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Connexins (Cxs) are a family of tetraspan membrane proteins encoded by 21 genes
in humans [1]. First visualized by electron microscopy in 1963 [2], it took more than
two decades before a connexin gene (GJB1) was cloned [3], and another seven years before
its link to Charcot-Marie-Tooth disease type 1X was established [4].
understanding of connexins has expanded dramatically. These proteins are now recognized
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as central players in numerous physiological and pathological processes, owing to their
diverse biological functions. Depending on the cellular and tissue context, connexins
contribute to cell-cell communication and adhesion, extracellular signalling and vesicle
release, mitochondrial biogenesis, transcriptional regulation, and nanotube tunnelling [5].
Their functions depend on the ability of connexin isoforms to assemble into hexameric
channels known as connexons or hemichannels (HCs). Within the plasma membrane,
two HCs from adjacent cells can dock end-to-end to form a gap junction channel (GJC),
enabling direct cytosolic exchange of ions and small metabolites [6]. Understanding the
contribution of distinct connexin channels to physiology and disease is therefore critical,
with major implications for the development of novel therapeutic strategies. Through
fourteen contributions published in the two Special Issues of the IJMS Biochemistry Section,
Gap Junction Channels and Hemichannels in Health and Disease (1st and 2nd editions), we
aim to present new insights and perspectives to advance the field and address these
fundamental questions.

Emerging evidence suggests that neuronal and glial communication via GJCs ampli-
fies neuroinflammation and neurodegeneration in Parkinson’s and Alzheimer’s diseases.
Contribution 1 of Pechlivanidou et al. presented the first study investigating Alzheimer’s
pathology in the spinal cord rather than the brain, using the 5xFAD mouse model. They
reported increased immunoreactivity of oligodendroglial Cx47 GJCs on cell bodies, along
with elevated expression of Cx43 and Cx30 around amyloid-f deposits. This study broad-
ens our understanding of the cellular contributors to Alzheimer’s progression and suggests
that connexin-mediated chronic inflammation may represent a promising therapeutic target.
Underscoring the complex tissue-specific consequences of connexin modulation, Contribu-
tion 2 of Li et al. showed in mouse models that selective impairment of Cx43 HCs preserves
bone mass during ageing but compromises skeletal muscle function.

Connexin function is tightly regulated at multiple levels. At the post-transcriptional
stage, microRNAs such as miR-206 and miR-133a suppress connexin translation, while
IncRNAs and circRNAs act as sponges to promote expression (Contribution 3). At the
protein level, connexin trafficking, turnover, and recycling are mainly controlled by clathrin-
mediated endocytosis, although isoform-specific variations in internalization mechanisms
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exist (Contribution 4). Dysregulation of these processes can amplify inflammatory re-
sponses, particularly in the central nervous system, through aberrant ATP release and
mediator signalling (Contribution 5).

The biophysical regulation of GJs and HCs is a key determinant of their physiological
and pathological functions. Voltage, pH, and Ca?* ions finely tune channel gating. Perac-
chia (Contributions 6-7) proposed a model in which a fast transjunctional voltage sensor
and a slower Ca?*-dependent “cork” mechanism mediated by calmodulin (CaM) cooperate
to control GJC opening and closure. Contribution 8 of Tran et al. expanded this model,
showing that sub-micromolar cytosolic Ca?* variations induce a conformational stretch in
the intracellular loop region of GJCs, leading to CaM-mediated pore closure. Bayraktar
et al. (Contribution 9) highlighted the presence of a dual Ca?*-dependent gate in HCs:
intracellular Ca?* triggers HC opening that allows release of extracellular bursts of mes-
senger molecules, whereas extracellular Ca?* stabilizes channel closure. A comprehensive
molecular framework is still needed to fully understand HC gating and to guide the design
of isoform-selective modulators.

From a therapeutic perspective, connexins offer both challenges and opportunities.
Broad-spectrum blockers such as carbenoxolone and octanol inhibit connexin-mediated
communication but lack isoform specificity, limiting their clinical potential [7]. More
selective approaches are emerging: peptide-based modulators such as Gap19 (targeting
Cx43 HCs) and °Panx1 (targeting Panx1 HCs) show promise, though issues of cross-
reactivity and precise mechanisms remain under investigation (Contribution 10). Della
Morte et al. reported in Contribution 11 that pro-inflammatory cytokines (IL-13 / TNF-«) up-
regulate Cx43 and promote HC opening in synovial fibroblasts, triggering ATP-dependent
IL-6/1L-8 release, a process reversible by TAT-Gap19 or Cx43 siRNA. These findings point
to HCs as potential therapeutic targets in rheumatoid arthritis. Conversely, enhancing
connexin-mediated communication may be beneficial in other settings. Contribution 12 of
Buchberger et al. demonstrated that Cx43 GJCs between endothelial progenitors and ma-
ture cells are essential for angiogenesis, suggesting strategies for ischemic tissue repair.
Moreover, Peracchia described in Contribution 13 how common anesthetics modulate GJC
gating, with implications for both clinical safety and mechanistic insights into connexin
regulation. Environmental factors also influence connexin function. Contribution 14 of
Yin et al. showed that microwave radiation alters Cx43 expression and localization in
iPSC-derived cardiomyocytes, consistent with prior observations of electrophysiological
disturbances and mitochondrial dysfunction in animal models [8].

