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Abstract. The adverse outcome pathway (AOP) concept was first proposed as a tool for chemical hazard assessment facilitating
the regulatory decision-making in toxicology and was more recently recommended during the BioMed21 workshops as
a tool for the characterization of crucial endpoints in the human disease development. This AOP framework represents
mechanistically based approaches using existing data, more realistic and relevant to human biological systems. In principle,
AOPs are described by molecular initiating events (MIEs) which induce key events (KEs) leading to adverse outcomes (AOs).
In addition to the individual AOPs, the network of AOPs has been also suggested to beneficially support the understanding and
prediction of adverse effects in risk assessment. The AOP-based networks can capture the complexity of biological systems
described by different AOPs, in which multiple AOs diverge from a single MIE or multiple MIEs trigger a cascade of KEs
that converge to a single AO. Here, an AOP network incorporating a recently proposed tau-driven AOP toward memory loss
(AOP429) related to sporadic (late-onset) Alzheimer’s disease is constructed. This proposed AOP network is an attempt to
extract useful information for better comprehending the interactions among existing mechanistic data linked to memory loss
as an early phase of sporadic Alzheimer’s disease pathology.
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INTRODUCTION can facilitate the determination of more accurate end-
points. Subsequently, more cost-effective, accurate,
and human relevant testing strategies can be applied
[1, 2]. The concept of adverse outcome pathway
(AOP) has been proposed to improve the human rele-
vance of chemical toxicity testing based on available
mechanistically relevant approaches using existing
human relevant data, resulting in a better understand-
ing of the adverse effects of exposure to various
chemicals [3].

During the BioMed21 workshop, the applica-
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During the last decade, new approaches for as-
sessing chemical toxicity have been developed by
regulatory and academic bodies following the recent
technological advances. These new developments
represent more mechanistically based approaches,
shifting to more realistic and efficient strategies, rel-
evant to human biological systems. Considering the
technological advances, within the field of chemical
risk assessment, applying more predictive approaches
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has been already proposed for the characterization
of crucial endpoints in the human pathogene-
sis of COVID-19 (https://ec.europa.eu/jrc/en/event/
webinar/intro-webinar-ciao-project). In compliance
with the Organisation for Economic Co-operation
and Development (OECD), guidance on the devel-
opment of the AOP concept is available, providing
assistance on defining, constructing, and assessing
the development of AOPs [6]. An AOP is character-
ized by alinear series of events, including a molecular
initiating event (MIE) triggered by a stressor, which
directly interacts with a biological target at molecular
level, followed by intermediate key events (KEs) at
cellular level, and ultimately leading to an adverse
outcome (AO) at an organism or population level
[3]. These KEs are linked to each other by key event
relationships (KERs) which describe the causal links
between a downstream event and an upstream event
based on existing biological knowledge. Biologi-
cal plausibility, essentiality and supporting evidence,
among the reduced modified set of Bradford Hill cri-
teria, are required for weighing the available evidence
[6, 7].

In addition, the development of AOP networks has
been proposed not only to improve understanding but
also in predicting adverse effects used in risk assess-
ment, research, and regulatory decision-making [8,
9]. The AOP networks are derived from existing indi-
vidual AOPs, available from the AOP knowledgebase
(AOP-wiki [6]), sharing common events. Hence, the
AOP network concept is believed to improve the
mechanistic understanding by providing insights into
possible interactions among individual AOPs. The
AOP-based networks can capture the complexity of
biological systems described by different AOPs, in
which multiple AOs diverge from a single MIE or
multiple MIEs trigger a cascade of KEs that converge
to a single AO [8].

Recently, a tau-driven AOP for the memory loss in
sporadic (late-onset) Alzheimer’s disease (sAD) has
been proposed [10]. In this AOP blueprint, several
environmental neurotoxicants were also suggested as
plausible MIE plug-ins, portraying possible chemical
interference with early sAD pathology. In more detail,
27 tentative MIEs triggered by different stressors,
including environmental chemicals and drugs, were
plugged into the proposed processes of the tau-driven
AOP under development (AOP429). It was hypoth-
esized that neurotoxicity and sAD pathology may
share common pathological processes [10]. Next,
this hypothesis was further confirmed by identifying
microRNA (miR)-gene interactions commonly reg-

ulated by the processes described in this tau-driven
AOP [11].

In this present manuscript, individual AOPs
listed in the AOP-wiki and sharing common pro-
cesses/events with the plausible tau-driven AOP are
assembled into networks. This AOP network concept
is an attempt to better understand the interactions
among existing mechanistic data linked to memory
loss as an early phase of sAD pathology. In addition,
this AOP network-based approach can also provide an
effective tool for using the already available knowl-
edge in order to predict same adverse effects of other
stressors which could trigger common key events
leading to memory loss.

METHODS
Selection of AOPs

We selected publicly available AOPs, endorsed
by OECD, from the AOP-wiki [6], with commonly
shared events, as those described by the proposed
tau-driven AOP toward memory loss. An exempli-
fied map of the tau-driven AOP was used for defining
the different events of interest at molecular, cellu-
lar, and organism level (Fig. 1). Thus, seven known
AOPs, namely AOP3 (inhibition of the mitochon-
drial complex I of nigro-striatal neurons leads to
parkinsonian motor deficits), AOP10 (binding to the
picrotoxin site of ionotropic gamma-aminobutyric
acid (GABA) receptors leading to epileptic seizures
in adult brain), AOP12 (chronic binding of antag-
onist to N-methyl-D-aspartate receptors (NMDARs)
during brain development leads to neurodegenera-
tion with impairment in learning and memory in
aging), AOP13 (chronic binding of antagonist to
N-methyl-D-aspartate receptors (NMDARs) during
brain development induces impairment of learn-
ing and memory abilities), AOP42 (inhibition of
thyroperoxidase and subsequent adverse neurodevel-
opmental outcomes in mammals), AOP48 (binding of
agonists to ionotropic glutamate receptors in adult
brain causes excitotoxicity that mediates neuronal
cell death, contributing to learning and memory
impairment), and AOPS54 (inhibition of Na+/I-
symporter (NIS) decreases thyroid hormone (TH)
synthesis leading to learning and memory impair-
ment), were included. In Table 1, the detailed data of
the triggered MIEs, which can induce the KEs and
ultimately lead to the AOs of these selected AOPs,
are provided.
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Fig. 1. Schematic representation of the proposed tau-driven AOP for memory loss, presenting a starting point (bidirectional relationship
between glucose and cholesterol metabolism) which can trigger a cascade of key events (KEs) (mitochondrial dysfunction, oxidative
stress, hyperphosphorylated tau, dysfunctional autophagy, toxic tau oligomers, dysfunctional axonal transport, dysfunctional synapses,
neuroinflammation, and neuronal dysfunction), which eventually can lead to the adverse outcome (AO), memory loss (modified from [10]).

Besides the approved AOPs by OECD guidelines,
in AOP-wiki, relevant AOPs, still under develop-
ment, were also carefully looked up and found
to commonly share some of the affected events
represented by the tau-driven AOP: AOP16 (acetyl-
cholinesterase inhibition leading to acute mortality),
AOP17 (binding of electrophilic chemicals to SH
(thiol)-group of proteins and /or to seleno-proteins
involved in protection against oxidative stress dur-
ing brain development leads to impairment of
learning and memory), AOP26 (calcium-mediated
neuronal ROS production and energy imbalance),
AOP134 (Sodium iodide symporter (NIS) inhibi-
tion and subsequent adverse neurodevelopmental
outcomes in mammals), AOPI152 (interference
with thyroid serum binding protein transthyretin
and subsequent adverse human neurodevelopmen-
tal toxicity), AOP279 (microtubule interacting
drugs lead to peripheral neuropathy), AOP281
(acetylcholinesterase inhibition leading to neu-
rodegeneration), and AOP405 (organo-phosphate
chemicals induced inhibition of acetylcholinesterase
(AChE) leading to impaired cognitive function).

RESULTS AND DISCUSSION

Building the AOP network for memory loss

According to the proposed tau-driven AOP, the
hypothetical starting point, glucose and cholesterol
dysmetabolism, can induce a series of intermedi-
ate KEs such as mitochondrial dysfunction (KE1),
oxidative stress (KE2), hyperphosphorylation of tau

(KE3), or dysfunctional autophagy (KE4), converg-
ing to formation of toxic tau oligomers (KES5). Next,
dysfunctional of axonal transport (KE6), synaptic
dysfunction (KE7), or neuroinflammation, can be
induced, resulting in neuronal dysfunction, which
eventually leads to memory loss (AO). Several neu-
rotoxicants/stressors [6, 10] can trigger MIEs, which
may induce a cascade of KEs, leading to AOs,
including memory loss or neurodegenerative-related
disorders, as illustrated in Fig. 2. Many neuro-
toxicants can potentially bind to molecular targets
(triggering MIEs), which in turn can induce cellu-
lar responses (intermediate KEs), and subsequently
be linked to the presented AOs, which are part
of different AOPs (either approved by OECD or
under development). In Table 2, several stressors with
their potentially targeted molecular events, induced
effects, experimental evidence, involved in differ-
ent events and/or AOPs, are given. By linking these
potential stressors to MIEs which in turn can induce
intermediate KEs and/or can be linked to the target
AO, memory loss, possible interactions among the
commonly affected events driven by different AOPs
can be identified.

Further, a potential network of AOPs, includ-
ing the seven approved AOPs (AOP3, AOPIO,
AOP12, AOPI13, AOP42, AOP48, and AOP54)
and the seven (still developing) AOPs (AOPI17*,
AOP26*, AOP134*, AOP152*, AOP279*, AOP281*,
and AOP405*) is built, displaying the events com-
monly shared by these AOPs and the tau-driven AOP
(Fig. 3). In this network, different MIEs, KEs, or AOs
are shown to be shared by individual AOPs. The AOs
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Fig. 2. Potential stressors linked to plausible molecular initiating events (MIEs), which induce a cascade of key events (KEs), leading to
adverse outcomes (AOs), including memory loss or neurodegenerative-related disorders, are provided. Stressors are indicated in yellow,
molecular targets of the MIEs in orange, KEs in blue, and AO in red color. The hypothetical starting point, glucose and cholesterol
dysmetabolism is shown in light blue color. The IDs of AOPs under development are shown in italics.

of these included under development AOPs, namely
AOP134*, AOP152*, AOP281*, and AOP405*, are
described by decreased cognitive function or neu-
rodegeneration, which are indirectly linked to the
AO of the tau-driven AOP429. Apparently, all shown
individual AOPs seem to share a common event,
either directly or indirectly.

In this proposed AOP network for neurodegene-
rative-related disorders or memory impairment, we
integrated plausible MIEs which are potentially trig-
gered by environmental neurotoxicants. Notably,
only few of these stressors, including fipronil, 1,3,5-
trinitro-1,3,5-triazine (RDX), endosulfan, and lead
(Pb) have been elsewhere reported to trigger MIEs of
the selected AOPs, confirming their potential involve-
ment in neurodegenerative disorders. In more detail,
fipronil, RDX, and endosulfan have been described as
potential stressors for binding at picrotoxin site, iGA-
BAR chloride channel (ID:667) leading to occurrence
of epileptic seizures (ID:613) in the AOP10, while Pb
for binding of antagonist, NMDA receptors (ID:201)
leading to neurodegeneration (ID:352) and learning
and memory impairment (ID:341) in the AOP12.

Among the presented AOPs, the AOP3 (AO:
parkinsonian motor deficits (ID:896)) shares
mitochondrial dysfunction 1 (KE:177) and neuroin-

flammation (KE:188), the AOP10 (AO: occurrence
of epileptic seizure (ID:613)) shares the neuronal
synaptic inhibition (KE:669), the AOP12 (AO:
neurodegeneration (ID:352), AQO: learning and
memory impairment (ID:341)) shares neuroin-
flammation (KE:188), both AOP13 and AOP54
(AO: learning and memory impairment (ID:341))
share the decreased neuronal function (KE:386),
the AOP48 (AO: learning and memory impairment
(ID:341)) mitochondrial dysfunction 1 (KE:177),
decreased neuronal network function (KE:618) and
neuroinflammation (KE:188), with tau-driven AOP.
Although the AOP42 does not seem to share any
event with the tau-driven AOP, its AO (decreased
cognitive function (ID:402)) is highly relevant to the
memory loss, therefore, it is included in our network.

