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ABSTRACT 

The central nervous system (CNS) can be infected by viruses that can cause neuroinflammation. The main DNA 

viruses capable of infecting the CNS are herpesviruses and some polyomaviruses, which can cause viral encephalitis. The 

John Cunningham virus (JCV) resides asymptomatically in the CNS, but can cause progressive multifocal 

leukoencephalopathy (PML), with immunodeficiency, permanent neurological deficits, and can possible fatality. 

Polyomaviruses are double-stranded DNA (dsDNA) viruses, and their replication depends on host cell enzymes. Viral 

DNA enters the nucleus and hijacks cellular DNA polymerase and cellular transcription factors. PD-1 inhibitors may be 

effective in restoring the activity of antiviral T cells. The p53 protein is one of the main regulators of the cellular response 

to stress. p53 is an important tumor suppressor and directly influences viral replication. In the CNS, p53 is activated 

during stress in response to DNA damage or viral infections and inhibits viral replication and causes cell cycle arrest in 

the G1/S phase. If this phase is blocked, the virus cannot replicate, and infected cells undergo apoptosis. In conclusion, 

p53 acts as a transcription factor and induces the expression of pro-apoptotic proteins belonging to the BCL-2 family, 

such as Bcl-2 Associated X protein (BAX), NOXA, and P53 Upregulated Modulator of Apoptosis (PUMA), which 

increase mitochondrial membrane permeability, the release of cytochrome C, and activate apoptotic caspases.  
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INTRODUCTION 

Viral infections can affect both the brain and the spinal cord of the central nervous system (CNS) (1). Viruses can 

cause inflammation of the meninges (meningitis), inflammation of the brain (encephalitis), and inflammation of the spinal 

cord (myelitis) (2). The viruses most frequently involved are arboviruses (which can cause dengue and West Nile disease), 

herpes simplex, varicella-zoster, and enteroviruses (3). The primary DNA viruses capable of infecting the CNS are mainly 

herpesviruses and certain polyomaviruses. Polyomaviruses can cause DNA viral encephalitis and progressive multifocal 

leukoencephalopathy (PML), while more rarely, adenoviruses can cause meningitis or encephalitis, particularly in 

children and immunocompromised individuals (4).  

A diagnosis of infection is established by collecting cerebrospinal fluid via lumbar puncture and analysing it for viral 

infection using polymerase chain reaction (PCR); other diagnostic tools include magnetic resonance imaging (MRI), and, 
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more rarely, electroencephalogram (EEG). Symptoms of infection may include severe headache, often accompanied by 

confusion, fever, altered mental status, drowsiness, weakness, paralysis, and neck stiffness (5). Treatment depends on the 

specific type of virus involved; however, it typically consists of hydration, administration of specific antiviral 

medications, and intensive care if necessary. Encephalitis can be a very serious condition and may result in permanent 

neurological damage. 

The John Cunningham virus (JCV) interacts with the p53 tumor suppressor protein to drive viral replication and 

potentially promote cellular transformation. JCV are highly significant polyomaviruses capable of causing progressive 

multifocal leukoencephalopathy (PML) (4). JCV is a very common virus belonging to the polyomavirus family that 

usually infects people during childhood or adolescence. Infected individuals may not develop symptoms and are often 

unaware of their infection. 

The most important polyomavirus within the CNS is, above all, JCV, which is the causative agent of PML. This virus 

typically resides in the CNS asymptomatically but may become reactivated if the host organism enters a state of 

immunodeficiency (6). PML primarily targets cerebral myelin and can manifest with cognitive changes, weakness, loss 

of coordination, seizures, and visual impairments. Treatment for this infection focuses primarily on restoring the immune 

system (7). The prognosis may be fatal in cases of severe immunodeficiency, or it may result in permanent neurological 

deficits. Reactivation of the immune system can trigger a severe inflammatory response, which may be managed through 

the administration of corticosteroids, immunosuppressants, and anti-inflammatory agents (8). Furthermore, anti-

inflammatory cytokines, such as the IL-1 receptor antagonist (IL-1RA), may prove beneficial (9). 

POLYOMAVIRUSES 

Polyomaviruses are double-stranded DNA (dsDNA) viruses; they are non-enveloped and possess a circular dsDNA 

genome and an icosahedral capsid (10). Polyomavirus replication relies heavily on host cell enzymes and can be targeted 

at various stages, such as receptor binding or fusion, entry into the host cell, prevention of viral genome release, inhibition 

of DNA polymerase or viral enzymes, transcription and translation, blockade of viral protein synthesis, prevention of 

capsid formation, blocking the egress of viral particles, and release (11). Polyomaviruses utilize numerous cellular 

enzymes and do not possess their own specific DNA polymerase. The viral DNA enters the nucleus and hijacks the 

cellular DNA polymerase and cellular transcription factors. From a therapeutic standpoint, restoring the immune system 

proves to be the most effective strategy (12). Furthermore, the use of antiviral drugs can reduce DNA replication; 

similarly, the use of experimental immunomodulators, such as PD-1 inhibitors, may be effective in restoring the activity 

of antiviral T cells (13). These therapies aim to interrupt viral replication and enable the immune system to eliminate 

infected cells. 

