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Me iduaitepm yapa 7 Axadnpin Adnvedv dnodéyetar anpepa Tov Staxexpt-
névo xadnynty Eric Richard Kandel, o0 Ilavertiotnp.iou Kolumbia tg Néag
Yopnne.

‘O xadnynting Kandel yevwndnxe ath) Biévvn, elvar mohitng t@v Hyvwpé-
vov [lohttet@y t7¢ Apepinng xat onovdase oto Harvard College xat 66 [ave-
maTto Ths Néag Ydpune.

Amo 10 1956 Ewg t0 1965 dmneétnae atiy Tateinn Zyoiy tod [Taveniotn-
iou Harvard xat 10 1965 éehéyn atiy Tatpuen Zyohy tob avemiatruiov
7 Néag Ydpxng, 6mou quvéatnae Thy Tew Ty atic Hywuévee [ToAiteies povada
ToY aayoAndnxe droxhelaTina (e TV] veupoduatohoyin THE cupTEpLopdS.

To 1974 i8puse xai &xtote Sevdiver o Kévtpo Neupodusioloying xat
Supeptdopis To0 avermiatruiov Columbia tg Néag Yépnne. Elvar npmtons-
p0¢ GTOUE TORETE XATAVONTEWS TTG baaixc SopTig TG TupTeptdopdc xadmg xal
ot Yepehiman doydv, of 6Toleg oTepa YoToUROTOL0TVTAL EDPUTATA Y& TT) GUY-
3ea™ TGV ROQLAXDY XAl TMY XVTTAPLRGY LNy aviapwdy Ttod émtdpoly oTY) Spda
@V dpyaviopdv. Bondnae athy éEnynor to0 Jeiov Smpou THE pyipng oTov dv-
Yowmo. Ta omovdaia éntoTrmovixd Tou émttedypata xat 1) Eatpetint) xai xapmo-

dopa EpeuvnTirt] Tou mpoaTadeta avtapeibdnxray 1o 2000 pé to Gpabelo Nobel.



[TPAKTIKA THX AKAAHMIAY AOGHNQN

~1
S

Dear colleague,

The Academy of Athens is honouring your outstanding scholarship
and contribution to the enhancement and the dissemination of science.
The Academy has elected you as a foreign member and I am pleased to offer
you the testimonials of this distinction. I am wishing you all the best in the

continuation of your great achievements.

Anode, v ANoyous avekapthtoug The JeAfjoen tou, 0ty & elvar pali pag
6 Aoy dyamnTog avtimpoedpos The Axadnuing, dxadnpaixoe x. Kwvetavtivog
21edovng.

H Z9ynhnrog avédeae atov Nevind lpappatéa dxadnpaind # Nioiao Ma-

TTAVLOTY) VO TAEOUTLATEL TOV TLwpevo Zévo ‘Eraipo.

ITAPOYEIAXH ITIO TOY AKAAHMAIKOY ». NIKOAAOY MAT>XANIQTH

H Axadnpuin Adnvav civar edtuyig mou ofpepa Unodéyetar ¢ Eévo
‘Eraipo tov xadnynth ». Kandel, tov énolo &Eéheke, petd 4mo mpdTacy T0b ou-
vadéhdou x. Kaata Zredav, atic 2 Pebpovapiou 100 2001. ‘O x. Ztedavii
amouatdlet a0 Aoveivo Yt AGyous Dyeiag, auvtopa Brwe S Gpioxetat xal TaAL
wali pac. Travoror®dy thy émdupia Tou, Eo Thy Tyt vi TEosdWVE AVt adTol
70 véo Eeévo ‘Eraipo poag.

‘O Eric Richard Kandel yevwwf9nxe ot Biévvn atic 7 Noepboiou 1929.
Aéxa ypévia dpyotepa, 10 1939 1) oixoyéverd Tou petavdoteucse atic HILA.
Znovdace o160 Harvard College ut xoppo thy iotopia xal T4 hoyoteyvio (cum
laude). Zuvéyioe Tig amoubés Tou oty Tatpint) ZyoAh T00 [TaverioTnulov Tig
N. Yépxrne xat &Aabe t6 mruyio Tatpixdg 0 1956. Axohoddnoav t& mp@Ta
Yeovia xAwixfic SpaaTnetdTnTag Mf EowTeptxds bondoc oto Montefiore Hos-
pital, NY, ax eidueevdpevog ato Kévrpo Wuynte Tyeiag Macayougétng athy
Tatpien) Zyohn Harvard, oty émoia xat quvéyae dpyalbpevos g atéheyos Ths
Puyratornde Khwinng (1964-1965).

