patients with ALS (23.08 [15.85-30.65]
ng/mL) than in SBMA patients (20.90 [16.18-29.53] ng/
mL) and healthy controls (20.46 [13.80-25.90] ng/mL),
the differences were not significant (p = 0.22; Table 2).
However, in a sensitivity analysis of male patients, Sppl
was significantly higher in patients with ALS than in
healthy controls, even after adjusting for age at sampling
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Table 1. Clinical characteristics of the study participants.
p-Value
Control ALS vs. SBMA vs. ALS vs.
ALS (n = 105) SBMA (n = 77) (n = 55) Overall control control SBMA
Sex (M/F)? 70/35 77/0 55/0 HoHE HoEE 1.00 Hokk
Age of onset (years)° 57.5 + 10.4 48.8 + 9.8 NA ook
Age at diagnosis (years)®  58.9 + 10.3 53.5 + 10.1 NA ok
Age at sampling (years)®  59.1 + 10.7 54.1 £ 9.9 57.9 + 10.6 ok 0.78 0.09 o
BMI (kg/mz) 22.4 (20.8-24.5) 23.2 (21.5- 23.9 (22.7- 0.26
24.9) 26.0)

Onset region®

Bulbar (%) 25 (23.8) NA NA

Cervical (%) 48 (45.7) NA NA

Lumbosacral (%) 32 (30.5) NA NA
Disease duration 12 (8-18) 47 (17-72) NA Hodk

(months)©
ALSFRS-R at diagnosisc'd 40 (36-43) 42 (39-45) NA *
DPR 0.73 (0.35-1.15) 0.14 (0.08- NA R
0.20)

CAG repeat number© NA 48 (46-50) NA
Pulmonary function test

FVC (%) 74 (61-89) NA NA

FEV; (%) 80 (63-90) NA NA

PEF (cmH,0) 230.0 (193.3— NA NA

423.3)

MIP (cmH,0) 41.8 (23.3-62.9) NA NA

MEP (cmH,0) 47.5 (28.3-66.4) NA NA

SNIP (cmH,0) 38.0 (23.5-55.5) NA NA

Statistical analysis methods: Fisher’s exact test, ANOVA, Welch's t-test, or Wilcoxon rank-sum test.

ALS, amyotrophic lateral sclerosis; ALSFRS-R, ALS Functional Rating Scale-Revised; BMI, body mass index; DPR, disease progression rate; F, female;
FEV, forced expiratory volume; FVC, forced vital capacity; M, male; MEP, maximal expiratory pressure; MIP, maximal inspiratory pressure; NA, not
applicable; PEF, peak expiratory flow; SBMA, spinobulbar muscular atrophy, SNIP, sniff nasal inspiratory pressure.

“Data are expressed as the number of patients.
bData are expressed as mean + SD.
“Data are expressed as median (interquartile range).

dData were not recorded for 2 ALS and 39 SBMA patients. DPR = (48 — ALSFRS-R at diagnosis)/time from onset to diagnosis (month).

*p < 0.05;
**p < 0.01;
*kkp < 0.001.

(p = 0.04 and p = 0.01, respectively; Tables S2 and S3).
The serum levels of cytokines (pro-inflammatory: TNF-a,
IFN-v, IL-1B, IL-6, and IL-17A; anti-inflammatory: IL-10)
were comparable among the groups (Table S4). There
were no significant correlations observed between Sppl
concentrations and other inflammatory markers (WBC,
NLR, and CRP) or cytokine levels (data not shown).

Associations between serum Spp1 and
clinical features

Disease Severity

In patients with ALS, an inverse correlation was found
between Sppl concentrations and ALSFRS-R scores

(r=—0.25, p = 0.02; Fig. 1A); however, after adjusting
for age at sampling and sex as covariates, the significance
disappeared (r = —0.14, p = 0.21; Table S5). In patients
with SBMA, no significant correlation was observed
between Sppl concentrations and ALSFRS-R scores
(r=0.15, p = 0.51).

