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Since its discovery in 2000 [1] and characterization of its preferential expression in
the brain [1,2], neuroglobin (NGB) presented a new opportunity to understand the mecha-
nisms underlying neural pathologies, as well as to discover new therapeutic approaches.
Indeed, its active role in brain as an oxidative stress sensor and cytoprotective factor against
neurodegeneration, hypoxia, ischemia, toxicity, glutamate toxicity, and nutrient depriva-
tion [2] lead us to consider that NGB is part of endogenous neuroprotective pathways, thus
elucidating a new scenario in the possibility of discovering new therapeutic approaches.
However, NGB has recently been recognized as a new tumor-associated protein, highlight-
ing the role of this globin in increasing tumor cell resilience against stress-induced apoptotic
pathway and the antioxidant systems activated by cancer cells [3]. In fact, these pathways
and cellular processes were found unbalanced in NGB-deficient cancer cells [4]. The dual
nature of NGB, from protecting the vitality and function of the central nervous system to
cancer progression, makes it imperative to better understand the molecular mechanisms in
which this globin is involved. In this Special Issue of Cells entitled “Neuroglobin from Brain
Protection to Cancer Progression,” we collect both reviews and articles aimed to identify
the molecular mechanisms at the root of the biological functions of NGB that will bear
fundamental and translational significance, especially in the development of therapeutics
against neurological disorders.

The brain was believed to lack any system able to promote the storage and/or the diffu-
sion of oxygen similar to what occurs in the muscle system with myoglobin (MB). However,
the discovery of NGB as a monomeric intracellular globin has raised the possibility of a
myoglobin-like function of NGB [5]. In the paper of De Simone and collaborators [6], the
structural and (pseudo-)enzymatic properties of NGB have been reviewed; the researchers
attempted, for the first time, to link these properties to each other. Authors showed that
NGB actions in vivo depend on its concentration and on an efficient ferric NGB reductase
system, still unknown, restoring ferrous NGB. Thus, when present at high concentrations
(~100–200 µM), NGB may facilitate O2 buffer and transport, whereas at low concentrations
(~1 µM) NGB can display only potential enzymatic activities and cell signaling in most
tissues and organs. In this review, a role for NGB is highlighted as a compensatory protein
responding to hypoxic, ischemic or oxidative injuries by activating survival/antiapoptotic
pathways [6]. The pioneering study of Schmidt and collaborators [7] first evidenced that
the NGB levels in retinal extracts from mice were 100-fold higher with respect to total brain
extracts. They estimated a NGB concentration in the retina in the range of 100 to 200 µM,
comparable to MB levels in muscle and accountable for a possible NGB function in the
transport or short-term storage of oxygen [6]. The paper of Solar Fernandez and collabora-
tors [8] provides the undercurrent knowledge on NGB distribution in retinal layers and the
evidence about the connection between NGB level modulation and the functional outcome
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in terms of retinal neuroprotection to provide a novel therapeutic/preventive target for
visual pathway degenerative disease. Authors reported evidence on the effect of ectopic
overexpression of NGB in the retinal tissue, and, in particular, in retinal ganglion cells. High
induced levels of NGB have a critical function in preserving retinal neuron loss and vision
pathway under different stress conditions/retinal diseases as the main consequence of the
globin ability to maintain or enhance mitochondrial functions, supporting the idea of NGB
as the main target candidate for preserve or restore retinal tissue during degeneration [8].

Data accumulated to date suggest that NGB is a stress-inducible protein whose overex-
pression and mitochondrial localization could provide a compensatory response to injuring
stimuli protecting against neurodegenerative diseases. Moreover, stably transfected neurob-
lastoma cells overexpressing endogenous NGB suggested that the role in neuroprotection
played by NGB is reliable only through interaction with mitochondrial lipid raft-associated
complexes [4,9]. Consequently, treatments that increase NGB levels and/or increase its
mitochondrial targeting might have therapeutic value. In the paper of Barreto and col-
leagues [10], the ability of the hormone 17β-estradiol to upregulate and translocate NGB to
the mitochondria to sustain neuronal and glial cell adaptation to injury has been discussed.
Notably, the authors reported that the sex-specific regulation of NGB expression in neurons
and glial cells has not received enough attention; however, sex differences in the expression
of NGB after brain injury have been reported sustaining a possible contribution of the
estrogenic regulation of NGB to the generation of sex differences in brain pathology [10].