H épeuvnminy tov Spagtnpiétnta dpyiler 1o 1957 xai suveyletar Ewe xai
oTep®, XANOTTOVTAS UEYGAO ddopua EmaTnp®y (Geytxd xAwvixnd) Yuytatownd,

o) oUVEyEla veupobioloyia, veupoduatohoyia, duatohoyin, ETIGTRLES CULLTEDL-
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bopds, Groynueia xal Téhog mopaxy) Blodusint) ot Suaxexpyréva averioti-
wea xat Epeuvnrixa Kévtpa the Apeptnfe, dAAd xat thg Talhiang (NIMH,
Harvard Medical School, Massachusetts Mental Health Center, NYU School
of Medicine, College of Physicians and Surgeons of Columbia University,
USPHS College de France, Ladislav Tauc, Paris-France).

"BEyet tymdet e mohuaordueg Sraxpioers tooo atic HILA. 800 xai atipy Eb-
ewwn. "Eyet Goabevdet pé 8 Tyumtinole tithoug (Honorary degrees) ano Ilove-
maThute xat Tatpied Kévrpa, elvat énitino péhog 9 Entotnpovindy Kévtpmy
t@v HILA. xai énityog Sidaxtwp #) wéhog 12 Siedvav Ematnpovixdy Eva-
gewy xal Axadnidv, petald Tev onoiwy 7 Fakhien Axadnpio Exetnpoy, 7
Ieppavinhy Axadnuia Entetpav, ) Axadvuia Entotnpedy 100 Beavdepbovp-
You, T} Apepixaviren Axadnuia Teyvav xat Enotnudy, 1o Bpetavino Kévtpo
Nevgoemiamnudv, 1 Apepinaviny Axadrpion Entotnpay xai 16 ESvixo Tvati-
70070 Tatpxdc t@v HILA.

"Eyet Sratehéoct péhog 1) mpbedpog 22 SLedvarv, xubepvnTikiV, A0VOVIXGY
TUULBOUAEUTIX®Y ETLTROTI®Y %ol Habwy épyasiog.

Elva éx8étrg 7 suvexdotng ) péhog éxdotinod oupbouhiou 8 Eyxupmy émt-
TTNLOVIXDY TEQLOGLRDV.

"Eyet éxdmaet 9 Gi6Ain, éx @V 6molwy & 6 clvat TposwTIxd cUYYRARLATA.
['vowato mayroopiws - petadpacpévo xal oty EANGSa - elvat 10 #Aagaixo émi-
Topo 6t6Aio T@v Kandel and Schwartz “Principles of Neural Science”.

‘O xadnyntig Kandel &yt dnpooievoet 430 Tpwttuneg épeuvntings éova-
aleg ota Lo Eyxupa StedvT EmioTnovind teptodiné (Nature, Science, Cell %4.).
H &peuva tou Eyet éminevtpwiel aTi) Stepelvnom TV INYAVIGUAY THS LVAKTS
nat The padnang ot poplaxd éninedo. Of mpwrtomoptaxés Tou dpyaaie Tov Eouv
®aYLEPWTEL (G TOV TEWTAYWVLTTY) GTOV EpEUVTTING aDTO TOREN, TOV TNUAYTL-
%67Tepo iawg 4o xade dAAo, ddol avadépetar oY TpooTadeta Eppmnveiag TMY
YVOSTIX®Y AELTOURYL®Y TOD EYxeddAou (e Tig TLd TpoywpeNwéves redédoug Tiig
(LOPLAXTG VEUPOGLOAOY (oG

Anéderle ué Tobg quvepYaTES TOU Tig TOAAATAES GLoynuines petabohes oy
guvoedevouy T SMutoupyia THE VAT, xal elvat 18Leg GTO TELPUUATIRD LOVTEND
¢ aplysia, Eva (ixpo Jahdoato caliyrdpt, xai o6& dnhacTind, Evieyopméves
i8teq xat atov dvipwno. "Edetle 811 ) pviy, Gpayeiag Sidpxetas, cuvdéetar pe
ATAT) TROTOTO(NT TGV SUVAPEWY, EV® T) VAT, Laxpds Stdpxetas, GTattel te-

