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Elevated peripheral inflammation is
associated with choroid plexus enlargement
in independent sporadic amyotrophic lateral
sclerosis cohorts
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Abstract

Background Using neuroimaging techniques, growing evidence has suggested that the choroid plexus (CP) volume
is enlarged in multiple neurodegenerative diseases, including amyotrophic lateral sclerosis (ALS). Notably, the CP has
been suggested to play an important role in inflammation-induced CNS damage under disease conditions. However,
to our knowledge, no study has investigated the relationships between peripheral inflammation and CP volume

in sporadic ALS patients. Thus, in this study, we aimed to verify CP enlargement and explore its association with
peripheral inflammation in vivo in independent ALS cohorts.

Methods Based on structural MRI data, CP volume was measured using Gaussian mixture models and further
manually corrected in two independent cohorts of sporadic ALS patients and healthy controls (HCs). Serum
inflammatory protein levels were measured using a novel high-sensitivity Olink proximity extension assay (PEA)
technique. Xtreme gradient boosting (XGBoost) was used to explore the contribution of peripheral inflammatory
factors to CP enlargement. Then, partial correlation analyses were performed.

Results CP volumes were significantly higher in ALS patients than in HCs in the independent cohorts. Compared
with HCs, serum levels of CRP, IL-6, CXCL10, and 35 other inflammatory factors were significantly increased in ALS
patients. Using the XGBoost approach, we established a model-based importance of features, and the top three
predictors of CP volume in ALS patients were CRP, IL-6, and CXCL10 (with gains of 0.24,0.18, and 0.15, respectively).
Correlation analyses revealed that CRP, IL-6, and CXCL10 were significantly associated with CP volume in ALS patients
(r=0462~0.636, p<0.001).
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Conclusion Our study is the first to reveal a consistent and replicable contribution of peripheral inflammation to
CP enlargement in vivo in sporadic ALS patients. Given that CP enlargement has been recently detected in other
brain diseases, these findings should consider extending to other disease conditions with a peripheral inflammatory

component.
Keywords ALS, Choroid plexus, MRI, Inflammation

Background

To date, the aetiology of amyotrophic lateral sclerosis
(ALS) remains unclear; however, interactions between
genetic and environmental factors have been suggested
to underpin disease susceptibility [1-5]. In most sporadic
ALS patients, the main protein found in cytoplasmic
inclusions is phosphorylated 43 kDa transactive response
DNA-binding protein (TDP-43) [4]. In addition to TDP-
43 pathology, other biological pathways, such as non-cell-
autonomous mechanisms, blood-CSF barrier (BCSFB)
damage and inflammation, are also likely involved in ALS
pathology [6—13].

Recently, growing evidence has suggested that the cho-
roid plexus (CP) may play a crucial role in the pathophys-
iology of multiple neurodegenerative conditions, such as
Alzheimer’s disease (AD), Parkinson’s disease (PD), and
frontotemporal dementia (FTD) [14—17]. It is well known
that the CP is an epithelial-endothelial vascular structure
responsible for the production of CSF and the establish-
ment of the BCSFB, which prevents peripheral toxins,
such as inflammatory proteins, from entering the central
nervous system (CNS) [18-20]. Furthermore, the CP is
thought to be an important part of the glymphatic system
and is crucial for the clearance of waste from the CNS
[18-20]. Thus, the CP may exert an important immuno-
surveillance function and is a key structure for peripheral
inflammation and neuroinflammation crosstalk [18-20].

Specifically, some studies have demonstrated that
peripheral inflammation can affect the CNS through the
modulation of the CP barrier in mice and humans [21—
23]. Moreover, based on structural MRI technique, the
existence of CP dysfunction during peripheral inflam-
mation has been detected in several brain diseases [21—
23]. For example, Fleischer et al. recently suggested that
peripheral inflammation might lead to an enlarged vol-
ume of the CP, and MRI-derived CP volume assessment
is likely a promising biomarker of inflammatory activ-
ity in independent MS cohorts and in two experimental
mouse models [21]. Moreover, Lizano et al. demonstrated
that enlarged CP volumes can be detected across the
psychosis spectrum and that CP enlargement is signifi-
cantly correlated with worse cognition and higher lev-
els of IL-6 [22]. In that study, they further suggested the
involvement of the CP across the psychosis spectrum
with a potential pathophysiological mechanism involv-
ing the neuroimmune axis [22]. Thus, these convergent
evidence suggest that the CP may play an important role

in inflammation-induced CNS damage in brain diseases
[21-23].

