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Evidence for Nervous — Immune system
Interactions

Expression of receptors on immune cells.

Autonomic nervous system and the
lymphoid tissue.

Conditioning of the Immune response.
Stress affects the immune response.

Immune system affects neurotransmitter
function, receptor density, regional brain
blood flow and behavior.




Neurotransmitters involved

Nor-epinephrine.
Serotonin.
Opioids.
Substance P.
ACTH

CRH.

VIP.

MSH.

Dopamine.
Acetylcholine.
Histamine.
AVP.

Oxytocin.
Neuropeptide Y
Somatostatin.
IGF-1




The Immune System
and the Nervous System
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Chemical dynamics of Psychoneuroimmunology
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« Father of
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Immunology.
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History

EROM PSYCHE Freemanetal., Phillips et al.,

TO SOMA

AND BACK Vaughan et al. - mid XXth century

=y 1931 - 2001

studies of psychiatric patients:
— immune alterations in psychotic

R ——— patients, including numbers of
1964 - lymphocytes and poorer antibody
coined the term response to pertussis vaccination,

"nsychoimmunology" compared with non-psychiatric
control subjects

published a landmark paper:
" . . . Freeman H Elmadjian F. The raationship between bieod sugar and lymphocyle levelsin
Emot ions, immu nlty, and normal and psychatic subjects Psychosom Med 1947, 9. 226-33.

< 2 Phillips L, BmadiianF. A Haschach Bnson soore and the diumd yimphocy e
dlsease: a speculatlve curvein peychotc subects PsychosomMed 1847, 9.364-T1 0
3

Vaughan WTJ, Suivan JC, Elmadjian F_irmrmunity and schzopirena.

theoretical |nteg ration." PsychosomMed 1949, 1t 327-33




Ader - Cohen - Felten

authors of book
Psychoneuroimmunology
1981

underlying premise that

the brain andimmune system
represent
asingle, integrated system of defense.




Psychoneuroimmunology

e Google search

g o TR IT 349 000 resultsin 0,37 sec
.. ® Pubmed
| 1261articles
s G Wer e thelastdecade
T N the no. of scientific papers using
| the term
PSYCHONEUROIMMUNOLOGY"
has more than doubled.
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Naming of Cytokines

* 1. Monokines - produced by mononuclear
phagocytes (monocytes)

« 2. Lymphokines - produced by activated
T cells, primarily helper T cells

» 3. Interleukins - cytokines made by one
leukocyte and acting on other leukocytes
4.Chemokines-cytokines with
chemotactic activities



STAT4A

IL-12

STATE

*

IL-4
IL-5
IL-6
IL-10
IL-13

*

Call-mediated
immunity

B cell =3 IgE .
Allergic
responses

Anti-helminth
responses

Eosinogphil

Mature Reviews | Immunology



Negative States

Bereavement
Pessimistic states

Academic stress

Depression

Loneliness

Chronic stress

Divorce/separation
poor marital quality

Expressed need for
power and control

Negative behavior
during discussions
of marital problems

Decreased lymphocyte proliferation.

Decreased lymphocyte reactivity;
decreased T-cell effectiveness.

Decreased NK cell activity; decreased T-cells;
decrease in certain immune chemicals;
increased susceptibility to herpes virus;
decreased immunoglobulin A;

increased blood levels of Epstein-Barr virus.

Decreased T-cells; decreased number and
function of lymphocytes; decreased NK cells.

Decreased NK (Natural Killer Cell) activity.

Decreased T-cells; decreased NK cells; decreased

B-cells; increased levels of Epstein-Barr virus.
Decreased lymphocyte function; increased
blood levels of Epstein-Barr virus; decreased
T-cell effectiveness.

Decreased NK activity; decreased lymphocytes.

Decreased NK activity; decreased macrophages;

increased blood levels of Epstein-Barr virus;
increase in certain T-cells; decreased immunity
by mitogen tests.