TaboAN TG TUVaATTIXRG SopTig xal TH SMutoupyia véwv auvidewmy.
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"Eniong anédetbe Tobg 6acixods pyaviopols né Tolg 6Toloug T veuptrd x9T-
TAOL KETABAAAOUY TNV GyTamoxpLat] Toug ot Yt Eoedicpata, EToL HaTE V&
ETULTUYYAVETOL TUVTOVIOEVT) RETABOAT TTG CURTIEPLHOPES.

‘O xadnynrine Kandel xatopdaver cuveyx v dEtomotel xdde véa teyvint,
Te0a0pT VL UTNEETNOEL T& EpeuvnTind Tou évitadépovta, SnAadh vé épbadivet
aTh Aettoupyin THe wadnomg ThHe pvhumg xat THe cuNTERLHOPAS.

‘H &peuva tou Edege mapdhhnia xai tig 6aoetg YL vi xatavondody of po-
ptaxol pnyavtapot, ol Ureiduvor Yt éyxedahineg SuahetToupyics 10D Gvdpmnou,
6T 1) aylodpéveta zal ol véoor Parkinson xai Alzheimer.

"Eyet tipndet pé 35 amo ta mid onpavtind Gpabeio EToTHLoVIXGY $opéwy
#al 6pyavmoewy v HILA. xal moAAGY GAh»v yowpev. Metall adtdmv 1o Beo-
6eto The Apepieavixfic Axadnpiog Entotnpdy, 10 Beabelo Lasker, 1o 6pabeio
R. V. Cajal »ai moAA& &A\Aa.

"H m16 mpdadaty Staxpta tou eiva 1o Bpabeio Nobel 2000, to 6mato 100 &ro-
vepndnxe Y& T yevirbrtepn mpoodopd tou ath) Puatohoyio xal Thy Tatptxt.

2ag xahwaoplm xai ads elyopat va cuveyigete To AaprTpd EoYo Tag Y To

®ahd THE émLoThng xat Tod &vdpwmou.

Dear Dr. Kandel

It is an honor and a pleasure to welcome you to this Institution. The
proposal for your election as foreign member of the Academy of Athens, put
forward by our colleague Kostas Stefanis, was unanimously approved on the
22nd February, 2001.

Unfortunately Kostas Stefanis is not with us this evening, since he is re-
covering from a serious surgical operation in London. Fortunately enough he
is convalescing successfully and we all hope that he will be back with us soon.

In his absence I have tried to outline your tremendous contributions to
science which have deepened our understanding of the function of the Brain
and may have far reaching applications in the treatment of major neurologic
and psychiatric human disorders.

Your contributions to science have been acknowledged by numerous pres-
tigious institutions around the world, culminating in the award of the Nobel
Prize in Medicine or Physiology in the year 2000.

We all wish you to continue your marvelous scientific work for the bene-

fit of mankind.
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ERIC RICHARD KANDEL

WE ARE WHAT WE REMEMBER:
MEMORY AND THE BIOLOGICAL BASIS OF INDIVIDUALITY

TOWARD A MOLECULAR BIOLOGI OF MEMORYT AND AGE-RELATED
MEMORY DISORDERS

In my talk today I will focus on Memory Storage and Disorders of Mem-
ory Storage. Since this may be the first time that some of you are exposed to
research in higher mental functioning, I also want to use this opportunity to
give you a sense of how neuroscientists go about relating mental functions to
brain function and, having done so, go on to analyze brain function on a mo-
lecular level so as to develop therapies that can reverse the mental disorder.

Let me begin by putting some of this progress into perspective for you. As
you know, in the last five decades, we have witnessed a remarkable increase in
the explanatory power and range of biology that is likely to have a broad im-
pact on all aspects of modern thought including how we think about the mind
and therefore how we think about ourselves. As a result, when intellectual
historians look back on this period, they are likely to acknowledge that the
deepest insights into the nature of mental processes will not have come from
the disciplines traditionally concerned with mind. They will not have come
from philosophy, from the arts, or even from psychology or psychoanalysis,
but from biology. This is because in the last two decades, biology has partici-
pated not simply in one but in two major unifications of thought which bear
on our understanding of mind.

