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Why the iImmune system??



The immune privileged brain-not what we thought

T-cell surveillance of the human brain in health and multiple sclerosis
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« Peripheral immune cells play a role in brain repair

« Peripheral immune cells play a role in higher brain function

« Dysregulation of the immune system plays a role in

neuroinflammation
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The immune privileged brain-not what we thought

| ok
S S
% €

/ node

| )y ]
/TN

\ (®)

/"/ N
/’/

\ \ /" "
\. Y, N\
- “ ste
=z /- \ )’- .Y |
\ Immunotherapy /

CNS-Associated Dendritic | @ @9 Plasma ' S 4 J= Neuron
(\ T cell O B cell Macrophage a Monocyte :{\?\% cell {. ) Neutrophil @) cel %Mrcrogha *J‘ Neu

Schwartz et al. 2022, Neuron

Croese et al, 2021- Innate and adaptive
immune cells reside in choroid plexus,
meninges, and perivascular spaces,
where they regulate leukocyte entry as
needed.

Herisson et al, 2018-The brain connects to
skull bone marrow for rapid immune cell
delivery during injury or inflammation.

Louveau et al, 2018-The brain's
meningeal lymphatics link to neck lymph
nodes for Iimmune surveillance and
communication.



Immune abnormalities in psychiatric disorders:
Current state of understanding

Abnormal levels of peripheral proinflammatory cytokines

T cell abnormalities

Abnormal pro-inflammatory gene expression in circulating monocytes
Microglial activation

Immune abnormalities linked to greater symptom severity and
Resistance to currently available treatments



Studying the immune abnormalities in BD

* Opportunities to better understand the
disease and

» Potentially treat
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Higher T central and lower effector memory
cells in bipolar disorder: A differentiation
abnormality?
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Staining A
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T helper T cytotoxic
cell cell

T cell%

B cell%
Natural killer cell%
T helper cell%

T cytotoxic cell%

Healthy
Controls

59.6 (54.4,
65.1)
7.3(5.8, 8.9)

8.3(6.1,11.6)
50.1 (+8.1)

17.0 (13.3,
20.8)

Bipolar Disorder

56.7 (49.4, 62.2)

7.0 (5.5, 9.3)
8.6(6.8,11.2)
48.0 (£9.1)

16.5(12.0, 20.4)

p-value

0.03

0.98
0.5
0.1

0.3

p-value age,
sex, BMI
adjusted
0.4

0.4
0.5

0.07



Staining B
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T cy"-co'toxic cell

Thyz cell

T, cell%

T, cell%

T,17 cell%

Healthy Bipolar p-value p-value

Controls Disorder
after age, sex,

BMI adjustment

4.6(3.0,6.3) 5.2(3.6,7.1)  0.09 0.03
0.44 (0.35, 0.42 (0.35, 0.7 0.8
0.62) 0.64)
0.27(0.19, 0.33(0.22,0.45) 0.02 0.04
0.36)
1.9(1.5,2.4) 2.4(1.9,3.1) <0.001 0.003



T helper 17 cells

What are they?

Strongly pro-inflammatory.

Defence against bacteria, viruses,
and fungi.

Maintain mucosal barrier integrity
with 1L-17 .

Overactivation linked to chronic
inflammatory and  autoimmune
diseases.

Findings in Bipolar Disorder

elevated Thl7
healthy controls.

Patients in a euthymic state show
levels compared to

Consistent with previous findings in a
cohort of 97 BD patients but not
replicated in a smaller cohort (n=38).

Elevated Th1l7 levels align with
reported higher circulating IL-17 in BD
patients in remission.

T helper-17 cells %
(over total lymphocyte population)
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p=0.03

Bipolar Disorder
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Maybe patients have higher prevalence of chronic infections?

