Neurologia. 2020;35(3):165—169

=
brought to you by .{ CORE

View metadata, citation and similar papers at core.ac.uk

provided by Repositorio Academico Digital UANL

SOCIEDAD ESPANOLA

www.elsevier.es/neurologia
DE NEUROLOGIA

ORIGINAL ARTICLE

Increased cerebrospinal fluid levels of cytokines D
monocyte chemoattractant protein-1 (MCP-1) and
macrophage inflammatory protein-1g (MIP-1p3) in

patients with amyotrophic lateral sclerosis™

H.R. Martinez®">%*, C.E. Escamilla-Ocafas®", C.R. Camara-Lemarroy®,
M.T. Gonzalez-Garza®, J. Moreno-Cuevas®, M.A. Garcia Sarreén°¢

a Instituto de Neurologia y Neurocirugia, Centro Médico Zambrano Hellion, Tecnoldgico de Monterrey, San Pedro Garza Garcia,
Nuevo Ledn, Mexico

b Terapia Celular, Centro de Innovacién y Transferencia en Salud (CITES), Escuela Nacional de Medicina, Tecnoldgico de Monterrey,
Monterrey, Nuevo Ledn, Mexico

¢ Servicio de Neurologia, Hospital Universitario Universidad Autonoma de Nuevo Ledn (UANL), Monterrey, Nuevo Ledn, Mexico

Received 5 January 2017; accepted 6 July 2017
Available online 10 April 2020

KEYWORDS Abstract

Amyotrophic lateral Introduction: Neuroinflammation has recently been described in amyotrophic lateral sclerosis
sclerosis (ELA); (ALS). However, the precise role of such proinflammatory cytokines as monocyte chemoattrac-
Cytokines; tant protein-1 (MCP-1) and macrophage inflammatory protein-138 (MIP-18) in ALS has not yet
MIP-1B; been determined. In this study, we determined cerebrospinal fluid (CSF) MCP-1 and MIP-13
MCP-1; levels and assessed their association with the duration and severity of ALS.
Neuroinflammation; Methods: Concentrations of MCP-1 and MIP-1B were determined in the CSF of 77 patients
Biomarkers diagnosed with ALS and 13 controls. Cytokine levels were analysed in relation to ALS duration

(<12 months vs > 12 months) and severity (< 30 points vs > 30 points on the ALS Functional Rating
Scale administered at hospital admission).

Results: Higher CSF MIP-18 (10.68 pg/mL vs 4.69 pg/mL, P<.0001) and MCP-1 (234.89 pg/mL
vs 160.95 pg/mL, P=.011) levels were found in the 77 patients with ALS compared to controls.
There were no differences in levels of either cytokine in relation to disease duration or severity.
However, we did observe a significant positive correlation between MIP-13 and MCP-1 in patients
with ALS.
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Introduction

Conclusions: The increase in MIP-13 and MCP-1 levels suggests that these cytokines may have
a synergistic effect on ALS pathogenesis. However, in our cohort, no association was found with
either the duration or the clinical severity of the disease.

© 2017 Sociedad Espanola de Neurologia. Published by Elsevier Espana, S.L.U. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).

Incremento de las citoquinas proteina quimiotactica de monocitos-1 (MCP-1) y
proteina inflamatoria macrofagica-13 (MIP-13) en liquido cefalorraquideo de
pacientes con esclerosis lateral amiotrofica

