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Letter

Autophagy and mitophagy 
elements are increased in body 
fluids of multiple sclerosis-
affected individuals

Background
Multiple sclerosis (MS) is a chronic multi-
faceted demyelinating and neurodegener-
ative disease of the central nervous system 
(CNS) of presumed autoimmune origin.1

Patients with MS are characterised 
by a spatial and temporal dissemina-
tion of neurological sign and symptoms, 
by the presence of multifocal lesions 
in the periventricular white matter on 
MRI scans and by an immunoglob-
ulin synthesis within the CNS.1 Further 
diagnostic tools are desirable, and the 
use of blood and cerebrospinal fluid 
(CSF) biomarkers may contribute to the 
comprehension of the disease’s patho-
genesis and progression.

Autophagy is an evolutionarily 
conserved and genetically controlled 
cellular process where intracellular compo-
nents are sequestered within double-mem-
brane vesicles (autophagosomes), which 
then fuse with lysosomes where the mate-
rial is degraded.2 Autophagy also occurs 
as mitophagy, which is responsible for 
the removal of aberrant, aged and wasted 
mitochondria. Interestingly, autophagic/
mitophagic pathways have been found 
deregulated in various human diseases. In 
particular, it has been demonstrated how 
these catabolic pathways are implicated in 
several neurodegenerative diseases such 
Alzheimer’s and Parkinson’s diseases and 
amyotrophic lateral sclerosis.2 Moreover, 
recent studies suggest a role of mitochon-
drial dysfunction in the neurodegenerative 
aspects of MS.3 Despite these observa-
tions, the role of autophagy and mito-
phagy in MS is still elusive.

To tackle the question, we tried to 
verify the frequency of specific autophagic 
markers (ATG5 protein) and mitophagic 
markers (Parkin protein) in patients with 
MS and in neurological controls.

Methods
Forty consecutive untreated patients 
with relapsing–remitting MS  (RRMS) 
were included in the study (24 women 
and 16 men; mean age=40.7±10.5). 
Forty patients with other inflamma-
tory neurological diseases (OINDs) 
(21 women and 19 men; mean 
age=55.9±17.5) and 40 subjects with 

non-inflammatory neurological diseases 
(NINDs) (21 women and 19 men; 
mean age=64.8±15.5) were included 
as published before.4 Paired CSF and 
serum samples collected from patients 
with RRMS, OIND and NIND were 
obtained for purposes of diagnosis. 
Serum samples obtained from 40 healthy 
donors (CTRL) (24 women and 16 
men; mean age=28.6±6.5) were used 
as an additional control. The study was 
approved by the Committee for Medical 
Ethics in Research of Ferrara and written 
informed consent was obtained from all 
subjects.

ELISA kits for ATG5 (MS7209535) 
and Parkin (MBS732278) were obtained 
from My Biosource (San Diego, Cali-
fornia,  USA). Tumour necrosis factor α 
(TNFα)  ELISA kits (KHC3011) were 
purchased from Thermo Fisher Scientific 
(Waltham, Massachusetts,  USA). All the 
assays were performed as instructed by 
the manufacturer. Statistical analysis was 
performed with GraphPad Prism soft-
ware. Parametric and non-parametric tests 
were used, respectively, for normally and 
non-normally distributed data.

Results
Serum levels of ATG5 and Parkin were 
higher in patients with MS than in OIND, 
NIND and CTRL (p<0.0001) (figure 1). 
Similarly, CSF levels of ATG5 and Parkin 
were higher in patients with MS than in 
OIND and NIND (p<0.0001) (figure 1). 
A positive correlation was found between 
ATG5 and Parkin levels both in sera and 
CSF of patients with MS (p<0.001 and 
p<0.0001) (figure 1). In CSF of patients 
with MS, positive correlations were 
described between TNFα and both ATG5 
and Parkin levels (p<0.0001) (figure 1). 
Serum and CSF titres of ATG5 and 
Parkin were not different in patients with 
MS grouped according to clinical disease 
activity and did not correlate with age 
and sex in MS, OIND and NIND (data 
not shown).