The paper of Manganelli and colleagues [11] has investigated the involvement of NGB
overexpression in increasing energetic metabolism in neuronal derived cells. These authors
measured the effect of overexpressed NGB on oxygen consumption rate (OCR), through
Seahorse XF technology and on autophagy induction. Proteomic analysis revealed several
differentially regulated proteins, involved in oxidative phosphorylation, and integral
mitochondrial proteins linked to energy metabolism [4]. Moreover, NGB overexpression
increased mitochondrial ATP production enhancing the bioenergetic metabolism, increasing
OCR and oxygen consumption [11]. These results highlight the active participation of NGB
in several cellular processes that can be upregulated in response to NGB overexpression,
playing a role in the adaptive response to stress in neuroblastoma cells.

In their paper, Solar Fernandez and colleagues [12] evaluated the levels and localiza-
tion of NGB in estrogen receptor positive (ERα+) breast ductal carcinoma tissue of different
grades derived from pre-and post-menopausal patients. The reported results indicate a
strong association between NGB accumulation, ERα, AKT activation, and the G3 grade,
while no association with the menopausal state has been evidenced. Analyses of the data
set (e.g., GOBO) strengthen the idea that NGB accumulation could be linked to tumor cell
aggressiveness (high grade) and resistance to treatment [12]. These data support the view
that NGB accumulation, mainly related to ER expression and tumor grade, represents a
compensatory process, which allows cancer cells to survive in an unfavorable environment.

As a whole, this Special issue highlights the dual role played by NGB overexpression
in human diseases as well as some of involved mechanisms. Data sustain that NGB has
shown enormous potential to develop therapies against inflammation and oxidative stress
due to its common pathological features across many neurological diseases, including
stroke, Alzheimer’s disease, and traumatic brain injury, among others. On the other
hand, NGB overexpression shows similar protective effects on estrogen-related cancer.
Perhaps one of the greatest current challenges is to seek strategies that aim to selectively
increase both the levels and cellular expression of NGB in the brain, reducing or preventing
the globin accumulation in estrogen-related cancer. This strategy could be reached with
the use of plant-derived compounds with estrogenic activity, that differently activating
estrogen receptor subtypes reduces NGB levels in cancer increasing the globin levels in
brain tissues [13]. Investigations of other biological functions this protein may have on
human health upon injury ought to be the subject of future studies.

Funding: This work was supported by grant from Italian Ministry of University and Research (MUR)
PRIN 2017 n◦2017SNRXH3 to M.M., R.M., M.R.



Cells 2022, 11, 2181 3 of 3

Conflicts of Interest: The authors declare that they have no conflict of interest.

References
1. Burmester, T.; Weich, B.; Reinhardt, S.; Hankeln, T. A vertebrate globin expressed in the brain. Nature 2000, 407, 520–523.

[CrossRef] [PubMed]
2. Ascenzi, P.; di Masi, A.; Leboffe, L.; Fiocchetti, M.; Nuzzo, M.T.; Brunori, M.; Marino, M. Neuroglobin: From structure to function

in health and disease. Mol. Asp. Med. 2016, 52, 1–48. [CrossRef] [PubMed]
3. Fiocchetti, M.; Nuzzo, M.T.; Totta, P.; Acconcia, F.; Ascenzi, P.; Marino, M. Neuroglobin, a pro-survival player in estrogen receptor

α-positive cancer cells. Cell Death Dis. 2014, 5, e1449. [CrossRef] [PubMed]
4. Costanzo, M.; Fiocchetti, M.; Ascenzi, P.; Marino, M.; Caterino, M.; Ruoppolo, M. Proteomic and Bioinformatic Investigation of

Altered Pathways in Neuroglobin-Deficient Breast Cancer Cells. Molecules 2021, 26, 2397. [CrossRef] [PubMed]
5. Vinogradov, S.N.; Moens, L. Diversity of globin function: Enzymatic, transport, storage, and sensing. J. Biol. Chem. 2008,

283, 8773–8777. [CrossRef] [PubMed]
6. De Simone, G.; Sbardella, D.; Oddone, F.; Pesce, A.; Coletta, M.; Ascenzi, P. Structural and (Pseudo-)Enzymatic Properties of

