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H tautoxpovn avakaiuvyn (1998)

Luis de Lecea et al Takeshi Sakurai et al

J Xpnotpomotei popraxeg pedodoug O Xpnoipomotei poplokeg & Proynpikeg
avayvwpiong mRNA >> vroBdAapo HeBOd0oUC YL TNV avayvwpLoT) TTPOCAETWY
apoLpaiov avOpWTIVWV PePPpoviKwY UTTOSOXEWVY

d Avakavmtel to mpodpopo popLo dvo 0 AvoxoAvmtel dvo mentidix mov
MeNTISiwVv mov epdavi{ory OLOLOTNTEC LIE gvepyomololoay 2 (Topdpotoug)

LLEAT] TNG OLKOYEVELXC secretin/incretin nepBpovikotc utoSoxeic
(rr.x GLP)

0 H evdokohioxny (ICV) yopriynon av€ove
| Hypo(thalamus) + (In) cretin like = ™nv (')pgf]] o€ o(poupo([oug = OREXINS
HYPOCRETINS 1 & 2 A&B



Moplaka Xapaktnplotika: Opeéivec/YmokpeTivee
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33 aa ap. ¢
Intra-chain dlsulphlde brldges

Identical sequence in many
mammals (human, rat, mouse
dog, sheep, cow)

46% amino acid identity with
Orexin B

Higher stability in CSF & Blood
Lipophilic
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orexin-B

O 28aa

O Linear

O Sequence diff.

in mammals

O 2-5 > Brain
Concentration than A

Sutcliffe and de Lecea 2000



Moploko Xapaktnptotika: Yrtodoyxeic Opséivwv/YMOKPETIVWV

Orexin A Orexin B O 2 YNOAOXEIZ 2YZEYTMENOI ME
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0 OXR2: Opetivn A = Opetivn B, OXR1 >>>
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0 MeyaAec opolotnTeC : avBpwIo Kot
TPWKTLKA >90% tautoonuia (a.o)

LN

9000000



HAektpoductolovikh 8pdon: NMapatetoapuévn ALlEvepon
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: >nuotodotnon: Metaouvarmntikoc Neupwvoc

EZQKYTTAPIOX ATAYA
XQPOY IAYAOX
AXBEXTIOY /
KYTTAPIKH
MEMBPANH

Patasz et al 2014
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A. Hert-2 increases spike frequency of hypocretin cells
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B. Hert-2 does not change spike frequency in the presence of glutamate receptor antagonists
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https://www.ncbi.nlm.nih.gov/pubmed/?term=Li Y[Author]&cauthor=true&cauthor_uid=12495630
https://www.ncbi.nlm.nih.gov/pubmed/?term=Li Y[Author]&cauthor=true&cauthor_uid=12495630

2npotodotnon oto KNZ
NEYPONIKH AITOITOAOX>H

1. EIXOAOX IONTQN NATPIOY &
AXBEXTIOY MEXQ MH EIAIKQN
ATAYAQN KATIONTQN

2. EIXOAOX IONTQN AXBEXTIOY
AITO TON ANTAAAAKTH NATPIOY-

!_' ASBEXTIOY
myClch

Gio 3. EIZOAOY IONTQN AXBEZTIOY
L P

MEXQ TAYXEOEYAIXOHTQN
ATAYAQN AYXBEXTIOY

4. ANAXTOAH EIXOAQY IONTQN
KAAIOY AITO ATIAYAOYXZ KAAIOY
ME 2 AIAMEMBPANIKEY AOMEX

Perez-Leighton et al. 2013



CELL BODIES = SYNTHESIS

Q 50,000 - 80,000 in human (3,000 in rat)

O Area from mid to caudal hypothalamus

O Perifornical & Posterior Dorsal Hypothalamus

Thannickal et al 2000 & Peyron et al 2000 &
Moore et al 2001




NEYPOXHMIKA XAPAKTHPIZTIKA
| _— KYTTA

OPEEINHX/YTTOKPETINHX
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Double label IHC-rat Chou et al 2001

Torrealba etal. 2003



2 TAOEPH EKOPAXH
OPEZINQN/YTTOKPETINCN?
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“TIME OF DAY”
CONSIDERATIONS - ICH

2 Daytime (0700h-1900h)
®= Nighttime (1900h-0700h)
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4 Higher hypothalamic numbers of
OXA-IR in normal adult human(N=
120, Median age 77) that died during
the night time compared to those
during the daytime

U No sex differences in numbers

O Small but signifficant  diurnal
variation consistent with direct
circadian input from the SCN in both
human and rat (Abrahamson et al.

