Psychedelics as Immune
Modulators of Brain Plasticity
In Stress-Related Disorders

The Gene Lay Institute of Immunology & Inflammation
The Ann Romney Center for Neurologic Diseases
Brigham & Women'’s Hospital

Harvard Medical School

Michael A. Wheeler, PhD



Depression IS an epidemic

What share of people have depression in their lifetimes? ur T
18

It's difficult for people to recall their past symptoms of depression, especially if they are older. This study estimated the share who
have an episode of major depression in their lifetimes in the US, based on data of prevalence, incidence and recall error at different ages.
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of 65. As a result, a lower share of older

people have had depression.
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The brain 1S a mucosal tissue

...that happens to control behavior
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Can we link behavior and immunity?

Time _

Stressor duration? HPA : Immune
axis CYtoKines ool Restraint stress Fear acquisition
: 4) " J 'j /-d \ \\\
12-d = ) o
Circuit Neuroimmune interactions 18-d ;
dysfunction |
Therapeutic
|_targeting
Fear behavior
e Control Treatment: Plasma
Lizzie Chung Jinsu Lee PhD ® 18-d stress — = 0.0255 e Control Treatment:
(now MSTP, UCSF) ’ 100~ . o . . 125 ¢ 18-d stress /P < 0.0001
\o—\o/ ® . ° ° = .i.
4 o 80- . t: 3t £ 100- :
E . - . : ° ‘_I_ 3 ®
< * 3. _
| @ 60 w g+ *% ; c 79
R LB -
= 40_:.£ iy il % : £ s0- U]«
o ° [o o be :. ° (D)
g ﬂ.ls of FII® | ¢ Py e 8 25 * *k °
= 20 1|® . . o @) — = e o
= m— Pe : ¢ ° : O 3 |¥| m
" 0 .| =| | = ! 0 %ﬂ’] “ﬂ | I
™ T2 T3 T4 T5 AN ®<2q’ &°
*Chung, *Lee et al., Nature 2025 Trial N A

—>

Number of cells

Fear retrieval

N

)

Inflammatory

800

600 -

400 -

200

monocytes
Meninges

*
I |

NS
—

% 7] oY

Ctrl 7d 18d




Pro-inflammatory monocytes drive fear behavior

Fear behavior
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Psychedelics reverse fear behavior and monocyte recruitment

ImmGen RNA-seq (mouse)
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Stress dysregulates the blood-brain barrier
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Primed immune cells
can migrate toward
brain borders and directly
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Psychedelics Influence meninges-brain signals
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Stress impairs astrocyte EGFR signaling
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EGFR+ astrocytes limit NF-kB activity
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EGFR+ amygdala astrocytes limit fear expression

Fear behavior
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Decreased EGFR expression in MDD amygdala astrocytes

Human amygdala (13,408 cells)
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Summary

4 Psychedelics reduce monocyte
recruitment and inflammation

MDMA

1 During chronic stress monocytes
traffic to the meninges and produce
IL-1p.

Psilocybin  Z4

F 3 This program drives fear
behavior controlled by

o IL-R the amygdala

e o (k%
2 |L-1p stabilizes ®
glia-neuron contacts

Fear behavior

Astrocyte

1. Chronic stress Induces immune
cell redistribution to the meninges
which act on amygdala via
permeable BBB

2. Inflammatory signals induce
astrocyte-neuron communication that
drives fear behavior

3. Psychedelics (MDMA, psilocybin)
reverse meningeal monocyte
accumulation and fear behavior
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