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Mitochondria, long recognized as the powerhouse of the cell, have emerged as master
regulators of cellular fate and therapeutic potential through a broad range of signaling
pathways and metabolic modulation. This Special Issue of Biology brings together ten
original research and review articles that collectively trace a compelling arc, from the
role of mitochondria in reproduction and early-life programming to their dysfunction in
pathophysiology and emergence as novel therapeutic targets.

This Special Issue begins by focusing on the reproductive lifespan, as mitochondrial
quality control is essential in fertility and gamete viability. Costa et al. [1] contribute
a comprehensive review of mitochondrial quality control mechanisms in male fertility,
highlighting how disruptions in mitophagy, biogenesis, and dynamics can impair sper-
matogenesis and sperm function. Their work underlines the importance of mitochondrial
surveillance systems in maintaining reproductive health and suggests that mitochondrial
dysfunction may underlie idiopathic male infertility.

Complementing this topic, Moniz et al. [2] explore the impact of cryopreservation
and transplantation on mitochondrial function in gonadal grafts. Employing a rodent
model, they demonstrate that both procedures significantly compromise mitochondrial
membrane potential and respiratory capacity, contributing to the low survivability of
transplanted tissue. Their findings emphasize the need for improved preservation protocols
that safeguard mitochondrial integrity to enhance reproductive outcomes.

Bracchi et al. [3] extend the reproductive theme by investigating the cardiometabolic
consequences of Rebaudioside A exposure during the reproductive stage. Their experimen-
tal research in female rats reveals that a chronic intake of this non-caloric sweetener alters
mitochondrial function in cardiac tissue, leading to increased oxidative stress and impaired
energy metabolism. These results raise important questions about the long-term metabolic
effects of dietary additives during sensitive reproductive windows.

In the Guest Editor’s experience [4-16], a large body of research has focused on how
the maternal environment shifts early-life mitochondrial programming, exerting lasting
effects on offspring health. In this Special Issue, this theme is further explored; Lomas-
Soria et al. [17] show that maternal obesity induces premature aging in mitochondrial
electron transport chain genes in the liver of rat offspring, with sex-specific differences.
Their transcriptomic analysis reveals the downregulation of key mitochondrial genes in
male offspring, suggesting that maternal metabolic status can epigenetically reprogram
mitochondrial function in a sex-dependent manner.
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Similarly, Yan et al. [18] report that maternal nutrient excess reduces the number
of mitochondria and activates stress signaling in fetal baboon skeletal muscle. Using a
non-human primate model, they demonstrate that overnutrition during pregnancy leads to
mitochondrial depletion and increased expression of unfolded protein response markers,
potentially predisposing offspring to metabolic dysfunction. These findings reinforce the
concept that mitochondrial health is shaped in utero and may influence disease susceptibil-
ity later in life.

Metabolic programming is currently a research hotspot, and as we learn more, increas-
ing attention is being given to the mitochondrial contribution to the onset of pathophysio-
logical processes and the progression of chronic diseases. Mitochondrial dysfunction can
not only reflect underlying metabolic disturbances but also actively contribute to patho-
physiological mechanisms across various organ systems. For instance, Kulovic-Sissawo
et al. [19] investigated mitochondrial dysfunction in endothelial progenitor cells (EPCs),
revealing that EPCs exhibit impaired mitochondrial respiration and increased oxidative
stress compared to mature endothelial cells. Their study suggests that mitochondrial
deficits in EPCs may compromise vascular repair capacity, with implications for cardiovas-
cular disease and aging, highlighting a potential mechanistic link between mitochondrial
dysfunction and cardiovascular aging.

Similarly, Amorim et al. [20] explore the progression of non-alcoholic fatty liver disease
(NAFLD/MASLD) to hepatocellular carcinoma, as a paradigm of maladaptive mitochon-
drial responses. Their review demonstrates how impaired (3-oxidation, excess ROS produc-
tion, and disrupted mitochondrial dynamics drive a cascade from steatosis to fibrosis and
ultimately to malignancy, positioning mitochondria as both biomarkers and active players
in liver disease progression.