It is important to mention that some events of
the tau-driven AOP, such as glucose and cholesterol
dysmetabolism, dysfunctional autophagy, tau toxic
oligomers, and hyperphosphorylation of tau, have not
earlier been described in any of the existing AOPs in
AOP-wiki. In this network of AOPs, we presented
possible molecular targets for few of these not well-
defined events in the context of the AOPs. Such an
example, in the AOP3, its MIE, binding of inhibitor,
NADH-ubiquinone oxidoreductase (complex I), has



M. Tsamou and E.L. Roggen / Network of AOPs Linked to Memory Loss

276

uonrugod

paareduy ‘uon

-BIUAZOPOINAN

‘uoneWUIRYUIOL

-NAN ‘uonounysAp
ondeukg

wsioqejowsAp
[0131s9[0YD)

uopounysAp
[ELIPUOYI0IIA

‘[61] suewny ur uondwnsuod [oyooe jo K10ISTY

Q) PUE S[OAJ] WINIAS NI USMIAq UOHBIOOSSE Uy

‘[81] 2z1s auids onupuap pue uorssardxa

G6-Sd Ul 9sLaIOUT PAONpUI [OUBYIA 0} dnsodxo
oruoIyd ‘saxmyno [edwesoddry Arewrnd je1 uy -

[L1] Toueyd Aq panqryur a1om ared DTIN/AC-TAN

o pue ‘sxred HTYN/QP-TAN PUE ‘ATIN/IE-TAN

“DTAN/AE- TN Jo uoneuIquios ay) uo papuadap

AMADISULS Y} ‘S[[99 €67 AdUpLy JIUOAIQUID

uewiny ur sadA)qns ZYN INoJ Ay} Jo U0 YIm
SUOTJRUIQUIOD SNOTIEA UT PAssAIdXd-00 SWIOJOsT YN -

‘[91] remerpyim joyoore Suroiopun sjusned

juopuadop-[oyodfe ur gZyN Jo uonejAyow YNQ

19MO] YIIm dxejul [oyod[e A[rep Y3y pue SunjuLip
wn AJ1[ YSIY U0dM)dq UOTBIOOSSE JUBOYIUSIS Y *

"[611 s103dooar YIAN JueuIquooar Surssardxad

SI199 €6¢ (HH) Aoupny druoAIque Uewny

uon pue JEI WOIJ SUOINAU [EO11I000U UT (TIpoIdudy
-eIoUdZopoINdU jstuoSeiue J0ydesar VAN 2annedwosuou
pue uonEWIWE] Q) puE [OUBYJD USIMIAq SUOT)OBINUI PUB)
-UI0INau 0) ped| [oueye £q uonouny 103deoar YJIAN Jo uoniqyuy g
ued SYVAAN ‘[#1] parenSaxdn
01 1SIUOTEIUE JO AyS1y a10M QINIYD ‘GINIID ‘VINIIO ‘INIID
Surpurg :Z1dOV Surpnpour ‘sauad jrungns 101dooa1 YJIAN Inoj
‘uonmusoo uounean
saredwr SYVANN [eMBIPYIIM [OUBYI INOY-{ & £Q POMO[[O] SUOINOU
0} JstuoSejue [B911100 PIALIP-(DSHY) [[9 WS dIU0KIQUID
Jo Surpuig :¢1JOV uewiny jo amsodxa (AW ()G) [oueyl2 Aep-/ & )Y *
[€1] sowosororux

urelq asnow paje[ost ur uone[AX0IpAy-¢

[012)S3[0YD JO UOTRULIOJ ) 9 ()¢ < AQ pasealour

J] "SUOTIENUAIU0D IAYSTY & OSHd Yl pAqIyuI

nq (A og 01 dn) SUONENUIOUOD MO] JE SuTeIq
9SNOW Ul QWAZUD AY) PAJRATIOR JOJBANIOR [VOLdAD V

vy

<

o

jstuogejue

Jo Surpurg

¢5101d2031 VAN
10T AueAy HIN

—

uoniqryuy
‘(1 xordwoo)
ASBJONPAIOPIXO
suoumbIiqn-HAVN
188 quaA
‘uonounysAp
[ELIPUOYDOMIA

LL1 UeAg

*[z1] eupuoyooirw jo Ayoededs

Sunenunode- k) Ay pue [enusjod dueiquidw

ayy ur sa3ueyd paonpul- ;D) Y} Y3oq U0 134D

SNOTIANI[AP padunouoid paIqIYxe +JJA JO Junoure

(A 07) Trews uoag T xo[duwio) jo uoniqryur

%06 & Aewrxoidde parod3m (AT 421
Arerewrxoxdde) +JJIA JO SUONEIUIOUOD UTEIq ISNOJA

K01X010INAN

pue uonounjsAp

[ELIPUOYSOMIA
:edOV

Aande INA9 Suniqryur
£q Sureusts ANAg
Juopuadop ANAnoe-JVANN
Jo uondnuisip £q

pajeIpaw s309139 ondeuksarg

Knanoe ondeuds
ur uonoNpaI 1o9paI agewep
[BUOINAU puk A)IDIX0)0IIOXD

ur Sunnsal uone[npouwt
AVANN “YVAANN Surporg

eIUIA[01)s9[0Yd0d Ay

puR 19A0-UIN}

[0191S9[0Y PaseaIoul SUIALIP
S[OAQ] DHO-SH¢ PaseaIouf

loyqryut

I Xo[dwod [eLIPUOYO0ITA

‘uone[A1oydsoyd 13V

PaoNPaI PUB S[AA] 4 BD
pasealoul ‘D 1d Jo uoniqyuy

ANAdd

S6-dsd
‘uorssardxo
R[N
‘uorssardxo
qd0IN

AVANN JUSA[OS

[0yoory

IVOPdAD Snig  uoydourwe)ooy

(dLdIN)
aurpukdoipAyena)
9Tl
-1Auoyd
~p-1Ayow- |

1 xerdwo) Sniqg

dOov
UQALIP-NE) 0} YUI']

SdOV PRA[oAU] SHS] POAJOAUT yoddng reondwyg

1039

1o31e],

IB[NOJ[OI K10391eD SI10Ssans

SSO[ Alowdw 10J JOV U2ALIp-ne) pasodoid ay) 03 payul] ‘(SHIIA) SIuA Suneniur Je[ndsjow d[qisneld ay) Sur1a33Ly J0J SI0SSAS Se SJUBIIX0J0INAU [BIUSWIUOIIAUD PIPN[OU]

ClqeL



271

M. Tsamou and E.L. Roggen / Network of AOPs Linked to Memory Loss

(ponuyuo))
‘[6z] surajoad ondeuds pajejar-A1owawn
are yorym Jo [re ‘T ursdeuds pue ‘ursAydojydeuds
‘TIVAIAN JO 9SBAIOIP SNOAUEI[NWIS B [IIM SIOYIP
K1owow pue Surure9] [eneds paonput amsodx?
uonounysAp op1onsad o3eaes Aq sAep g 10J Aep & 90u0
ondeukg TRl oY) 0Jul A[9A1OdSaI PaIg)SIUIPE SeM UBINOqIe))
uoneK1oydsoydiadAy
ney Suntoddns
uone[Aioydsoydop paonpoy
uoneKroyd ‘uonejAtoydsoydrodAy
-soydradAy ney "[$T] vdd Jo uoniqmyut B} PUE S[AS] | BD)
‘SSOI)S QAIBPIXO pue g¢-3[SD JO uoneAnde yim sais uone[Kioydsoyd  IB[N][oIBNUI ‘SSAIS QATIEPIXO
‘uonounysAp pare[aI-qy drdninw ye uone(K1oydsoydiadAy ney 03 PaseaIdUI ‘S[IAJ] d.LV MO[
[BLIPUOYDOIIAL P9 (s7e1) 2ansodxo ueinjoqie)  ‘DLH [BLIPUOYD0IIW PIQIMISI ueinjoqre)
*[$¢] 1ouuBW PAJR[RI-UOTIEIUIIUOD
' ur (Od1) uoneprxoiad pidi] pue s[oAd[ urjord o
QWIOIYI0IAD PABAI[Q ‘uoIssaIdxa souas aaneprxonue
pare[n3ar-umop pue saua3 onoydode-oxd
paren3ar-dn ‘(JININ) [enuajod suelquiow
[BLIPUOYD0) T PISLAIdAP AJUedyIusis ‘SOY Jo
S[OAQ] UT PAseaIdUl ‘Y ¢ 10J N 04—¢'0 3¢ d[elg o1
S[[99 HS-N-3S Pwoise[qoinau uewny jo aisodxy ¢
‘[£2] 1050145 a3 01 BLIPUOYDO) W
WOy 9 AWOIY20)Kd Jo asea[al ‘[enuajod sisoydode
QUEIqUIAW [BLIPUOYD0JIW JO SO Aq paruedwoode A[remuaad pue ‘Kjanoe
sem sisojdode paonpur-g[e]g “(suoinau Al pue ‘[ ‘T soxordwod
[©1q2195 JBT) sisojdode pajerpau-eLIpUOYO0I I urdjo1d [errpuoyd0) I
ySnoay) pa1mdd0o AJ1o1xojoInau paonpui-dlelg ‘g pue uone[Lioydsoyd
‘[zl 1e1dAD ‘SSams QAIIEPIXO [JIM PIJRIOOSSE AATEPIXO ‘JININ
$oua3 Jo uorssardxa pasearoul Apjueoyrugis ‘uononpoxd IV Ie[nyeo
$SI)S 9ANBPIXO amsodxe Jeq o1 ut (Kouanbaiy 945¢°¢1) PpaseaIodp ‘auoryren|s
‘uonounysAp SCLN paonpur [-3Y Sw (Gg Jo asop e Je / Kep s uonesnluod 210joq (dlelg)
[ELIPUOYOOIA soA1quia woly J[e]g jo uonossfur [eauojradenuy | SO[NJI[OWOIORW JO UONBPIXQ Juarkd[e]ozuog
‘[12] Anowonoads ssew-AyderSojeworyo
sed Sursn Josinoaid )1 pue [019)$9[0Yd
SuizAreue £q S[[e0 BWOISL[QOINAU UBWINY pue
wstjoqejowsAp 3SNOW Ul PaIsA) uaym /YDHA Suniqryur ur Aoujod sisayjuksorq SpLIOTYD
[011s9[0YyD Y31y pAIQIYXS SIPLIO[YO WNIUOY[BZUdq 0) dInsodxq [013159[0Y0 JO Juduiteduy wnruoyezudg
‘[0z] ¥V Jo uoneLioydsoyd pejerpaw-urnsur
ay) passaiddns osfe i “uondwinsuod
ua3AX0 paseardop ur Junnsal ‘[ pue [ sexa[dwoo
uonounjskp uone[Aoydsoyd 9A1EPIXO JO SANIANIE YY) PAYO0[q
[ELIPUOYDOITW BIA 7LV ‘191em Sunjuup ul papiaoid Z1v jo (Kep/ uone[Kioydsoyd 13y
wisIjoqelowsAp 3Y /37 (¢ 10 OF) SUONENUIIUOD MO IIM SYIUOUL PaONPAI PUE S[AA] 8D
9s0on[D G 10J pajean d1om (84 = u) S1el Aopme-onserds paseaour ‘)4 Jo uoniquyuy (ZLV) duizeny