In summary, connexins and their HCs and GJCs are central to tissue homeostasis and
disease. The key challenge will be to identify which connexin isoforms and functions should
be targeted in specific pathological contexts, including neurodegeneration, inflammation,
bone remodelling, and cardiovascular function. The studies presented in these two Special
Issues expand our understanding of connexin biology and highlight new therapeutic
opportunities. We hope these contributions will inspire further investigations that lay the
foundation for precision medicine approaches to connexin-targeted therapies.

Author Contributions: B.R. contributed to the conceptualization and writing of the manuscript; M.B.
contributed to the supervision and writing and editing of the manuscript, and served as the Guest
Editor, together with Camillo Peracchia, of these Special Issues. All authors have read and agreed to
the published version of the manuscript.

Acknowledgments: We would like to thank Enrico C. Torre for his valuable contribution in providing
useful insights for the writing of this editorial.

Conflicts of Interest: The author declares no conflicts of interest.



Int. J. Mol. Sci. 2025, 26, 9264

3o0f4

List of Contributions:

1.

10.

11.

12.

13.

14.

Pechlivanidou, M.; Kousiappa, I.; Angeli, S.; Sargiannidou, I.; Koupparis, A.M.; Papacostas,
S.S.; Kleopa, K.A. Glial Gap Junction Pathology in the Spinal Cord of the 5xFAD Mouse Model
of Early-Onset Alzheimer’s Disease. Int. . Mol. Sci. 2022, 23, 15597. https://doi.org/10.3390/
ijms232415597.

Li, G.; Zhang, L.; Lu, Z,; Yang, B.; Yang, H.; Shang, P.; Jiang, ] X.; Wang, D.; Xu, H. Connexin
43 Channels in Osteocytes Are Necessary for Bone Mass and Skeletal Muscle Function in Aged
Male Mice. Int. J. Mol. Sci. 2022, 23, 13506. https:/ /doi.org/10.3390/ijms232113506.

Li, X,; Wang, Z.,; Chen, N. Perspective and Therapeutic Potential of the Noncoding
RNA-Connexin Axis. Int. . Mol. Sci. 2024, 25, 6146. https:/ /doi.org/10.3390/ijms25116146.
Fisher, C.G.; Falk, M.M. Endocytosis and Endocytic Motifs across the Connexin Gene Family.
Int. J. Mol. Sci. 2023, 24, 12851. https:/ /doi.org/10.3390/ijms241612851.

Yamasaki, R. Connexins Control Glial Inflammation in Various Neurological Diseases. Int. |.
Mol. Sci. 2023, 24, 16879. https:/ /doi.org/10.3390/ijms242316879.

Peracchia, C. Gap Junction Channel Regulation: A Tale of Two Gates—Voltage Sensitivity of the
Chemical Gate and Chemical Sensitivity of the Fast Voltage Gate. Int. ]. Mol. Sci. 2024, 25, 982.
https:/ /doi.org/10.3390/ijms25020982.

Peracchia, C. Calcium Role in Gap Junction Channel Gating: Direct Electrostatic or Calmodulin-
Mediated? Int. . Mol. Sci. 2024, 25, 9789. https:/ /doi.org/10.3390/ijms25189789.

Tran, O.; Kerruth, S.; Coates, C.; Kaur, H.; Peracchia, C.; Carter, T.; Torok, K. Ca2+-Dependent
and -Independent Calmodulin Binding to the Cytoplasmic Loop of Gap Junction Connexins.
Int. J. Mol. Sci. 2023, 24, 4153. https://doi.org/10.3390/ijms24044153.

Bayraktar, E.; Lopez-Pigozzi, D.; Bortolozzi, M. Calcium Regulation of Connexin Hemichannels.
Int. J. Mol. Sci. 2024, 25, 6594. https://doi.org/10.3390/ijms25126594.

Lissoni, A.; Tao, S.; Allewaert, R.; Witschas, K.; Leybaert, L. Cx43 Hemichannel and Panx1 Chan-
nel Modulation by Gap19 and '"Panx1 Peptides. Int. J. Mol. Sci. 2023, 24, 11612. https:
//doi.org/10.3390/ijms241411612.

Della Morte, E.; Giannasi, C.; Valenza, A.; Cadelano, F.; Aldegheri, A.; Zagra, L.; Niada,
S.; Brini, A.T. Connexin 43 Modulation in Human Chondrocytes, Osteoblasts and Cartilage
Explants: Implications for Inflammatory Joint Disorders. Int. ]. Mol. Sci. 2024, 25, 8547.
https://doi.org/10.3390/ijms25158547.