 

p53 

The TP53 gene encodes p53 protein and is one of the primary regulators of the cellular stress response (14). p53 

regulates the genome, is one of the most important tumor suppressors, and directly affects viral replication. p53 is 

activated in response to stressors, such as DNA damage or viral infection, and blocks viral replication by inducing cell 

cycle arrest, primarily at the G1/S transition, and by activating p21 genes (15). These effects are significant because many 

DNA viruses replicate their genomes specifically during the S phase. If this phase is blocked, the virus cannot replicate, 

and the infected cells undergo apoptosis.  

The p53 protein can activate the mitochondrial apoptotic pathway when a cell is subjected to stress, for instance, from 

chemical agents or viral infections (resulting in damage to genetic information) (16). p53 acts as a transcription factor, 

inducing the expression of pro-apoptotic proteins belonging to the BCL-2 family, such as Bcl-2 Associated X protein 

(BAX), NOXA, and P53 Upregulated Modulator of Apoptosis (PUMA) (16). This causes genetic mutations and induces 

alterations within the nucleotide sequence and/or the double-helix structure of DNA. p53 increases the permeability of 

the outer mitochondrial membrane, triggering the release of cytochrome C and the subsequent activation of apoptotic 

caspases (17). The elimination of the infected cell happens before the virus can complete its replication.  p53 can interfere 

directly with viral proteins, or it can act upon the regulation of viral DNA, the repression of viral transcription, or the 

interference with viral replication itself (18). 

Conversely, viruses have developed new strategies aimed at counteracting and inactivating p53. For example, the 

adenovirus possesses a protein called E1B that binds to and inactivates p53; the papillomavirus utilizes the E6 protein to 

degrade p53, while the herpesvirus directly modulates p53 (19). It can be concluded that p53 acts as a critical antagonist 

to viral replication, as it restricts the S phase, induces premature cell death, interferes with viral transcription and 
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replication, and compels viruses to develop evasion mechanisms. In summary, p53 upregulates PUMA, NOXA, and BAX, 

which promote mitochondrial permeabilization, thereby inducing the caspases that mediate apoptosis (20).  

PUMA, NOXA, and BAX are pro-apoptotic proteins belonging to the BCL-2 protein family, which governs cell 

survival or death at the mitochondrial level. BAX is an apoptosis "effector"; when activated together with BAK, it induces 

pore formation in the mitochondria, leading to increased permeability and the release of cytochrome C, which triggers 

caspase activation and apoptosis. PUMA is a BH3-only protein capable of neutralizing anti-apoptotic proteins such as 

BCL-2 and BCL-XL, thereby releasing and/or activating BAX and BAK, and amplifying the apoptotic signal. PUMA is 

one of the most important transcriptional targets of p53. NOXA is also a BH3-only protein that acts primarily by 

neutralizing anti-apoptotic proteins, such as MCL-1, and indirectly facilitating the activation of BAX/BAK (21). NOXA 

is involved in cellular stress responses and viral infections. Thus, PUMA and NOXA remove the anti-apoptotic "brakes," 

while BAX executes the mitochondrial damage, leading to the activation of the caspase cascade. 

When a cell becomes infected by a virus, this mechanism can help eliminate the cell before the pathogen completes 

its replication, serving as a defensive strategy for the organism's immune system. Some viruses, however, deploy a 

defensive strategy aimed at inactivating p53. 

Following cellular stress, viral infection, or DNA damage, p53 can be downregulated, inducing the expression of 

PUMA and NOXA, which neutralize anti-apoptotic proteins (Bcl-2, MCL-1), and BAX (and BAK) are activated and 

oligomerized. The sequence continues with: 

a) Permeabilization of the outer mitochondrial membrane 

b) Release of cytochrome C 

c) Activation of the caspase cascade 

d) Apoptosis of the infected cell 

This pathway is important because p53 helps eliminate infected or damaged cells, limiting viral replication and spread. 

CONCLUSIONS 

In conclusion, viral infections of the CNS pose a serious threat to health, as they can cause neuroinflammation, 

encephalitis, and permanent damage. Among the main agents involved are herpesviruses and JCV, whose replication 

depends on host cellular mechanisms. In this context, the p53 protein plays a key role in antiviral defense, as it limits viral 

replication by arresting the cell cycle and inducing apoptosis of infected cells. Understanding the molecular mechanisms 

that regulate the interaction between viruses and nerve cells is essential to develop more effective therapeutic strategies. 

 

Conflict of interest  

The authors declare that they have no conflict of interest. 