Extending this perspective to genetic mitochondrial disorders, Tomczewski et al. [21]
provide a phenotypic characterization of female mice heterozygous for Tafazzin deletion,
a model of Barth syndrome. They report subtle but significant alterations in cardiac and
skeletal muscle mitochondrial function, even in the absence of overt pathology. This
study underscores the importance of considering carrier status and sex-specific effects in
mitochondrial diseases, and it adds to our understanding of how partial gene deletions can
manifest subclinically.

Together, these studies illustrate that mitochondrial dysfunction, whether develop-
mentally programmed, environmentally induced, or genetically inherited, serves as a
critical nexus in disease pathogenesis and warrants further investigation as both a target
and indicator in the context of aging and chronic disease progression.

Thus, the final arc of this Special Issue explores therapeutic strategies targeting mito-
chondrial dysfunction. Chang et al. [22] demonstrate that Formoterol, a 32-adrenoreceptor
agonist, restores mitochondrial function in cells harboring a Parkinson’s disease-related
UQCRC1 mutation. Their data show improved mitochondrial dynamics, transport, and
bioenergetics, suggesting that 32-agonists may offer neuroprotective benefits by modulat-
ing mitochondrial homeostasis.

Closing this Special Issue, Lin et al. [23] explore the bidirectional relationship be-
tween mitochondria and the complement system. Their review synthesizes evidence that
mitochondrial damage can activate complement pathways while complement proteins
can localize to mitochondria and influence their function. This “double-edged sword”
highlights the complex interplay between innate immunity and mitochondrial signaling in
health and disease.

Collectively, these ten manuscripts offer a panoramic view of mitochondrial biology,
from its foundational role in reproduction and development to its critical involvement
in disease and its potential as a therapeutic target. Far from being mere energy facto-
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ries, mitochondria emerge here as dynamic regulators of cellular fate, often exhibiting
sex-specific idiosyncrasies. As our mechanistic understanding deepens, so too does the
potential of mitochondria-centered strategies to diagnose, treat, and prevent a wide array of
complex diseases.

The Guest Editors would like to gratefully acknowledge the Biology Editorial Office
for their continued support, as well as the peer reviewers, authors, and respective research
units for their valuable contributions. We hope that this Special Issue will provide both
insight and inspiration, to enable continued development in this rapidly advancing field.

Funding: This work was financed by national funds from FCT—Fundacao para a Ciéncia e a
Tecnologia, I.P,, in the scope of the project UIDP /04378 /2020 (DOI: 10.54499 /UIDP /04378 /2020) and
UIDB/04378/2020 (DOI: 10.54499 /UIDB/ 04378 /2020) of the Research Unit on Applied Molecular
Biosciences—UCIBIO and the project LA /P/0140/2020 (DOI: 10.54499/LA /P /0140/2020) of the
Associate Laboratory Institute for Health and Bioeconomy—i4HB.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.

13.

14.

Costa, ].; Braga, P.C.; Rebelo, I; Oliveira, P.F.; Alves, M.G. Mitochondria Quality Control and Male Fertility. Biology 2023, 12, 827.
[CrossRef] [PubMed]

Moniz, I; Soares, M.; Sousa, A.P.; Ramalho-Santos, J.; Branco, A. The Low Survivability of Transplanted Gonadal Grafts: The
Impact of Cryopreservation and Transplantation Conditions on Mitochondrial Function. Biology 2024, 13, 542. [CrossRef]
[PubMed]

Bracchi, I.; Morais, J.; Coelho, J.A.; Ferreira, A.F,; Alves, I.; Mendes, C.; Correia, B.; Gongalves, A.; Guimaraes, J.T.; Falcao-Pires, I.;
et al. The Cardiometabolic Impact of Rebaudioside A Exposure during the Reproductive Stage. Biology 2024, 13, 163. [CrossRef]
Pereira, S.P,; Oliveira, PJ.; Tavares, L.C.; Moreno, A.J.; Cox, L.A.; Nathanielsz, PW.; Nijland, M.]. Effects of moderate global
maternal nutrient reduction on fetal baboon renal mitochondrial gene expression at 0.9 gestation. Am. J. Physiol.-Ren. Physiol.
2015, 308, F1217-F1228. [CrossRef]

Pereira, S.P,; Tavares, L.C.; Duarte, A.L; Baldeiras, I.; Cunha-Oliveira, T.; Martins, ].D.; Santos, M.S.; Maloyan, A.; Moreno, A J.;
Cox, L.A; et al. Sex-dependent vulnerability of fetal nonhuman primate cardiac mitochondria to moderate maternal nutrient
reduction. Clin. Sci. 2021, 135, 1103-1126. [CrossRef]

