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ABSTRACT
|
Objectives: Our objectives were to perform a bibliometric analysis with which to highlight the
role of Drpl in the pathogenesis of AD and PD as a fundamental regulator of mitochondrial
fusion and fission homeostasis, in addition to highlighting Drp1 as a possible therapeutic target
in AD and PD.

Methods:We carried out a bibliometric study based on a search in the PubMed database, select-
ing articles in the period from 01/01/2008 to 12/31/2019. The relationship of Drpl with AD and
PD was explored through an analysis of the data and their representation in graphs.

Results: The analyzed data showed a slow but stable growth of interest in the relationship of
Drpl with AD and PD. First, we analyzed the number of publications per year and found that
both the AD and PD remained stable over time. Next, we reviewed the quantitative validity of
these data, expressed as the average JCR per year and the number of citations of articles showing
an interest in the role of Drpl in AD and PD.

Conclusions: Our bibliometric analysis showed that the relationship of Drpl with AD and PD
was significant, that interest was currently active and that Drpl is regarded as a key protein in
the pathogenesis of both diseases. Therefore, it is a possible therapeutic target for the treatment
of both pathologies.

KEYWORDS: Drpl (Dynamin related protein 1), AD (Alzheimers disease), PD (Parkinson's
disease), apoptosis, neurodegenerative disease.

RESUMEN

Objetivos: Nuestros objetivos son realizar un andlisis bibliométrico con el que destacar la rele-
vancia de Drp1 en la patogénesis de la EA y la EP como regulador fundamental de la homeostasis
de la fusion y fision mitocondrial, ademas de destacar a Drpl como posible diana terapéutica en
la EAy la EP.

Métodos: Hemos realizado un estudio bibliométrico a partir de una busqueda en la base de datos
PubMed, de los articulos seleccionados que se encuentran en el periodo comprendido entre el

NEREIS 13 [Marzo 2021], 85-97, ISSN: 1888-8550 () OSOG)
BY NC ND


https://doi.org/10.46583/nereis_2021.13.802
mailto:ignacio.ventura@mail.ucv.es

86 J. A. Prieto, J. Gomez-Reino, O. Anton, 1. Ventura

01/01/2008 y el 31/12/2019. Mediante un analisis de los datos y una representacion en graficos
mostramos la relacion de la Drpl con la EA 'y la EP.

Resultados: Los datos analizados muestran un crecimiento lento pero estable del interés por la
relacion de la Drpl con la EA y la EP. En primer lugar, analizamos el nimero de publicaciones
por afio que tanto la EA como la EP se mantienen estables a lo largo del tiempo, seguido del nu-
mero de publicaciones que nos interesa observar la validez cuantitativa de estos datos, expresada
en la media del JCR por afio y el nimero de citas de los articulos, que muestran un interés por el
papel de Drpl en la EA y la EP.

Conclusiones: Nuestro analisis bibliométrico muestra que la relacion de la Drpl con la EAy la
EP es relevante, que tiene interés en la actualidad y que estan aplicando la Drpl como proteina
clave en la patogénesis de ambas enfermedades y, por tanto, como posible diana terapéutica para
el tratamiento. de ambas patologias.

PALABRAS CLAVE: Drpl (proteina relacionada con la dinamina 1), EA (enfermedad de Al-
zheimer), EP (enfermedad de Parkinson), apoptosis, enfermedad neurodegenerativa.

INTRODUCTION

Mitochondria are the cytoplasmic organelles responsible for breathing and the production of the
energy necessary for cell survival. Mitochondria undergo morphological changes of fusion and fission
depending on the energy needs of the cell. The regulation of the balance between these two processes is
crucial for cell survival; an alteration in any of them could lead to cellular pathological conditions. [1]

Fission and fusion determine mitochondrial morphology. These fusion and fission processes are
regulated by the Opal and Drpl proteins respectively. Their cell concentrations vary depending on
aspects such as oxidative stress, cell cycle, mitochondrial metabolism, etc. [2]

In mitochondrial fission, post-translational modifications such as phosphorylation, sumoylation,
ubiquitination, s-nitrosylation and o-glcnacylation are necessary requirements for the functionality of
Drpl [3]. Activation occurs through its interaction with protein receptors of the external mitochondri-
al membrane such as Fis1, Mff, MIEF1 and MIEF2, in addition to the participation of others such as
actin and cardiolipin. [4, 5, 6]. Drpl is activated by forming a ring-shaped structure that attaches to
the outer mitochondrial membrane that constricts [twists] and cleaves the mitochondria [7].