Discussion
The novelty of this study is the impres-
sive increase of both catabolic markers in 
patients with MS compared with controls, 
suggesting that elevated autophagy/mito-
phagy seems to be specifically related to 
the disease. The role of autophagic/mito-
phagic pathways in MS is not well clari-
fied, and it remains doubtful whether they 
are protective or harmful processes. Some 
works suggest that autophagy is a protec-
tive homeostatic mechanism capable of 

influencing synaptic growth and plasticity. 
For this reason, upregulation of auto-
phagy may prevent, delay or ameliorate 
neurodegenerative diseases.2 Conversely, 
other studies consider these pathways a 
very dangerous condition in CNS. Indeed, 
inflammatory stimuli lead to a blockade 
of the differentiation of oligodendrocyte 
progenitor cell, resulting in a reduced 
myelination of axons in vitro, as a conse-
quence of an increased autophagic activity.5

The increases we found for both ATG5 
and Parkin in CSF of patients with MS 
confirm the last hypothesis and indicate 
a pathological role of autophagy/mito-
phagy in CNS of patients with MS.5 Also, 
the correlations between both ATG5 and 
Parkin levels and TNFα concentrations in 
CSF seem to confirm in vivo the associa-
tion among autophagic/mitophagic activity 
and inflammatory stimuli, as previously 
described in in vitro experiments.2 5 Again, 
the positive correlation between ATG5 and 
Parkin concentrations suggests that auto-
phagic and mitophagic mechanisms are 
reciprocally associated in CSF and serum of 
patients with MS.

These results are particularly intriguing. 
In fact, if on the one hand CSF data should 
reflect a role of autophagy/mitophagy 
in MS pathogenesis, on the other hand, 
serum levels of these molecules could 
be used as biomarkers of MS. The main 
problem of lumbar puncture to obtain 
CSF is the invasive method, and special 
precautions should be taken during its 
execution. Thus, there is a pressing need 
for new biomarkers in more easily acces-
sible body fluids such as peripheral blood.

The main limit of the present study is 
the lack of additional clinical information, 
such as disease duration and/or severity, and 
the lack of sex and age matching between 
patients with MS and controls. However, 
we did not find any difference between men 
and women, and there were no significant 
correlations between age and the concen-
trations of ATG5 and Parkin in all the four 
groups of patients and controls.

In conclusion, our study suggests, for 
the first time, that autophagy and mito-
phagy processes could play an important 
role in the pathogenesis of MS and intro-
duces a fascinating conjecture. Further 
studies on a larger population are needed 
to elucidate the molecular relationshiSir 
pokkatps between catabolic processes 
and MS ongoing and progression, as 
well as to elucidate the potential role 
of autophagic/mitophagic biomarkers 
in monitoring disease progression and/
or the pharmacological response to  
therapy.
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Figure 1  Serum levels of ATG5 and Parkin from healthy donors (CTRL), subjects with non-
inflammatory neurological disorders (NIND), other inflammatory neurological disorders (OIND) and 
from patients with multiple sclerosis (MS). Concentrations of ATG5 and Parkin were different among 
CTRL, NIND, OIND and MS (Kruskal-Wallis; p<0.0001). Serum values of ATG5 (Mann-Whitney with 
Bonferroni correction): MS versus OIND (p<0.0001), MS versus NIND (p<0.0001) and MS versus CTRL 
(p<0.0001) (A). Serum levels of Parkin (Mann-Whitney with Bonferroni correction): MS versus OIND 
(p<0.0001), MS versus NIND (p<0.0001) and MS versus CTRL (p<0.0001) (B). Cerebrospinal fluid 
(CSF) levels of ATG5 and Parkin were different among MS, OIND and NIND (ANOVA; p<0.0001). CSF 
values of ATG5 (t-test with Bonferroni correction): MS versus OIND (p<0.0001) and MS versus NIND 
(p<0.0001) (C). CSF levels of Parkin (t-test with Bonferroni correction): MS vs OIND (p<0.0001) and 
MS versus NIND (p<0.0001) (D). There were positive correlations between ATG5 and Parkin levels in 
sera (Spearman; p<0.001) and CSF (Pearson; p<0.0001) of patients with MS (E and F, respectively). 
Additional correlations were found in CSF for both ATG5 and Parkin levels and tumour necrosis factor 
α (TNFα) among subjects with MS (Spearman; p<0.0001) (G and H, respectively). Parametric and non-
parametric tests were used respectively for normally and non-normally distributed data. Accordingly, 
results are presented as mean and SD for normally distributed variables and as median and IQR for 
non-normally distributed data. A value of p <0.05 was accepted as statistically significant.