Cytokine | Cell source Target | Actions
Proinflammatory Cytokines
IL-1 Macrophage Lyvmphocytes Enhances responses
Dendritic cell Endothelial cell Activates
CrMS Fewver, sickness behawvior
Liver Swhthesis and release of acute-
phase proteins
IL-5 Macrophage Liver Swhthesis and release of acute-
Dendritic cell phase proteins
EndotheliLm
Th2 cell
B cell FProliferation
THF-alpha Macrophage Endothelial cell Activates wascular endothelium —
Dendritic cell increased permeability and
Thi cell stimulates adhesion molecules

Meutrophil
Hwpothalamus
Liwver

Activates

Fewer

Swnthesis and release of acute-
phase proteins

Anti-inflammatory Cytokines

IL-10 Macrophage Macrophage Inhibits IL-12 production
ThZ Dendritic cell Inhibits pro-inflammatory cytokine
synthesis
[-12 Macrophage ZDA+T helper Th1 differentiation

Crendritic cell

cell
M cell

IFr-garmrma synthesis

Cytokines Inveolved in the Acquired Immuhne Res

onse

-2 T cell T cell Froliferation
MED el Activation and proliferation
B cell Froliferation
-1 ThZ cell T cell ThZ cell dewvelopment/proliferation
FMast cell Isotype switch to IgE
B cell Inkibit IFR-gamma activation
hMacrophadge
IFM-gamma Th1 cell T cell Th1 cell development
Cwtotoxic T cell B cell Isotype switch to Qs
M Ccell Macrophage Activation




mvVEGF
PG F-BB

Faibrobd agt mWEGF
; - ﬁh’ HEGF-2
] .-_ .;_-:;E:' e . - 4
el w X
Fat P EGFE-2
TGFE-fi1
wihaEr =F'EGIEI—AE

DG F-BBE



Catabolic Sarcopenia
ﬁ e
processes Cachexia

Osteoclast )
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Fig 7. Role of proinflammatory cytokines in degenerative diseases and aging.



Neurodegeneration Hypothesis of Depression

Psychological @ Serotonin
Stress Receptors

Physical
Stress

Proinflammatory
cytokines

Kynurenine

Antiinflammatory

Neurodegeneration

Major depression




FIGURE 3

MEDICAL ILLNESS <> ANXIETY/DEPRESSION
PRO-INFLAMMATORY CHRONICITY CYCLE?®3

Chronic Anxiety/ CNS
Depression I
HPA
Psychotropig interrupts
(anti-infla I
CV Chronic Medical
lliness
Metabolic
Immunologic

CNS=central nervous system; HPA=hypothalamic pituitary adrenal axis; CV=cardiovascular.

Goddard ER, Barth KS, Lydiard RB. Primary Psychiatry. Vol 14, No 4. 2007.



__Obese patients >
N

Hyperarousal Hypoarousal
(| % Sleep time) (1 % Sleep time)

Psychological Insulin

> <

Distress Resistance

@atggu() (Eﬁs )
/I\/\

HPA T CytokinesTT HPA {




Fi=sk factors

SEiress

Saenalic factor=s
Chilkdhood abusa or trawwsm
Ermvironrmaral fFaciors

SAgingg

Rarsge and degroee

ot oelular arsdd
fisgwe responseaes

MNewronal reapons=s

Cr=pressior I

Asirocyts acbtivaticn
Blicrogliad sclivation

-2 inElEibars ~===== ===

Anbdeprossarns oo oo -

Antiinflammatory «= ===+ -+ i
cybokimas

Antioxidani=s S ———

_‘l.nt -;jEI-_'. r..n_.._::_.:;;:_“.-p'E R R RN

I Meurcdegsmeralion

|

Sctivabton of oycleoryganase
O -2 expression in particular
1
Dacraass in noradrenaline,
sarcbonmin or dopamina levals
1
Increasa in proaflamematoery
cytokines ke IEFPMN -y ant TRNF-o
|

Increass in inadeciEde nibric axicl=
syrnthase and free radical=

|
Decreans in neurctrophao fectors
rcfeding brain-dernesed
meurcirophic factor B




Some 3

ects of the mflammatory cytokines on neural function and pathology

Effect Cytolime Reference

chizodendoevts eviotosacity and demyelivation THF-2 Sl et al. (1991

mreased reunte outgrowth and decreased renional cell 1L Alstel and §perber (15991

aurvival

st lation of the syrthests of the Pramvloid peowscr pectein IL-1 L& Goldzaheret al. [1989), Alshe]
and Spether(1991)

dehusiors, halhomahions, paranola, asitahon, ancvena, fabe IL-2 Demeoffet al. (1987)

and severs cogrtive charges

witoovke polferbon THFG, L4 Barma etal, (1990),
el et al. (19301)

redurtion of exbacelhl ar acetylcholme m the hppocampus IL-1p Fadaet al (15%])

mrteases the secwhion of gheocarbenids wa the HPA s L] L2 ILATHFS,  Hemms and Svreep (1990)
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Fibromyalgia
Cytokine Hypothesis