Resumen

Introduccion: En la esclerosis lateral amiotrofica (ELA) se ha descrito recientemente la
presencia de neuroinflamacion. Sin embargo, no se ha definido el rol de citoquinas proinfla-
matrorias como la proteina quimiotactica de monocitos-1 (MCP-1) y la proteina inflamatoria
macrofagica-1p (MIP-1B) en ELA. En este estudio evaluamos niveles de MCP-1 y MIP-1B3 en
liquido cefalorraquideo (LCR), analizando su participacion en la duracion y gravedad de la ELA.
Métodos: En 77 pacientes con ELA definida y 13 sujetos controles, se comparoé el nivel de
citoquinas MCP-1 y MIP-1B8 en LCR. Se analizaron estos niveles con relacion a la duracion de
la ELA (< 12meses vs. >12meses) y a la gravedad de esta determinada mediante el puntaje
obtenido al ingreso en la escala funcional estratificada de la ELA (< 30 puntos vs. > 30 puntos).
Resultados: En los 77 pacientes con ELA, se encontraron aumentados los niveles de MIP-13
(4,69 pg/ml vs. 10,68 pg/ml, p<0,0001) y MCP-1 (160,95 pg/ml vs. 234,89 pg/ml, p=0,011) en
comparacion con sujetos controles. No se observo diferencia de los niveles de estas citoquinas
con la duracién o la gravedad de la enfermedad. Sin embargo, observamos una correlacion
positiva significativa entre MIP-13 y MCP-1 en pacientes con ELA.

Conclusiones: El aumento de MIP-13 y MCP-1 sugiere que estas citoquinas parecen tener un
efecto sinérgico en la patogénesis de la ELA. Sin embargo, en nuestra cohorte no se asociaron
con la duracion o la gravedad de la ELA.

© 2017 Sociedad Espaiiola de Neurologia. Publicado por Elsevier Espana, S.L.U. Este es un
articulo Open Access bajo la licencia CC BY-NC-ND (http://creativecommons.org/licenses/by-
nc-nd/4.0/).

and in the spinal cords of patients with ALS.'>'® To our
knowledge, however, no studies have reported MIP-13

Amyotrophic lateral sclerosis (ALS) is a fatal disease char-
acterised by rapid deterioration due to selective death of
motor neurons in the cerebral cortex, brainstem, and spinal
cord."”3 It has traditionally been regarded as a neurode-
generative process; however, its aetiology and pathogenic
mechanisms are yet to be fully understood.>*

Recent evidence suggests that neuroinflammation is a
prominent pathological feature of motor neuron lesions.
This process is characterised by microglial activation,
astrogliosis, and infiltration of monocytes and T-cells.’
Central nervous system (CNS) inflammation has been pro-
posed as a contributing factor in ALS pathogenesis; this
process is immune-mediated and involves proinflamma-
tory cytokines, which play a critical role in microglial
activation.>° Cytokines are also involved in the migration
of peripheral monocytes/macrophages and other types of
leukocytes into the CNS in patients with ALS.>0-"3

Monocyte chemoattractant protein-1  (MCP-1) and
macrophage inflammatory protein-13 (MIP-13), 2 members
of the chemokine CC subfamily, are known to play a role
in other neurodegenerative diseases.''® Increased MCP-1
expression has been observed in mouse models of ALS

expression in patients with ALS. Furthermore, it is yet
to be determined whether changes in the levels of these
cytokines are protective or detrimental in the context of
ALS.5

In this study, we compared cerebrospinal fluid (CSF) MCP-
1 and MIP-1p levels in patients with ALS and controls, and
analysed the association with disease severity and duration.

Patients and methods
Participants

We recruited 77 patients with ALS (mean age [standard devi-
ation]: 50.18 years [10.85]) and 13 controls (mean age:
39.15 years [11.32]) attended by the neurology depart-
ments of Hospital Zambrano Hellion (Instituto Tecnologico
y de Estudios Superiores de Monterrey, Mexico) and Hospi-
tal Universitario ‘'Dr. José Eleuterio Gonzalez’’ (Universidad
Autonoma de Nuevo Ledn, Mexico). Controls were selected
from among patients with headache attending the emer-
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Table 1  CSF cytokine levels in our sample; comparison between patients and controls, and between patient subgroups estab-
lished according to disease duration and severity.
Cytokine Controls ALS P
MIP-18 (pg/mL) 4.69 (4.26) 10.68 (7.03) < .0001
MCP-1 (pg/mL) 160.95 (147.35) 234.89 (151.12) .011
< 12 months >12 months P
MIP-18 (pg/mL) 10.16 (8.48) 11.72 (6.44) ns
MCP-1 (pg/mL) 232.7 (127.95) 236.2 (158.53) ns
<30points ALSFRS-R >30points ALSFRS-R P
MIP-1B (pg/mL) 10.3 (7.16) 10.75 (7.08) ns
MCP-1 (pg/mL) 230.7 (108.13) 241.4 (192.59) ns

Values are expressed as medians (interquartile range).
Statistically significant differences are shown in bold.

gency departments of both centres; they showed no CSF
or brain MRI alterations and were finally diagnosed with
tension-type headache.