M. Tsamou and E.L. Roggen / Network of AOPs Linked to Memory Loss

278

‘[s€ ‘v€l SND

oy ur uoneprxorad pidi pue ‘oSewrep YN ‘SO

Jo uononpoid ayy Sunead[e Aq oSewep [euOINAU

Sursnes sad4) 100 1e1 JuaIdyyIp ur uoneprxorod
pidi pue ssons aAnepIxo pajerouas sojukdioy) g

g€l

sisoydode pue ‘Aeydone

A3eydojne 29d pue [[-¢DT Jo uorssaidxa oy Sunenaidn £q ‘sojonoea ordeydojne
[euonounysAq yieap [[92 d13eydone paonpur pue ‘S[[ed XSAS-HS JO SI9qUINU UT PasLaIdul uorssordxa
$SaMms AANBPIXO) uewiny ur £)191X0J0140 paonpur-sojuAdiory) | Paonput $sa1s 2ANBPIXO) 1-€071
‘[1¢] yuapuadop-uonenuaduod
© Ul UONRIdUAT SO BIA Jouuew
g>N JO Uone[NWNIdE 1L3[oNU pasnpul (SOSHY)
S[[90 WS OIUOAIqUId UBWNY WOIJ PAALIDP (SOJNY)
UONBWIWRJUIOINAN S[[90 JosInoa1d [enou tewny jo ainsodxa sojuAdiory) (OANL pue g1 ased[ey A¥AN
“[2€] (XD 1129N2¥) [opow 21mynd [[99
ways J0jiuasold [eInau uewny plenuILIIP JooM-f
uonounysAp uo (NAI) [1poIduay] noyim pue yim amsodxo oSewrep [euoInau o3 Surpes|
ondeukg AdD Iaye Adrxojoinau pasnpul- sojukdiory) K)ID1X0)0)10X2 dewen|n AVAAN
[1e€]
sKemyjed [BATAINS TR[N[QOBIUI UT PAAJOAUT SUT)0Id UOIBATIOR
S¥H pue [V Jo uorssaidxa oy paonpar (sOSHY) Kemyred [3V-3€Id
S[[99 WS JIUOAIQUID UBWNY WOIJ PIALIDP (SDINY) QAIIO9JOp 0} puI|
wISI[0geIaW AS0oN[0) S[[99 10s1nda1d [eInau uewny Jo aisodxa soyukdioyD K)1A}OR D1312UT[OYD J1UOIYD) IIV-EId
uonIUN 24131505 ‘UOISSTWISURI}IOINAU
padivduir 01 paydnusip Sursned
Supva) qyov fo ‘sasdeuds aazou ur YOV
uoyIqIyuUl PIINPUl ‘[og] Ananoe 10jow 0y payoeduwur Jo uonisodap 03 Surped|
S|pa1nUIYD) ApueoyruSis pue QuI[oyd[K190e JO S[IAI] PISLAIIUT ‘UIV JO umopyealq ay)
aydsoyq ‘JUOV JO uoniquyur pasearour sjel A[me(-onerdg M QIQJINUI pue SWAZUD
-ouv3i1Q :SO0FdOV 01 sojuAdio[yo jo amsodxa [eya[qns Ande Uy ‘g Q) 0} puiq (sapronsad)
‘Kyreriowr AL 0 uoniqryuy ‘(FYDV) ‘[6T] wontquyul FUJV %06 PAYoeal SIONQIYUI YDV “owAZud
Surpea| uoniquyuy QSBIAISAUI[OYD 4 $7 J01Je 9[Iym uoniqryul gUIV %0 < paydear Jo uoneK1oydsoyd 0y sopronsad
uornouny QSBIAISAUI[OYD 1K1y 4 9 Jo)ye ‘soJLIAdIo[yod JO uonenuaduod (1S anp sopronsad JO pue gDV aeyd
2AnuS09 parreduy -1£120V :91dOV 71 UAY HIIN Y $C B 0 (Sno1quinssowt s1uo4y202.4()) sy duLen)sy “| u2am32q SUIpuIq S[QISIOAILI] YDV -soydoue3iQ sojuAdiory)
*[82] sAoxuour snsayI Jo WsIoqeour
wisIjoqe)owsAp pidi[ ureiq pasea1ddp (L.dq) 2ueouaydoiofyo SISaYIuAsoIq LLIDHA
[013189[0YD JO uonensIuIupe JIUOIYd Pue [BYII[QNS NIy 0121590y JO Juaureduy ‘ISdAD sapronseg  2uejouaydorofy)
"[LT] Kemuped Surfeusts g-[g/[-uIooq/N¢ld
111 ssepo ay) Suneanoe £q ASeydoine aano9j01doiko sisoydode pue A3eydoine
ASeydone PoONpUI SUOINAU [BI1)I0D [1qAIdD Jel 0) amsodxo p) 'z QAISSOIXA Kq POMO[[0] Surreusis
[euondunys&q "[92] s19491 SOY Fe[nreoenut Surpeusts ¢ TOE/UNPE/MEId g
SSMS AABPIXO paseaIdur p) 03 S0 XSXS-HS Uewiny Jo axnsodxd | pue uononpur nej-d Juroad/eld sfejow AAeo  (pD) winmupe)
dOov 1931e],
UQALIP-NE) 0 YUI] SJOV PRA[OAU] ST POA[OAUT yoddng eoundwyg 199139 Ie[NID[OIA K103918) SI0SSANS

(ponuto))
z21qeL



279

M. Tsamou and E.L. Roggen / Network of AOPs Linked to Memory Loss

(panuiuo))
S9INZ1ds 0) JUIpL| 18 urxojo1ord ‘[6€] oerdn -[D9¢ paonpul-ygy o oY) Aq painseowr
[ouueyd uot je Surpurg ‘[ouueyd Se ‘[0Nu0d JO 966 0) uonduny 10)dedar Vygyon [ouueyd
10)doda1 gy D! APLIOIYD YVFVO! ay) paonpar uLp[aIp AT ¢ 03 saINd [[29 d[nuerd uor 9y} YSnouy) 9duejonpuod SOpIoNdSUL
SaINZIag Supporg :01dOv 199 JUAAT HIIN Te[[aqa100 Arewrtrd dsnow o amsodxo wird)-3uo QPLIO[YO $)90[q Apoang sYvavyD!  apuo[yooursiQ uupRIg
UOISSIWSURIOINAU
padnisip Suisned pue
"[8¢€] sjonuod 03 10adsar YIm 9,89 Jo uONIqIYUI sasdeuks aA1ou ayy ur YOy
AUDV Ul paj[nsal pue sAep ¢ 10J UOJOJ[NSIP Jo uonisodap ay) 01 uipes]
uonIUNf 24131U80> 0} pasodxa SJel Jo anssy urelq ul Yy JO Junowe YDV JO Uumopyealq oy} yim
paawduy 01 Q) ur ASBAIOUT (9% Q) JUBOYIUSIS B PUNOJ SIOYIILISAI Q10J19)ul pue JWAZUd Ay} 0}
Suippa) YOy Jo (0SAT AW JO %96) SUONENUIDUOD [eyIa[qns 1Y puiq (sepronsad) soyqryut
uoIqIyUl PaoNpul uoniqIyuy ‘(UOv) -orosnw winunfof ur sasuodsal 9[19RNUOD PIOURYUD AYDYV Y[, QWAZUd
sppo1uYy) ASBISAUI[OYD pUE ‘SUONBIIUIOUOD YDV PIsealoul ‘ANAnoe Jo uoneK1oydsoyd o) anp sopronsad
uonouny aydsoyq -1K100y AYDV UI 358a103p JuLoyIugIs © punoj SOAIO[YIIP st sopronsad JO pue qUIV areyd
aanuSoo pameduy -ounSiQ) SOrdOV T1 9udAg JIN JO UONENUOUOD [RYIA[qNS © YIM P)d2fur sjey U9M19q SUIpUIq JqISIOALI] UV -soydouesiQ SOAIO[YOI
sisoydode
A[remuaad pue ‘K)anoe
‘[#¢] 1ouuBWw pajR[aI-UONEIUIIUOD Al pue ‘[ ‘I soxapdwod
e ur uoneprxorad pidi| pue sfoa9] urjoid o urdjo1d [erIpuoyd0) I
QWOIYD0IAD PaIeARd ‘UOISSaIdXd souad aAnepIxOnUR pue uone[Lioydsoyd
pare[ngar-umop pue saua3 onoydode-oxd QATIEPIXO ‘JININ (sQvd)
paren3ardn ‘[enuojod sueiquIAW [BLIPUOYIOITUL ‘uononpoid Iy Ie[n[eo spunodwod
SSAIS QANEPIXQ PaseaIodp ApuedyIusis ‘SO JO S[OAJ] ul PIseaIddPp ‘duoryieIn|3d onewore
‘uonounysAp paseaour (4 g 103 N 0p—S°0 18) 2uaydonyjozuaqip m uonesnluod a10joq 191dXD orpokoAod
[eHIPUOYOOIA 01 S[[20 HS-N-3S Pwo)se[qoInau Uewny Jo aInsodxg SO[NOJ[OWOIIEW JO UONEPIXO) ‘IVIdAD -IATY  Quedoryozuaqiq
‘uonejAroydsoydrodAy
ne) Suntoddns
uoneLioydsoydop paonpay
uonejAioyd ‘uonejAroydsoydrodAy
-soydiadAy ney *S[[0 B} PUE S[OAJ[ 48D
‘SSQIIS QAIBPIXO DArg-ne) €6ZAH Ul pue s[[29 DArg-nel X SXS-HS Ie[N[[9JBNUI ‘SSANS SAEPIXO
‘uonounysAp uewny ur uonesoISSe ne) peonpul ‘SIoNqIUT PIsLAIdUT ‘STOAS] J.LV MO]
[ELIPUOYOOIA g¢dd/Vedd ‘(N o) utgowe)fop jo amsodxy  ‘DLH [EHPUOYI0IIW PagIMISI(] eSO ‘Vedd Sopronsad utnpawelaq
sisoydode pue ‘ASeydoine
A3eydone [L€] HS-N-JIS QU] [[99 BWOISL[qOINdU ‘sojonoea or13eydojne
[euonounysiq uewny ur ‘[[-¢)1 ‘Ioyrew swosogeydoine JO sIaquunu ur paseardur uorssardxe
‘SSQ11S QANBPIXO 9y} Jo uone[nundL Juspuadap-asop e paonpul I[Hn) Poonpul $SA1S JANEPIXO -€01 S[RIN (nD) 1oddo)n
*[9€] S[[99 BZOINAN ISNOW UT [0I)SOUR JO ASBAIOUL
wisIjoqejowsAp Sunnsar e yim Surpuiq oyensqns sjfey yorym SISAYIUASOIq L9DHA
[01a189[0YD) ‘dnoi3 away Yy YIm SuneuIpIo0d Aq 1S A D SNqIyu] [0131s9[0Y JO JuduITeduy ‘16dAD soproIdung Bl (7441 Ve}



M. Tsamou and E.L. Roggen / Network of AOPs Linked to Memory Loss

280

‘[6%] paSueyoun
QIoM [0I3)SIOYO [B10] JO S[IAS[ ANSSI) SBAIIYM TIAI]
pue ureiq ‘ewse[d ur S[AI] [0191SI[OYIAXOIPAY-/£ T