Increased CRH aclivity

catechols. increased sympathetic activity
neurokinin K

L6 allodynia, fatigue, depression
substance PR
sympathetically-mediated pain

Antiinflammatory, TH-2
m-'_’
IL10ng
Rbscumatal aft 743 >0
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Inmnteraction bDbaetwvwwesasrmn Thh irmmuarmnne
swyvsterm and schizophrenia

P —TEE—

Cytokines

MNME cells Antibodies

IrmmmunoglobDulins

Different irmmune reactions directly imfluence neuronal proliferation, differentiation,

migration, and apoptosis. Microglia become activated after stress, trauma, or infec-
tion. They react with tissue repaur or induction of iMmMmMuoune responses: phagooytosis,

secretion of cytokines, neuronal growith factors, and antigen presentation. Microglial
activation may sustain chronmic brainm inflammation.=

Mk, natural killer.




e Cytokines

Glucocorticoid

.

Adrenal gland
Macrophage

sourca: Int J Clhn Pract @ 2007 Blackwall Pubkshing Lbd.



General Model

Etiology: Multiple convergent factors
(e.g.. DMNA, gene expression, viruses, toxins, nutrition, birth
injury, psychological experiences)
-
Pathophysiology: Brain development from conception
to early adulthood
(e.g., neuron formation, migration, synaptogenesis, pruning,
apoptosis, activity dependent changes)

+
Anatomic and functional disruption in neural conneactivity

and communication
-+

Impairment in a fundamental cognitive process

-+

Phenomenology: Impairment in one or more second-
order cognitive processes
(e.g., attention, memory, language, emotion)

-
Phenomenology: Symptoms of schizophrenia

(e.g., hallucinations, delusions, negative symptoms, disorganized
speech)



Interacting Genetic and Clinical

Non-Genetic Factors , Heterogeneity

» Genetic Background
« Stochastic Events 4
Mutations « Environmental Factors Phenotypes
* + Genetic Mutations or Polymorphisms
(de novo or transmitted;
p— deleterious or protective)

‘a + ¢+ Epigenetic Mechanisms Variable
-~ Clinical Schizophrenia
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Conception Premorbid Developmental » Diagnosable lliness
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Early Insults

e.g. Disease
Genes, Possibly
Viral Infections,
Environmental
Toxins

Triggers

(8

“Biological Vulnerability: CASIS” >

W

Brain
Abnormalitie

l

1

Cognitive
Deficits

Structural
Biochemical
Functional

Affective Sx:
Depression;
Anxiety

Social
Isolation

School
Failure

Disability



People with autism show reduced mirror nauron activity in the inferior frontal
gyrus, a part of the brain's premotor cortex, perhaps explaining their inability 1o
assess the intentions of others. Dysfunctions of mirror neurons in the insula and
anterior cingulate cortex may cause related symptoms, such as the absence of
empathy, and deficits in the angular gyrus may result in language difficulties.
Peoaple with autism also have structural changes in the cerebellum and brain sterm.

AMTERIOR CINGULATE CORTEX

Fegulathon af empathy samnd
INFERIOR FROMNTAL GYRUS ————— otheremalsons

Guidance af moveErmEnt I
and assesEmEent
af nTeEnticsns

ANGULARGYRUS
Comprehension of
word meanings
and combining
SANEEry
information

THSLIL A
Ineolsod in pain
aned disgust
rMosponSscE

Erain stem oy, Cerebaiumm




Plausible Paths for Ethyl Mercury Toxicity

Hg™"in
brain —*

Neuroinflammation

Ethyl s 3 Encephalopathy

Thimerosal
Mercury

window

Regressive

Autism

Decreased
GSH Sy o
\ Oxidative stress
increases free
radicals

— | Development

**Hypersusceptibility?

76
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ypothalamus

Mammillary body

Median eminence
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Anterior pituitary chiasm Infundibulum
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Self-renewal Accelerated in

IL-7 viremic patients
q IL-2 x
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Temcell Tey cell
Memory controllers Memory

Key role of central memory (CM) CD4+ T cells cells in
HIV pathogenesis: The differentiation of CM to
effector memory CD4+ T cells is accelerated in viremic
patients, leading to the exhaustion of the CM pool. In
contrast, CM CD4+ T cells are preserved in HIV control-
lers, allowing the persistence of an efficient antiviral
response in the long term.