In a large newly diagnosed cohort, using structural
magnetic resonance imaging (MRI) techniques, we
recently found that, similar to other neurodegenerative
diseases, there is an observably enlargement of the CP
volume in ALS patients than in healthy subjects [16]. We
also found that CP enlargement is significantly related to
motor disability and BCSFB damage in ALS patients [16].
However, as mentioned in our previous study, at present,
very few studies have focused on CP alterations in ALS.
Particularly, to our knowledge, no study has investigated
the relationships between peripheral inflammation and
CP volume in vivo in patients with ALS [24—26]. Notably,
early peripheral inflammation and CP abnormalities can
be detected in animal models of ALS, and one previous
postmortem study demonstrated that the CP is inflamed
in ALS patients [24-26]. Moreover, to date, replication
neuroimaging findings regarding in vivo CP enlargement
are still lacking in independent ALS cohorts, which may
pose a significant barrier to preventing these previous
findings from being applied and making truly meaningful
advances [14—18].

Against this background, in the present study, we aimed
to verify CP volume abnormalities and identify their
associations with peripheral inflammation in indepen-
dent ALS cohorts. Importantly, a novel high-throughput
and high-sensitivity multiplex proteomic immunoassay
technique, the proximity extension assay (PEA), was used
to systematically assess serum inflammatory proteins
in ALS patients and healthy controls (HCs)[27, 28, 29].
Moreover, Xtreme Gradient Boosting (XGBoost), has
proven to be a powerful machine learning algorithm for
classifications and predictions, which have been widely
utilized in multiple disease conditions. XGBoost is an
integrated method using gradient enhanced trees that
can handle both high and sparse data, and the algorithm
can generate accurate classifications and predictions even
with small sample sizes [31]. Thus, XGBoost was used to
assess the contribution of peripheral inflammatory fac-
tors to CP enlargement in sporadic ALS patients in this
study. Finally, partial correlation analyses were used to
further assess the relationships between CP volume and
the serum inflammatory proteins selected by the machine
learning algorithm in ALS patients.
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Methods

Participants

In the present study, the criteria for including ALS
patients were defined as follows: (1) patients who satis-
fied the Awaji criteria for probable or definite ALS; [33]
and (2) patients who underwent clinical assessment,
serum biomarker measurement, genetic testing and
structural MRI scanning [35].

The criteria for excluding ALS patients were as fol-
lows: (1) patients who declined to participate; (2) patients
unable to complete an MRI scan; and (3) patients with a
diagnosis of FTD, which we opted to exclude since the
occurrence rate of FID is low (4.7%) among Chinese
patients with sporadic ALS [34]. The diagnosis of FTD
was based on the Rascovsky criteria; [34] (4) patients with
other neuropsychiatric disorders; and (5) patients simi-
lar to those in previous studies, for whom we excluded
patients with ALS presenting with any clinical evidence
of acute infection or chronic inflammatory disorders [36].
Moreover, patients who needed nutritional or respiratory
support were also excluded; [35] and (6) had a family his-
tory or carried a known mutation of ALS [35].

Finally, 82 ALS patients were included from April 2023
to April 2024 at Qilu Hospital, Cheeloo College of Medi-
cine, Shandong University (Jinan, China). In addition, 53
age- and sex-matched HCs were recruited from the com-
munity and subjected to the same exclusion criteria as
the ALS patients. The flow diagram of the inclusion pro-
cess is shown in Fig. 1.

Clinical assessments

The demographic and clinical information of the ALS
patients, including age, sex, education level, family

A.

ALS patients
(n=102)

Excluded (n = 8)
did not meet inclusion
criteria

—_—

-

Included patients
(n=94)

Excluded (n=12)
ALS-FTD (n=3)
genetic ALS (n=3)

neuropsychiatric
diseases (n = 6)

JLr

Analyzed
(n=282)

Page 3 of 10

history, comorbid conditions, site of symptom onset, and
duration of the disease (time from disease onset to diag-
nosis), was recorded [35]. The severity of the disease was
measured using the Amyotrophic Lateral Sclerosis Func-
tional Rating Scale-Revised (ALSFRS-R) [35]. Clinical
staging was evaluated according to King’s clinical stag-
ing system. Additionally, levels of depression and anxiety
were assessed via the Hamilton Depression Rating Scale
(HDRS) and the Hamilton Anxiety Rating Scale (HARS),
respectively [35].