uononpoid proe [eproiols
poonpal pue SISAYIUASOIq

wistjoqejowsAp ur uonoNpaI paonpur sAep / 10y AepAysom [019)S9[0YD PAJLA[D
[013183[0YD) Apoq jo 3y/3w | © Je 01w 03 uonensiurwpe aurdipofa,g ‘uononpoid JHOQ-LZ P9Inpay 1VLZdAD s3nig suidipojag
‘[87] LIDHA 10 TS AD 1oyHa Suniqryur
wisIoqelowsAp £q [o19)s0uR] JO UOnERAd[d pasnpur (AT 1) D sisayjuksolq LIDHA
[013189[0YD UBJ[NSOPUR 0] S[[0 BZ-0INAN ISnOw Jo a1nsodxsq 0193590y JO JuauLreduy ‘ISdAD
$2InZ1as 0) Jurpe9| 15 urxojorord ‘[L¥] 191ppO} B pue [Gi7] TouLe)
[ouueyd uol je Supurg ‘ouueyd ® JO Y3eap ay) 03 pI[ A[[enuaAd pue ‘(94 ‘Gf] Suewny
101dodar ygvOI QPLIOIYD YV IV D! ur snondoqide smeys K10joe1jar 1o ‘snondoqide I00[q opIono9sul
FER VAN Sunyolg :01dOv 199 JuaAT HIN SNJE)S ‘QINZIAS PASNELd UBJ[NSOPUR )IM SUTUOSIO] [ouueyd uol 2ANNdWod-uoN SYvdvO!  2puoyoouesiQ ueJnsopuy
[€1] sowosororux
urelq asnow paje[ost ur uone[AX0IpAy-¢
[0191S3[01]D JO UONBULIOJ A} PIseaIoul eIuIA[01)s9[0yd0d Ay
3] "SUONEBIUOUOI JYSIY 18 (OSHd dY) PAIIqIyul Inq puR IOA0-UIN)
wisjoqelowsAp (N 0z 01 dn) SUONENUSIUOD MO] JB SuTeIq ISNOW Ul [0I91SI[OYD PISeAIdUT FUIALID
[012189[0UD) QWAZUD oY) PAJBATIOR JOJBAIOR [VOpdAD © ZUdIAR)g S[9AQ] DHO-SPT pasealou] IVOPdAD Sniq ZUSIIAR)H
‘[p] s101dad21 W3/ VANV SYVAAN 243 JO uoneAndr
Ay} Aq pajerpau AJI9IX0J0INAU PIdNPUT WIN[[AGAID 19011pul £Q pamo[[oy
81 Wolj S[[99 [eI[S puE SUOINU JO SAIMND s101do0ar SYVIINV/VI
Arewnd ainjew pue arnjewrul jo armnsodx?d ywoq ‘g SJeATIOR A[}O211D
eyl ywo( ‘sap1s andeuks-jsod
Jstuoge jo Surpurg A1101X0101N9U PAdNPUI-WO( 0) dsuodsal ur paonpur pue -a1d je s10)dooar SYVAINY
‘s101dooar ayeweIn(3 a1om soudsd 10ydooar gewein|S pue ‘pasearour arewrein3 ordonouor 2 VI
uonounysAp srdonouoy Kyanoearounwual [YV AN ‘UONRISIUTWIPE Uuo uonde dAneIIAUI Uk £q SYIANN
ondeukg GL8 UAYT HIN Vywo(J 19k sAep ¢ je suoinau [edwresoddry Je1 uy | KI101X0)0)10Xd SAINPUI WO ‘nIol1
Juourrreduur ‘[z¢] uoneanoe [e13 £q pamo[[o} uoneroudsop
K1owowr [eUOINAU PadNPUI SJEI J[NPe Ul A[SNOUIARIUL
pue Surure| pardsturpe uaym (JySrom Apoq Sy/3w G/ °0) ywoq ‘¢
0 SunnqLuuod ‘[1%] sjonuod 03 paredwiod (asearour p[oj
qeap (120 9°'T) SON! pue ‘(asea10ut P[o] €) T-XOD) ‘(Isearout
[BUOINAU SIJRIPAW PIO} #'T) dVAD ‘(esearour p[oy 7) ©-JN.L ‘(esearour
Jey) KJIOTX0)0IIOXd PIOF £°1) I1-TI Surpnjour ‘siojerpow AIojeuuteyur
sasned urelq Jo uorssaxdxa oy paje[nwns Apuesyrusis o1
j[npe ut s10jdadar ur (syeam ¢ 10} Aep 1ad 3y/3w 7) Juounean ywod ‘g
QrewreIn3 ‘[ot] uonersusdapoinau jo Juawdo[aaap Ay} pue (dSv)
ordonouor ZXO0D Se yons ‘ureiq asnoOwW Ul souad A1ojeweyur urxojoInau
0) sjstuoge KJ1e9 Jo uorssardxa ayy pajowoid (uonsefur-jsod ad£)-proe (vwoqQ)
uonewwEyuomoN  Jo Suipuiq :8ydOvV Ut )¢ pue (9 ‘0g I8 8y/3w ) ywo( ' X0D oures] p1oe drowoq
dov 10518,
UQALIP-NE) 0} YUI'] SOV PAAJOAU] ST POAJOAU] 1oddng eoundwyg 10959 Te[NOJ[ON K10391) SI0SSANS

(ponunuo))
ToIqeL



281

M. Tsamou and E.L. Roggen / Network of AOPs Linked to Memory Loss

(panuiuo))
eIUA[0I)s[0Yd0dAY
‘[e1] pIoy-L-9 pue JoAO-UIm
wistjoqelowsAp £q 31198 [YV9HdAD PoIR[NWNS SAWOSOIONU [019)S9[OYD PIseaIour SUIALIp
0118907y ureIq QUIAOQ PJ[OST UT JUSUNEAI) dUNUL[eD) S[oAS] DHO-SC Paseaiou] 1V9PdAD sSnig JuiurejuR[RD)
*[2S] uoneraudd SO JO ASBAIOUT UI PIAJOAUT
1eap [[99 d131oururedop paonput S[[9d XA SXS-HS
o13rouredop uewiny 03 amsodxa ruoidig g sisoydode pue ‘A3eydoine
A3eydoine ‘[g6] uorssaxdxa [-urpoag pue 1J-¢)T SuLIO}IUOW ‘sojondea or3eydojne uorssardxe
[euonounysfq £q yeap o13eydoine paonpul s[[9d A SAS-HS JO SI9quUNU UT Pasealour [-urpoeg
‘SSQIIS QANBPIXO ewo)se[qoinau uewny ur [ruoidy o) amsodxy "| Poonpul SIS JANEPIXO ¥ I1-€D1
‘(28] yusunean 1916 pasea1ddp ‘g3 SO pajeAndrul
YoTyA 610§ U0 JESO Jo uone[Aroydsoyd Iy
Jo uoneAnoeul oY) i [ofeled ur pue ‘¢/ 108 uo
uonejAoydsoyd 1y ay) paonpar ‘uonejLioydsoyd
uonejAioyd JESISO/MY JO [2A] ) pa1d)e ainsodxa uonejAroydsoyd
-soydrodAy nef, [tuoxdy ‘s[[ed XSXS-HS d1d1ouruedop uewny uy JENSO/LIY Jo uonery dedso
uononpay
20UB)ONPUOD ‘[16]11/37 0301 e uonenuaouod ewsed
pLo[yd painseaw yead e ‘yuoned toyjoue up /3 ¢
AVAVD! $9 AT pue 009 18 PAINSLIW M SUONENUIIU0D [tuoldy s10ydodarx
$2InZ1as 0) Surpes| ‘(ans urxojoxord ewiseld ‘sjuoned om) uj ‘oydepEIY puE ‘UonE)ISE vdavD
[oUUBYd UOT Je Surpurq ‘[ouueyd a1nz10s SUIPNIOUT ‘WA)SAS SNOAIIU [ETUD O} UIYIIM ‘[ouueyd £q parerngox
101doda1 gy D! APLIO[YD YV FVO! uoIssIusuen) Ygyo 9yl yim pajeroosse swoydus uol 9y} Y3noly) 99uejonpuod s[ouueyd
saImziog Sunyoord :01dOv 199 UdAT HIA paeaaas [ruoidy yirm uonesrxojur uewny ANdY QPLIO[YD $)90[q Apoarg -1D ‘SIVIVO! SopIoNndsu] [uoxdry
[8%] S19AS] DHA-L Pa1eAS[d pue [GdAD
PIAQIYUI ‘S[OAI] [0I)SIA[OYD AIN[OSEL PISEIIOP
‘erwa[o1sajoydodAy pasned ydrowrdoiduay
wstjoqejowsAp 0) SDSJIY WoIj pALIap [opowt Jojiuadordornau sisaypuisolq LIDHA
[019)59[0YD) Uewny pue soul| [[90 Uewuny Jo aansodxyg 1012)59[0Y Jo judureduy ‘I6dAD soproidun  ydiowndorduo,j
"UOISSTWSULIOINAU
paydnisip Suisnes pue
(muawdojanap sasdeuds aaIau Ay} ul YOy
A2pun JOv) Jo uonisodap ayy 03 Surpea|
uoyounf 2411509 YOV JO umopyealq ) yiim
paaioduii 0} QI2}19)ul pue JWAZUD ) 0]
Sutpva) Yy Jo puiq (sopronsad) soyqryut
uoyqryul paonpul uoniquyuy ‘(gUJV) ‘[0§] voniqryul FUDV ur uoneAd[d HYOV oy, -owkzud
SIONUIY D) ASBI)SAUT[OYD Jofew A[snooue)nuurs ‘uonodfur 10)je saynuwr Jo uoneK1oydsoyd oy anp
uonouny amydsoyqd -1K100y 01 2nssn urelq ur YDV ur aseatour Jofew v pajiodar st sopronsad JO pue qUIV sopronsad 1nxodoig
aanuSoo pamedury -ounSiQ) SOrdOV T1 uoAg N “mxodoid 10 qIeonqoudy 1yi1e 0} pasodxa 3T S[eWd| U9M19q SUIPUIq J[qISIOALI] quDVv areydsoydouesig ‘qIeanqoudq



M. Tsamou and E.L. Roggen / Network of AOPs Linked to Memory Loss

282

uon
-eIoUdSopoInau
puE uoneWWRY
-u10Inau o) pes|
ued SYVANN
0) Jstuogejue Jo
Surpurg 11OV

$109432 LN
pue uoniquyut
SIN $SdOV "[09] 10005 03 paredwod 9,67) ANAGW JO S[OAJ] Ananoe ANA g Sumiquyur
‘uoniugod IR[N[[20BIIXd PUE (JoNu0d 0) paredwod 9,() urajoid £q Sureudis ANA 9
saredw sYVANN ANAE-01d Te[n[[2d pasea1odp (1 AIA—LAIA) epuadop ANANIE-YVAINN
uonounyskp 01 )stuoejue (poonpay “INAd sisouagojdeuds jo porrad oy SuLmnp sAep G 10§ 4 qd Jo uondnusip £q
ondeukg  jo Surpurg :1JOV  JO oseo[ay]) 68¢ JudAg AN [ 03 pasodxa suonou jedwresoddry Je1 Arewnad up pajerpaur s30a339 ondeuksarg ANad s[elowr AABOH (qd) pea1
"[66] s101dod01 VYYD pue dudA[S (poq Suniqryur
uonounysAp £q seje1qalIaA Joyjo pue suewny ur A)jiqeoxaradLy 19Y00[q
ondeukg [euonau paonpoid duepur| Jo sASOp JIXO], [ouueyd uor 2ANNdwod-UoN SAVavO! SOpIONdSU] quepur|
[86 ‘L5] Arowow
uopnounysAp puB UONIUNE JOq UT SJUSWIOP Aanoe [ouueyo
ondeukg punojoid paonpoid ainsodxa ourwe)oy ‘suewny ug 101doda1 VAIAIN Sunyoorg SAVANN sonayIserUY QuIwe)Y|
"[9¢] sndwresoddry ur ‘€7
pue [-urpdeg ‘Kemyped ASeydoine oy ur paajoaur
A[reono suroxd ur 9seaId9p © paonpul pue Alowow sisoydode pue ‘A3eydoine
ASeydone doueproae Axoyquyur parredwir (41— sAep [eremsod ‘sajonoea d1Seydoine uorssardxo
euonounysiq Je (Sy/8w (o¢) 1AU0qIEd UOIT IO JITYIA JO 9SOP JO SIaqUINU UT PAsLaIouT urodg
$SOMS AABPIXO Te1o A[rep o[Suis) sjel ur porrad [e)euodu oY) Ul USAIS o PaoNpur SSaNS JANEPIXO 2 I1-€D71 S[RIDN () uoay
Krowaw ‘[s¢]
pue Surures] SYVAIAN Jo uoneanoe Sundnisip ‘ureiq asnow ay)
0) Sunnqruod Jo uor3ar redwesoddry Yo YYIAN W ul seSueyd
‘yreap [0 [eImonns paonpur AJeursoyn[3 0y aansodxa dwoIy) g
[BUOINAU SAJRIPOW ‘[#S] IVAAN 23 10953 *a10d [ouueyd Ay} WO YO0[q
Je)) AJITX0)0JI0Xd 0 papaau are A OO JO SSOXd UT SUOTIEIIUIIUO0D wnisouSew ay) Jo asedar
sasned ureiq Aeursoyn[O-[‘p ‘Afeanoadsar ‘pimy reurdsoiqored SE [[oM S ISTU0Te-00 QUIOA[S
j[npe ut s10jdodar ur N 99°0 pue 9z pue ewseld ur N ¢6'] pue 6L ayy jo Surpuiq soxmbarx
QreweIn|3 Js1uo3e jo Jurpurg a1om 1] £z 101ye pue ewseld ur N 0201 Pue 0501 pue 9)1s Surpuiq rewreIn3
s1donouor ‘s101dooar areureIn|3 Qrom 21nsodxa 1)Je § [ JTO-[ pue -p Jo A[oandadsar AU} YIIM UOTIORINUI 10D soprorsunyg
uopounysAp 0) s)stuoge srdonouoy SUONENUAOUOS AY) ‘(uonsadul [e1o ‘deursoyn[s-['p y3noay) 1nosoo 0) payoadxa st ‘SOpIoIqIAY
ondeukg  jo Surpuig 87OV G/8 QUAAT HIN 3y/3w £97) oseo Suruosiod uewNy quo Uy '|  YVAIAN Y} J8 uonoe Isiuosy SAVANN snoxoydsoyq QleuIsoyn[n
dov 19518,
UQALIP-NE} 0 YUI'] SJOV PAA[OAUT ST POAJOAUT yoddng eotndwyg 119 IeINOS[OIA K10391) SI0SSAMS