The endoplasmic reticulum interacts with Drpl during mitochondrial fission, intervening in 88 %
of mitochondrial fissions that occur in the cell. The remaining 12 % are mitochondrial divisions
regulated by independent contact sites of the RE-mitochondria junction [3]. The contact sites of the
external mitochondrial membrane are sites of high concentration of cardiolipin where the Fis1, Mff,
MIEF1 and MIEF2 proteins are found that regulate the activation of Drpl during the mitochondrial
fission process [3].

The mitochondrial DNA encodes the proteins necessary to synthesize the subcellular complexes
responsible for forming the electron transport chain. Defects in the mitochondrial DNA condition cel-
lular levels of Drpl. Certain alterations in DNA lead to overexpression of Drpl in the cell, inducing
mitophagy as a quality control mechanism [8].

It has been shown that Drpl is important for neuronal maturation and brain development, and for
the survival of cerebellar Purkinje cells among other neuronal species [1], since inhibition of Drpl
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activity alters migration and typical morphology of the neuron [9]. In addition, it is postulated as a
compensation mechanism for a neuronal lesion [10].

Drpl seems to be a common factor in neurodegenerative diseases such as Huntington’s disease,
Alzheimer’s, Parkinson’s, etc. in which the fusion/fission balance is altered. Consequently, there is a
morphological alteration of the mitochondria that favor the fission. These excessively fissioned mi-
tochondria cannot meet the cellular energy demand, which triggers apoptotic processes characteristic
of cell degeneration and the appearance of neurodegenerative pathology [11].

It is the overexpression of Drpl that leads to a downregulation of fusion factors causing mitochon-
drial fission [12]. Inhibition of excessive mitochondrial fission through the mechanism of action of
Drpl delays apoptosis. This fact prevents the release of cytochrome ¢ and, consequently, the intrinsic
pathway of apoptosis is inhibited [13]. That is why the inhibition of Drp1 is proposed as an effective
neuroprotection strategy [14].

Therefore, finding a control mechanism of Drp1 by which the physiological fusion/fission balance
is restored is critical for proper cellular functioning in neurodegenerative diseases.

MATERIAL AND METHODS
PubMed search

To obtain the articles that make up this bibliometric study we conducted a search in the US Nation-
al Library of Medicine of the National Institutes of Health (http://www.ncbi.nlm.nih.gov/pubmed/).

The search was performed with the PMC Advanced Search Builder tool, the terms used were drpl
AND Alzheimer disease and drpl AND Parkinson disease. In addition, to avoid possible confusion
with the name of the protein, the OR command was also used followed by Dynamin related protein
1 and DRP1 (Table 1). Among all the articles, only those that talk about a relationship between Drpl
and AD and PD were selected, because many articles found by the search only focused on one of the
two terms and did not provide information that was consistent with the initial objective of the study.

Table 1. Pubmed searches performed in this study

Search: (((Alzheimer) AND drpl) OR Dynamin related protein 1) OR DRP1 Sort by:
Best Match Filters: Publication date from 2008/01/01 to 2019/12/31

Search: (((Parkinson) AND drpl) OR Dynamin related protein 1) OR DRP1 Sort by:
Best Match Filters: Publication date from 2008/01/01 to 2019/12/31

The date range of the publications is from 01/01/2008 to 12/31/2019. In this way, we tried to get
the most relevant and recent articles in addition to searching enough years to clearly observe the evo-
lution of the publications. Excluding years before 2008 was done because the relationship between
Drpl and AD and PD is recent and 11 years was thought sufficient to highlight the role of Drp1 in the
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pathogenesis of these diseases. All the bibliography using for this bibliometric study is in the supple-
mentary document for AD and PD.