First, there has been aremarkable unification within biology itself. This has
brought together into a common molecular science the various sub-disciplines
of biology: cell biology, biochemistry, developmental biology, immunology, the
biology of cancer and even the biology of nerve cells, the building blocks of the
brain. Second, there has been a parallel unification between neural science, the

science of the brain, and cognitive psychology, the science of the mind. This
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second unification is far less mature than that brought about by molecular bi-
ology, but it is potentially equally profound, for it has already provided us with
a new framework for understanding perception, action and memory storage.

These two independent unifications stand at the extremes of the biologi-
cal sciences and raise the questions: To what degree can these two disparate
strands be brought together? Can molecular biology, which provided the driv-
ing force for the unification of the biological sciences, enlighten the study
of mental processes? Can we anticipate an even broader synthesis in the 21*
century, a synthesis ranging from molecules to mind, a synthesis that would
open up a new molecular therapeutics? In my talk this morning, I would like
to outline the possibility of a new science of the mind, a molecular biology of
cognition, and suggest that it will occupy center stage in the early part of the
21 century, much as the biology of the gene occupied center stage in the last
half of the 20" century.

Let me begin by putting the study of memory into a bit of a context
for you. It is convenient to divide the study of memory into two parts: the
systems problem of memory and the molecular problem of memory. In the
systems problem of memory we ask the question: Where in the brain is
memory stored? In the molecular problem of memory we ask: How is memory
stored at each site? What are the molecules that are important for storage?

All of the early work on memory focused on the systems problem and on
the question: “Where is memory stored?” So let me place this question into
historical context.

The question of where memories are stored is part of a long tradition of
brain research that has attempted to address the more general question: Can
any mental process be localized to a specific region or combination of regions
in the brain? One of the great intellectual accomplishments of brain science
in the 19" century was the discovery that all mental functions derive from
the brain and that these mental functions are mediated by combinations of

identifiable, localized regions.

The first modern effort to locate brain function began in Vienna in the
first part of the nineteenth century with Franz Joseph Gall (1758-1828), a

physician and neuroanatomist who worked and taught for many years at the
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University of Vienna. Gall made two remarkable and enduring contributions
to our understanding of brain. First, he appreciated that all mental processes
are biological and arise from the brain. He therefore opposed the Cartesian
mind-brain dualism of his day and argued for a materialist view of the mind.
This view later led the authorities in Vienna to accuse him of having offended
moral and religious principles, an accusation that led to his leaving Vienna
for Paris in 1805. Second, he posited that different mental functions were
localized to different regions within the brain. He argued that the brain (and
specifically the cerebral cortex) does not act as a single organ. It is not homo-
geneous but is subdivided into functionally distinct regions, each of which
serves as the organ for one or another of the 35 mental functions defined by
contemporary academic psychology. Gall assigned to the front of the brain
intellectual processes such as the ability to evaluate causality, to calculate, to
sense order. He assigned to the back of the brain instinctive characteristics
such as amativeness (romantic love), combativeness, parental love. He as-
signed to the middle of the brain sentiments such as hope, reverence, benevo-
lence. Thus, Gall argued that even the most abstract and complex of human
behaviors, such as cautiousness, secretiveness, hope, sublimity, and parental
love, were mediated by different, individual cortical regions. Gall therefore
was the first strong proponent of the localization of function within the cor-
tex, and he thereby initiated a debate that persisted for the next century.
While Gall’s theory of localization was prescient, Gall’s specific locali-
zations per se were deeply flawed because they were not based on evidence.
Rather than test his idea empirically, by looking into the brain and correlat-
ing lesions in specific regions of the brain following tumor or stroke with
resulting defects in mental attributes, Gall distrusted clinical findings and
therefore ignored the consequences of brain lesions following tumors or
strokes. Rather, he was guided instead by a theory he developed at the begin-
ning of his career according to which the size of a given area of the brain is
related to usage of that area by the mental faculty it represents. Exercise of a
given mental faculty causes the corresponding critical brain region to grow.
This growth would in turn cause the overlying skull to protrude. By examin-
ing the bumps and ridges on the skulls of people well endowed with specific
faculties, Gall sought to identify the centers for those faculties. This led to

“phrenology,” a discipline concerned with determining personality and char-



30 I[TPAKTIKA THXZ AKAAHMIAY AGHNQN

acter based on the detailed shape of the skull.