In the ALS group, diagnosis was established by a neurolo-
gist, according to the El Escorial criteria.'” We gathered the
following clinical data at the time of inclusion: time from
onset to diagnosis, time from diagnosis to inclusion in the
study, and score on the revised ALS Functional Rating Scale
(ALSFRS-R)."® The study was approved by the research ethics
committees of the medical schools of both participating uni-
versities.

Preparation of CSF samples and analysis of
chemokine levels

After obtaining written informed consent, we gathered CSF
samples from all participants. Samples were stored at —70°C
before analysis. MCP-1 and MIP-13 levels were quantified
using a Bio-Plex Pro kit (Bio-Rad Laboratories, Inc., Her-
cules, USA), following the manufacturer’s instructions: 50 pL
samples were incubated with 50 L of magnetic micro-
spheres covered with specific antibodies for each of the 2
cytokines. Cytokines were discriminated with fluorescence
spectroscopy using a laser flow cytometer. After washing,
a detection antibody was added to each sample to form
sandwich complexes; we subsequently added a streptavidin
phycoerythrin conjugate. Finally, buffer solution was added
to each well to stop the reaction. Samples were analysed
with the Bio-Plex 200 system. The detection limit for each
cytokine was 1 pg/mL.

Statistical analysis

Normally distributed data are expressed as means (standard
deviation), and non-normally distributed data as medians
(interquartile range). The non-parametric Mann—Whitney
U test was used to compare CSF MCP-1 and MIP-1B lev-
els between patients and controls. Patients were classified
in 2 groups according to the time from diagnosis to inclu-
sion in the study: less than 12 months of progression (ALS
< 12months) and over 12 months of progression (ALS >
12 months). We also compared chemokine levels between
patients scoring < 30 points on the ALSFRS-R and those

scoring > 30 points. The effect of disease severity and dura-
tion on MCP-1 and MIP-1B levels was analysed with the
Mann—Whitney U test. Simple bivariate correlations were
analysed with the Spearman rank correlation. Statistical
analysis was conducted using SPSS version 20.0.

Results
Patients with ALS

Forty-eight of the 77 patients included were men (62.3%).
Onset was bulbar in 20 patients, spinal in 53, and mixed in
4. Median time from diagnosis to inclusion in the study was
11 months (range, 6-19), and median time from onset to
diagnosis was 10 months (range, 7-18).

Chemokine levels in CSF

The median CSF MCP-1 level was 234.89 pg/mL (151.12) in
patients with ALS and 160.95pg/mL (147.35) in controls
(P=.011). The median CSF MIP-1B level was 10.68 pg/mL
(7.03) in patients with ALS and 4.69 pg/mL (4.26) in con-
trols (P<.0001) (Table 1). No differences in MCP-1 or MIP-13
levels were observed between sexes.

The median MIP-1B level was 11.72pg/mL (6.44)
in patients with disease progression > 12months and
10.16 pg/mL (8.48) in those with disease progression < 12
months (P=.4). In the same patient subgroups, median
MCP-1 levels were 236.2 pg/mL (158.53) and 232.7 pg/mL
(127.95), respectively (P=.7).

Regarding clinical status, patients scoring > 30 points on
the ALSFRS-R showed a median MIP-1p level of 10.75 pg/mL
(7.08) and a median MCP-1 level of 241.4pg/mL (192.59).
Those scoring < 30 points on the scale showed median MIP-
18 and MCP-1 levels of 10.3 pg/mL (7.16) and 230.7 pg/mL
(108.13), respectively. Patients with better clinical status
showed higher levels of both chemokines, although differ-
ences were not statistically significant (P = .4 and P=.5 for
MCP and MIP).
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Correlations

We found a significant positive correlation between MIP-
18 and MCP-1 levels in our sample as a whole (rho=0.365;
P=.001), as well as in the group of patients with
ALS (rho=0.309; P=.006). No correlations were observed
between MIP-1B or MCP-1 levels and age or ALSFRS-R scores
(data not presented).