Statistical analysis

The graphs and statistical analysis were performed with the Microsoft Excel program in xIsx for-
mat. The articles were divided into two large groups, those that manifested a relationship between
Drp1 and Parkinson’s and a second group that related Alzheimer’s with Drp1. These two large groups
of articles were classified by year, also dividing them into articles in favor of the hypothesis and ar-
ticles against it.

Finally, and to quantitatively demonstrate the validity of the articles, the JCR of each article was
observed on the Web of Science (https://jcr.clarivate.com/) and the citation index of each article
(https://apps.webotknowledge.com/).

With all the data already collected, we proceeded to compose a series of graphs to show the evo-
lution of the number of publications, the JCR of the publications, in Parkinson’s (Table 2) and in
Alzheimer’s (Table 4) and the citation index of the same per year, both in Parkinson’s (Table 3) and
in Alzheimer’s (Table 5).

Table 2. The parameters: years (from 2008 to 2019), articles in favor of the hypothesis: Drp1 is
required for mitochondrial fission in PD; the medium JCR the articles in favor of the hypothesis,
articles against the hypothesis and the JCR of articles against the hypothesis

YEAR IN FAVOR (In ffVJOCrI;mg) AGAINST (Agﬁgom
2008 1 9,43 0 0,00
2009 1 5,33 0 0,00
2010 3 5,93 0 0,00
2011 6 7,10 1 471
2012 6 6,25 0 0,00
2013 5 5,48 1 6,68
2014 7 5,38 1 6,34
2015 6 5,89 0 0,00
2016 6 5,93 0 0,00
2017 3 4,06 0 0,00
2018 6 3,97 0 0,00
2019 3 5,83 0 0,00
Total 53 3
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Table 3. The parameters: years (from 2008 to 2019), the medium JCR of articles in favor of the hypothesis: Drpl
is required for mitochondrial fission in PD; the JCR of articles against the hypothesis, the number of citations
of articles in favor of the hypothesis and the number of citations of the articles against the hypothesis

YEAR . 2JCR . XCITES Z.JJCR ZCITES
(in favor 2018) (in favor 2018) (Against 2018) (Against 2018)

2008 9,43 591 0,00 0

2009 5,33 543 0,00 0

2010 5,93 273 0,00 0

2011 7,10 560 4,77 291

2012 6,25 587 0,00 0

2013 5,48 556 6,68 73

2014 5,38 293 6,34 165

2015 5,89 115 0,00 0

2016 5,93 148 0,00 0

2017 4,06 38 0,00 0

2018 3,97 28 0,00 0

2019 5,83 0 0,00 0

Total 3732 529

Table 4. Comparison of JCR and number of publications between
in favour and against articles per year of Drpl and AD
YEAR AET(")IFI(-‘J/SI:I]JE S (chcf:la{r JCR (2018) IN FAVOUR J(?IEI{ AGAINST (A GJACI];IST)
published) FAVOUR)

2008 2 7,54 6,67 2 7,54 0 0,00
2009 3 14,43 17,86 3 14,43 0 0,00
2010 3 3,97 3,66 2 3,82 1 4,26
2011 2 8,24 6,32 2 8,24 0 0,00
2012 5 7,62 6,60 5 7,62 0 0,00
2013 8 7,25 6,77 8 7,25 0 0,00
2014 4 4,74 4,84 4 4,74 0 0,00
2015 7 4,74 5,53 7 4,74 0 0,00
2016 9 533 524 9 533 0 0,00
2017 7 5,94 6,09 7 5,94 0 0,00
2018 10 4,33 4,33 10 4,33 0 0,00
2019 6 5,61 5,61 6 5,61 0
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Table 5. Comparison of citation index between publications in favour and against per year

YEAR TOTAL CITES CITES IN FAVOUR CITES AGAINST
2008 653 653 0
2009 1192 1192 0
2010 204 117 87
2011 380 380 0
2012 441 441 0
2013 1013 1013 0
2014 285 285 0
2015 156 156 0
2016 250 250 0
2017 98 98 0
2018 46 46 0
Total 4631 87

RESULTS

The number of articles remains constant over time

After the search conducted in the US National Library of Medicine of the National Institutes of
Health (http://www.ncbi.nlm.nih.gov/pubmed/), we classified the number of publications per year, in
order to see the number of articles in each year, and see the trend of publication in order to observe
the interest in the relationship of Drp1 with AD and PD.