Disease Progression Rate

In patients with ALS, a positive correlation was found
between Sppl concentrations and the DPR (r = 0.37,
p < 0.001; Fig. 1B). After adjusting for age at sampling
and sex as a covariate, the partial correlation coefficient
remained significant (r = 0.31, p < 0.01; Table S5). A

1812 © 2024 The Authors. Annals of Clinical and Translational Neurology published by Wiley Periodicals LLC on behalf of American Neurological Association.
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Table 2. Comparisons of laboratory biomarkers among study groups.

Spp1 and Inflammation in ALS and SBMA

ALS SBMA

p-Value for ANCOVA

Post hoc analysis

ALS SBMA ALS

Age at sampling 59.1 4+ 10.7 (n = 105) 54.1 4+ 9.9 (n =77)

(years)?

WBC (103/uL)°
NLR®

CRP (mg/dL)®
ESR (mm/h)®
CK (U/L)P

6.86 (5.80-8.49)

2.13(1.61-2.90)

0.09 (0.04-0.20)
16 (8-24)

0.71 (0.60-0.80)

6.29 (5.52-8.00)

1.46 (1.18-1.98)

0.03 (0.01-0.11)
9 (4-14)

816 (488-1497)

0.60 (0.55-0.77)

0.90 (1.81-1.00)

sk

wokox

VS. VS. VS.
Control Overall control  control  SBMA
57.9 & 10.6 (n = 34) ok 0.78 0.09 ok
5.34 (4.87-6.37) HoAk Hokk * 0.23
1.69 (1.28-2.23) ¥k 0.09 0.49 *kk
0.06 (0.02-0.12) Hokk 0.06 0.64 HoAk
8 (5—16) kokk k% 0.99 *%
183 (104-207) Hokk 0.66 oAk oAk

Cr (mg/dL)®
Age at sampling
(years)®
Spp1 (ng/mL)°

(
200 (123-344)
(
58.9 + 10.3 (n = 88) 54.9 + 10.8 (n = 28)

23.08 (15.85-30.65)

20.90 (16.18-29.53)

583 £ 12.3 (n = 31) 0.23

20.46 (13.80-25.90) 0.22

Statistical analysis methods: ANOVA for age at sampling and ANCOVA for biomarkers (covariate: age at sampling) were used. Tukey method was
used for comparing a family of three estimates. All biomarkers have been transformed using the logarithmic method for analysis.

ALS, amyotrophic lateral sclerosis; CK, creatine kinase; Cr, creatinine; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; NLR,
neutrophil-to-lymphocyte ratio; SBMA, spinobulbar muscular atrophy; Spp1, secreted phosphoprotein 1; WBC, white blood cell.

?Data are expressed as mean =+ SD.

PData are expressed as median (interquartile range).
*p < 0.05;

#xp < 0.01;

#kxp < 0.001.

weak negative correlation was observed between Sppl
concentrations and disease duration (r= —0.27,
p <0.05). In contrast, no significant correlations were
found between Sppl concentrations and either DPR
(r=0.11, p=0.61) or disease duration (r= —0.03,
p = 0.89) in patients with SBMA.

Longitudinal changes in serum Spp1 levels

The concentrations of serum Sppl were measured in 23
longitudinal samples from 11 patients with ALS (Table S6
and Fig. S2). The sampling times included the time of
diagnosis (baseline, n = 11), >6 and <12 months after
diagnosis (n = 6), and >12 months after diagnosis
(n=6). We tracked the Sppl concentrations alongside
disease progression, as indicated by the declines in
ALSFRS-R scores. Eight patients showed an increasing
trend over time, particularly at 12 months or more fol-
lowing diagnosis, while three other patients exhibited a
slight decrease or stable course of Sppl levels.

