Systemic inflammation triggers acute delirium
and brain injury and contributes to accelerated
neurodegeneration

Colm Cunningham

L

School of Biochemistry and Immunology
Trinity College of Institute of Neuroscience

Trinity College Dublin



mailto:colm.cunningham@tcd.ie

Acknowledgements

Trinity College Dublin

Rob Field

Eadaoin Griffin Alasdair MacLullich
Donal Skelly Daniel Davis

Carol Murray Vantaa 85+

Edel Hennessy

Conor O'Boyle wellcometirust

Fellow
University of Southampton University of Oxford
V. Hugh Perry David Bannerman
Marc Combrinck Nick Rawlins

Clive Holmes David Sanderson



Disclosures

Funding: Wellcome Trust

Conflict of interests: None



Delirium

Delirium is an acute and transient impairment of consciousness,
thinking, memory, psychomotor behaviour, perception and emotion

* Up to 20% in 500-bed general hospital
(underdiagnosed)

e Extremely distressing acute episodes
e Costs billions in extended hospital stays

 Acceleration of dementia, new institutionalisation

* Risk factors & triggers: dementia and systemic
inflammation

 Fundamental neuroscience level: hardly studied
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MOdel SYStem 1: ME7 (chronic neurodegeneration) +|.PS

Acute, transient working memory deficit induced
by systemic LPS (100ug/kg)
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Model system 1: mild LPS superimposed on neurodegenerative disease

Blood

—e—MET+LPS
l --o--NBH+LPS

LPS induces IL-6 equally in
normal animals and in those
With

Only those with prior
degeneration show
upon LPS.
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Table 3. Plasma Levels of Inflammatory Markers Before and After Surgery and within (Pre- and Postoperative)
and Between (Delirium vs No Delirium) Groups

Preoperative Postoperative

Inflammatory Marker Median (IQR) Median (IQR) P-Value'

C-reactive protein

Delirium

Mo delirium
IL-1p

Delirium

No delirium
Tumor necrosis factor alpha

Delirium

No delirium
1:

Delirium

Mo delirium
IL-8

0.38 (1.17)
0.51 (0.91)

0.40 (0.55)
0.46 (0.61)

6.12 (9.28)

18.31 (11.82)
15.89 (15.31)

0.4 (0.39)
0.4 (0.38)

1.5 (5.01)

7.95 (8.59)
8.27 (8.49)

T5(83)

117.39 (148.07)
03.18 (99.25)

Delirium

Mo delirium
IL-10

Delirium

No delirium
Pro-/anti-inflammatory ratio

Delirium

No delirium
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1.81 (1.64)
2 (1.37)

12.44 (9.61)
11.14 (5.71)

1883 (17.3)
16.59 (11.25)

3.17 (3.23)
3.18 (3.85)

38.06 (27.13)
28.31 (26)
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Model system 1
Progressing disease increases risk,
severity and duration
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Fluctuating course

DSM-1V
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acute onset,
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Mice and men

Worsening Cognitive Impairment and
Neurodegenerative Pathology Progressively
Increase Risk for Delirium

Daniel H.J. Davis, M.R.CP., Pb.D., Donal T. Skelly, Pb.D., Carol Murray, M.5c.,
Edel Hennessy, BA., Jordan Bowen, M.B., B 5., Samuel Norton, Pb.D., Carol Brayne, M.D.,
Terbi Rabkonen, M.I)., Raimo Sulkava, M.D., David J. Sanderson, Ph.D,

I Nicholas Rawlins, Pb.D., David M. Bannerman, Ph.D.,

Alasdair M J. MacLullich, M.R.CP., Pb.D., Colm Cunningham, Ph.I).