Drp1l in Parkinson's Disease Publications

S P N W R U N D

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

PARKINSON Lineal (PARKINSON)

Fig. 1. In the axis of the ordinates the number of revised articles, in the axis of abscissas years from
2008 to 2019. Table 1 represents the progression of research of Drpl in Parkinson’s disease
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In the case of Parkinson, the graph (figure 1) shows a positive trend line, so that the increase in
the number of publications over time indicates that there has been a growing interest in this field of
research. Similarly, in the case of Alzheimer’s (figure 2) it can be seen that the number of articles
increases over time and is mainly reflected in the trend line that is clearly rising.

12

10

Drpl in Alzheimer publications

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Fig. 2. Total number of publications of the relationship between Drpl and
AD per year between 2008 and 2019, based on PubMed database

The average JCR of the journals remained stable over time

To verify that the interest had not diminished over time we made a comparison of the average JCR
between the year of publication and the average JCR at present of the magazine, considering that in
some cases the JCR of 2019 was not available and we used the value for 2018 as an estimate.

For PD, Figure 3 shows that the value of the JCR has not changed excessively, indicating that the
interest and relevance of this protein in the pathology have remained constant.
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Comparision Mean of JCR by Year

2011 2012 2013 2014 2015 2016 2017 2018 2019

W ICR (Year Published) ®JCR (2018)

Fig. 3. In the axis of ordinates, the medium JCR revised articles, in the axis of abscissas

years from 2008 to 2019. Table 2 shows the evolution of the absolute JCR
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It should be noted that the average JCR value of the year of publication was slightly higher than
the current year except for 2008, 2014, 2015 and 2016 where it was slightly lower.

note that in 2017 and 2018 both JCR values were equal because they are data obtained from the
same year, and that the 2019 values are an approximation, taking the JCR of these articles in 2018 as
a reference.

In the case of AD in Figure 4, in the last 5 years of study, the value of the average JCR did not
vary significantly between the years in which the publication was made and the value of the average
JCR until 2019. The average JCR of each year was 6.64 in the year of publication, and 6.63 for 2018,
which implies minimal variations in interest in the relationship of Drpl with AD.

Comparison mean of JCR by year
20,00
18,00
16,00
14,00
12,00
10,00
8,00

6,00
4,00
- I i |
0,00

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

m ICR (year published) mJCR (2018)

Fig. 4. Evolution of JCR publications of Drpl and AD per year, between
2008 and 2019, JCR based on Web of Science database

The average JCR and the number of articles are stable over the years

The evolution over time of the average JCR and the number of publications are shown by plotting
them on the same graph.

For the case of PD (figure 5), the number of published articles has not changed significantly over
time. Note a higher number of articles published in 2014 but the average value of JCR did not change.

The value of the JCR has remained stable. A relative minimum was observed in 2017, down to
4.06, possibly because only 3 articles were published that year. We also observed a notable relative
maximum in 2011 where 6 articles with an average JCR value of 7.1 were published.
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JCR ratio-articles published (in favor) PD

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

=
o

O RN W R U N 0D

mmm Articles (In Favor) s====Z]CR (In Favor 2018)

Fig. 5. In the ordinated axis the JCR medium, in the axis of abscissas years from 2008 to 2019. Figure 5
shows the relationship between JCR year of publication with articles published in the same year.

The graph also shows a maximum in 2008 that deviates from the average JCR with a value of 9.4,
corresponding to the only article published that year. This data is an absolute value and not an average
as in the other years. This article was not been removed from the study because it met the inclusion/
exclusion criteria.