Serum Spp1 as a prognostic biomarker

Kaplan—Meier curves showed a significant difference in
overall survival rates according to the Sppl level
(p <0.001) (Fig. 2). In univariable Cox regression

analysis, the hazard ratio (HR) of log(Sppl) was 27.2
(95% confidence interval [CI], 6.74-109.8, p < 0.001)
(Table 3). After adjusting for age at onset, sex, BMI, diag-
nostic delay, ALSFRS-R, DPR, and onset region,
log(Sppl) was found to be an independent prognostic
factor for survival (HR, 13.65; 95% CI, 2.57-72.53;
p < 0.01) (multivariable model 1 in Table 3). Considering
FVC as an additional covariate in multivariable model 2,
log(Sppl) remained an independent prognostic factor
(HR, 16.33; 95% CI, 2.89-92.53; p < 0.01).

Discussion

In this study, we investigated systemic inflammatory pro-
files, including serum Sppl, in patients with two distinct
motor neuron diseases, ALS and SBMA. Patients with
ALS exhibited low-grade systemic inflammation, whereas
those with SBMA showed no clear signs of inflammation.
Additionally, we observed that elevated Sppl levels were
significantly correlated with a rapid progression of ALS;
however, this trend was not observed in patients with
SBMA. Lastly, high Spp1 levels were identified as an inde-
pendent prognostic factor associated with reduced sur-
vival. These findings imply that serum Sppl could serve
as a reliable prognostic biomarker reflecting the extent of
neuroinflammation in ALS patients.
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(A)
5.00

4.75

4.50

4.25

log(Spp1(pg/mL))

R=-0.25, p=0.02
4.00

20 30 40
ALSFRS-R at sampling
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(B)
5.00

4.75

4.50

4.25

log(Spp1(pg/mL))

R=0.37, p < 0.001
4.00

0 2 4 6
Disease progression rate

Figure 1. Correlations between serum Spp1 concentrations and clinical parameters of ALS. (A) Correlation between serum Spp1 and ALSFRS-R
score at sampling (r = —0.25, p = 0.02). (B) Between serum Spp1 and disease progression rate (r = 0.37, p < 0.001). ALS, amyotrophic lateral
sclerosis; ALSFRS-R, ALS Function Rating Scale-Revised; Spp1, secreted phosphoprotein 1.

Sppl is a matrix phosphoprotein expressed in various
human tissues and cells, including the nervous and
immune systems.'® It is known to play crucial roles in
cell-mediated immune responses, such as T-cell differenti-
ation toward T helper 1 (Thl) and Th17 cells, while sup-
pressing Th2 cell development.'”?® In addition to its
cytokine function,”’ Sppl is also involved in inflamma-
tory cell migration and adhesion by interacting with
integrin avP2 and/or CD44 in most astrocytes and some
microglia.”>** In the context of ALS, Sppl expression has
been found to be significantly elevated in microglia in the
spinal cord. Interestingly, this upregulation has been
observed not only in early-to-late stages of ALS rat** and
mice’*® models but also during the presymptomatic
stage of ALS mice.'* A recent study suggested that
Sppl-associated vascular remodeling by perivascular
fibroblasts may precede microglial responses and predict
the survival of ALS patients.'* These findings suggest that
Sppl may contribute to the acceleration of neuronal
death through T-cell- and glial cell-mediated neuroin-
flammation from the early stages of ALS.

Previous studies have consistently reported elevated
Sppl levels in patients with ALS, compared to healthy

controls, both in blood'*" and CSF.?”*® In our study, we
observed higher levels of serum Sppl in ALS patients
compared to those in the SBMA or the control group,
and this difference was only significant in male patients.
It is noteworthy that serum and CSF Sppl levels were
shown to be elevated in other neurodegenerative disor-
ders, such as Alzheimer disease'™” and Parkinson
disease,”” suggesting that Sppl may not function as a
disease-specific diagnostic biomarker for ALS. Nonethe-
less, within our ALS cohort, serum Sppl levels were sig-
nificantly associated with rapid progression of ALS.
Furthermore, Sppl levels tended to increase as the disease
progressed in a subset of patients. This finding may
reflect the disease burden of ALS, although the results are
limited by the small sample size and thus should thus be
interpreted with caution. Finally, elevated Sppl levels
were identified as an independent poor prognostic bio-
marker for survival. Therefore, Sppl may serve as a reli-
able serum prognostic biomarker for disease progression
and survival, although its utility as a diagnostic biomarker
is limited.