Simone Patergnani,1 Massimiliano Castellazzi,2 
Massimo Bonora,1 Saverio Marchi,1 
laria Casetta,2 Maura Pugliatti,2 Carlotta Giorgi,1 
Enrico Granieri,2 Paolo Pinton1

1Department of Morphology, Surgery and Experimental 
Medicine, Section of Pathology, Oncology and 
Experimental Biology, Laboratory for Technologies 
of Advanced Therapies (LTTA), University of Ferrara, 
Ferrara, Italy
2Department of Biomedical and Specialist Surgical 
Sciences, Section of Neurological, Psychiatric and 
Psychological Sciences, University of Ferrara, Ferrara, 
Italy

Correspondence to Professor Paolo Pinton; ​paolo.​
pinton@​unife.​it

Contributors  SP, CG, EG and PP conceived and 
designed the experiments. SP and MC conducted 
the experiments, analysis of samples, analysis and 
interpretation of data. MB, SM, MP and IC helped with 
patients’ enrolment and data analysis. SP, MC, EG and 
PP wrote the manuscript. All authors have reviewed 
and approved the content and submission of this 
manuscript.

Competing interests  None declared.

Patient consent  Obtained.

Ethics approval  The Committee for Medical Ethics in 
Research of the University of Ferrara.

Provenance and peer review  Not commissioned; 
externally peer reviewed.

© Article author(s) (or their employer(s) unless 
otherwise stated in the text of the article) 2017. All 
rights reserved. No commercial use is permitted unless 
otherwise expressly granted.
SP and MC contributed equally.

To cite Patergnani S, Castellazzi M, Bonora M, et al. J 
Neurol Neurosurg Psychiatry Published Online First: 
[please include Day Month Year]. doi:10.1136/jnnp-
2017-316234

Received 11 April 2017
Revised 7 July 2017
Accepted 16 August 2017

J Neurol Neurosurg Psychiatry 2017;0:1–2.
doi:10.1136/jnnp-2017-316234

References
	1	 Sospedra M, Martin R. Immunology of multiple sclerosis. 

Annu Rev Immunol 2005;23:683–747.
	2	 Alirezaei M, Kemball CC, Whitton JL. Autophagy, 

inflammation and neurodegenerative disease. Eur J 
Neurosci 2011;33:197–204.

	3	 Patergnani S, Fossati V, Bonora M, et al. Mitochondria 
in multiple sclerosis: molecular mechanisms of 
pathogenesis. Int Rev Cell Mol Biol 2017;328:49–103.

	4	 Castellazzi M, Contini C, Tamborino C, et al. Epstein-
Barr virus-specific intrathecal oligoclonal IgG production 
in relapsing-remitting multiple sclerosis is limited to 
a subset of patients and is composed of low-affinity 
antibodies. J Neuroinflammation 2014;11:188.

	5	 Bonora M, De Marchi E, Patergnani S, et al. Tumor 
necrosis factor-α impairs oligodendroglial differentiation 
through a mitochondria-dependent process. Cell Death 
Differ 2014;21:1198–208.

http://crossmark.crossref.org/dialog/?doi=10.1136/jnnp-2017-316234&domain=pdf&date_stamp=2017-09-01
http://dx.doi.org/10.1146/annurev.immunol.23.021704.115707
http://dx.doi.org/10.1111/j.1460-9568.2010.07500.x
http://dx.doi.org/10.1111/j.1460-9568.2010.07500.x
http://dx.doi.org/10.1016/bs.ircmb.2016.08.003
http://dx.doi.org/10.1186/s12974-014-0188-1
http://dx.doi.org/10.1038/cdd.2014.35
http://dx.doi.org/10.1038/cdd.2014.35