Gall developed this idea based on his experiences as an attending physi-
cian at an asylum for the mentally ill in Vienna. At the asylum Gall began to
study patients suffering from monomania, a disorder characterized by a deep
urge to commit one specific form of behavior often of an aberrant or socially
deviant type: theft, hyper-religiosity, murder, romantic excess, etc. By examin-
ing the skulls of these patients and subsequently other subjects with particu-
lar passions, such as criminals, priests, composers, athletes and artists—all of
whom excelled in some specific way or another, Gall assigned each attribute
to a specific brain region based on his theory that excessive use leads to in-
crease in size and ultimately distorts the skull. Based on these findings Gall
drew diagrams (such as those of fig. 1). Although now we think of these as
completely fanciful, Gall thought of them as rigorously empirical. He thought
that even the most abstract of human behaviors, such as motherly love, gener-
osity and secretiveness, occur in discrete areas of the brain.

Toward the end of Gall’s life in the late 1820s, Gall’s ideas were subjected

to experimental analysis by the French experimental neurologist Pierre Flou-

Fig. 1
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Marie-Jean-Pierre Flourens (1794-
1867).

Pierre-Paul Broca (1824-1880).
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rens, who readily showed that the bumps on a person’s skull bear little rela-
tion to the shape of the brain underneath. Flourens removed cortical areas in
experimental animals corresponding to certain of the functional areas defined
by Gall and failed to find any of the deficits that Gall’s theories predicted. In
fact, Flourens was unable to identify any specific deficits in behavior, which
were associated with specific lesions of the neocortex. He thus concluded that
the nervous system in general and the cerebral hemispheres in particular, are
equipotential: any part of the cerebral cortex participates in and is able to
perform all the functions of the whole. Injury to any part would, according
to this theory, not affect any one capacity more than others. Flourens wrote
(1823): All perceptions, all volitions, occupy the same seat in these [cerebral|
organs; the faculty of perceiving, of conceiving, of willing, merely constitutes
thereby a faculty which is essentially one.

The rapid acceptance of this belief (later called the aggregate-field view of
the brain was based partly on Flourens’ experimental work. It also represented
a cultural reaction against the reductionist view that the human mind has
a biological basis, the notion that there is no soul, that all mental processes

could be reduced to actions within different regions of the brain.

Here the situation stood until 1861, when language—the highest human
function—became analyzable through the study of aphasia—a set of disorders
of language. Before we consider the relevant clinical and anatomical studies
concerned with the localization of language, let us briefly survey the struc-
ture of the brain.

Much of what we know about the localization of normal language has
come from the study of aphasia, a disorder of language. Many of the really
important discoveries in the study of aphasia occurred in rapid succession
during the last half of the 19™ century, and formed one of the most exciting
chapters in the intellectual history of human psychology. The initial advance
occurred in 1861 with the publication of a paper by the French neurologist,
Pierre Paul Broca a person much influenced by Gall and by the idea that
functions could be localized. He argued the location should be based on ex-
amining damage to the brain by clinical lesions—it should be a phrenology of
convolutions in the cortex not bumps on the skull. Moreover, Broca went on

to say: “I had thought that if there were a phrenological science, it would be
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phrenology of convolution (in the cortex) and not phrenology of bumps (on
the head).” In this way, Broca founded what we now call neuropsychology.

Broca described the case of a patient named Leborgne who could un-
derstand language and could follow commands but who had lost the ability
both to speak fluently and to write sentences (Fig 2). He could only speak
an occasional word. This language disorder was not a motor disorder in a
conventional sense; Leborgne could form some words, hum a melody without
words fluently. Moreover, he showed disorder writing, although he could use
his hands in other ways—he had a specific disorder of the motor output of
language. Post-mortem examination of the brain showed a lesion in the poste-
rior portion of the frontal lobe (an area now called Broca’s area). Broca next
collected & cases, all of which showed a lesion at this site and, in all cases the
lesion existed in the left half of the brain. This led Broca to announce in 1885
one of the most famous principles of brain function:

“Nous parlons avec I’hemisphere gauchel” We speak with our left hemi-
sphere (left-right hemiparesis).