Cytomegalovirus (CMV)

« Common virus

* Once infected, the body retains the virus for life

« It gets re-activated by inflammation, immunosuppression, and stress

p-value
(n=113) (n=58)
CMV seropositive (%) 35.4% 39.7% 0.6
Anti-CMV titers (U/ml) 5.2(3.7,32.4) 5.0 (3.1, 45.7) 0.9

What if patients react differently to chronic infections?



Interaction between CMV and BD
linked to a trend of increased T, -
levels.

Stratified analysis shows CMV-
seropositive BD patients have
significantly higher T,,; levels
compared to CMV-seropositive
HCs.

Suggests BD patients may exhibit
heightened T,,; responses to
CMV infection.
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T Regulatory Cells

What are they?

 Essential for maintaining immune
homeostasis and preventing
autoimmunity.

Findings in Bipolar Disorder

« Euthymic patients have elevated levels
compared to healthy controls.

« This may reflect a compensatory
mechanism to counteract heightened
pro-inflammatory activity.

* Previous studies suggest the immune-
regulatory reflex system could play a role
In recovery from acute episodes.

T regulatory cells %
(over total lymphocyte population)
[+ [

i
Healthy Controls

p<0.001

Bipolar Disorder
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0 CD4* gy, cell%
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T cell B cell NK cell
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T central T effector T terminally T central T effector T terminally
memory memory differantiated memory memory differantiated
cell cell cell cell cell cell

Healthy Controls

12.6 (10.5, 16.6)
6.0 (4.1,7.8)
1.5 (0.8, 2.5)
0.7 (0.4, 0.9)
2.5(1.6,3.7)

8.4(7.4,12.2)

Bipolar Disorder

19.2 (13.7, 23.6)
3.5(2.7,5.2)
0.8 (0.5, 1.6)
1.2 (0.7, 2.0)
2.4(1.2,3.9)

9.2(6.1,14.2)

p-value

0.001

<0.001

0.004

<0.001

0.8

0.8

p-value

after age, sex,

BMI
adjustment
0.05

0.002
0.04
0.01

0.9

0.7



T central memory cells
What are they?

Long-lived cells in lymphoid organs that support T cell proliferation and activation upon antigen re-exposure.

Findings in Bipolar Disorder

Elevated in BD, suggesting prolonged immune activation.
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T effector memory cells

What are they?

Circulate in peripheral tissues and respond
quickly to infection.

Findings in Bipolar Disorder

Reduced in BD. A differentiation abnormality?
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TEMRA (Effector Memory RA+ T Cells)
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What are they?

Terminally differentiated cells, critical for strong
immune responses.

b

Findings in Bipolar Disorder

Reduced in BD. A differentiation abnormality?

CD4+ TEMRA cells %
(over total lymphocyte population)
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A. Hypothesis on models of T cell differentiation
a. Linear model

Early TCR engagement Late TCR EngagemenUM?murv cell develngment
APC
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b. Self-renewal model
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B. Hypothesis on influencing factors of T memory cell apportioning

Early TCR engagement Late TCR engagement/Memory cell development
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CR strength
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Interleukin 7

Role?

Essential cytokine for T-cell development.

Study Findings
IL-7 levels are significantly lower in
BD patients compared to healthy
controls.
Suggests impaired T-cell maturation
in BD.

Therapeutic Potential
Experimental IL-7 therapies (e.g.,
rhiL7, Efineptakin-a) show promise
in boosting T-cell counts in immune-
deficient conditions.

Implications
Lower IL-7 may underlie T-cell
dysregulation in BD, warranting
further research into IL-7-based
treatments.

Interleukin 7 (pg/mL)

.
Healthy Controls




Discussion

» Elevated T,,; and Tregs.

* Interaction between BD diagnosis and CMV viral infection
linked to T,;; skewing.

« Skewing towards central memory and away from effector
memory populations. Differentiation abnormality?

* Lower IL-7 levels, suggesting impaired T-cell maturation.
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Future Directions
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| abnormalities. Do they precede the onset of BD?

| abnormalities and their relationship with specific
ptoms domains?

| abnormalities and their relationship to physical

comorbidities in BD?
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