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Epstein-Barr :
quand le stress réveille §

un virus dormant
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NINJA VIRAL Rejoindre 'annuaire DetectEBY, c'est...

& Aider les patients a sortir de I'’errance médicale
Deja plus de 250 patients ont cherché un soignant compétent sur les 6

derniers mois... lIs ont besoin de vous !

© Donner de la visibilité a votre expertise
Soyez facilement identifié par les patients en quéte d'un accompagnement
adapte.

& Simple, rapide et gratuit
En quelques clics, rejoignez 'annuaire et faites partie du réseau des

C'est parici!
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e |e stress peut induire les axes HPA et SAM.

e entrainant la production de cortisol.

e peut provoquer l'activation du génome de
I'EBV latent.

2L-EBV, 2L-MISEN et 2L-MIREG
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| In medicine, “stress” is defined by the body's
non-specific response to an any extra
demand by physical, psychological or

pharmacological events.
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Question : le stress
reactive-t-il 'EBV latent ?
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a Alert b Stressed

PFC

Top down
regulation of:

Thaught

Basal ganglia
Habitual responses

loss of PFC functlon

/Sensory cortex
Amygdala“

Conditionedy
emotional
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Reflexive/habitual
responding by more
primitive brain circuits

Pensées et eémotions combineées

To autonomic
. . . , _ nervous system
La physiologie humaine depend de la modulation

continuelle de I'expression émotionnelle I th'

Arnsten, A. Stress weakens prefrontal networks: molecular insults to higher cognition. Nat Neurosci 18, 1376-1385 (2015).
https://doi.org/10.1038/nn.4087



ALERT, SAFE, INTERESTED
Moderate levels of catecholamine release strengthen diPFC,
weaken amygdala, and reduce tonic LC firing (NE: a2A)

thought and emaotion

e Y Y
e b !
.-.. £ o < : |
7 il ‘*\ PREFRONTAL
M - S % 1 CORTEX
o . (basal gangl e . Top-down
|!.-"Il regulation of behaviar,

GEA reduied the
tonke Fring of the LE

Dans des conditions d'excitation sans stress, lorsque le
sujet est alerte, en sécurité et intéresse, le cortex
prefrontal hautement évolué (surligné en bleu) assure une
régulation descendante du comportement, de la pensée et
des emotions.

I orchestre la réeponse comportementale par le biais de
connexions étendues, par exemple a 'amygdale, aux
ganglions de la base et au tronc cérébral, y compris les
neurones catécholamines.

Amy F.T. Arnsten, Murray A. Raskind, Fletcher B. Taylor, Daniel F. Connor,
The effects of stress exposure on prefrontal cortex: Translating basic research into successful treatments for post-traumatic stress disorder,
Neurobiology of Stress,
Volume 1,
2015,

STRESS
High levels of catecholamine release weaken dIPFC, strengthen amygdala
and striatum, and increase the tonic firing of the LC [NE: al, 1)
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Dans des conditions de stress incontrélable, il y a des niveaux élevés de
ibération de catécholamines dans le cerveau, ce qui affaiblit la fonction
PFC mais renforce les réponses (affectives) de lamygdale et les réponses
habituelles des ganglions de la base.

'amygdale active la catécholamine dans des conditions de stress
psychologique et coordonne d'autres aspects de la reponse au stress (par
exemple, des projections vers le gris périaqueducal). L'activation de
'amygdale du locus coeruleus via CRF augmente la decharge tonique.

Des niveaux elevés de libération d'NE, qui engagent les récepteurs alpha-
1 et béta de plus faible affinité, qui améliorent 'amygdale et affaiblissent
la fonction PFC, produisant ainsi un cercle vicieux qui maintient des
circuits primitifs en contrdle du comportement.
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Amalia Floriou-Servou, Lukas von Ziegler,
Rebecca Waag, Christa Schlappi, Pierre-Luc
Germain, Johannes Bohacek,

The Acute Stress Response in the Multiomic Era,
Biological Psychiatry,

Volume 89, Issue 12,

2021,
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Effects of Chronic Cortisol Elevation