Motor area

’ .
Leborgne’s Brain (Precentral gyrus)

Somatic sensory cortex

Arcuate fasciculus
Central sulcus

e . Visual cortex
Vocalization region

of motor area

Temporal lobe

Primary auditory
cortex

Fig. 2
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Broca’s discovery stimulated a wider search for the cortical loci of behav-
ioral function, a search that was soon rewarded. In 1870, nine years after Bro-
ca’s initial discovery, Gustav Theodor Fritsch and Eduard Hitzig galvanized
the scientific community with their discovery that characteristic movements
of the limbs can be produced in dogs by stimulating electrically the precentral
gyrus in front of the central sulcus. Moreover, Fritsch and Hitzig found that
there was a cortical representation for the individual muscle groups and that
the region of the cortex devoted to different muscle groups was relatively

small and discrete (Fig 3).

Motor area
(Precentral gyrus)

Somatic sensory cortex

Arcuate fasciculus

Central sulcus
Parietal lobe

Angular gyrus

Occipital lobe

e . Visual cortex
Vocalization region
of motor area

Temporal lobe

Primary auditory
cortex

Fig. 3.

A further step was taken six years later in 1876 by Karl Wernicke. At the
age of 206 (having been out of medical school for only four years) Wernicke
published a now classic paper, entitled “The Symptom Complex of Aphasia:
A Psychological Study on an Anatomical Basis.” In this paper, Wernicke de-

scribed a new kind of aphasia—an impairment of comprehension, a sensory,
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as opposed to a motor, malfunction. Whereas Broca’s patient could understand
but could not speak, Wernicke’s patient could speak but could not fully com-
prehend. The patient uses words, the sentences may even be grammatically
correct, but there is very little meaning to them, much like a presidential press
conference. Wernicke’s new type of aphasia also had a different locus from
that described by Broca: it was located in the posterior part of the temporal
lobe (Fig. 4).

Motor area
(Precentral gyrus)

Somatic sensory cortex

Arcuate fasciculus

Central sulcus
Parietal lobe

Angular gyrus

QOccipital lobe
Broca's area
Frontal lobe

— . Visual cortex
Vecalization region

of motor area

Wernicke's area
Temporal lobe

Primary auditory
cortex

Fig. 4.

Wernicke immediately saw the implication of his work in relation to that
of Broca and used his findings and Broca’s to formulate a theory of language.
He realized that a complex behavior, like language, is not localized to a single
brain region but is distributed and involves the interconnections between
the discrete regions. He therefore postulated that speech involves at least two
regions, a motor region and a sensory region, and he ascribed the motor com-
ponent to Broca’s area. He realized that Fritsch and Hitzig had found that

stimulating the lower end of the precentral gyrus, the area near Broca’s area,
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led to bilateral movements of the vocal apparatus, the mouth, tongue, palate
and vocal cords. Wernicke therefore argued that, Broca’s area, which lies im-
mediately in front of this part of the motor area, incorporates the neuronal
programs for coordinating the muscles of the vocal apparatus into coherent
speech. Wernicke then assigned the sensory component to the area in the
temporal cortex that he had discovered. Wernicke was struck by the fact that
this area was located near both the auditory and visual association cortex. The
Viennese psychiatrist Theodor Meynert (the teacher of both Wernicke and
Sigmund Freud) had found that the auditory pathway projected to the angu-
lar gyrus (near Wernicke’s area). Wernicke therefore argued that this zone
is involved in word selection and that lesions in this area produce aphasia
with loss of comprehension. Thus, Wernicke put together a coherent although
somewhat simplified model of speech that is still useful, although we shall see
it has now been modified importantly. According to this model, auditory and
visual sensation are conveyed from their respective sensory areas to associa-
tion areas and from there to Wernicke’s area where they are recognized as
spoken or written expressions of language. Without the recognition, which oc-
curs in Wernicke’s area, comprehension of language is lost. Once recognized,
the auditory forms of the words are relayed to Broca’s area which, according to
Norman Geschwind, contains the rules, “the grammar”, for coding language
from auditory or visual images to spoken or written form.