Genetic testing

In the present study, similar to our previous study, we
screened 32 ALS-related genes in ALS patients using
whole exome sequencing (WES) [16]. The genetic test-
ing revealed a total of 3 mutation carriers, and these 3
patients with ALS were excluded from further analysis.

MRI acquisition and CP volume calculation

All MRI scans were performed on a 3.0 T magnetic res-
onance system (Prisma scanner, Siemens Medical Sys-
tems) with a 64 head coil, and similar to our previous
study, the CP volume of the ALS patients and HCs was
subsequently calculated in this study (see Supplemental
material) [16]. A visual diagram of the choroid plexus is
shown in Fig. 2A, and the specific segmentation process
is described in detail in our previous study [16]. Then,
we repeated analysis the ventricles volumes to exclude
the possibility of CP-volumes measures interference with
ventricles size.

ALS patients
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did not meet inclusion
criteria

—_—

.

Included patients
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Fig. 1 Flow diagram of the inclusion process. A. Original cohort. B. Replication cohort. Abbreviations: ALS =amyotrophic lateral sclerosis
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Fig. 2 The CP volume in ALS patients and HCs. A. Visualization of choroid plexus: The red is choroid plexus; B. Compared with HCs, a significantly higher
CP volume was found in ALS patients in the original cohort. C. Compared with HCs, the CP volume was significantly higher in sporadic ALS patients in the
replication cohort. Abbreviations: ALS =amyotrophic lateral sclerosis; CP = choroid plexus; HC=healthy control; CPV=choroid plexus volume

Serum inflammatory biomarker measurements

In this study, similar to previous studies, 92 serum
inflammatory factor levels were assessed using Olink
inflammatory panels based on proximity extension tech-
nology, and the serum protein levels were reported in
NPX values (normalized protein expression levels) which
are on a log2 scale [30].

Moreover, three promising inflammatory biomark-
ers involved in ALS, C-reactive protein (CRP), chitin-
ase 1 (CHIT1), and chitinase-3-like protein 1 (CHI3L1,
also known as YKL-40), were not included in the Olink
inflammatory panel [13, 32]. Thus, similar to previous
studies, serum CRP (Abcam, UK), CHIT1 (Abcam, UK),
and YKL40 (R&D Systems, USA) levels were measured
based on ELISA approach in this study [13, 32].

To ensure the rigor of data collection, all clinical mea-
surements, neuropsychological assessments, and MRI
scans were conducted within 2 days of serum sample col-
lection by venipuncture.

Replication cohorts

In the present study, the relationships between peripheral
inflammation and CP volume were verified in a spatially
independent ALS cohort. The participants of the replica-
tion cohorts were included from April 2023 to April 2024
at Qilu Hospital (Qingdao), Cheeloo College of Medicine,
Shandong University (Qingdao, China).

Subjected to the same inclusion and exclusion criteria
with the cohort 1 (Jinan cohort), 45 sporadic patients
with ALS and 60 HCs, that is, cohort 2 (Qingdao cohort),
also underwent clinical assessment, serum biomarker
measurement, genetic testing and structural MRI scan-
ning (see Supplemental material) at Qilu Hospital
(Qingdao).

Specifically, the serum inflammatory factors of par-
ticipants in cohort 2 (Qingdao cohort) were measured

using the PEA and ELISA techniques in the same batch,
together with those in cohort 1 (Jinan cohort). The serum
samples were collected following the same procedure in
cohort 1 and cohort 2 [13, 32]. Then, the relationships
between the serum inflammatory factors and CP vol-
ume were further verified in the sporadic ALS patients in
cohort 2.

Importantly, the ID numbers of all participants were
recorded to avoid duplication in the two cohorts. More-
over, all participants included in this study were not
duplicated with the participants in our previous study.

Ethics approval

This study was approved by the Research Ethics Com-
mittee of Qilu Hospital, Shandong University. Participant
information was collected only after all patients and HCs
were made aware of the purpose of the study and pro-
vided written informed consent.

Statistical analysis

For the analysis of clinical data, continuous variables are
reported as the means and standard deviations, and cat-
egorical variables are reported as frequencies and pro-
portions. To compare continuous variables, Student’s ¢
tests or analysis of variance (ANOVA) were utilized, with
Mann-Whitney U tests applied when appropriate. Cat-
egorical variables were compared using chi-squared tests.
Values of p<0.05 indicated significance. The statistical
analyses of the clinical data were conducted using SPSS
version 20.0 (IBM Corp., Armonk, NY).