(ponunuo))
79IqeL



283

M. Tsamou and E.L. Roggen / Network of AOPs Linked to Memory Loss

(ponunuo))

(uone[Al

-oydsoydrodAy nej,

UONRUIUEPJUIOINAN

juonounyskp

ondeukg

UOTBIAUITIPOINAN
‘UOT)RWILIBJUIOT
-NAN ‘uonounjskp

ondeukg

uon
-eIoUdSopoInau
pue uonewweyy
-UI0INau 0} ped|
ued SYVANN
03 Jstuogejue

Jo Surputg ‘71dOV

UONBWIWEUIOIIN

QQ1:3UdAyq

PaseaIdap

‘Xngur | e) 7GIUAY

jstuogejue Jo
Surpurg ‘sioydesar

VAINN TOZ UoAT
‘uoniqryuy

‘SAVAIAN S61:u9Ag

[L9]
KI10TX010INU 9SLAIOUT pue Yeap pawwerSoid-jao
donpur S yorym ‘ASeydojne ur asearour
QAISS0X? pue ne) Jo uonejKroydsoydiodAy paonpur
10)em SUDULIP BIA qd 0} SIel Jo aInsodxa ooy
‘[99] snduresoddry
pue WN[[2qa1dd ‘ureiqaloy jel ur uoneAloydsoyd
ne) pajowoid [p/3rl o] Jo uonenuaduod
pooiq & 0} Surpea| qq 03 a1nsodxa [ejeursad
'[69] ney oyroads-oIs JuelIoqe pueE ne)
10 VNJw pue urajord pajeas|o ‘aSe jo skep QL 1®
sfpuowr /—¢ woly pue Og—[ dNd Woiy 10 og—1 ANd
woIy 1o1em SUMULIp Ut 97" qJo) pasodxo dTA
‘[#9] uonerousdopoinau
o13ojoyred pasueyud ©IQ-pIO[AWe Jo pue
1051n531d urayo1d B12q-projAuwre jo uoissardxaroaQ
‘uone[NWINDOE ne) 93e Jo s1aA ¢ 18 sAep 00
0) Yuiq woiy Aep/3y/Sw ¢'1 q 03 pasodxad sKayuoA *
‘[¢9] sndwesoddry ur
[Jeop [RUOINAU pue AIN{Ur [eUOINAU pasned pue SONT
Jo pue ©-N.L ‘g 1-TI seurjoiko Lrojewweyur-oid jo
S[oA9] 9 paje[nSaidn yorym ‘uoneAnoe [erj3oIoru
pasned amsodxa q “(SIeI) S[Pow 0.4j14 Ul pue oAl uf

o

N

—

[29]
suonau [edwreooddiy JeI OIUOAIqUIS Ul WSIUBYOIW
Judpuddop-urmpowed e £q XNgo | B PIsearoul
PUE UOHEIUIIUOD UOT  -BY) PASea1oap ansodxd | qd
"[09] Surreusis
Tepn[eoenur Juapuadop-Y VAN Jo uondnisip pue
KuaS0juo Jungns YYAIAIN PI[e IqIYx? amnsodxd
z4d Te)uawdo[aAIp JO S[SpoW [EWIUE Ul SIIPMIS T
‘[19] seueiquiowr [eduresoddry ureiq e oy
01 108-MIN[HE] Jo SuIpuiq Yy paroaye osfe  qd
"UOIIBATIOR [QUURYD PAONPUI-YJJAIN JO Aouanbaiy
3y} dSBAIOAP UBD | qd Jey) Sunsas3ns ‘ouuew
Juopuadop-UonENUIIUOD B UT SJUILIND [QUUBYD-I[TUIS
pue [[93-9[0yMm pasnpul-VJAN pa)qryul
(N 0S—677) 4+4d ‘suomau [edwresoddry JeIur |

ne) jo uone[Aloydsoyq ney,

SUN0IAD AIojewILIRUIOI]
SuIeusIs SYVANN
PUE UOISSTWISURNOINAU
ondeuksaid ‘sjouueyo
28D Jo uoniqryur Sursned

B-ANL ‘qI-11

Jouuew judpuadopur-o3e)joa

B ULYVANN

) Jo as K103e[N3aI

+ZUZ 9y Je Surpuiq

AVAIAN 9 Jo i1stuogeiue
aannadwos-uou ‘yuajod

YVANN
ay) Jo IS
Kiopem3ar | uz

a3ewep [euoinau 0) Surpes|

K)101X0J0)10XA djeWeIN[D) MVANN



M. Tsamou and E.L. Roggen / Network of AOPs Linked to Memory Loss

284

uorssardxa

JOoL-w
*[$L] A1o1X010INAU POdNPUI-SHIJA JO WISTUBYOSU
Suikpropun oy se ‘Kemyjed SureuSis ASeydoine
QouRYUD 0) PaJsAS3NS UG SBY SSAIS JANBPIXQO T sisoydode pue ‘ASeydojne
K3eydojne ‘[€L] s1oa9] urajoid [-urpoag /931y Suroueyua Aq pue ‘soonoea ordeydojne
[euonounysAq S[oAd] YOLw Suniqryur £q ASeydojne pajendaidn JO sIoquunu ur pasearout uorssardxo (BHIN)
‘SSOMS AANBPIXO SHOIA 03 S[[99 Wd)s [eInou Uewny Jo amsodxy ‘| PaoNpul $SANS QANEPIXO [-uIoag S[RIRIN  AINOIQWAYISA
‘0] snduresoddry oy ur s[oAd 9-1 pue © JN.I JO
UOT)EWWBJUIOINAN UONBAS[O PAONPUT UOTYIE[EW JO UOT)EISTUIWIPE ‘SIET uf SOUIY0)£0 KI0jeuIueJuIolg 911 ‘B-ANL
‘[0] sndweosoddry ur HSO paonpai Jo uoneIoawe
paonpul uoyie[ew JO UONENSIUIWPE ‘Sl uf 'g
"[gL] sonssn ureIq pue poo[q Y} UT SANIATNIE ASE[eIed SISBISOaUIOY
pue ‘asejnuwisip aprxoradns ‘osera)sauroyo[A10oe XOPAI IB[N[[9 PAGINISIP
SSAI)S 9AIEPIXQ OS[e ‘S[9AQ] QUOIYIeIN[S PIsLaIodp pUE ‘S9[NOI[OWOIIBUI
‘uonounysAp J1 SBAIOYM ‘S[OAS] DPHO-8 Pue apAyopIeIpuoew JO UOTEPIXO ‘IdInq surojord
[eLIPUOYOO0IA PaseaIoul UoIyjeew 0 sjel Jo amsodxo oruoIyaqng | quoryreinis jo uonaydog Sururejuoo 4§
"[0L] ¥2dd Jo uoniquyur pue g¢-3{S0H JO UoHeAnde
yim sa)is uoneLioydsoyd poyejar-qy opdnnu
Je uonejAioydsoydrodAy ney pue ¢S JO 2SLAIOP uoneLroydsoydradAy
uoneAx SNOJUE)[NWIS © (IIM SIOYIP Alowow pue Surured| ne} Suntoddns
-oydsoydiodAy nej, [eneds poonpur uoryje[ew Jo UonenSIUWpE ‘Sjel uy uone[Lioydsoydop paonpoy vzdd ‘9SO
uoISSIusueoInau paydnisip
Sursned pue sosdeuis oarou
(1uawdojaaap ) ur YDV Jo uonisodop
Lapun JOy) ay) 01 SuIpes| YOV
uonIUNf 24111505 JO umopyeaIq oy PIm
paawdut o1 *[1.] sjonuoo 0y paredwod se qUIV ul QI9JI)UI pue WAZUD 3Y) 0)
Supva) qyoy fo PaseaIoul pue ‘U PaseaIddp ‘AJ[eliow pasearour puiq (sopronsad) s1oyquyur
uoyiquyul pasnpul uoniqryul ‘(FYDV) sAep ¢ 10J uoge[ew 0) Pasodxd WIOMMTS U] g HYOV YL owkzud
S|po1UYD) ASBINISAUI[OYD ‘ToL] Jo uoneK1oydsoyd o) onp
uonouny aydsoyq -1K100y Kanoe aseroiseurjoyd[A1eoe ewseld jo uononpar st sapronsad JO pue YOV sopronsad
aantugoo parreduy -ounSiQ ‘SOFdOV T1 2uaAg HIN PaoNpul UOIYIE[eW JO UONEI)SIUTWPE ‘S)BT uf *| udoMmIaq SuIpuIq O[qISIQALI] quOVv dreydsoydouesig uoryIeeIA
‘[69] uontugoo pue Aonseyd ondeuds o3 Juawnreduwr
Ppaonpui-qd 9y} pasioaal pue ‘ayeidn asoon|3 pue
$LNTD JO UOTEDO[SULI) QUBIQUIdL ) PISLAIOUT
uo1sSaIdXa-19A0 1 () TD O4J14 Ul PUR OAlA U]
‘Kemyped PV-SEId 2U) YSnoay) sueiquiaw [[90 oy}
JuwistjogelowsAp Ul S[oA9[ 1,01 TO Suronpar £q wsijoqelow asoon[3 Surpeusis
9s00n[D redwreooddry Je1 ur 9sea109p © paonpur aisodxad qq PV-MEId
(891 Kemyred
sa1Ko0nse ur Aemiped YO LW/Y WLNSUMOP Y} NOoLw/MY
ASeydojne Sunyoolq ySnouy saykoonse pue sndweosoddry el oyy ASeydone ‘Sureusis
[euonounysiq 30q ur S[AQ] urejoxd | uIoag pue [[g) pesealour QAISSOIXd Kq POMO[[O] €01
SSAIS AATIBPIXO £q ‘sakoomse ur A3eydoine paonpur amsodxa qd Surpeusis [[-¢DT/1-uIPeg /1-urpoag
dOov 1931e],
UQALIP-NE) 0 YUI'] SJOV PAA[OAU] ST POA[OAUT yoddng eotndwyg 199139 Ie[NID[OIA K103918) S10SSANS