Discussion

ALS has traditionally been considered a neurodegenera-
tive disease.’* However, neuroinflammatory changes, with
microglial activation, have been observed in the motor
cortex and spinal cord of patients with the disease."
The process underlying cell activation and the signalling
molecules that mediate cell-cell interactions in ALS are
yet to be determined.” CC chemokines (MCP-1 and MIP-1PB)
have been found to mediate chronic inflammation in other
neurodegenerative diseases.'>2%%" Similarly, recent studies
describe infiltration of peripheral monocytes/macrophages
into the CNS in patients with ALS."®" These infiltrating
monocytes express high levels of MCP-1 and other chemotac-
tic cytokines.'? Increased MCP-1 levels have previously been
described in patients with ALS'®?22%; however, the mecha-
nisms underlying this alteration are unknown.®

We found significant increases in MCP-1 and MIP-1B lev-
els in patients with a definite diagnosis of ALS. CSF levels
of both cytokines were also significantly correlated. To our
knowledge, this is the first study to suggest the involvement
of MIP-1B in the pathogenesis of ALS.

Microglial cells are thought to modulate immune sys-
tem alterations in ALS; the role of peripheral monocytes
in the pathogenesis of the disease is more controversial.?*
We found increased CSF MCP-1 and MIP-1B levels in our
sample, which suggests that dendritic cells and peripheral
macrophages may be involved in the pathophysiology of
ALS." The lack of data about a correlation with serum lev-
els of these cytokines prevents us from determining whether
their origin is central or peripheral (due to blood-brain
barrier disruption). Both types of immune cells may alter
T-cell function and modulate innate and adaptive immunity.
However, it is yet to be determined whether their role is
pathogenic or protective.

In our sample, patients with longer disease duration
showed slightly higher MIP-1B3 levels and lower MCP-1 lev-
els than those with shorter disease duration, although these
differences were not significant. Our results do not show
an association between MIP-138 and MCP-1 levels and dis-
ease severity. However, it is yet to be determined at which
precise moment in the course of the disease cytokine expres-
sion starts, and whether this response is protective or
pathogenic.'®

ALS is a relatively heterogeneous entity.* The highly
variable clinical expression, duration, and severity of the
disease (as measured with the ALSFRS-R) may explain the
lack of significant differences in MCP-1 and MIP-1p3 levels
between patient subgroups. The correlation between lev-
els of these cytokines and such variables as survival and
clinical progression may help confirm the involvement of

cytokine-mediated inflammation in ALS. Understanding the
cytokine environment over the course of ALS and the role
of cytokines in disease progression is essential for the
development of reliable biomarkers and effective treatment
strategies. Our study has several limitations, including the
small size and the heterogeneity of our sample, the small
number of controls, and the lack of data about serum MCP-1
and MIP-1p levels. Future studies should also include more
objective functional assessment scales. In any case, our
study is the first to detect elevated MIP-1p levels in patients
with ALS and to suggest that MIP-1B may play a role in dis-
ease pathogenesis.

Conflicts of interest

The authors have no conflicts of interest to declare.

Acknowledgement

We would like to thank Dr Sergio Lozano-Rodriguez for
reviewing the manuscript.

References

1. Mills KR. The natural history of central motor abnormalities in
amyotrophic lateral sclerosis. Brain. 2003;136:2558—66.

2. Toft MH, Gredal O, Pakkenberg B. The size distribution of neu-
rons in the motor cortex in amyotrophic lateral sclerosis. J Anat.
2005;207:399—407.

3. Ringel SP, Murphy JR, Alderson MK, Bryan W, England JD, Miller
RG, et al. The natural history of amyotrophic lateral sclerosis.
Neurology. 1993;43:1316—22.

4. Ravits J, Appel S, Baloh RH, Barohn R, Brooks BR, Elman L, et al.
Deciphering amyotrophic lateral sclerosis: what phenotype,
neuropathology and genetics are telling us about pathogene-
sis. Amyotroph Lateral Scler Frontotemporal Degener. 2013;14
Suppl. 1:5—18.