Conséquence d'une cortisolémie chronique élevée
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a Hypothalamic-pituitary-adrenal axis b Sympathetic nervous system
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An Insight and Need for Personalized Psychological Stress Monitoring Journal of Basic & Applied Sciences, 2014 Volume 10 181
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Excessive stress/Injury

Depression
Anxiety disorders

Inflammation périphérique induite par
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Hu, P.; Lu, Y.; Pan, B.-X.; Zhang, W.-H. New Insights into the Pivotal Role of the Amygdala in Inflammation-Related Depression and |
Anxiety Disorder. Int. J. Mol. Sci. 2022, 23, 11076. https://doi.org/10.3390/ijms231911076




Activation de I'axe hypothalamo-hypophyso-
surrenalien (HPA) et signalisation par les
glucocorticoides

Karin, O., Raz, M., Tendler, A., Bar, A., Kohanim, Y., Milo, T., ... & Alon, U. (2020). a new model for the hpa axis explains
dysregulation of stress hormones on the timescale of weeks. Molecular Systems Biology, 16(7).
https://doi.org/10.15252/msb.20209510
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ACTH response is blunted for weeks after cortisol response normalizes

Three distinct phases of HPA axis

physiological
hol apdl D . & early withdrawal intermediate withdrawal late withdrawal
psychological stresses 2 % \ (2-6 weeks) (=12 weeks)
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la rétroaction négative par GR protége I'axe HPA contre les changements
Cortisol baseline is proportional importants de niveaux d’hormones et les réponses sur I'échelle de temps de
quelques semaines apres un apport de stress prolongé
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Functional mass dynamics show ACTH blunting for weeks
even after cortisol normalizes.
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La dynamique de masse fonctionnelle montre une diminution de I'ACTH
pendant des semaines, méme apres la normalisation du cortisol.
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affectent
Comment les facteurs de stress 'EBV

psychologiques

latent.
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Impact of Psychological Stress on EBV Reactivation

N
How do psychological
stressors affect latent EBV?

J
r \
They can induce the HPA and

SAM axes, leading to cortisol
production, which activates
the latent EBV genome. 7

\.

N
What is the goal of further
studies on this topic?

4 '
To understand the

mechanisms of stress-
associated reactivation of
latent EBV and mitigate the
adverse effects on EBV
latency and related diseases. P
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Epstein-Barr Virus BZLF1 Gene, a Switch from La-
tency to Lytic Infection, Is Expressed as an Imme...

ABSTRACT We demonstrate here that the Epstein-Barr
virus (EBV) BZLF1 gene, a switch from latent infection to...

As a library, the National Library
of Medicine (NLM) provides
access to scientific literature.

Inclusion in an NLM database
STRESS does not imply endorsement of,
RESPONSE

SYSTEM povuioms S 000

or agreement with, the contents
by NLM or the National ’"§|',

Institutes of Health. | ,I,

i,
PMC PubMed Central®

"

e o iy W Glucocorticoids activate Epstein Barr Virus lytic replication through
L e the upregulation of immediate early BZLF1 gene expression

Psychological stress-associated immune dysregulation has been shown to dis-
rupt the steady state expression and reactivate latent herpes viruses. One such
virus is the Epstein Barr virus (EBV), which is associated with several human m...

Published in final edited form as: Brain Behav Immun. 2010 May 11,24(7):1089-1096. doi:
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Yap, L.F.; Wong, AKC. Paterson, I.C,; Young, L.S. Functional Implications of Epstein-Barr Virus Lytic Genes in Carcinogenesis. Cancers 2022, 14, 5780. https://doi.org/10.3390/cancers14235780
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Verdu-Bou, M., Tapia, G.; Hernandez-Rodriguez, A; Navarro, J.-T. Clinical and Therapeutic Implications of Epstein-Barr Virus in HIV-Related Lymphomas. Cancers 2021, 13, 5534. https://doi.org/10.3390/cancers13215534



Les GC induisent I'expression précoce du gene
BZLF1 de I'EBV dans les cellules de Daudi