For CP volume, general linear models were used, and
age, sex, and total intracranial volume (TIV) were used as
covariates. The threshold for statistical significance was
set at p<0.05. Moreover, the significance of the effects of
various inflammatory biomarkers on CP volume was pre-
dicted using XGBoost. Data processing was performed
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in R (version 4.4.0). The XGBoost package (version 0.90)
was used for prediction. The parameters used in our
analysis are as follows: nrounds=1000, max depth=5,
eta=0.2, gamma=0.05, colsample bytree=0.4, ver-
bose=1, subsample=0.7. The relationships between CP
volume and the top three serum inflammatory proteins
selected by the machine learning algorithm were subse-
quently assessed using partial correlation analyses in ALS
patients, and age, sex, and TIV were used as covariates.

Results

Demographic and clinical information

In this study, age or sex was not significantly different
between the ALS patients and HCs in the original cohort.
Compared with those in HCs, ECAS scores were signifi-
cantly lower in ALS patients (p<0.05). FBI scores were
significantly increased in the ALS patients than in the
HCs (p<0.05). Moreover, the HDRS and HARS scores
were significantly increased in the ALS patients than in
the HCs (p<0.05). The demographic and clinical data of
the ALS patients and HCs in the original cohort is shown
in Table 1.

Peripheral inflammatory factors in ALS patients

In the present study, in the original cohort, compared
with HCs, we found significantly higher serum CRP,
CHIT-1, interleukin 6 (IL-6), and other 35 inflammatory
factor levels (p<0.05) in ALS patients. The differences
of peripheral inflammatory factors between the ALS
patients and HCs in the original cohort are presented in
Fig. 3.

CP volume in ALS patients

In this study, in the original cohort, the CP volume was
significantly increased in the ALS patients than in the
HCs (p<0.001). The degree of CP enlargement in the ALS
patients in the original cohort is presented in Fig. 2B.

Table 1 Demographic and clinical information of the ALS
patients and HCs in the original cohort
ALS patients (1=82) HCs (n=53) Pvalue

Age (years) 52.6+105 521171 0.84
Men/Women (n) 53/29 33/20 0.46
Education 10.1+34 99+37 0.74
ALS duration (month)  20.5+15.2

ALSFRS-R score 36.8+7.6

Bulbar ALS onset n, (%) 21 (25.6)

King's stage (n, 1/2/3/4) 12/41/29/0

HARS score 11.5+£6.5 54+68 <0.01
HDRS score 76+69 26+39 <0.01

Abbreviations: ALS=amyotrophic lateral sclerosis; HC=healthy control;
ALFRS-R=ALS Functional Rating Scale-Revised; HARS=Hamilton Anxiety
Rating Scale; HDRS=Hamilton Depression Rating Scale
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The contribution of peripheral inflammatory factors to the
CP volume in ALS patients

Based on the XGBoost approach, we established a model-
based importance of features and sorted the importance
of the predictors, and the top three predictors in the orig-
inal cohort were CRP, IL-6, and C-X-C motif chemokine
10 (CXCL10) (with gains of 0.24, 0.18, and 0.15, respec-
tively). Partial correlation analyses (age, sex, and TIV
were used as covariates) revealed that CP volume was
significantly associated with CRP (r=0.636, p<0.001),
IL6 (r=0.472, p<0.001), and CXCL10 (r=0.534, p<0.001)
levels in ALS patients. The relationships between serum
inflammatory factors and CP volume in patients with
ALS are presented in Fig. 4.

Replication cohorts

In the replication cohort, no significant differences were
found in age or sex between the ALS patients and HCs.
The demographic and clinical data of the ALS patients
and HCs in the replication cohort is shown in Table 2.

In the present study, in the replication cohort, the CP
volume was significantly higher in sporadic ALS patients
than in HCs (p<0.001). The CP enlargement in the ALS
patients in the replication cohort is presented in Fig. 2C.

In the replication cohort, partial correlation analy-
ses (age, sex, and TIV were used as covariates) revealed
that CP volume was significantly associated with CRP
(r=0.462, p=0.006) and IL-6 (r=0.556, p<0.001) in ALS
patients (Fig. 5).

Discussion

To the best of our knowledge, this is the first study dem-
onstrating a consistent and replicable contribution of
peripheral inflammation to CP enlargement in vivo in
sporadic ALS patients. Given that CP enlargement has
recently been observed in other brain diseases, these
findings may not be specific to ALS and might extend
to other conditions with a peripheral inflammatory
component.