Pereira, S.P.; Diniz, M.S.; Tavares, L.C.; Cunha-Oliveira, T.; Li, C.; Cox, L.A.; Nijland, M.]J.; Nathanielsz, PW.; Oliveira, PJ.
Characterizing Early Cardiac Metabolic Programming via 30% Maternal Nutrient Reduction during Fetal Development in a
Non-Human Primate Model. Int. ]. Mol. Sci. 2023, 24, 15192. [CrossRef]

Diniz, M.S.; Hiden, U.; Falcao-Pires, L; Oliveira, PJ.; Sobrevia, L.; Pereira, S.P. Fetoplacental endothelial dysfunction in gestational
diabetes mellitus and maternal obesity: A potential threat for programming cardiovascular disease. Biochim. Biophys. Acta Mol.
Basis Dis. 2023, 1869, 166834. [CrossRef]

Sousa, D.; Rocha, M.; Amaro, A.; Ferreira-Junior, M.D.; Cavalcante, K.V.N.; Monteiro-Alfredo, T.; Barra, C.; Rosendo-Silva, D.;
Saavedra, L.P].; Magalhaes, ].; et al. Exposure to Obesogenic Environments during Perinatal Development Modulates Offspring
Energy Balance Pathways in Adipose Tissue and Liver of Rodent Models. Nutrients 2023, 15, 1281. [CrossRef]

Grilo, L.F,; Tocantins, C.; Diniz, M.S.; Gomes, R.M.; Oliveira, P.J.; Matafome, P.; Pereira, S.P. Metabolic Disease Programming:
From Mitochondria to Epigenetics, Glucocorticoid Signalling and Beyond. Eur. J. Clin. Investig. 2021, 51, €13625. [CrossRef]
Stevanovi¢-Silva, J.; Beleza, J.; Coxito, P.; Pereira, S.; Rocha, H.; Gaspar, T.B.; Gértner, F.; Correia, R.; Martins, M.].; Guimaraes, T.;
et al. Maternal high-fat high-sucrose diet and gestational exercise modulate hepatic fat accumulation and liver mitochondrial
respiratory capacity in mothers and male offspring. Metabolism 2021, 116, 154704. [CrossRef] [PubMed]

Tocantins, C.; Diniz, M.S.; Grilo, L.E; Pereira, S.P. The birth of cardiac disease: Mechanisms linking gestational diabetes mellitus
and early onset of cardiovascular disease in offspring. WIREs Mech. Dis. 2022, 14, e1555. [CrossRef]

Diniz, M.S.; Magalhaes, C.C.; Tocantins, C.; Grilo, L.F,; Teixeira, J.; Pereira, S.P. Nurturing through Nutrition: Exploring the Role
of Antioxidants in Maternal Diet during Pregnancy to Mitigate Developmental Programming of Chronic Diseases. Nutrients 2023,
15, 4623. [CrossRef]

Diniz, M.S.; Tocantins, C.; Grilo, L.F,; Pereira, S.P. The Bitter Side of Sugar Consumption: A Mitochondrial Perspective on Diabetes
Development. Diabetology 2022, 3, 583-595. [CrossRef]

Grilo, L.F; Diniz, M.S.; Tocantins, C.; Areia, A.L.; Pereira, S.P. The Endocrine-Metabolic Axis Regulation in Offspring Exposed to
Maternal Obesity—Cause or Consequence in Metabolic Disease Programming? Obesities 2022, 2, 236-255. [CrossRef]


https://doi.org/10.3390/biology12060827
https://www.ncbi.nlm.nih.gov/pubmed/37372112
https://doi.org/10.3390/biology13070542
https://www.ncbi.nlm.nih.gov/pubmed/39056734
https://doi.org/10.3390/biology13030163
https://doi.org/10.1152/ajprenal.00419.2014
https://doi.org/10.1042/CS20201339
https://doi.org/10.3390/ijms242015192
https://doi.org/10.1016/j.bbadis.2023.166834
https://doi.org/10.3390/nu15051281
https://doi.org/10.1111/eci.13625
https://doi.org/10.1016/j.metabol.2021.154704
https://www.ncbi.nlm.nih.gov/pubmed/33421507
https://doi.org/10.1002/wsbm.1555
https://doi.org/10.3390/nu15214623
https://doi.org/10.3390/diabetology3040044
https://doi.org/10.3390/obesities2030019

Biology 2025, 14, 1367 4 0of 4

15.