2001)

Lu et al 2017



“TIME OF DAY"
CONSIDERATIONS-CSF/LP

d OXA commonly assessed in CSF

following LP with RIA: detectability,

resilience to freeze thaw cycles and
prolonged storage

O In humans: Small (10% change) but
significant diurnal variation in CSF
OX-A with higher levels during

night time than daytime (peak
levels at 05.00 h).

U In rat: Higher amplitude diurnal
variation (40% change) with higher
levels during the dark period.

O Consistent with direct circadian input
from the SCN

T f 8 o 12 14 6 18 2 2 Fujiki et al 2001, Salomon et al 2003, Grady et al 2006

cT




“TIME OF YEAR CONSIDERATION"
CONSIDERATIONS-CSF/LP

Seasonal variation in hcrt-1 level
227 humans CSF obtained via LP during

09:00-12.00

MID June

Q Highest levels during mid summer,
10.6% change compared to
winter.

Increased Social Interaction?

26 25 23 16 21 1210 25 25 19 13 11

JFMAMUJIJJ ASOND
Boddum et al 2016

Month



‘NORMAL AGING”
/ CONSIDERATIONS- ICH

INFANTS = .
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ADULTS

 Infants (o-1y, N=8), Children (4-10 y, N=7),
Young adults (22-23 y, N=4), old adults (48-
60 Y, N=7)

O Coexpression of OXA & OXB at all ages

[ Gradual Decrease in detectable ORX-ir
-20% INFANTS TO YOUNG ADULTS
-10% YOUNGER TO OLDER ADULTS

Hunt et al. 2015



ol
L
o
o
%
e
-
e
5]
o
o
>
=
e
w
o

“NORMAL AGING”
CONSIDERATIONS - CSF/LP (RIA)

O CSF ORX-A Levels Peak During early
infancy

O Higher CSF levels in 0-12 y compared
to 12-19 years

e aeeen e, _] Relatively stable CSF levels 12-79 y
n=1 n=18 ne17 n=2 nst§ n=13

Post-menstrual age _Cotrectod age Older age

(weeks) (weeks) CZZM  Nishino et al 2001, Ripley et al 2001,
Aran et al., 2012



“SAMPLING” CONSIDERATIONS (?2) =
CSF/LP VS SHUNT (RIA)

Peptides. 2014 Jan;51:1-3. doi: 10.1016/].peptides.2013.10.016. Epub 2013 Oct 27.

Higher Orexin A levels in lumbar compared to ventricular CSF: a

study in idiopathic normal pressure hydrocephalus.

O Orexin-A levels and those for central metabolites in lumbar compared to
ventricular (lateral V.) CSF were compared using RIA (N=6, Mean age 73.2 +
8.6)

O Consistent with previous data, levels of metabolites that stem from central
systems (Homovanillic acid, 5-Hydroxyindoleacetic acid ) higher in
ventricular vs lumbar CSF

O Unexpectedly, the opposite was shown for OXA

O HYPOTHESIS: ANATOMICAL AND/OR DISEASE SPECIFIC EFFECT!



AAAEX TTPOXZEITIXZEIX 2 TON
ANOPQITO?

NAI, AKOAOY®EI H
MIKPOAIYAHXH

MEINETE XYNTONIXMENOI/
AI'PYIINOIL...



[TPOBOAE2/XYNAEXEIX ?



[TPOBOAEX2/2YNAEXEIX

Archives ltaliennes de Biologie, 139: 195-205, 2001.
The Journal of Neuroscience, April 15, 1999, 79(8):3171-3182

THE HYPOCRETIN NEURON SYSTEM: AN AROUSAL SYSTEM
IN THE HUMAN BRAIN Hypothalamic Hypocretin (Orexin): Robust Innervation
of the Spinal Cord
R.Y. MOORE"*>?, E.A. ABRAHAMSON? anp A. VAN DEN POL**

Anthony N. van den Pol
Department of Neurosurgery, Yale University School of Medicine, New Haven, Connecticut 06520
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Doberman Pinscher
ITOIA H XXEXH?