REFERENCES 

1. Steinmetz JD, Katrin Maria Seeher, Schiess N, et al. Global, regional, and national burden of disorders affecting the nervous system, 

1990–2021: a systematic analysis for the Global Burden of Disease Study 2021. The Lancet Neurology. 2024;23(4). 

doi:https://doi.org/10.1016/s1474-4422(24)00038-3 

2. Wright WF, Pinto CN, Palisoc K, Baghli S. Viral (aseptic) meningitis: A review. Journal of the Neurological Sciences. 

2019;398:176-183. doi:https://doi.org/10.1016/j.jns.2019.01.050 

3. Gundamraj V, Hasbun R. Viral meningitis and encephalitis: an update. Current Opinion in Infectious Diseases. 2023;36(3):177-

185. doi:https://doi.org/10.1097/qco.0000000000000922 

4. Cortese I, Reich DS, Nath A. Progressive multifocal leukoencephalopathy and the spectrum of JC virus-related disease. Nature 

Reviews Neurology. 2020;17(1):37-51. doi:https://doi.org/10.1038/s41582-020-00427-y 

5. Szybinski ST, Steele RW. Fever, Confusion, and a Severe Headache. Clinical Pediatrics. 2017;57(8):1001-1003. 

doi:https://doi.org/10.1177/0009922817737087 

6. Siripurapu R, Ota Y. Human Immunodeficiency Virus. Neuroimaging Clinics of North America. 2023;33(1):147-165. 

doi:https://doi.org/10.1016/j.nic.2022.07.014 

7. Deng JC. Viral-bacterial interactions-therapeutic implications. Influenza and Other Respiratory Viruses. 2013;7:24-35. 

doi:https://doi.org/10.1111/irv.12174 



A. Giordano et al.                        44  

European Journal of Neurodegenerative Diseases 2026; 15(2) May-August: 41-44                                  www.biolife-publisher.it 

 

8. Clerico M, Artusi C, Liberto A, et al. Natalizumab in Multiple Sclerosis: Long-Term Management. International Journal of 

Molecular Sciences. 2017;18(5):940. doi:https://doi.org/10.3390/ijms18050940 

9. Bellizzi A, Mischitelli M, Anzivino E, et al. Human polyomavirus JC presence in chronic inflammatory rheumatic diseases patients 

treated with anti-TNF-α: Evaluation of JC viral loads in urine and plasma samples. Joint Bone Spine. 2015;82(5):375-376. 

doi:https://doi.org/10.1016/j.jbspin.2014.12.010 

10. Imperiale MJ, Jiang M. Polyomavirus Persistence. Annual Review of Virology. 2016;3(1):517-532. 

doi:https://doi.org/10.1146/annurev-virology-110615-042226 

11. Agaimy A. Fusion‐positive skin/adnexal carcinomas. Genes, Chromosomes and Cancer. 2022;61(5):274-284. 

doi:https://doi.org/10.1002/gcc.23031 

12. Cook L. Polyomaviruses. Microbiol Spectr. 2016;4(4). doi:10.1128/microbiolspec.DMIH2-0010-2015 

13. Strong J, Hallaert P, Brownell I. Merkel Cell Carcinoma. Hematology/oncology clinics of North America. 2024;38(5):1133-1147. 

doi:https://doi.org/10.1016/j.hoc.2024.05.013 

14. Levine AJ. p53: 800 million years of evolution and 40 years of discovery. Nature Reviews Cancer. 2020;20(8):471-480. 

doi:https://doi.org/10.1038/s41568-020-0262-1 

15. Vaddavalli PL, Schumacher B. The p53 network: cellular and systemic DNA damage responses in cancer and aging. Trends in 

Genetics. 2022;38(6):598-612. doi:https://doi.org/10.1016/j.tig.2022.02.010 

16. Hao Q, Chen J, Lu H, Zhou X. The ARTS of p53-dependent mitochondrial apoptosis. Journal of Molecular Cell Biology. 

2022;14(10). doi:https://doi.org/10.1093/jmcb/mjac074 

17. Wang X, Zhang Y, Lu P, et al. PEDF attenuates hypoxia-induced apoptosis and necrosis in H9c2 cells by inhibiting p53 

mitochondrial translocation via PEDF-R. Biochemical and Biophysical Research Communications. 2015;465(3):394-401. 

doi:https://doi.org/10.1016/j.bbrc.2015.08.015 

18. Engeland K. Cell cycle regulation: p53-p21-RB signaling. Cell Death & Differentiation. 2022;29(5):1-15. 

doi:https://doi.org/10.1038/s41418-022-00988-z 

19. Liu Y, Colosimo A, Yang XJ, Liao D. Adenovirus E1B 55-Kilodalton Oncoprotein Inhibits p53 Acetylation by PCAF. Molecular 

and Cellular Biology. 2000;20(15):5540-5553. doi:https://doi.org/10.1128/mcb.20.15.5540-5553.2000 

20. Yu J, Zhang L. PUMA, a potent killer with or without p53. Oncogene. 2008;27(S1):S71-S83. 

doi:https://doi.org/10.1038/onc.2009.45 

21. Roufayel R, Younes K, Al-Sabi A, Murshid N. BH3-Only Proteins Noxa and Puma Are Key Regulators of Induced Apoptosis. 

Life. 2022;12(2):256. doi:https://doi.org/10.3390/life12020256 

 