In 2009 there is also a single article but the JCR value was normal. This was also not ruled out
because it met the inclusion/exclusion criteria.

For AD, as shown in Figure 6 and Figure 1, the number of items per year show the evolution of
the average JCR and its relationship to the number of articles per year. It can be seen, as in previous
graphs, that as of 2013 the number of publications stabilized with an average of 7 articles per year. In
those years the average JCR showed small fluctuations in value, very different from the first years of
study in which the relationship between Drpl with AD was not so clear.

JCR ratio-artciles published in favour Alzheimer disease

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

mmmm Number of articles The average JCR per year

Fig. 6. Comparison between the evolution of JCR per year between 2008 and 2019 and the number
of publications per year between 2008 and 2019, based on Web of Sciences and PubMed databases
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The initial hypothesis of the study was supported by most articles

The figures do not include one that compares the number of articles in favor and the articles against the
thesis that there is a relationship of Drpl with AD and PD. This is because the numbers of articles against
the hypothesis were very small; 1 in the case of AD and 3 in the case of PD and the citation index was very
low compared to articles in favor for both pathologies. These data can be seen in Tables 2, 3, 4 and 5.

DISCUSSION

The molecular basis of AD and PD is completely unknown, however, both in AD and PD, mito-
chondrial fission plays a fundamental role in the pathogenesis of both diseases.

At present the detailed molecular mechanisms in both pathologies are unknown. However, we
suggest that both pathologies end up converging on an affectation of mitochondrial morphology, re-
flected in an increase in fission. This is why Drpl is proposed as a possible therapeutic target because
it is the main protagonist of mitochondrial fission.

In both pathologies, mitochondrial morphology varies due to the fusion/fission imbalance caused
by overexpression of Drpl.

The role of Drpl in neurodegenerative diseases is known. For its activation, protein binding in the
external mitochondrial membrane is necessary, as mentioned above. The direct interaction of proteins
properly related in AD and PD with Drp1 has not been described, so Drpl is postulated as a key piece
between the initial pathogenesis of these diseases and the intrinsic apoptosis entailed by the character-
istic neurodegeneration of these diseases. We suggest Drpl as a central molecule in the pathogenesis
that could delay the natural history of PD and AD.

It is known that 12 % of mitochondrial fissions are performed independently of Drp1. This fact can
explain the small but significant number of articles against the hypothesis proposed here. Even so,
we consider that this fact does not detract from the role of Drp1 in fission and its potential capacity to
slow the progression of the disease.

Figure 2 shows the number of articles published per year. An increase in the number of published
articles on the relationship between Drpl and Alzheimer’s disease over the years can be observed,
showing that the interest in the relationship of Drpl with Alzheimer’s disease is growing.

Figure 4 compares the average JCR of the journals in the year of publication of the article and
the value of the average JCR at present. Variations can be seen in the early years of the study that
are probably due to the lack of information on the relationship of Drpl with Alzheimer’s. However,
in the last 6 years of our study, between 2013 and 2019, the values of the average JCRs do not vary
significantly and remains stable over time. From this, we conclude that the interest of Drp1 in relation
to the average value of the JCR remains.

Table 4 shows the different data of the study, both the number of articles and the value of the av-
erage JCRs per year, which were used to carry out our study.

Table 5 compares the citation index of the articles for and against. The citation index of the articles
in favor is much higher than that of the articles against, so we can conclude that the articles in favor
have more weight than the articles against in the relationship between Drpl and Alzheimer.
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Figure 6 shows the relationship between the average JCR value of the articles and the number of
publications throughout the years of the study. Although it is clearly seen that in the years 2008 and
2009 there is a higher value of the average JCR, because there was a greater interest and less infor-
mation about the relationship between Drpl and Alzheimer, the number of publications in those years
were two and three respectively, less than the number of articles published as of 2012.

As of that year, the average number of publications was between six and seven articles per year
with an average JCR of 6,63. Therefore, from 2012 to 2019, both the number of publications and their
average JCR value remained stable.