1. TO XYXTHMA THX OPEEINHX
(ZO) AIETEIPEI/ENEPTOITIOIEITO
AIKTO NEYPQNQON H APAXH TOY
OITOIOY ENIZXYEI THN
AOPYIINIXH/ETPHIOPXH

&

2. TO 2O ANTATQONIZETAI TH
APAYH TOY KOIAIAKOY EZQ
ITPOOIITIKOY ITYPHNA
(ITPOATQIOX TOY YIINOY!)

ME ITOIA NEYPOAOTTKA
NOXHMATA ©GA MITOPOYXE NA PR
YXETIZETAI H MEIQMENH APAYH ZE2%K /
TOY 207
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NapxoAnyio: karardoosrau oti¢ Siatapoayss vmvou

ko yapatnpieron amd Ypovia/ aveééAeyktn vmvnAla kaTd T OlXPKEIX

(41§ T][JépO(C, €1030A1 Umvou o€ akataAAnda ypovika dixariuate, mapaivon

UTTVOU, UTVOYWYIKES TapaioOfoelg kot o€ apKeteq mepintwoels (60-70%)

KO(I'OUT/'U]E (o (cagvidia, pepixij 1 oAkt amwAgia tov pvikov tévou) TTOU

TUPOOOTEITA UTTO EVTOVEC CUYKIVIOIXKEC KATAOTHOELS

(1.x 1e to évtovo yeAlo, Bupo).

H Em&),ulo)loyl'a: 1 0TOUC 2000 [0.6% tou mAnQuopuov evnlikwv),
mOavag (?) ueyaAvrepn ouyvornra os avdpegi : 1.6-1.8,].

4 Evapén cvunrtwuatwv: amo thv mpwiun wouoikn nAIKio HEYPL
Tnv 51 OEKAETIN pe arciés oti¢ niieg twv 1 5 KAl 35 ETWV.

d Yrodixyiviokerau (1Siaitepa ot moudia) pe pie kaeBvotepnon
10 €TWV amo Ta ovumtwuate. 'EAAsiyn evhugpwong k.o

QI Towornra {wij¢ (St (n xeipdtepn) ekeivng Twv
axoOevwv ue Parkinson 1 emiAnyia (Teixeira et al 2004)
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KATHI'OPIA A: YrepoAkn
UTTVNALX KOTA T1) SIAPKELX TT|C

NHEPOS

YXYMIITOMATA NAPKOAHWIAX

KATHIOPIA B: KatamAnéio,
UTVOywYikeg mapoicOnoeg,
TOPAAVOT) UTTVOU




APXITEKTONIKH TOY YIINOY

IMoAvowpatoxataypad ki) HEAETT)
> . NREM sleep . REM sleep HEF, HI(F, HOI', HMF

Stage 1 Stage 2 Stages 3and 4 5“89 ASSOC'ated ChafaCteﬂSﬂCS

Band
N1 * Low arousal threshold
Aty * Slow, rolling eye movements

* Decrease in muscle tone

* Thoughts lose logical coherence
* Hypnic jerks

EEG

Level of
consciousness

Low S e N2 * Sleep spindles

Type of sleep Light Intermediate Slow-wave phasic activity L K-complexes
S0 minute cycles througtjout the night % Decre-ase in muscle tone
— > 10 sec-1min * Reduced heart rate

Awake ’L 2 Lowered body temperature

N3 * Occasional sleep spindles
* High arousal threshold
Decreased heart rate

* Lowered body temperature
- REM '/Rapid eye movements
<: Muscle atonia

|} 1 L] L] 1 1 1
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AYTOXOMIKH YITOAOITIOMENH KAHPONOMIKOTHTA
THX NAPKOAHWIAY YE YKYAOYX

Cell, Vol. 98, 365-376, August 6, 1999, Copyright ©1999 by Cell Press

he Sleep Disorder Canine Narcolepsy
Is Caused by a Mutation in the Hypocretin
(Orexin) Receptor 2 Gene

The Hcrtr2 transcripts produced in narcoleptic ani-
mals are grossly abnormal mRNA molecules. In Dober-

man pinschers, the mRNA potentially encodes a protein
with 38 amino acids deleted within the fifth transmem-
brane domain followed by a frameshilt and a premature
stop codon at position 932 in the encoded RNA. The C
terminus of the protein encoded by narcoleptic Labradors
is also truncated and does not include a seventh trans-
membrane domain. These changes most likely disrupt
proper membrane localization and/or cause loss of func-
tion of this strongly evolutionarily conserved protein.

Stanford Sleep Centre YI. PYXIOAOI'IKA EIIIIIEAA
E. Mignot OPEZINHX YXTO ENY



Cell, Vol. 98, 437-451, August 20, 1999, Copyright ©1999 by Cell Press

Narcolepsy in orexin Knockout Mice: O H Ko;acrokﬁ él«b?acmca oy
Molecular Genetics of Sleep Regulation RAVICIDLEInG ops e ool

o€ £V POUVOTUTTIO TTOU
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Meuron, Vol. 27, 469-474, September, 2000, Copyright @2000 by Cell Press

Reduced Number of Hypocretin Clinical Study
Neurons in Human Narcolepsy

NORMAL NARCOLEPTIC NORM‘AL}! NARCOLERTIC

0 APAMATIKH MEIQXH TOY APIGMOY 0 YITOOAAAMIKH ITAOIQXH

ANIXNEY2ZIMON KYTTAPQN ANOXZOIZTOXHMIKH XPQXH GFAP
OPEZINOQN/YIIOKPETINQN XTON NEYPOEK®YAIXMOX?