Buchberger, C.; Kameritsch, P.; Mannell, H.; Beck, H.; Pohl, U.; Pogoda, K. Gap Junctional Inter-
action of Endothelial Progenitor Cells (EPC) with Endothelial Cells Induces Angiogenic Network
Formation In Vitro. Int. J. Mol. Sci. 2025, 26, 4827. https://doi.org/10.3390/ijms26104827.
Peracchia, C. Anesthetics and Cell-Cell Communication: Potential Ca2*-Calmodulin Role in
Gap Junction Channel Gating by Heptanol, Halothane and Isoflurane. Int. . Mol. Sci. 2022, 23,
9017. https:/ /doi.org/10.3390/ijms23169017.

Yin, Y.;; Xu, X,; Li, D.; Yao, B.; Wang, H.; Zhao, L.; Wang, H.; Dong, ].; Zhang, J.; Peng, R. Role of
Cx43 in iPSC-CM Damage Induced by Microwave Radiation. Int. J. Mol. Sci. 2023, 24, 12533.
https:/ /doi.org/10.3390/ijms241612533.

Delmar, M.; Laird, D.W.; Naus, C.C.; Nielsen, M.S.; Verselis, V.K.; White, T.W. Connexins and Disease. Cold Spring Harb. Perspect.

Revel, ]J. Morphological and Chemical Organisation of Gap Junctions. Proc. Annu. Meet. Electron Microsc. Soc. Am. 1978, 36,

Paul, D.L. Molecular cloning of cDNA for rat liver gap junction protein. J. Cell Biol. 1986, 103, 123-134. [CrossRef] [PubMed]
Bergoffen, J.; Scherer, S.S.; Wang, S.; Scott, M.O.; Bone, L.J.; Paul, D.L.; Chen, K.; Lensch, M.W.; Chance, P.E.; Fischbeck, K.H.
Connexin Mutations in X-Linked Charcot-Marie-Tooth Disease. Science 1993, 262, 2039-2042. [CrossRef] [PubMed]

Lucaciu, S.A.; Leighton, S.E.; Hauser, A.; Yee, R.; Laird, D.W. Diversity in connexin biology. J. Biol. Chem. 2023, 299, 105263.

References
1.
Biol. 2018, 10, a029348. [CrossRef] [PubMed]
2.
651-658. [CrossRef]
3.
4
5.
[CrossRef] [PubMed]
6.

Harris, A.L. Emerging issues of connexin channels: Biophysics fills the gap. Q. Rev. Biophys. 2001, 34, 325-472. [CrossRef]

[PubMed]


https://doi.org/10.3390/ijms232415597
https://doi.org/10.3390/ijms232415597
https://doi.org/10.3390/ijms232113506
https://doi.org/10.3390/ijms25116146
https://doi.org/10.3390/ijms241612851
https://doi.org/10.3390/ijms242316879
https://doi.org/10.3390/ijms25020982
https://doi.org/10.3390/ijms25189789
https://doi.org/10.3390/ijms24044153
https://doi.org/10.3390/ijms25126594
https://doi.org/10.3390/ijms241411612
https://doi.org/10.3390/ijms241411612
https://doi.org/10.3390/ijms25158547
https://doi.org/10.3390/ijms26104827
https://doi.org/10.3390/ijms23169017
https://doi.org/10.3390/ijms241612533
https://doi.org/10.1101/cshperspect.a029348
https://www.ncbi.nlm.nih.gov/pubmed/28778872
https://doi.org/10.1017/S0424820100070370
https://doi.org/10.1083/jcb.103.1.123
https://www.ncbi.nlm.nih.gov/pubmed/3013898
https://doi.org/10.1126/science.8266101
https://www.ncbi.nlm.nih.gov/pubmed/8266101
https://doi.org/10.1016/j.jbc.2023.105263
https://www.ncbi.nlm.nih.gov/pubmed/37734551
https://doi.org/10.1017/S0033583501003705
https://www.ncbi.nlm.nih.gov/pubmed/11838236

Int. J. Mol. Sci. 2025, 26, 9264 4of4

7. de Pina-Benabou, M.H.; Szostak, V.; Kyrozis, A.; Rempe, D.; Uziel, D.; Urban-Maldonado, M.; Benabou, S.; Spray, D.C.; Federoff,
H.J.; Stanton, PK.; et al. Blockade of Gap Junctions In Vivo Provides Neuroprotection After Perinatal Global Ischemia. Stroke 2005,
36, 2232-2237. [CrossRef] [PubMed]

8. Wang, H.; Zhang, ].; Hu, S.H.; Tan, S.Z.; Zhang, B.; Zhou, H.M.; Peng, R.Y. Real-time Microwave Exposure Induces Calcium Efflux
in Primary Hippocampal Neurons and Primary Cardiomyocytes. Biomed. Environ. Sci. 2018, 31, 561-571. [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/10.1161/01.STR.0000182239.75969.d8
https://www.ncbi.nlm.nih.gov/pubmed/16179575
https://doi.org/10.3967/bes2018.077
https://www.ncbi.nlm.nih.gov/pubmed/30231960

	References