In the present study, the first finding was that the CP
volume is enlarged in independent ALS cohorts. This
result was in line with our previous findings and with
those of animal and neuropathological studies of ALS
[16, 24—-26]. Thus, these findings may provide firm evi-
dence and suggest that in vivo CP enlargement is likely a
consistent feature of sporadic patients with ALS [24-26].

Then, using the XGBoost approach, we found that
three peripheral inflammatory factors, namely, serum
CRP, IL-6, and CXCL10, may contribute to CP enlarge-
ment in sporadic ALS patients, which can account for
57% of the variance. Importantly, the CP volume was
significantly associated with the serum CRP, IL6, and
CXCL10 levels in sporadic ALS patients in the original
cohort, and the CP volume was significantly related to
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Fig. 3 The difference of peripheral inflammatory factors between ALS patients and HCs. Compared with HCs, serum CRP, CHIIT-1, IL-6, and other 35
inflammatory factor levels were significantly higher in ALS patients. Abbreviations: ALS =amyotrophic lateral sclerosis; CRP =C-reactive protein; IL-6=in-

terleukin 6; CHIT1 =chitinase 1; HC=healthy control

the serum CRP and IL-6 levels in the replication cohort.
Serum CRP and IL-6 are considered reliable markers of
peripheral low-grade systemic inflammatory processes
[36—38]. Recently, in a systematic review, Kharel et al.
included a total of 2785 patients with ALS and 3446 HCs
and confirmed that, compared with those in HCs, CRP
levels were significantly increased in ALS patients and
that serum CRP levels were clearly correlated with motor
disability and disease progression [37]. In a longitudinal
study, Lu et al. demonstrated that, compared with those
in HCs, blood IL-6 levels were significantly increased in a
large group of ALS patients [38]. Moreover, ALS patients
with high serum CRP levels seem to be more responsive
to anti-inflammatory drugs, such as NP001 and tocili-
zumab [13, 38]. Thus, these findings suggest that serum
CRP and IL-6 may play important roles in ALS [36-38].
However, the pathophysiological pathways by which
elevated CRP and IL-6 levels are involved in the neuro-
degenerative process in ALS patients are not fully under-
stood [36-38].

As mentioned above, the CP is an important part of
the glymphatic system and is crucial for CNS-periphery
inflammation crosstalk [14—20]. Importantly, using struc-
tural MRI approaches, some previous studies reported
that increased peripheral inflammatory factors, includ-
ing CRP and IL-6, may contribute to CP enlargement
in other brain diseases [21-23]. For example, Cao et al.
recently demonstrated that greater CP volume was signif-
icantly correlated with greater low-grade inflammation in
patients with bipolar II depression [39]. However, to our
knowledge, no previous study has systematically assessed
the relationships between peripheral inflammation and
CP enlargement in vivo in ALS patients [16].

In this study, we first found a replicable relationship
of serum CRP and IL-6 with CP volume in vivo in spo-
radic patients with ALS. Specifically, in a recent neuro-
pathological investigation utilizing transcriptomic and
ultrastructural analysis of BCSFB and CP changes in
postmortem human tissues from ALS patients and non-
neurologic disease controls, Saul et al. reported that
immune activation can be detected in ALS patients’
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tablished a model-based importance of features and sorted the importance of the predictors, and the top three predictors were CRP, IL-6, and CXCL10 in
ALS patients. B.The relationships between serum CRP levels and CP volume in ALS patients. C. The relationships between serum IL6 levels and CP volume
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Table 2 Demographic and clinical features of the ALS patients
and HCs in the replication cohort

ALS patients HCs Pvalue
(n=45) (n=60)
Age (years) 56.0+7.5 576+73 0.26
Men/Women (n) 23/22 29/31 0.46
Education 9.8+32 10.1+3.6 0.66
ALS duration (month) 120+74 - -
Bulbar ALS onset n, (%) 11(244) - -
ALSFRS-R scores 411434 - -
King's stage (n, 1/2/3/4) 16/21/8/0
HARS scores 77146 29+3.1 <0.01
HDRS scores 105+45 21127 <0.01

Abbreviations: ALS=amyotrophic lateral sclerosis; HC=healthy control;
ALFRS-R=ALS Functional Rating Scale-Revised; HARS=Hamilton Anxiety
Rating Scale; HDRS=Hamilton Depression Rating Scale