YIIO®AAAMO TON AXOENON (85-
95%)


http://www.bri.ucla.edu/people/jerome-m-siegel-phd
http://www.bri.ucla.edu/people/jerome-m-siegel-phd
http://www.bri.ucla.edu/people/jerome-m-siegel-phd
http://www.bri.ucla.edu/people/jerome-m-siegel-phd

Sleep. 2009 Aug 1: 32(8): 993-995. PMCID: PMC2717206 /

PMID: 15725250

/ Localized Loss of Hypocretin (Orexin) Cells in Narcolepsy
Without Cataplexy

Thomas C_Thannickal PhD 12 Rabert Nienhuis, BS 1 and Jerome M_Siegel PhD1-23

Normal Cataplexy No cataplexy

o w|[ w] [ ow]l ] ’;; o[ w || w| O EEETAZOYN YIIO®AAAMO
e || Qe .- » AXOENQN ME H XQPIZ

| o “”'_ Aﬁ ) _/ \/ (/ 5"; KATAIIAHZIA

\ 2% 7uu ‘\ : f.; o ;;, ‘ 21 l ' 42 = ¥
€7 V|| T f A 1 O | W [ Q 33% MEIQZH

N aﬁ = g} , .« N ANIXNEYZIMON

) P Fa KYTTAPQN XE AXOENEIX
I“ ns | | 150: ‘ o | 20 J XQPIY KATAITAHEIA (vs 85-
W |\ | 95% ME KATATIAHZIA)
v O—<2 (L U U

L, e 4 < QO MEIQXH APIOMOY

| W m os) ] e ;; = | x : KYTTAPQN & TAOIQXH
i i o /, | ,f.cf; 7, j‘.l-f ¥ J 0 b . KYPIQY YTHN MAYTIKH
B/ O R0 4 ® O/ [IEPIOXH YE AXOENEIX

A I TI OT H T A? XQPIY KATAITAHETIA



AITIOTHTA! e

Orexin-tTA; TetO DTA
0 wk 1 wk | 2wk

i€ TOVTIKIX OTK OTTO{o UITOPOVE vV puBpicovpe TNV ekppioT) TNE TOSIVIC TG

O1pOepitidag o KUTTAPA OPEEIVIIC 1] ATTWAELL :

1. 80% twv kuttdpwv (7 NUéPeC oo TNV emaywyr)) odnyei o€ Satapoyég
gyp1yoponc/vmvou (avkavoTnta SLoTrjpnong cupmraywy teplodwy gyp.-Umtvou).

2. 95% TwV KUTTEAPWV (14 NUEPEC atd TNV EMaywYT]) 0dNyei 6€ o€ katamAnia.

Tabuchi et al 2014, Branch et al 2016



AIATNQSTIKH ASIATHE OPESINHE

[ Contemporary Reviews In Slesp Medlicine : % CH EST

International Classification of Sleep Disorders-Third
Edition

Highlights and Modifications

American Academy of Sleep Medicine 2014

Michaal 7. Sabtoia, MDD

NO(pKO)\J]l!)iO( TUTTOV 1 (rodouotepa pe koaramAndio): YmepPoAin)

vnvnAia katd ™ Sidpkelo Tng nuepag (vokelpevikd kpierpio) kou <110 pg/ ml

oto ENY (1] 30% twv ¢pucioroyikwv tipwv = 280 + 33 pg/ml) ﬁ OeTIkO ATOTEAEG X

0TO TEOT MOAAXTATG KatBuaTépnong Umvou (pikpdg xpdvog evapéng Umvou < 8 min) Kot
evdei€elc REM Umvou kotd tnv €vapén tou Umvou pe epdovr) emelcodio (>2)
KotamAnéiog (CUPHETPIKT] ATTWAELN HUIKOU TOVOU Xwpi¢ amwAgla cuveidnong).

NO(pKO}\J]l!)iO( TUTOU 2. NoapkoAnypia tumov 1, X(x)pi( KO(‘EO(TI)\I]E(O(
Ko un mra@oAoyIkeC TIMEC OpEeEivC.