5. Zhao W, Beers DR, Appel SH. Immune-mediated mechanisms in
the pathoprogression of amyotrophic lateral sclerosis. J Neu-
roimmune Pharmacol. 2013;8:888—99.

6. Beers DR, Zhao W, Liao B, Kano O, Wang J, Huang A,
et al. Neuroinflammation modulates distinct regional and
temporal clinical responses in ELA. Brain Behav Immun.
2011;25:1025—135.

7. Philips T, Robberecht W. Neuroinflammation in amyotrophic lat-
eral sclerosis: role of glial activation in motor neuron disease.
Lancet Neurol. 2011;10:253—63.

8. McCombe PA, Henderson RD. The role of immune and inflamma-
tory mechanisms in ELA. Curr Mol Med. 2011;11:246—54.

9. Liu J, Gao L, Zang D. Elevated levels of IFN-y in CSF and
serum of patients with amyotrophic lateral sclerosis. PLoS One.
2015;10:e0136837.

10. Winkler EA, Sengillo JD, Sullivan JS, Henkel JS, Appel SH,
Zlokovic BV. Blood-spinal cord barrier breakdown and pericyte
reductions in amyotrophic lateral sclerosis. Acta Neuropathol.
2013;125:111-20.

11. Rezai-Zadeh K, Gate D, Town T. CNS infiltration of peripheral
immune cells: D-day for neurodegenerative disease? J Neuroim-
mune Pharmacol. 2009;4:462—75.

12. Henkel JS, Engelhardt JI, Siklos, Simpson EP, Kim SH, Pan
T, et al. Presence of dendritic cells, MCP-1, and activated


http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0125
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0125
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0125
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0125
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0125
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0125
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0125
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0125
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0125
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0125
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0125
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0125
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0125
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0125
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0125
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0125
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0125
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0130
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0130
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0130
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0130
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0130
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0130
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0130
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0130
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0130
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0130
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0130
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0130
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0130
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0130
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0130
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0130
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0130
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0130
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0130
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0130
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0130
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0130
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0130
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0130
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0130
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0130
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0130
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0135
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0135
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0135
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0135
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0135
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0135
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0135
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0135
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0135
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0135
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0135
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0135
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0135
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0135
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0135
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0135
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0135
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0135
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0135
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0135
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0135
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0135
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0135
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0135
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0135
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0135
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0135
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0135
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0140
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0140
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0140
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0140
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0140
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0140
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0140
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0140
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0140
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0140
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0140
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0140
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0140
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0140
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0140
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0140
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0140
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0140
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0140
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0140
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0140
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0140
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0140
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0140
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0140
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0140
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0140
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0140
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0140
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0140
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0140
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0140
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0140
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0140
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0140
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0140
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0140
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0140
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0140
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0140
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0145
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0145
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0145
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0145
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0145
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0145
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0145
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0145
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0145
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0145
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0145
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0145
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0145
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0145
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0145
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0145
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0145
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0145
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0145
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0145
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0145
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0145
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0145
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0145
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0150
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0150
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0150
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0150
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0150
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0150
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0150
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0150
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0150
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0150
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0150
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0150
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0150
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0150
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0150
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0150
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0150
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0150
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0150
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0150
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0150
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0150
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0150
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0150
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0150
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0150
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0150
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0150
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0150
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0150
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0150
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0150
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0155
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0155
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0155
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0155
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0155
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0155
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0155
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0155
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0155
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0155
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0155
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0155
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0155
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0155
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0155
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0155
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0155
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0155
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0155
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0155
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0155
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0155
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0155
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0155
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0155
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0155
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0155
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0160
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0160
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0160
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0160
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0160
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0160
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0160
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0160
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0160
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0160
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0160
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0160
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0160
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0160
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0160
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0160
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0160
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0160
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0160
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0160
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0160
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0165
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0165
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0165
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0165
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0165
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0165
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0165
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0165
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0165
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0165
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0165
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0165
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0165
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0165
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0165
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0165
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0165
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0165
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0165
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0165
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0165
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0165
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0165
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0165
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0170
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0170
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0170
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0170
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0170
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0170
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0170
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0170
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0170
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0170
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0170
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0170
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0170
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0170
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0170
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0170
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0170
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0170
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0170
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0170
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0170
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0170
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0170
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0170
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0170
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0170
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0170
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0170
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0170
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0170
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0175
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0175
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0175
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0175
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0175
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0175
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0175
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0175
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0175
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0175
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0175
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0175
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0175
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0175
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0175
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0175
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0175
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0175
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0175
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0175
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0175
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0175
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0175
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0175
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0175
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0175
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0175
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0180
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0180
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0180
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0180
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0180
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0180
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0180
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0180
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0180
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0180
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0180
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0180
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0180
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0180
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0180
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0180
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0180
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0180
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0180
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0180
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0180
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0180
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0180
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0180
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0180