(ponutuo))
za1qeL



285

M. Tsamou and E.L. Roggen / Network of AOPs Linked to Memory Loss

(ponuiuo))
BIWR[012)s3[0y00d Ay
Ppue I9A0-UIN) (sdDO)
wisIjoqelowsAp *[08] POO[q UI [019)SA[OYD [B10) ) JO S[IAJ] [0I91S9[OYD PASLAIdUT SUIALID sopronsad
[01)s9[0YyD) Pajead[o paonpur sg)O Jo dmsodxa ‘sarpnys tewny ug S[0A9] DHO-SHT PaseaIou] IVOPdAD SOpIoNsdd  duuo[yoouesIQ
‘[617] poSueydoUN d1oM [0IASAOYO
[210) JO S[9AS] 9NSST) SBAIYM ‘IOAI[ pUB ‘UTeIq uononpold proe [eproIdls
‘ewse[d oy} ur S[OA9] [0I)SI[OYIAXOIPAY-/ 7 Paonpal Poonpal pue SISaIuUASoIq
wstjoqelowsAp ‘sKep ¢ 10 ‘Aep 1od 1yS1om Apoq jo 3y/Swi | € e oW 012)S3[0YD PAJBA[D
[01a189[0YD) 0y ourdipeaqtu jo uonensmwIwpy  ‘uononpoid DHO-LZ PeONPaY IVLZdRD sSniq QurdipeaiN
‘[6L] Sureusis
980 Ld/JOLW PALAIOE YIIM JURIIWOOUOD
€071 19A0 [ €D7T JO ORI PIsLaIdap PUe ‘[-UIOAg JO
uo1ssa1dxa urej01d paseaIdap ‘SoWososA| [euiouqe sisoydode pue ‘A3eydoine
A3eydoine Jo Joquunu paseardul ‘suonau d1dourwedop jel ‘sojonoea o1deydojne uorssordxa
reuonounysiq uo UA] JO 10919 (sKep §7—1) way-Suoj pue (Y Z[—) JO SI9QUUNU UT PAseaIoul [-urpoeg
‘$SAI1S QANBPIXO -1I0ys 9} ‘UJA] JO uonodlur [ejernsenur 9[3uls € 10y Paonpul $sa1s dANBPIXQ ¥ 1-€D1
‘[8L] K&imanoe 11 xoidwod
uone[Lioyd pue JINIA Ul 95ea109p Juepuadap-9sop & paonpur SISBISOQUWIOY
-soydiadAy ney UJAl 0) suoInau [eyerns Arewnd jel jo ainsodxq g XOPalI Je[N[[90 PaqInSIp
‘$SAI1S AANBPIXO *[LL] uoneuwioy SOY pUB ‘S9[NOJ[OWOIIBUI
‘uonounysAp paonpul U 03 S[[99 (LZN) [euoInau d1Srourwedop JO uonepIXo ‘Ioynq surajoxd (UA)
[ELIPUOYOOITIA orpeydeouasow paALIop-jel Jo amsodxy '] quornyiein3 jo uoneideq Surureyuod HS S[eIIN asoueSuey
erud[oId)sooyd0dAy
pue 1oA0-uIN)
wisIjoqelowsAp ‘[€11 L&A€ 1V9pd XD posearour surdezeynu [019)S9[OYD PaseaIour SUIALIp
[01)s9[0YD) 0} SOUIOSOIOTUI UTRIq PAJB[OST AUTAOQ JO ansodx S[OAS] DHO-SHT Pasealou] IVOrdAD sSniq surdezeymy
UOISSTWSULIOINAU
padnisip Suisned pue
(juawdojaaap sasdeuks aa1ou oy ur YOy
42pun JOv) Jo uonisodap 2y 0) Surpea|
uonIUNf 2411US00 YDV JO umopyealq ay) yim
paawduy 01 Q10J19)ul pue JWAZUd Ay} 0}
Suippa) qyHV fo "[91] @sdefe awm o) I9AO SONUOD puiq (sopronsad) sioyqryut
uonIqIyul p2INpul uoniqIyuy ‘(UDv) 01 uosLredwod ur se 9,79—-9¢ WoIy SuIsearour AUDV YL dwAzud
SIPOIUIYD) ASEISISAUI[OYO UONIQIYUI YIIM (SHIIGUIDSSOUL STUOLYI0IL()) Jo uone[K1oydsoyd 03 onp
uonouny aydsoyq -1K100y YST UI anssn) ureIq ur S[oAd] quOV payqryur A[ysiy st sopronsad JO pue qUIV sopronsad uoryered
2AN1uS0 parredury -oundiQ SOrdOV T1 JuaAd AN uoryjered [Aypowr 03 (Y 84— 1) 2insodxa [eyre[qng u22M12q SUIPUIq J[QISIOAILI] quov areydsoydouedig TAQoN

‘[s] uroroxd
[-U1[09g JO pue ‘onel [-¢)T-I-€)'T oY) Sulseatout
e1A A3eydojne pue sisoydode yioq jo uononpur
YIm Iouuew Juspuadop-own pue -UoNeNUIdUOD

e ur AJI[IQRIA [[99 Pasea1odp SHIIA ‘sa1koomse el uj

uorssardxe
I-€21



M. Tsamou and E.L. Roggen / Network of AOPs Linked to Memory Loss

286

UOT)EWWEJUIOINAN

uonouny
aAnmuSod parreduy

&ypriowt 1oV 0}
Suippa) uoniquyul
ISDA2]SIUI]OYI

uoniquyuy “(FUIv)
9SBIASAUI[OYD
-1K100y

-14922Y 29[ dOV

(1uawdojaaap
J£apun JOv)
uondunf 2471309
padivduir 01
Suipna) Fyy Jo
uonqyut paomput
Sppo1UIY)
aydsoyqg

Cl uaAy HIN

uoniquyuy “(FUIV)
9SBIASAUI[OYD
-1K100y

-oun310 SOpdOV

T1 udAy HIN

"[9.] ueds owm oY) 19A0 S[ONUOS 0) paredwod

S 9579—9¢ WOy SUISEAIOUT UONIGIYUI YIM Y 8F—C [
wo1j SurSuel SUONeINp PAINSLawW [[& Je pA)IqIyul
ApueoyrugIs a1om (Sno1quipssout SIoayd02.())
ST Ul onss1 UTeIq Ul S[PAd] YDV Jey) punoy

uoryyered [Ayjowr 03 amsodxo [eylo[qns (Y g4) 9Inoe uy

'[$8] ©-ANL/O-TI-gX-AN/MdVIN
g¢d e e1a sisoydode [ydomnou

poo[q Uewny pAIqIyur SOY peonpur-jenbered g
[¥8]
9-I pue 0-JN.L St yons sauno)Ad K1ojewrureyur
Jo uorssardxe o) pue Aemyjed Surreuss

gY-AN-8€d-HOV Y JO UOHBANDE BIA ‘S[[90 ASAS-HS

BUWOISL[QOINAU UBWNY JO NAI[IW IB[N[[QIRIIXD
9} 0} PISBI[I UAY) PUB [0SOIAD OJUT PAJLIO[SURI)
‘paseaoul [gOINH ‘@insodxa jenbered uodn |

“[¢8] (urw g toy urypr 61 ‘N 00T 0 OT

‘T1°7°0 ‘€0°0 ‘0) uoxoered 0y ainsodxa 1ayje pasnjrad

A[[eIQa190BNUL SIBI UL S[AJ] YDV IB[N[[208IXd
PIsLaIdIP pue ANANSR YDV [BIBLIS JO UoniqIyuy

‘[18] seare ureiq jer ur uonejLroydsoydiodAy

‘uolssIusueoINdU paydnisip
Sursned pue sasdeuds aa1ou
ay) utr gyQVv Jo uonisodop
ay) 01 Sutpes] ‘udv
JO UMOPYB2Iq AU} (PIM
QIaJI9)UI puB SWAZUS Y} 0}
putq (sopronsad) sionqryur
AUIV YL dwAzud
Jo uoneLioydsoyd 03 anp
st sopronsad 4O pue FYOV
U09M19q SUIPUIq S[qISIOAILI]

SIPIOLIBOR puv
SOPIONOaSUL
quOVv areydsoydouesdio

PANL PUB 911 ‘G111 9seo[oy
uoIssIwsuenoInau paydnisip
Sursned pue sasdeuds aarou
ay) ut gyQVv Jo uonisodop
ay) 01 Sutpes] ‘udv
JO UMOPYBAIq AU} (PIM
QIaJI9)UI puB SWAZUS Y 0}
putq (sopronsad) s1onqryur
AUOV YL dwAzud
Jo uoneLioydsoyd 03 anp
st sopronsad 4O pue FYOV
U09M19q SUIPUIq S[qISIOAILI]

DN SOPIONSA]

sopronsad
quOVv areydsoydouedio

uonounysAp ne) PAONPUT- Je[NOMUSAOIQAIIIEIUT
ondeukg VIO ul 101dosa1 YJAIN JO JUSWIAJOAU] SAVANN
‘[z8] seare
ureiq Jel ur (sa10ads uaSonTu 0AORAI) SN pue S[OAJ] 4 BD
$SAIS QANBPIXQ SOY Te[njjeoenul 3unerouas pue DI [BHPUOYI0ITUL Ie[N[[2JBNUI ‘SSAIS JATIRPIXO
‘uonounysAp oy Supreduwr ¢ eD) JR[N[[OOBIUL PAsEaIoU! PISEAIOUL ‘S[OAJ] d. LV MO[
[BLIPUOYDOIIA] VIO JO UONENSIUIWPE JB[NOLNUIAOIQAIdoLNU] ‘D LH [BLIPUOYO0IIW PaqInISIT
‘[18] suor3a1 ureiq asayy ur uorssaidxa
urold pue oud3 yzdd dY) PaseaIdap [Iym
X910 [e1qa199 pue sndwresoddiy oy ur gesSH
uonejLioyd pue ured[es ‘[IINVD /48D ‘uorssaidxa urajord
-soydradAy nep, pue oua3 ne) PaseaIdul SJel ul YO JO UonensIuIupy uoneKroydsoydiadAy ney, vedd ‘9eISD Surxo) [e3[y
dOov 1931e],
UQALIP-NE) 0 YUI'] SJOV PAA[OAU] ST POA[OAUT yoddng eotndwyg 199139 Ie[NID[OIA K103918)

(ponutuo))
72198l



287

M. Tsamou and E.L. Roggen / Network of AOPs Linked to Memory Loss

(panuiuo))
“UOISSTWSULLOINAU paydnisip
Sursneo pue sosdeuks oarou
ay) ut gy Jo uonisodop
) 0} SuIpes] ‘uIVv
JO umopy[eaIq Y} YIIm
‘[06] 4 84—8 woiy Q10J19)ul pue JWAZuUd aY) 0)
amsodxa Jo awn ur ISeAIdUT pue YDV JO uoniqryur puiq (sepronsad) sioyqryur
Lmpriou 21mov o1 uoniqIyuy ‘(UIv) Juoored ur sasearour uaam1aq diysuonerar JueoyTusIs AUDV YL wAzud
Sutpva) uoniqiyuy QSBIISAUI[OYD e punoj dd Jo ‘A[eanoadsar «(0SD7) Y 84 pue ¢ 1oy Jo uonejK1oydsoyd 0y anp
2SDU21SUI0YD 1Koy gwo 31010 F 667 PUE $1°0 F 95 U 01 pasodxd st soponsad 4O pue gyOv sopronoasut (d4d)
16120V :91dOV 1 JUdAT A (vp1120f S1U2S17) SWIOMT}IED JO APNJS ASINOD dUIT) Y U2aM)2q SUTpUIq S[qISIOAII] quOV areydsoydouedig S0jouajold
*[88] BI[S0101 9)RAIOR PUL JINIOAT
ued yorym ‘(A-NeAT pue ¢1-1) sounjolkd pue (710D
pue [7DD) seunjowayd K1o0jewtueyurold Jo S[OAJ]
Jueoytugis paonpold jusunean ST Aq pajeanoe
UONRWWRUIOINAN QIoM SUOINAU YIIM PAINI[NO0D $3}Ad01)SE UBUNY SQUIY0IAD AIojeuIBuIold J1-11
‘[68] uorssardxe INQQ [eIueE[d YIIM PALIOOSSE
K[as1aaur sem ST 03 2ansodxa 0.421n up Uewny ¢
[88] 1opowr paImyNo0d
pajeanuou ay) 0) paredwod 9,9°6Ha Aq | ursdeuss jo
Ioquunu Ay} Ul UONONPAI PAIQIYXI Juaunean S NJ
M $91A001ISE PUE SUOINAU PAIMNO0D UBWINH "¢
“[£8] (Sd1w) oaza wp
pue (2Im[nd uoINau [ed1109 Arewid Isnow) o414 u1
uonejAioyd ‘uonejAroydsoyd ney pajeAda pue ‘(gZYN) snungns uorssaidxa (TOS) aprxoip
-soydradAy 103do031 VAIAN PUe §6-ASd urerold [emmjonns Kyanoe ondeudks ‘ney njng
ne) ‘uonounysAp ondeuks paonpal ‘sasop Mo[ Je uoneIduaSopoInaU Ul UOIONPAI 1[I SIoNIeW ‘duks UNagd 2 (Nd)
ondeukg 0] pa] 21nsodx2-09 ¢S pue ST ‘| ondeuds asay) ur uononpay  ‘gZAN ‘S6-ASd syueynyjod Iy Io)eW J[oNIRg
SISAUIUASOIq [0I)SAOYO
wisIjoqelawsAp *[08] POO[q UI [019)SI[OYD [B10) A} JO S[IAJ] paareduur ur J[nsax S[9AI] 9sBIONpaAI
[01)s9[0YyD PAJeAd[e paonpur sg)d JO 2Insodxa ‘sarpnjs uewny uy WINIAS [0I)SA[OYD PIsLaIou] VOoD-DINH
‘stsoydode
A[[emuoad pue ‘A)anoe
Al pue ‘[ ‘1 soxo[dwod
urajo1d [eLIpuoyd0IIW pue
*[98] uonounysAp [erLpuoyd0IIW uone[Lioydsoyd 2anEpIXO
ur Sunnsar ‘A pue ‘[1 ‘T sexardwods urajoxd ‘dAININ ‘uononpoid J1v (sdOd)
SSAI)S QAIEPIXQ [eLpuoyd0)IW Jo A3IAnoe Yy pue uonejLoydsoyd IR[N[[9 PASLAIIIP ‘HSD sjuenjod (sgDd)
‘uonounysAp QATIBPIXO ‘JINIA ‘uononpoid 1y Ie[n[ad paseaioap s uonednfuod a10§eq owesio sjAuaydig
[ELIPUOYOOIA sgDd 01 S[[99 AGAS-HS Uewiny jo amsodxa oruoIy) SO[NOS[OWOIORW JO UONBPIXO 0SPdAD JUASISIO  PareULIO[YIA[0d