In line with a previous study,”® patients with ALS
exhibited higher ESR, NLR, and CRP levels than those

1814 © 2024 The Authors. Annals of Clinical and Translational Neurology published by Wiley Periodicals LLC on behalf of American Neurological Association.

85U80|7 SUOWLLIOD 3AIes.D 8|qedl|dde aup Aq pausenob ae sejonie O sn Jo Sa|n. 10} Ariq1T8ulUO A3]IA UO (SUOTPUCD-pUR-SWBH W00 A 1M AReiq 1l |uo//:Sdny) SuoRIpUOD pue swie | aul 8ss *[920z/90/y2] uo Ariqiauliuo A(1m ‘Aseaiun buy-Bunyo Aq 28025 €Ude/z00T 0T/10p/w00 A8 iM Areiq 1 euljuo//Sdny Wo.j pepeojumod ‘L ‘vZ0Z ‘€0S682€2



W. Ju et al.

Spp1 and Inflammation in ALS and SBMA

1.00+

=
N
o

Survival probability
o o
N (€]
T <

0.00+

log(Spp1)
—+ High
Low

p < 0.0001

0 50

100 150

Time (Month)

Number at risk

High 40 10
49 13

0 0
1 0

Figure 2. Kaplan-Meier curves for survival in ALS patients. The survival rate was significantly lower in patients with high Spp1 concentrations
than in those with low Spp1 concentrations (p < 0.001), with a cutoff value for Spp1 set at 24.03 ng/mL. The functional endpoint was defined as
death or tracheostomy with invasive ventilation. ALS, amyotrophic lateral sclerosis; Spp1, secreted phosphoprotein 1.

observed in healthy controls. However, contrary to our
expectations, we did not observe a significant correlation
between serum Sppl and these systemic inflammatory
markers. This lack of relationship may possibly be attrib-
uted to the multifunctional biological nature of Sppl.
Typically, blood Sppl expression is upregulated in rela-
tively common chronic inflammatory conditions, includ-
ing cardiovascular diseases such as stroke’' and peripheral
artery disease,”” diabetes mellitus,”> and hypertension.”*
While we excluded patients under conditions that could
influence Sppl levels, such as those undergoing immuno-
therapy or experiencing infection, the complex comorbid-
ities of our patients might have introduced confounding
variables into the results. Additionally, there were no sig-
nificant associations between serum Sppl and pro- or
anti-inflammatory cytokine levels. This preliminary find-
ing may be attributed to the small sample size, underscor-
ing the need for further investigation.

Unlike ALS, no significant changes in systemic inflam-
matory markers, including serum Sppl, were observed in
patients with SBMA, except for the WBC count. The
WBC count, NLR, ESR, and CRP level are nonspecific
biomarkers of systemic inflammation that can be elevated
in infectious, autoimmune, or neurodegenerative diseases
where the innate or adaptive immune systems are dysre-
gulated. The modest alteration of systemic inflammatory
markers in SBMA compared to ALS suggests a lesser role
for inflammation in disease progression than in ALS.
Moreover, interestingly, recent studies have shown that
axonal damage markers such as neurofilament light®> and
heavy chains®® in the CSF were not elevated in patients
with SBMA. These findings may be attributed to the slow
progression of motor neuronal death or a lesser contribu-
tion of neuroinflammatory response in disease pathogene-
sis than in typical ALS. Given our results and the
consistent finding of prominent CK elevation and reduced

© 2024 The Authors. Annals of Clinical and Translational Neurology published by Wiley Periodicals LLC on behalf of American Neurological Association. 1815

85U80|7 SUOWLLIOD 3AIes.D 8|qedl|dde aup Aq pausenob ae sejonie O sn Jo Sa|n. 10} Ariq1T8ulUO A3]IA UO (SUOTPUCD-pUR-SWBH W00 A 1M AReiq 1l |uo//:Sdny) SuoRIpUOD pue swie | aul 8ss *[920z/90/y2] uo Ariqiauliuo A(1m ‘Aseaiun buy-Bunyo Aq 28025 €Ude/z00T 0T/10p/w00 A8 iM Areiq 1 euljuo//Sdny Wo.j pepeojumod ‘L ‘vZ0Z ‘€0S682€2



Spp1 and Inflammation in ALS and SBMA

Table 3. Prognostic factors for survival in ALS patients.