Monocyte chemoattractant protein-1 and macrophage inflammatory protein-13

169

microglia/macrophages in amyotrophic lateral sclerosis spinal
cord tissue. Ann Neurol. 2004;55:221—35.

. Wilms H, Sievers J, Dengler R, Bufler J, Deuschl G, Lucius R.

Intrathecal synthesis of monocyte chemoattractant protein-1
(MCP-1) in amyotrophic lateral sclerosis: further evidence for
microglial activation in neurodegeneration. J Neuroimmunol.
2003;144:139—42.

. Maurer M, von Stebut E. Macrophage inflammatory protein-1.

Int J Biochem Cell Biol. 2004;36:1882—6.

. Boven LA, Montagne L, Nottet HS, de Groot CJ. Macrophage

inflammatory protein-1 alpha (MIP-1alpha), MIP1beta, and
RANTES mRNA semi quantification and protein expression in
active demyelinating multiple sclerosis (MS) lesions. Clin Exp
Immunol. 2000;122:257—63.

. Henkel JS, Beers DR, Siklés L, Appel SH. The chemokine

MCP-1 and the dendritic and myeloid cells it attacks are
increased in the mSOD1 mouse model of ELA. Mol Cell Neurosci.
2006;31:427-37.

. Brooks BR, Miller RG, Swash M, Munsat TL. El Escorial revis-

ited: revised criteria for the diagnosis of amyotrophic lateral
sclerosis. Amyotroph Lateral Scler Other Motor Neuron Disord.
2000;1:293—-9.

18

19.

20.

21.

22.

23.

24.

. Kaufmann P, Ley G, Thompson JL, Delbene ML, Battista V, Gor-
don PH, et al. The ALSFRS-R predicts survival time in an ELA
clinic population. Neurology. 2005;64:38—43.

Kawamata T, Akiyama H, Yamada T, McGeer PL. Immunologic
reactions in amyotrophic lateral sclerosis brain and spinal cord
tissue. Am J Pathol. 1992;140:691—-707.

Proudfoot AE. Chemokine receptors: multifaceted therapeutic
targets. Nat Rev Immunol. 2002;2:106—15.

Tejera-Alhambra M, Casrouge A, de Andrés C, Seyfferth A,
Ramos-Medina R, Alonso B. Plasma biomarkers discriminate clin-
ical forms of multiple sclerosis. PLoS One. 2015;10:€0128e952.
Kuhle J, Linderberg RL, Regeniter A, Mehling M, Steck AJ, Kap-
pos L, et al. Increased levels of inflammatory chemokines in
amyotrophic lateral sclerosis. Eur J Neurol. 2009;16:771—4.
Tanaka M, Kikuchi H, Ishizu T, Minohara M, Osoegawa M, Moto-
mura K, et al. Intrathecal upregulation of granulocyte colony
stimulating factor and its neuroprotective actions on motor neu-
ron in amyotrophic lateral sclerosis. J Neuropathol Exp Neurol.
2006;65:816—25.