CP, and a subset of ALS patients’ CP samples showed
increased CRP levels compared with those of controls
[24]. Moreover, Garbuzova-Davis suggested that inflam-
mation mediated by systemic IL-6 might serve as an
early external factor leading to endothelial cell death,
which may also cause blood CNS barrier damage in ALS

patients [40]. Thus, these studies might provide comple-
mentary evidence indicating that the CP may play a cru-
cial role in the inflammatory process associated with
ALS and that systemic inflammation may be one of the
most potential contributors to CP abnormalities in ALS
patients [22, 24, 40]. In addition, Rau et al. showed that
subacute infection of coronavirus disease 2019 (COVID-
19) was closely related to the increase of CP volume, and
the increase of CP volume was closely related to inflam-
matory reactions such as IL-6 and peak counts of leu-
kocytes [41]. In our study, all ALS patients and HCs did
not have acute or subacute infection with COVID-19 to
exclude this potential confounding factor.

Importantly, given that CP enlargement has recently
been detected in other brain and inflammatory diseases,
these results may not be specific to ALS and might extend
to other conditions with a peripheral inflammatory com-
ponent [14-18]. For example, Bonifacio et al. recently
reported that serum levels of CRP were significantly cor-
related with CP volume and permeability in patients with
Crohn’s disease and suggested that intestinal inflamma-
tion could affect the brain through the modulation of the
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Fig. 5 The relationships between serum inflammatory factors and CP volume in ALS patients in the replication cohort. A. The relationships between
serum CRP levels and CP volume in ALS patients. B. The relationships between serum IL6 levels and CP volume in ALS patients. C. The relationships be-
tween serum CXCL10 levels and CP volume in ALS patients. Abbreviations: ALS =amyotrophic lateral sclerosis; CRP =C-reactive protein; IL-6 =interleukin
6; CXCL10=C-X-C motif chemokine 10; CPV=choroid plexus volume; NPX=normalized protein expression

CP vascular barrier [40]. Moreover, CXCL10 is a chemo-
kine that responds to proinflammatory conditions. In this
study, we found that the serum CXCL10 concentration
was significantly related to CP volume in sporadic ALS
patients in the original cohort. Unfortunately, this find-
ing was not observed in the replication cohort, which
may be partly due to the disease course of the patients in
the replication cohort was earlier than that in the original
cohort. However, to date, very few studies have explored
the pathophysiological mechanisms of CXCL10 in ALS
patients, and further studies should be conducted to con-
firm our viewpoints. Recently, growing evidence has sug-
gested that elevated levels of CXCL10 are likely involved
in the neurodegenerative process of other neurodegen-
erative diseases, including AD and MS [42]. Thus, fur-
ther studies should be conducted to identify the potential
relationships between CXCL10 and CP volume in these
conditions in the future.

To date, there has been few research exploring the
potential contributors to CP abnormalities in vivo in
ALS and other disease conditions [7, 14—20]. Recently,
Steinruecke et al. suggested that mitochondrial abnor-
malities, astrocyte damage and inflammation could play
a role in BCNSB alterations associated with ALS [7].
Therefore, we propose that, beside inflammation, addi-
tional elements, such as mitochondrial dysfunction and
astrocyte damage, might also contribute to CP abnor-
malities in ALS and other brain diseases [7]. However,
as we mentioned above, it is essential to recognize that
our understanding of the causal relationships between
CP abnormalities and these mechanisms in ALS is cur-
rently scarce; further verification of these topics in the
future is likely critical for advancing our understanding
of the pathogenesis of ALS and other neurodegenerative
diseases [7, 14—20].

The current study had some limitations. First, although
our study was conducted in two independent cohorts, the

present study remained a single centre study [16]. Thus,
further population-based or multicenter studies are still
needed to confirm our findings. Second, the cohorts were
exclusively composed of individuals from the Chinese
population; future studies should identify whether CP
abnormalities may emerge in Caucasian and other racial
groups of ALS patients.

Conclusion

Our study revealed a consistent and replicable contribu-
tion of peripheral inflammation to CP enlargement in
vivo in sporadic ALS patients. We suggest that the CP is
likely involved in the inflammatory process of ALS and
that systemic inflammation is likely a contributor to CP
abnormalities in ALS patients. Moreover, assessing CP
volume is likely a noninvasive neuroimaging marker for
monitoring anti-inflammatory therapeutic effects in ALS
patients. Given that CP enlargement has been recently
detected in other brain diseases, these results may not
be specific to ALS and might extend to other conditions
with a peripheral inflammatory component. Future stud-
ies are needed to confirm our findings.
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