We can conclude that the interest in the relationship between Drpl and Alzheimer’s remained sta-
ble in terms of the value of the average JCR and the increase in the number of publications.

Several theories are postulated on the relationship between the pathogenesis of Alzheimer’s and
Drpl. The most accepted theory is based on the fact that the accumulation in the neurons of the am-
yloid B plates causes an increase in oxidative stress in the neuron. This oxidative stress produces a
fission/fusion imbalance at the mitochondrial level in favor of fission, which is due to an overexpres-
sion of Drpl and as a consequence will produce the fragmentation of the mitochondria, and finally
the early apoptosis of the neurons that is characteristic of the diseases neurodegenerative as is Alzhei-
mer’s. Another theory would involve the interaction between Tau and Drp1, although the relationship
between the two is not clear and more experimental evidence would be required.

That is why Drpl1 is postulated as a possible therapeutic target, and that its inhibition or regulation
through other molecules or modifications could lead to a new strategy to treat Alzheimer’s. However,
it is necessary to advance the molecular mechanisms of control of Drp1 for the compression of the
evolution of AD.

Drpl acts on Parkinson’s disease producing a dysregulation of mitochondrial fission/fusion ho-
meostasis resulting in oxidative stress that eventually degenerates these neurons. To do this, Drpl
interacts with several proteins related to this pathology such as PINK1, Parkin, a- synuclein and DJ-1.

Regarding the results provided by the tables, we can observe in Table 1 that there has been a
growing interest in the pathology and its relationship with Drpl. This may be due to several reasons:
Greater financing, better means for obtaining results, etc.

Figure 3 shows that the average impact of this protein over time has been maintained, being in the
JCR value at an average of 6. With this and the values obtained in Figure 1, we suspect that it is a
possible influence of Drp1 on Parkinson’s disease.

Table 2 and Table 3 are the data that were used in this bibliometric review.

Regarding Table 3, we see that the articles in favor of the hypothesis were cited more than those
against it, from which it is inferred that there is a correlation between Drpl and neurodegenerative
pathogenesis such as PD or AD. Although the number of citations of the articles that are against the
hypothesis is significant depending on its impact index.

This fact does not detract from the role of Drpl in the neurodegenerative pathogenesis, this is
observed in Figure 5, which shows us the articles that favor the hypothesis (Drpl is necessary for mi-
tochondrial fission in the pathology of PD) and his JCR. These data suggest that this theory has been
accepted in the scientific community, being able to present DRP1 as a possible therapeutic target for
Parkinson’s disease.
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Although there is some consensus on the role of Drpl in the pathogenesis of PD, there is some
controversy about the individual importance of each of the typical proteins mentioned above (PINK1,
Parkin, a- synuclein and DJ-1) that are altered in the illness.

There are several hypotheses in this regard: One of them is that it is these proteins that provide
quality control of Drpl and Opal; another is that there are several fission pathways, one mediated
by Drpl / Opal, another mediated by PINK 1 / Parkin in which they would function as the functional
homologues of Drpl and Opal, and another in which these four proteins would participate.

It is a common point that, despite the presence of other factors, is Drpl the central molecule that
causes the deregulation of mitochondrial morphology in the pathogenesis of PD.

Therefore, we propose Drpl as a possible therapeutic route that delays the effects of apoptosis and
thus delay the progression of the disease. To elucidate these results, it would be convenient to carry
out future research that clarifies the interactions of Drpl and other proteins with the pathogenesis of
Parkinson’s disease.

CONCLUSIONS

After analyzing the exposed data, Drp1 has great potential as a possible therapeutic target in AD and
PD diseases since the data shown in the study provide favorable arguments for the hypotheses raised.

Drpl plays a fundamental role in the pathogenesis of Alzheimer’s and Parkinson’s disease.

After highlighting the role of Drpl in the regulation of homeostasis of mitochondrial morphology
in patients with PD and AD disease, we can conclude that Drp1 represents a new therapeutic strategy
for addressing diseases such as PD and AD
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