M. Tsamou and E.L. Roggen / Network of AOPs Linked to Memory Loss

288

KI101X010INAN
pue uonoungskp
[BLIPUOYOOIIA
‘€dov
JuouLredut
K1owowr

pue Surure|

0) Sunnqruod
ULLERICY)

[BUOINAU SAJRIPOW uoniqryup
181} AJ191X0)0II0XD ‘a quEOOV
SosNEd urelq 9SBJONPIIOPTXO
jinpe ur s103dooar Quoumbiqn-HAVN 10)1qIyur
uonounysAp orewein|3 188 IUoAq I Xo[dwod [eLIPUOYI0ITIA
[BLIPUOYDO)IU BIA srdonouor ‘uonounysAp ‘[z111 xordwo) ‘uonerKioydsoyd 13V
wsijoqelowsAp 0) s)stuoge [ELIPUOYDONA Jo uoniqryur 9,(¢ e A[ewrxoidde pare33m PoONpaI PUE S[PAJ] L B
asoon[n  jo Surpurg :83JOV LLT SJUaAg (JAU O€—(0T) 2UOUR)OI JO SUOTJEIIUIDUOD UTeIq ISNOJA paseaour ‘)T H Jo uoniqryuy I xordwo)
‘[€6] s1e0
pajeanun 0) pareduwod UONLIAUAZ SO Ul dseaIoul
PIOJ T~ PAMOUS S[[90 PIJBAI-UOUI)OY "S[[2d
AS-ASHS Uewny ur ‘KAnde [ QLW pasealodp
(A 1) @sop 19y31y & Je duou)ol 0) Insodxy g
"[€6] S1190 AS-ASHS uewiny JoLuw
ur ‘Turpeq pue Py Jjo uonejLioydsoyd ur aseardop sisoydode pue ‘A3eydoine ‘uorssardxo soprorosid
ASeydone JuedyIuSIs B pue ‘s[[oo pajeanun o) pareduiod ‘sajonoea d1Seydoine [-uroag ‘SOpIONoasul
[euonounysiq juounean suoudjol uodn ‘(IfeDT pue [€DT) JO SIaqUINU UT PAsLaIoul ‘uorssardxo ‘sapronsad
‘$SMS AAIBPIXO €771 Jo uotssadxo a1e1s Apeays ur oseaIour 1snqoy | PAoNpUT SSANS JANEPIXO -€071 QUOABPOST QUOURIOY
Aianoe
[pZ] IouueW pajR[aI-uONENUIIU0D Al pue ‘[ ‘T soxo[dwod
& ur uoneprxoiad pidi| pue sjoa9 urjoid o urdjoid [eLIpUOYDO)IW pue
QUIOIYD0)AD PAIBAR[R ‘U0ISSAIX sAUaT 2ATIRpIXOUR uoneKroydsoyd aanEpIxO (sOvd)
paje[ngaI-umop pue saudd onoydode-oid ‘dINIA ‘uononpoid J1v spunodwod
SSAIS 9ANBPIXQ pare[n3ar-dn NN paseaI1oop Apueoyrusis ‘SO Ie[N[[99 PIsLalIddp ‘HSO onewore
‘uonounysAp JO S[OAQ] Ul paseadul ‘Y ¢ JoJ N 0p—§°( 18 dudjar s uonesn(uod a10joq 191dAD a1pokoAod
[eLIPUOYDOITIA 0] S[[99 HS-N-3S twojse[qoinau uewny jo ainsodxg SO[NOJ[OWOIOBW JO UONEPIXO) ‘IVIdAD Y uajey
‘[z6] Syel ur ‘wysAs orquurp
) Jo armonns duord-aInzids e ‘eepSAwre oy ur
‘Kianoe wuiojndaqids jo uononpur pue uoIssIUSULI)
ondeuks pajerpow—101dodar yygyo Jo
saInzies 0) Surpea| as urxojorord uopnonpar Sursnes 10)deoar (Yy gy 01 spuiq XAy ‘7
[ouueyd uot 18 Sutpurg "[26] seanzios JTUO[0-OTUO) AQ PIMOT[OF ‘Jouueyd
101dodar ygVyOI ‘[ouueyd APLIO[YD UOISNJUOD PUB ‘FUNIWOA ‘SSAUIZZIP ‘OUdepLay uol ) Y3noIy) dULONPUOd
SoInzZIog Suppo[g :01dOV ~ ¥VEVD! £99 TUSAH $asTEd X (Y JO $s0p YSIY 01 dnsodxa Uewny *| SpLIO[YO $Y20[q APoaII SAVAYO! Xad
[16] Ajoanoadsar ‘946
Pue 91 Aq pasea1dop D-TAH [y ‘A[eansadsar
‘9%EL PUE %Gy AQ D~TA'T PUE ‘%G1 pue
% L6 Aq SOPLILOAISIN ‘9 $G PUE %/ Aq [0101SI[OYD
[£10) WNIAS JO S[IAJ] AY) paseaour Sy/Suwi 4 pue g
18 [0Jodoiq s1SayIuAsoIq [019)sd[oyd ur doys Sunwiy
el B ‘KJIATIOR 95810Npal YO)-DJAH UI 9seaIout SISOYIUASOIq [019)SA[OYD
wsTjoqelowsAp Ay 03 anp A[qrssod ‘[010ISI[OYD [E10) WINIAS JO S[OAJ] pareduur ur J[NSAI S[OAI] aselonparx
[0I91s9[0YD) pasearour paonpur [ojodoid yyim SIBI Jo Juduneal], WINIAS [0IA)SA[OYD PIseaIou] VOD-DINH SSNIp 9ANEpaS [0jodoiq
dOoV 1931e],
UQALIP-NE) 0 YUI'] SJOV PAA[OAU] ST POAJOAUT yoddng eorndwyg 199539 Ie[NID[OIA K103918) SI0SSANS

(panunuo)))
[ICLR



289

M. Tsamou and E.L. Roggen / Network of AOPs Linked to Memory Loss

(ponutiuo))

Jodsuen
[eruoxe paredwy

wstjoqejowsAp
[019)s9[0YD)

$SANS JANBPIXO
‘uonounysAp
[BLIPUOYOONA

dv Tempeoenuy

uoneAx
-oydsoydiadAy nej,

uonounysAp
ondeukg

Kyivdoanau

[paaydiiad o3 ppaj

s&nap Sunoviaqu

2INgnIoLdI N
‘6LCdOV

‘[101] wserdoxe pmbs pajejost ur yodsuen
[eUOX®E JSEJ OPEISOIAIUR UO SI09JJ0 AI03qIyul
pey Anjiqelsur orweuAp anqniordrw passarddng ¢
(0011 S9AIoU O1JBIOS DJTUWI PUE S[[2] BWOISL[qOINAU
uewny HS-N-MS ut wodsuer apeigoisjue
pue [66] soAlou d1jeros jel ul Jodsuen [euoxe
(opeiSonal pue) Isej opeISoIduE PAIqIYUI [OXE], T
‘[86] (ano-ysem sAep
T yuaunean Aep [) NO-Ysem [0Xe) Iajje pauredal
J1odsue) [euoxe JOBIU] ‘SYUI[SSOIO A[NQNIOIOTU
SS9[ Ul Jun[nsal suoInau erj3ues 1001 [eSI0p
ur asepixo1ad ysIperasioy jo yodsuen) pasearoap
Anpiqeisur orwreuAp apngnioorw jo uondnisi |
‘[8%] L9OHQ 10
[SdAD Suniqyur £q 1oyy1a SISAYIUASOIq [012ISAOYD
PaseaIdap paonpul durwexolds 03 S[[99 BZ-0INAN
BWO)SL[QOINAU ISNOW pue S)SJIY Uewiny Jo amsodxyg
‘[L6] Kemyped Surfeusis pajeIpaw-BLIPUOYI0I UL
ur AJ xoD pue surdjord Afrurey ©1-034 jo
S[9AQ] uOISsaIdXa ) YuIm pajeroosse sem sisoydode
paonpuI-gNEN ‘SO [ELIPUOYO0IIW JO UONB[NWNIOL
pue DI [ELPUOYO0IIW ) UT ASEPIXO SWOIYI0)Kd
PANQIYUI ENEN 03 S[[99 T[Dd TEI ut Jo amsodxy
'[96] S1199 parean-zOLS
PIZIS-0IDTW IO [OXU0D dY} 0 uostredwod ur
S[[99 BTN 9SNOW pue HS-N-3[S Uetny pajean-dNIS
ur ‘ursA[udou owAzuos Surpeidop-gy parenSaiumop
pue gqv paensaidn pue yisodop aanisod tr-Igy
Ie[n[edenur Sururejuod S[[ed Ul Jo JQUINU PasLaIoul
Apuedyrudis e pajedIpul Jurule)s JuUadsaIonjounuuy
[96] Ananoe
Je3SO pasearour Aq patuedwodsoe 9gelas pue
797198 18 ney Jo uone[LroydsoydiadAy oy) pue SOY
JO S[OAQ[ Je[n[[oornUI 3Y) paseaIoul APuedyrusis
SAN-TO'!S 0} HS-N-3IS Urwny jo axnsodxg
‘[S6] ureiq Je1 jo uordar redwresoddiy
ur ‘senisuap ondeuksisod jo 10jed1put UL
st yorym uroxd ¢o-qSd se [[om se ‘ursAydoydeuds
pue 1 uisdeu4s surajoid ondeuksard oy Jo
S[9AQ] paseaIodp Apueoyrusis ainsodxa [e10 SNV "7
‘[76] (SONU) aseypuks
OPIXO0 JLIIU [BUOINAU SE [[9M SB ‘Y DUAS pue
G6ASd surajoxd Surpjoggess ‘syrungns ggNNo pue
INNID se yons ‘surajord pajejai-xojduwod 10ydesar
VAN [BI9AIS JO UOIssaIdxa pasealdap ‘SINIV
JO 9S0p MO[ B 0} Pa3oalqns SJel dInjewwt Jo sureiq uj ' |