YIHOOETIKOX MHXANIXMOX:

0 AYTOANOXOI MHXANIZMOI OAHIOYN 2X2E EKO®OYAIEMO TON
YIIOOAAAMIKON KYTTAPQN OPEEINHY/YITIOKPETINHX

» Yy€orn tov moAvpopdiopov HLA-
DQB1%06:02 6T0 peilov cUpPTAOKO
Blood-brain totooupfParotnrog (98% acOevav NT1vs

barrier

17% tovu yevikov tAnOuopov otnv
Evpwmn)

* JTi@avoi dpdoteq amdmTWONG EiVOLL TAL
Kuttaporo§ike CD8+ T Cells

All nucleated

— Hypocretln Ealls

neuron

MHC
class |

Target
neuron

1
—
=
lov)

.

cD8'T cell\

Nature Reviews | Disease Primers I(Ornum et al 2017



~ AITIOAOTIA?

QITepifarrovrixoi mapdyovreg kivduvou (?):
YYNAEXEIX...

1. Aopwéeig Streptococcus pyogenes = QUENUEVH LTPET. XVTICWHATH OTT)
vopkoAnPia tumov 1 & avénpevn ovridpactikotnta twv T o avriyova
YTpET.

2. EpBoricopoi pe to Pandemrix (ASo3, GlaxoSmithkline) evévtia otov

HiN1 2009-

" AedopEva arro emdNULIOA0YIKEC peAeTeC ot PivAavdic, Toundia,
NopBnyio, IpAavdica, TaAdioc ko H.B deiyvouv:

-AuU&nomn ¢ emintwong tn¢ vapkoAnYio Tmov 1 petd tov eufoAtopuo

KUPLWG G PIKPEC NJALKIEC <20 €N

-3-12 Ppop€g aunuevo pioko ekdNAwoTC

-1 0€ 16,000 € OALAGHOVC

= HiN1 xou 6o Pandermix? AT IOTHTA (?)

Kornum et al 2017
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Proceedings of the Mational Academy of Sciences of the United States of America

Proc MNatl Acad Sci U S A 2016 Jan 19; 113(3): E3G68—E377T.

FPublished online 2015 Dec 14. doi: 10.1073/pnas. 1521463112

From the CoverPMNAS Plus
Meuroscience

FPraACID: PMC4725525
PrID: 266682321

H1N1 influenza virus induces narcolepsy-like sleep
disruption and targets sleep—wake regulatory neurons

O K to lateral hypotha-

and
neurons
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1. TPOXBOAH ATIIO TON
10 : LH/PEF = OPEEINH

(56% ATIQAEIA)
& ATIQAEIA ZETMN, VTA,
DRN, LC

2. DAINOT YIIKA =
NAPKOAHWIA ME
KATATIAHEIA 4
EBAOMAAEZ META THN

IQXH Tesoriero et al 2016
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CD8 T cell-meaediated Killing of orexinergic neurons induces a
Nnarcolepsy-like phenotype in mice
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NAPKOAHWYIA:
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SYMIITQMATA NAPKOAHWIAX

KATHI'OPIA A

KATHT'OPIA B
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“TIME OF YEAR CONSIDERATION"
CONSIDERATIONS-CSF/LP

Seasonal variation in hcrt-1 level
227 humans CSF obtained via LP during

09:00-12.00

MID June

Q Highest levels during mid summer,
10.6% change compared to
winter.
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10-20 mg, taken no more than once per night and
within 30 minutes of going to bed, with at least 7
hours remaining before the planned time of
awakening
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FIRST LINE NARCOLEPSY TREATMENT DRUGS

APPROVED DOSAGE ACTION MECHANISM
STATUS (ADULT)

MODAFINIL NT1/2 100-400 mg/day DAT INH. NA,HIS,GLUT,5H
T,ACHE,OX (UP),
GABA (DOWN)
ARMODAFINIL NT1/2 100-250 mg/day DAT INH. SIMILAR TO
MODAFINIL
PITOLISANT NT1/2 9-36 mg/day H3 HIS UP
AUTORECEPTOR
INV AGONIST
SODIUM OXYBATE NT1 Up to 9 g per GABAB (?) UNKNOWN,
(GHB) night (2 doses) GHB (?) STIM. BEHAVIOURAL?

VENLAFAXINE NO 37.5-300mg/day SNR INH. sHT, NA (UP)
(EFFEXOR)
SODIUM OXYBATE NT1 AS FOR AS FOR AS FOR

CATAPLEXY CATAPLEXY CATAPLEXY
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Serotonin neurons iNn the dorsal raphe mediate the

anticataplectic action of orexin neurons by reducing

amygdala activity
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