Neuroglobin: Its Possible Role in Neuroprotection. Cells 2021, 10, 3366. [CrossRef] [PubMed]
7. Schmidt, M.; Giessl, A.; Laufs, T.; Hankeln, T.; Wolfrum, U.; Burmester, T. How Does the Eye Breathe? Evidence for neuroglobin-

mediated oxygen supply in the mammalian retina. J. Biol. Chem. 2003, 278, 1932–1935. [CrossRef] [PubMed]
8. Solar Fernandez, V.; Marino, M.; Fiocchetti, M. Neuroglobin in Retinal Neurodegeneration: A Potential Target in Therapeutic

Approaches. Cells 2021, 10, 3200. [CrossRef] [PubMed]
9. Garofalo, T.; Ferri, A.; Sorice, M.; Azmoon, P.; Grasso, M.; Mattei, V.; Capozzi, A.; Manganelli, V.; Misasi, R. Neuroglobin

overexpression plays a pivotal role in neuroprotection through mitochondrial raft-like microdomains in neuroblastoma SK-N-BE2
cells. Mol. Cell. Neurosci. 2018, 88, 167–176. [CrossRef] [PubMed]

10. Barreto, G.E.; McGovern, A.J.; Garcia-Segura, L.M. Role of Neuroglobin in the Neuroprotective Actions of Estradiol and Estrogenic
Compounds. Cells 2021, 10, 1907. [CrossRef] [PubMed]

11. Manganelli, V.; Salvatori, I.; Costanzo, M.; Capozzi, A.; Caissutti, D.; Caterino, M.; Valle, C.; Ferri, A.; Sorice, M.; Ruoppolo,
M.; et al. Overexpression of Neuroglobin Promotes Energy Metabolism and Autophagy Induction in Human Neuroblastoma
SH-SY5Y cells. Cells 2021, 10, 3394. [CrossRef] [PubMed]

12. Solar Fernandez, V.; Fiocchetti, M.; Cipolletti, M.; Segatto, M.; Cercola, P.; Massari, A.; Ghinassi, S.; Cavaliere, F.; Marino, M.
Neuroglobin: A New Possible Marker of Estrogen-Responsive Breast Cancer. Cells 2021, 10, 1986. [CrossRef] [PubMed]

13. Cipolletti, M.; Montalesi, E.; Nuzzo, M.T.; Fiocchetti, M.; Ascenzi, P.; Marino, M. Potentiation of paclitaxel effect by resveratrol in
human breast cancer cells by counteracting the 17β-estradiol/estrogen receptor α/neuroglobin pathway. J. Cell. Physiol. 2019,
234, 3147–3157. [CrossRef] [PubMed]

http://doi.org/10.1038/35035093
http://www.ncbi.nlm.nih.gov/pubmed/11029004
http://doi.org/10.1016/j.mam.2016.10.004
http://www.ncbi.nlm.nih.gov/pubmed/27825818
http://doi.org/10.1038/cddis.2014.418
http://www.ncbi.nlm.nih.gov/pubmed/25299774
http://doi.org/10.3390/molecules26082397
http://www.ncbi.nlm.nih.gov/pubmed/33924212
http://doi.org/10.1074/jbc.R700029200
http://www.ncbi.nlm.nih.gov/pubmed/18211906
http://doi.org/10.3390/cells10123366
http://www.ncbi.nlm.nih.gov/pubmed/34943874
http://doi.org/10.1074/jbc.M209909200
http://www.ncbi.nlm.nih.gov/pubmed/12409290
http://doi.org/10.3390/cells10113200
http://www.ncbi.nlm.nih.gov/pubmed/34831423
http://doi.org/10.1016/j.mcn.2018.01.007
http://www.ncbi.nlm.nih.gov/pubmed/29378245
http://doi.org/10.3390/cells10081907
http://www.ncbi.nlm.nih.gov/pubmed/34440676
http://doi.org/10.3390/cells10123394
http://www.ncbi.nlm.nih.gov/pubmed/34943907
http://doi.org/10.3390/cells10081986
http://www.ncbi.nlm.nih.gov/pubmed/34440755
http://doi.org/10.1002/jcp.27309
http://www.ncbi.nlm.nih.gov/pubmed/30421506

	References