Metabolic Syndrome
Cytokine Imbalance

TNF Adiponectin

Pro-inflammatory Anti-inflammatory
* Pro-apoptotic * Inhibits FA uptake

» Recruits WBC's * Stimulates FA oxidation
& lipid export

* Promotes insulin _ _ i
resistance * Enhances insulin sensitivity

" Steatosis (NAFL) +

cell death + inflammation (NASH) &
insulin resistance




Chronic fatigue
syndrome

Unrefreshing sleep
headaches

Depression

Lo ot motaton Prolonged Anxiety
fatigue states Panic attacks
Fatigue Avoidant behaviour

Pan
Poor concentration
Irmtable mood

Fibromyalgia

Myalgia/arthralgia _
Tender points

Irritable bowel
syndrome
Dha >ealfconstipation

Abdominal pain
- Bloating
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Stress

Developmental history |[——=

' | - Nutrition

Genetic variation BTN

SN Aging

Stress system

CRH LC

HPA axis

AVP NE Systemic sympathetic
adrenomedullary systems

/fc:omson ’/fNE. E,iCRH, IL-6

+GH and/or
IGF-

*LH, T, E,

+TSH, T,

Polycystic
ovary syndrome

Target tissues

Metabolic syndrome \

(insulin resistance, visceral obesity, sarcopenia)
+TG +tAPR +ABP )—’ Sleep apnea

—

3 fLDL tCytokines Dyscoagulation =
. $HDL f,&
/\\_k—— - o
l Osteopenia
and/or
Endothelial dysfunction and/or inflammation osleoporosis

.

Atherosclerosis
Cardiovascular and neurovascular disease

Source: Nat. Rev. Endocrinol. © 2009 Macmilian Publishers Limited



Proposed Mechanism of Interferon and Ribavirin
on Liver Injury In Chronic HCV Infection

o Biock L-4
L2 =~ L4 _Ainhibition of CTLs

iy,

Interieron inhibil speciic
Increase specific CTL activity
Inbariaran ,
Interferon ; 5o anii CTL activity y

Prevert binding,
ontry, uncoating Somplex display

Davis GL. Semdn Laqer D¥s. 1999;19(suppl 1x49.55. Reprinted with permission.
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THE INTERLEUKINS

Cardiovascular diabetologic clustering
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ILS, grade 1 ILS, grade 4 LCHb, grade 4 SBH, grade 6
(DCX) (RELN?)

MDS, grade 1 ILS, grade 3 XLAG, grade 3 Normal control
(LIST and (LIST) (ARX)
14-3-3¢)
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number of synapses in PFC

Synaptogenesis in Prefrontal Cortex and the Development

working
memaory
emerges

A

preschool: little ability
to sustain attention
on task; easily
distracted by
irrelevant stimuli

P

planning skills emerge;

re nition memory,;

of Executive Functions

ability to sustain

attention on one
task but not
perseverate;

ormation of
abstract concepts

executive
functioning
emerges

age at which
inattentive
symptoms of
ADHD become
noticeable

rapid expansion
of executive
functions

attending to one task

while ignoring
irrelevant stimuli;
cognitive flexibility and
inhibition; verbal
memory performance
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The Neuroinflammatory Cycle as a Therapeutic Target

Excessive glia activation Neuron dysfunction/death

i~

| PKs —

microglia astrocyte neuron

Pro-inflammatory cytokines: IL-153, S100B, TNF«:
Ap= beta-amyloid1-42 peptide; PKs = protein kinases;
iINOS= inducible nitric oxide synthase; NO= nitric oxide




Microglia

Oligodendrocyte

Ependymal
Cells

CSF
Containing
Ventricles
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