Cycle of EBV Reactivation

EBV Lytic Psychological
Replication Stress
5\3

BZLF1
Expression

Hormonal
Changes

Glucocorticoid W,
Release | F M i
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L'expression de ZEBRA induite par GC meédie
I'expression differentielle des EAs EBV

Reactivation of Latent EBV by Hormonal Changes

Psychological
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T . ownstream
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: : Gene
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Cortisol Reactivates Latent EBV

BZLF1
Cortisol Activation
Enhances EBV gene Triggers viral
expression replication

WebMi#32
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EA Expression

Increases EBV
antigens

EBV
Reactivation

Leads to disease
potential
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1. ZEERA

expression expression of EBV genes reactivation

2. ZEBRA transactivates 3.EBV

-]
Early genes o "Tega ®
@~ .-@-{

EBV

B cells with
latent EBV
infection

Late genes

ZEBRA) « AP-1 like transcriptional factor

* Ddirectly interacts with HATs
* Mot detectable during latency

Kenichi Imai, Yorimasa Ogata, Kuniyasu Ochiai,
Microbial interaction of periodontopathic bacteria and Epstein-Barr virus and their

implication of periodontal diseases,
Journal of Oral Biosciences,
Volume 54, Issue 3,
2012,
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Here we further confirm that Dex and HC can reactivate latent
EBV and that Dex can more efficiently induce reactivation by
virtue of its greater potency compared to HC.
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Exposition a
Dex or HC

Hormonal and Immune Influence on EBV Reactivation

S |

Direct
Reactivation

Hormones directly
activate EBV in cells

Enhanced
Replication

Hormones boost
EBV replication post-
reactivation

Immune
Response
Downregulation

Reduced T-cell
response facilitates
reactivation



Cycle of EBV Reactivation Induced by Stress

Stress Induction

Psychological stress
activates the HPA axis,
leading to cortisol
production.

I"»

EA Antigen i -
g Cortisol Binding
Expression
) Cortisol binds to
EBV early antigens (EAS) glucocorticoid receptors
are expressed, indicating (GR) in cells.
viral activity.

R

EBV Reactivation é g ( a< Gene Expression
Increased BZLF1 ‘ Modulation
expression leads to EBV The GR-cortisol complex

reactivation and viral modulates EBV gene

replication. expression, enhancing \ / °
BZLF1 mRNA. l
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EBV Reactivation and Gene Expression Modulation

GR Expression in Daudi : Modulation of EBV Expression of
Nuclear Translocation :
Cells of GR Gene Expression Downstream Genes
Daudi cells express EBV gene expression is Downstream genes BLLF3 and
glucocorticoid receptor (GR) GR translocates to the nucleus modulated BALF5 are expressed

Ligand Binding to GR Binding to GREs Enhanced BZLF1
Ligand binds to GR, initiating GR binds to glucocorticoid Expressnon
the process response elements (GREs)

BZLF1 expression is enhanced
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How do different treatments affect EBV reactivation?

GCs Induced TPA/NaB Induced
Expression Expression
Leads to limited EA Results in a larger set of
expression and partial EBV EAs and complete
EBV reactivation. reactivation.
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Nous, et d'autres, avons montre que le stress peut induire les
axes HPA et SAM, entrainant la production de cortisol, dont
NOuUS avons montré dans cette étude (sous forme de HC) gu'il

peut provoquer l'activation du genome de I'E
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Andre Machado , Anunciato Aparecida Kataryna Olimpio , Rosenstock Tatiana Rosado , Glezer Isaias
Gene Expression Control by Glucocorticoid Receptors during Innate Immune Responses
Frontiers in Endocrinology, VOLUME=7/ 2016
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Il n' y a pas que le stress
psychologique a prendre en compte,
le stress oxidatif aussi active la
réactivation de I'EBV !
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EBV-Induced ROS and Lytic Cycle Activation

Upregulation of NOX
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I'hypoxie et la radiothérapie ont toutes deux augmente
la charge virale du EBV.

Factors Influencing EBV Dynamics
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e |e stress peut induire les axes HPA et SAM.

e entrainant la production de cortisol.

e peut provoquer l'activation du génome de
I'EBV latent.

2L-EBV, 2L-MISEN et 2L-MIREG