Hooten KG, Beers DR, Zhao W, Appel SH. Protective and toxic
neuroinflammation in amyotrophic lateral sclerosis. Neurother-
apeutics. 2015;12:364—75.


http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0180
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0180
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0180
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0180
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0180
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0180
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0180
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0180
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0180
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0180
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0180
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0180
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0180
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0185
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0185
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0185
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0185
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0185
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0185
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0185
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0185
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0185
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0185
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0185
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0185
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0185
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0185
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0185
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0185
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0185
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0185
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0185
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0185
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0185
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0185
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0185
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0185
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0185
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0185
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0185
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0185
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0185
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0185
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0185
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0185
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0185
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0185
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0185
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0185
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0190
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0190
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0190
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0190
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0190
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0190
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0190
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0190
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0190
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0190
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0190
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0190
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0190
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0190
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0190
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0190
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0195
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0195
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0195
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0195
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0195
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0195
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0195
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0195
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0195
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0195
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0195
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0195
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0195
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0195
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0195
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0195
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0195
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0195
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0195
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0195
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0195
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0195
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0195
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0195
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0195
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0195
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0195
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0195
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0195
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0195
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0195
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0195
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0195
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0195
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0195
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0195
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0200
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0200
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0200
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0200
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0200
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0200
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0200
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0200
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0200
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0200
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0200
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0200
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0200
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0200
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0200
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0200
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0200
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0200
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0200
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0200
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0200
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0200
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0200
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0200
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0200
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0200
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0200
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0200
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0200
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0200
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0200
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0200
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0200
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0200
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0205
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0205
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0205
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0205
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0205
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0205
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0205
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0205
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0205
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0205
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0205
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0205
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0205
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0205
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0205
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0205
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0205
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0205
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0205
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0205
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0205
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0205
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0205
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0205
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0205
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0205
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0205
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0205
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0205
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0205
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0205
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0210
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0210
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0210
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0210
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0210
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0210
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0210
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0210
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0210
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0210
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0210
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0210
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0210
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0210
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0210
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0210
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0210
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0210
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0210
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0210
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0210
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0210
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0210
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0210
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0210
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0210
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0210
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0210
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0210
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0210
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0210
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0210
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0215
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0215
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0215
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0215
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0215
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0215
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0215
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0215
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0215
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0215
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0215
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0215
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0215
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0215
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0215
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0215
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0215
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0215
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0215
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0215
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0215
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0215
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0215
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0215
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0215
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0215
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0215
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0215
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0215
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0220
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0220
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0220
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0220
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0220
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0220
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0220
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0220
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0220
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0220
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0220
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0220
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0220
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0220
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0220
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0225
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0225
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0225
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0225
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0225
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0225
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0225
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0225
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0225
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0225
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0225
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0225
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0225
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0225
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0225
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0225
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0225
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0225
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0225
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0225
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0225
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0225
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0225
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0225
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0225
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0225
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0230
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0230
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0230
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0230
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0230
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0230
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0230
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0230
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0230
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0230
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0230
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0230
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0230
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0230
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0230
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0230
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0230
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0230
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0230
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0230
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0230
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0230
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0230
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0230
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0230
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0230
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0230
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0230
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0230
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0230
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0230
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0230
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0235
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0235
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0235
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0235
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0235
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0235
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0235
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0235
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0235
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0235
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0235
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0235
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0235
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0235
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0235
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0235
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0235
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0235
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0235
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0235
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0235
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0235
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0235
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0235
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0235
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0235
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0235
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0235
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0235
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0235
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0235
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0235
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0235
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0235
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0235
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0235
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0235
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0235
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0235
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0235
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0235
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0235
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0235
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0235
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0240
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0240
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0240
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0240
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0240
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0240
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0240
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0240
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0240
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0240
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0240
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0240
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0240
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0240
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0240
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0240
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0240
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0240
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0240
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0240
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0240
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0240
http://refhub.elsevier.com/S2173-5808(20)30050-X/sbref0240

	Increased cerebrospinal fluid levels of cytokines monocyte chemoattractant protein-1 (MCP-1) and macrophage inflammatory p...
	Introduction
	Patients and methods
	Participants
	Preparation of CSF samples and analysis of chemokine levels
	Statistical analysis

	Results
	Patients with ALS
	Chemokine levels in CSF
	Correlations

	Discussion
	Conflicts of interest
	Acknowledgement
	References