—_

‘K1aydirad jeuoinou

Ay jo A1ddns ayenbopeur

ue 0) spe9] Jodsuen [euoxe

ur Juownredwy “urnqmy
pozuowAjod 0) puiq SYSIA

sIsoyIuAsorq
[012189[0yd Jo jusuLredwy

$S2I)S QANBPIXO ‘DIH
[ELIPUOYOOIIWE 34} JO UONIqIYU]

uone[AioydsoydradAy
ne) Jo uononpuy

Ananoe ondeudks
Ul UONONPAI 199 SIOIeW
ondeuds osay) ur uononpay

(ggnL)
uinqny

LIOHA
‘ISdAD

Al xordwo)

ddv

gesO

uorssardxe
g2IN ‘S6-dSd

(SYSIAD s3nip
Sunoriur
QINQMIOISTA

soproiduny

punoduwod
oresIour
Suruioj-sen

soponredoueN

sauofiyode
29 [OXE],

surwexondg

(ENEN)
9pIzZe wnIpog

sapontedoueu

(sdNBV)

ToATIS

‘(SdN-%O1S)
BolIS



M. Tsamou and E.L. Roggen / Network of AOPs Linked to Memory Loss

290

(9011 1199 [e1[ayIOpUS IEN)
onuoe wewmny ut (WM 70 F 091 03 INT 920 F29°0 3y} JO LIS XOPAI A} SIAL
uoisuaLadp woiy) DSSOH ut dsearout ue pue (WM 7 F 0l yorgm HSSH Jo uoneurioy (dd0)
01 SuippaT ssadg 01 A 8T F 1" WOIJ) SOAS] HSD UT 952I09p oy ur Sunynsar ‘SO surojoxd sa[onIeq
SSONS QANBPIXQ  24UDPIXQ) 67 [dOV ® 0] po[ sInoy 9 10J 44N Twy3l og 01 amsodxg Ie[n[[odenul JO UONBPIXO Sururejuod 4§ syueingjod ary Quig-enin
[GO1] pasearour a1om [ urdag pue
¢y suraroad A3eydoine pue ‘[-¢OY/I1-€D1 JO onel
Ay pue [[-€DT YWoq dDOL PIM Judwiean 1)y s1soydode pue ‘A3eydojne
ASeydojne *S[[99 AGAS-HS BWOISE[qOINAU UBLUNY UT JOUUBW ‘sojonoea d13eydoine uorssardxa punodwod (dDOL)
[euonounys{q jJuopuadop-9sop B ur yImoISIno dJunau pajIqIyur JO SI9qUINU UT PAsLaIoul urodg paseq snioyd areydsoyd
‘$SMS AAIBPIXO pue A3eydoine paonpur JOOL, JO SUOIEIUIUOD MO Paonpul $sAIs SANEPIXQ 2 I-€071 -soydoue3iQ  [ASa10-oyuIO-1I],
[#01] S[190 [eInau ur urudYed-g
PaseaIddp pue geSo Jo uoneande paonpur qadL
0] S[[29 71Dd 181 Jo amsodxy ‘siel Aoimeq-onseidg
uone[Ax Q[eWdJ JO X109 Y} UI AJIDTX0) [RUOINAU PIonpul
-oydsoydiadAy ney, (ySrom £poq 3337 ¢7) AQD.L 03 21nsodxa dnoy uoneK1oydsoydiadAy ney desiso
prkyd.iodoin oy
Suippa) uoyvayon
101d222.4
Uu0qnI04pLy
141y \I€1dOV
‘T-X0D pasvatoul
p1a ‘Kpyyvriow
23vys afi) (uva o1
Suippa) uoyvayon
103d222.4
Uu0qnI04pLy
141y S12dOV
IDHA Paonpar
BIA ‘A)1[e)Iow
a3e)s oI A11e2 0)
Surpea| uoneAnoe AUV ‘uoneandy
101dooar QT JUdAg ‘[€01] AuaSayur eamonns
u0qIeo0IpAY ‘sagueyd uorssardxad QueIquIdW SunNd9JJe ‘SISLISOAWOY WNIO[ED JO
1K1V :0STdOV Qua3 Joampur uondnuisip 2y £q s1soydode peonpuy “(4 g 18 JNU €)
‘SAMOwN [ 12417 PUER J01IP USALIP SUONBNUIOUO0D (DL fe[owouru Mo] Je 10)daoax
uapoy 01 Suipna] 101d0oa1 YHY wid) u0qIed0IpAY [AIe JO 9[01 UTEW © (IIM ‘Uoneqnoul
UOUDAIDIY YYY SuoT ‘uoneAndy JO oW1} puE UOT)EIUIDUOD UTXOIP U0 papuadap s[[oo spueSi| (YHV) Joidedar
$SaIS QANBPIXQ pauIvIsng :14dOV GOTUAT HIIN 'WIOISL[qOINAU X G A SHS Uewiny ur A)191X0) DL u0qIed0IpAY [A1e JU)0d JHY
(@adp)
sisoydode pue ‘ASeydojne quIxoip
A3eydojne ‘[201] s1129 onuod Yim paredwod ‘q@OL INU 00T ‘soonoea or3eydoine -d-ozuaq
[euonounys&q 01 pasodxa S[[99 Ul pasearoul APuedyusIs sem [1€DT JO SI9qUINU UT PasLaIoul uorssardxa spunoduwod -IpIOO[YIeIA)
‘SSaIS AABPIXO Jo uorssardxd ‘X GASHS QUI[ [[99 [BUOINAU UBWNY U] Padnpur $SANS QANBPIXO -€D1 AYI[-urxoIq -8°1¢€'T
dov 10518,
UQALIP-NE} 0 YUI] SJOV PAA[OAUT ST POA[OAUT yoddng eoundwyg 19139 IR[NOS[OIA K10391) SI0SSANS

(ponunuo))
(I



291

M. Tsamou and E.L. Roggen / Network of AOPs Linked to Memory Loss

SIS QANEPIXO
‘s1owo31[0 gy

wstjoqejwsAp
[o19189[0yD)

s1owo3io gy

[z11] 1eo1peI JHO PUe {OH soroads uagixo
QATIOBAI JO UONLIDUAS dY) SUNBI[IOR) ‘| O 0} | O]
pue <, n) 0} .n) donpax ued apndad gy “sonouny
UONESAISTE AONPAI P[NOd . UZ JO UONEIUDU0D
19y31y & jey pue ‘Aysuedord uonedaidse oy
padueyue yorym ‘rowosio gy jo (ArorqoydospAy
aseaIour) A310U0 UOHBA[OS Oy} PAsea1dap Surpulq U7

1111 TV9¥dAD 2w Suniqryut ‘ureiq
Q) UT [0ISA[OYOAXOIPAY -SH7 JO S[OA] AY) PAONPaI
331U Ul 9[0ZBUOILIOA JO Suondafur [eauojtrodenuy
‘[o11] uisA[udou swkzus SurpesSop-gy oy
JO KJIATIOR PONpaI B PUB Y/ 9[qN]OS JO SUOEIIUIOUOD
PaseaIdul 0) paj 18], 10198 ATH U} (1M JuSUIean
‘surelq Vv uewny woij sayesardse aamno [[90 uf 4
"[601] urnsestu pue [-gOV JO S[9AS]
Q) SuIonpal os[e A[IYM ‘S[[20 PIJIJUI pajeanun ul
Jey) Jo 9,87 01 Suture)s gy Je[n[eoenur Jo Asuur
) PaoNpaI JAO[OAOY JuaSe [BIIAIUE AU} YIIM
JUSUIIBRI], “S[29 PRAIOAJUI [-ASH UT UOTIR[NWNOOE
gV peonpar A[jeaid sjuounear) [eIAnuy
*[801] 958101095-A. JO JUdUOdWOD © ‘ULnSEIIU
pue 1-gIvd Yyioq Jo uorssaxdxa I1ay) paseaIour
S[[99 P1odJul 1By} pue uondajul-1sod Y-z se A[res
se pasealour A[uesyrusis orom gy JO SUonenuIduod
Je[n[[edenur jey) pa[eaAdl sjudwLadxe a1mno [[9) ‘7
[£01] uonenumose gy Ienjjeoenur
0) Surpes] ‘uonepeI3op gy Suniquyur oym
Surssosoid dqv jo Aemyped osruagoprojAwe pajeanoe
SQINND [BUOINAU JEI PUB UBWNY JO UONIJUI [-ASH *

o

—_

qieap [0
0) PeJ [BIPLI 921J dSLAIOUT
0) SISNBJ [RLIPUOYIO)IU
ofewep pue UOISSIWISURI)
[eusis aazou Sundnisip
ysnoay) ‘sisdeuds ur
KJIAT)O® [QUURYD UOT WNIO[ED
ayy Sunoaye ‘siowosIo
gV 21qn[os J1X0J0INAN
BIWR[01)sA[oyd0d Ay
Ppue SISOYIUAS [0IAISIA[OYD
Jo uonensarumop
‘STOAQ] asejonpal
VOD-DIAH Jo uononpal
‘SIOAS] DHO-SHT Pasearoad

SQWOSOSAT )Im asnj
01 payrey Jey) syuounreduiod
o13eydone Sururejuos-y
Jo uone[nundoe ue Aq
PaoudpIA? sk ‘ASeydoine gy
Jo uondnisip & pamoys os[e
S[[09 PRIOJJU] "UOHB[NWNOIE
dv renpeoenur
0] Surpe9] ‘uonepeisop
gy Suniqryur ofrym
Surssaooid gqv jo Kemyped
JruaSoplo[Awe ay) 2JBATIOR
suonodJU "YN( [eHeq
10 [eJIA urejuod sonbeyd

dv jo uontodoid a31e] v

+UZ-gy

pue

+NﬁNlcT I &<

‘S10WOSI0
gv o1 Surpurg

IV9YdAD

uLnsesIu
pue [-HOVE

S[eIIN

Snup eSunynuy

suagoyyed
snonoajuy

(uz) yurz

Q[OZBUOOLIOA

(AIH
‘€/7/1-ASH)
SOSNIIA



292 M. Tsamou and E.L. Roggen / Network of AOPs Linked to Memory Loss

Complex 1 &1l AChE CYps1 CYP46AL CYP27A1 HMG-CoA
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Fig. 3. Network of AOPs linked to the proposed tau-driven AOP for memory loss (ID:429, under development). This network is assembled
of individual AOPs, available in AOP-wiki, sharing one or more events at molecular, cellular or organism level. Plausible molecular initiating
events (MIEs) plugged into this tau-driven AOP are depicted by possible molecular targets of the environmental neurotoxicants [10]. The

dotted lines indicate indirect links between the source and the target.

been also linked to glucose dysmetabolism via mito-
chondrial dysfunction. Other cases, in the AOP48, its
MIE, binding of agonist, ionotropic glutamate recep-
tors, such as NMDARs, and in the AOP10, its MIE,
binding at picrotoxin site, iGABAR chloride chan-
nel, have been also linked to synaptic dysfunction
and hyperphosphorylation of tau, respectively. These
connections among events of different AOPs may
support the usefulness of these networks for filling
the gaps in understanding how same stressors-MIE
interactions can lead to different adverse outcomes or
different stressors-MIE interactions can lead to same
adverse outcomes.

Despite the fact that some of the selected AOPs
in this proposed AOP network have not approved by
OECD yet, they can still provide useful information
relevant to the adverse outcome of concern, memory
loss. The available data for these AOPs still under
development may need reassessment for confirming
their potential involvement in the tau-driven AOP
after endorsement by OECD.

Moreover, this presented network of AOPs for
memory loss is consisting of individual AOPs which
have earlier been linked to memory or cognitive
related disorders, based on existing knowledge. These
AOPs are available in AOP-wiki, providing all
relevant information and allowing scientists to com-

ment or update them. Of course, the developed AOPs
are endorsed by OECD requiring extensive review of
the provided data by experts.

It is worth noticing that human studies were prior-
itized for the empirical support used for weighing the
links between the presented stressors and the poten-
tial MIEs, in this attempt to create this proposed AOP
network. However, most of the available studies for
the exposures of neurotoxicants have been performed
on animals. This limitation may lead to potential
weaknesses of our AOP network to adverse outcomes
such as memory loss in humans. More human data are
needed to further support the evidence for implicating
these neurotoxicants or plausible MIEs in memory
loss in humans.

CONCLUSIONS

The application of AOP network, using existing
data, can serve a useful tool for a better understand-
ing of the complexity of biological systems and for
predicting the adverse effects. A proposed AOP net-
work for the tau-driven AOP may help to contribute
into unravelling of the interactions among existing
mechanistic data linked to memory loss as an early
phase of sAD pathology.
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