Davis et al., AJGP (2015)
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Model system 2: p75NR-saporin lesion of basall

forebrain
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p75NR.saporin targets basal forebrain cholinergic neurons

PBS

0.08 ug/kg

Field et al., 2012 J Neurosci




Systemic LPS (100 pg/kg) induces acute working memory
deficits only in animals with prior hypocholinergia

 w—
ie)
P
©
|
-
@
=
©
32

-®- PBS+LPS
-} 0.08 ug p75-sap + sal
-~ 0.08 ug p75-sap + LPS

24 26

Time post-challenge (h)

Field et al., J Neurosci 2012



1) T-maze performance is cholinergic dependent
2) Doneperil protects against LPS-induced deficits
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Cholinergic vulnerability & inflammatory trigger



Moving towards the tipping point
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mild septic
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INSULT SEVERITY

Cunningham 2013, in
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Brain Frailty

Failure of frail brain to
demonstrate resilience to
acute insult



1) Systemic IL-1RA is protective
2) IL-1 ﬁ is sufficient (LPS not necessary)
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Human hip fracture patients & delirium

E. Cape et al. / Journal of Psychosomatic Research 77 (2014) 219-225

Table 2
Concentrations of CSF markers in patients with delirium pre-operatively (prevalent), postoperatively (incident} and without delirium

CSF biomarker Prevalent delirium Incident delirium Never delirium P value

0.84 (0.49-157)N = 8 1.74 (1.02-1.74)N = 9 0.66 (0.00-1.02) N = 2 0.03"
70.75 (65.63-7301)N =3 31.06 (28.12-35.15)N =6 3398 (28.71-43.28) N 5 0.04°
0.81(033-131)N=38 0.61 (0.46-0.76)N =9 0.45 (0.31-0.86) 24 0.58"

Results expressed as median (interquartile range).
# Kruskal-Wallis test.

Cape et al., 2014
Increased CSF:serum ratio of IL-1f

Matched blood and CSF will help to address ‘microglial priming’
and other inflammatory hypotheses.

Sources of CSF cytokine/chemokine ¢



Delirium accelerates cc ognitive decline in

Delirium Alzheimer disease
accelerates

Dementia

Sysfemic inflammation Systemic inflammation and dise
accelerates dementia progression in Alzheimer diseast

(delirum-independent)

ABSTRACT
Backgrounds Acuts and d

Dementia pathology s i .

looks diifferent if previous (s

episodes of delirium

Delirium is a strong risk factor for dementia in
the oldest-old: a population-based cohort study

Daniel H. J. Davis,’? Graciela Muniz Terrera,® Hannah Keage,”* Terhi Rahkonen,®
Minna Oinas,®” Fiona E. Matthews,® Colm Cunningham,® Tuomo Polvikoski,” Raimo Sulkava,®
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Systemic LPS (500 pg/kg) induces neuronal apoptosis
and accelerates decline

Table 2. Numbers of apoptotic cells” counted per coronal section at hippocampal level

Animal group TUNEL-positive cells Activated caspase-3-positive cells

NBH 53+02(n=3) ND
ME7 268+ 16(=13) ND
NBH-LPS 68 = 05(n=5) 14=0.7 (n=9)
ME7+LPS 50.2 + 23 (n=9)° 122 + 20 (n=5)°
| ME7 +saline 278 +30(n=5) 6.6 =13 (n=6)
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Poly I:C / TLR3 activation (systemic TNF-a, IFN-B, IL-4)

Neurological score
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Field et al., Brain, Behavior and Immunity, 2010

The injury remains after the delirium passes



Periphery: acute insult Vulnerable brain: aging / dementia
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Summary

* Systemic inflammation induces mild reversible and adaptive
effects in the normal healthy brain

 When superimposed on the frail (or prior cognitively impaired)
brain, if can induce robust 9and reversible) cognitive dysfunction
such as delirium and post-operative cognitive dysfunction

 These insults can also cause acute brain injury and significantly
contirbute to cognitive decline (including acceleration of
dementia)

* Intervening in, or preventing, the acute process may also offer
significant benefits against the progression of dementia

* |L-1 and prostaglandins have significant roles in these acute
events