16.

17.

18.

19.

20.

21.

22.

23.

Pereira, S.P,; Grilo, L.F,; Tavares, R.S.; Gomes, R.M.; Ramalho-Santos, J.; Ozanne, S.E.; Matafome, P. Chapter 16—Programming of
early aging. In Aging; Oliveira, PJ., Malva, J.O., Eds.; Academic Press: Cambridge, MA, USA, 2023; pp. 407-431. [CrossRef]
Diniz, M.S.; Grilo, L.F; Tocantins, C.; Falcao-Pires, I.; Pereira, S.P. Made in the Womb: Maternal Programming of Offspring
Cardiovascular Function by an Obesogenic Womb. Metabolites 2023, 13, 845. [CrossRef]

Lomas-Soria, C.; Rodriguez-Gonzalez, G.L.; Ibafiez, C.A.; Reyes-Castro, L.A.; Nathanielsz, PW.; Zambrano, E. Maternal Obesity
Programs the Premature Aging of Rat Offspring Liver Mitochondrial Electron Transport Chain Genes in a Sex-Dependent Manner.
Biology 2023, 12, 1166. [CrossRef]

Yan, X.; Tocantins, C.; Zhu, M.-].; Pereira, S.P.; Du, M. Maternal Nutrient Excess Induces Stress Signaling and Decreases
Mitochondrial Number in Term Fetal Baboon Skeletal Muscle. Biology 2025, 14, 868. [CrossRef]

Kulovic-Sissawo, A.; Tocantins, C.; Diniz, M.S.; Weiss, E.; Steiner, A.; Tokic, S.; Madreiter-Sokolowski, C.T.; Pereira, S.P.; Hiden, U.
Mitochondrial Dysfunction in Endothelial Progenitor Cells: Unraveling Insights from Vascular Endothelial Cells. Biology 2024, 13,
70. [CrossRef] [PubMed]

Amorim, R.; Magalhaes, C.C.; Borges, F.; Oliveira, PJ.; Teixeira, ]. From Non-Alcoholic Fatty Liver to Hepatocellular Carcinoma:
A Story of (Mal)Adapted Mitochondria. Biology 2023, 12, 595. [CrossRef]

Tomczewski, M.V,; Chan, ].Z.; Al-Majmaie, D.M.; Liu, M.R.; Cocco, A.D.; Stark, K.D.; Strathdee, D.; Duncan, R.E. Phenotypic
Characterization of Female Carrier Mice Heterozygous for Tafazzin Deletion. Biology 2023, 12, 1238. [CrossRef]

Chang, J.-C.; Chang, H.-S.; Chao, Y.-C.; Huang, C.-S,; Lin, C.-H.; Wu, Z.-S.; Chang, H.-J; Liu, C.-S.; Chuang, C.-S. Formoterol
Acting via 32-Adrenoreceptor Restores Mitochondrial Dysfunction Caused by Parkinson’s Disease-Related UQCRC1 Mutation
and Improves Mitochondrial Homeostasis Including Dynamic and Transport. Biology 2024, 13, 231. [CrossRef] [PubMed]

Lin, J.; Hwang, S.; Luo, H.; Mohamud, Y. Double-Edged Sword: Exploring the Mitochondria—Complement Bidirectional
Connection in Cellular Response and Disease. Biology 2024, 13, 431. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/B978-0-12-823761-8.00031-8
https://doi.org/10.3390/metabo13070845
https://doi.org/10.3390/biology12091166
https://doi.org/10.3390/biology14070868
https://doi.org/10.3390/biology13020070
https://www.ncbi.nlm.nih.gov/pubmed/38392289
https://doi.org/10.3390/biology12040595
https://doi.org/10.3390/biology12091238
https://doi.org/10.3390/biology13040231
https://www.ncbi.nlm.nih.gov/pubmed/38666843
https://doi.org/10.3390/biology13060431
https://www.ncbi.nlm.nih.gov/pubmed/38927311

	References