W. Ju et al.

Univariable

Multivariable model 1

Multivariable model 2

HR (95% Cl) p-Value HR (95% Cl) p-Value HR (95% Cl) p-Value

Sex (female) 0.56 (0.33-0.96) * 0.62 (0.33-1.18) 0.14 1.65 (0.33-1.29) 0.21
Age at onset 1.04 (0.95-1.01) ok 1.00 (0.96-1.04) 0.92 1.01 (0.97-1.06) 0.52
Age at diagnosis 1.03 (0.97-1.06) 0.67

BMI (kg/mz) 0.92 (0.84-1.01) 0.10 1.08 (0.81-1.03) 0.15 0.93 (0.82-1.04) 0.20
Diagnostic delay 0.94 (0.91-0.97) Hokk 0.97 (0.94-1.01) 0.12 0.98 (0.94-1.01) 0.16
ALSFRS at diagnosis 0.97 (0.92-1.02) 0.27 1.05 (0.97-1.15) 0.20 1.08 (0.99-1.18) 0.10
DPR 1.80 (1.45-2.34) ok 1.38 (0.84-2.25) 0.20 1.34 (0.81-2.20) 0.24
Onset region (bulbar) 1.45 (0.80-2.61) 0.22 1.46 (0.65-3.28) 0.36 1.45 (0.59-3.55) 0.41
log(Spp1) 27.2 (6.74-109.8) HkK 13.65 (2.57-72.53) ok 16.33 (2.89-92.28) Hk
FVC (%) 0.99 (0.98-1.01) 0.25

The functional endpoint was defined as death or tracheostomy with invasive ventilation. Statistical analysis methods: Cox proportional-hazards

regression.

ALS, amyotrophic lateral sclerosis; ALSFRS-R, ALS Functional Rating Scale-Revised; BMI, body mass index; Cl, confidence interval; DPR, disease pro-

gression rate; FVC, forced vital capacity; HR, hazard ratio; Spp1, secreted phosphoprotein 1.

*p < 0.05;
**p < 0.01;
***p < 0.001.

creatinine levels in patients with SBMA, primary degener-
ative changes in skeletal muscles may play a crucial role
in the pathogenesis of SBMA, but it seems that released
myokines do not have a significant impact on peripheral
neuroinflammation.

This study has several limitations. First, the age at
blood sampling differed significantly between the SBMA
and ALS groups. Based on a nationwide cohort study, the
mean age at diagnosis of SBMA was approximately
10 years younger’’ than that of typical ALS patients’®;
thus, the age difference between the groups was unavoid-
able. Furthermore, serum Sppl levels tend to increase
with age.” To address this issue, we applied age adjust-
ment in all statistical analyses, including ANCOVA and
multivariable linear regression. Second, female controls
were not included in the study participants. To ensure
reliability, we conducted a sensitivity analysis for male
subjects only, resulting in consistent data (see Tables S2
and S3). Third, to assess the clinical severity of SBMA, we
utilized the ALSFRS-R instead of the SBMA Functional
Rating Scale because our center has just started using this
scale and could not collect retrospective data. Fourth, we
did not measure Sppl in the CSF, which may better
reflect intrathecal neuroinflammatory responses.

In conclusion, there is no clear evidence of systemic
inflammation in patients with SBMA, suggesting a lesser
contribution of neuroinflammation to the pathogenesis of
SBMA compared to ALS. Serum Sppl levels are positively
associated with disease progression rate and could be a
reliable prognostic biomarker for ALS survival. These
findings expand our understanding of these two distinct

motor neuron disorders and offer a useful biomarker of
neuroinflammation, warranting further investigation.
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