The power of Wernicke’s model is not only in its completeness but also
in its predictive powers. Using this model, Wernicke predicted a third type
of aphasia (later discovered clinically), produced by a very different type of
lesion than that involved in Broca’s and Wernicke’s aphasia. This new type of
aphasia spared the receptive and motor speech zones, but destroyed the path-
ways connecting them. Wernicke predicted that this disconnection syndrome,
later called conduction aphasia, should lead to incorrect word usage (par-
aphasia). Although comprehension is good, speech is fluent but meaningless.
Patients with paraphasia omit parts of words, substitute incorrect sounds in
the word, or use correct words incorrectly. As Wernicke correctly predicted,
this lesion interrupts the arcuate fasciculus of the lower parietal region (Fig. H).

Thus, by the beginning of the 20" century it was well established that
language, movement, touch, hearing and vision, as well as other functions can

be localized to particular regions. Once this was accomplished, it was only
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Karl Wernicke (1848-1905)

Karl Lashley (1890-1950)
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Fig. 5.

a matter of time before efforts to localize cognitive function would turn to
memory. Memory posed a unique problem. Was it in fact an independent fac-
ulty of mind? Indeed, the initial attempts to localize memory by Karl Lashley,
Professor of Psychology at Harvard in the 1940s failed to find it localized to

any specific region.

Lashley began the experimental search for the locus of memory storage
by training rats on specific memory tasks, systematically removing portions
of cortex, and then testing them for recall. In so doing, he repeatedly failed
to find any particular brain region that was special to or necessary for the
storage of memory. On the basis of these findings, [Lashley formulated the law
of equipotentiality and mass action, according to which, memory is diffusely
distributed in the brain and the extent of a memory deficit is correlated with
the amount of cerebral cortex removed but not with the specific site of that

lesion.
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The first suggestion that aspects of memory might be stored in a specific
site of the human brain came in the 1940s from the work of an innovative
neurosurgeon trained at Columbia, Wilder Penfield. Working at the Montreal
Neurological [nstitute, Penfield pioneered the neurosurgical treatment of fo-
cal epilepsy. This form of epilepsy produces brain seizures that are restricted
to limited regions of cortex. Penfield developed a technique, still used, to
remove the epileptic tissue while minimizing damage to the patient’s men-
tal functions. To assure that he did not damage areas critical for language
during surgery, he applied weak electrical stimulation to various sites in the
cortex of his patients and determined its effects on their ability to speak and
comprehend language. Because the brain contains no pain receptors, patients
received only a local anesthetic; they remained fully conscious during surgery
and were able to report their experiences. Through these responses, Penfield
could identify specific brain sites important for language in the individual
patient and then try to avoid these sites when removing epileptic tissue.

In this way, Penfield explored much of the cortical surface in more than
1000 patients. On occasion, he found that in response to electrical stimula-
tion the patients would describe coherent perceptions or experiences. For
example, one patient stated, “It sounded like a voice saying words, but it was
so faint that I couldn’t get it.” Another patient said, “I am seeing a picture
of a dog and cat...the dog is chasing the cat.” These responses were rare but
they were invariably elicited only from one region of the brain, the temporal
lobes, never from other areas, and even within the temporal lobes, stimulation
evoked coherent experiences only rarely, in about 8 percent of cases. Penfield
concluded that portions of the temporal lobe were specifically concerned with
memory (Fig. 6).

More conclusive evidence for the involvement of temporal lobe structures
in memory came in 1957, when William Scoville, a neurosurgeon influenced
by Penfield, and Brenda Milner, a psychologist and long-term collaborator of
Penfield’s, reported the now famous case of HM. At age 9, H.M. was hit by a
bicycle and knocked down, and sustained a head injury. By the age of 27, he
was severely incapacitated. Because H.M.’s epilepsy was thought to have its
origin within the brain’s temporal lobe, Scoville decided, as a last resort, to
remove the inner surface of the temporal lobe on both sides of the brain, in-~

cluding a structure called the hippocampus, in an attempt to treat his epilepsy.
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Fig. 6.

Although this surgery greatly improved his epilepsy, it left H.M. with a highly
specific but nonetheless devastating memory loss from which he has never
recovered. From the time of his operation in 1953 until the present day, H.M.
has been unable to convert a new short-term memory into a new permanent
long-term memory.

What was astonishing about this memory loss was that it proved to be
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amazingly selective. HM.’s surgery only interfered with certain components
of memory storage but not with others. By characterizing which aspects of
memory function H.M. lost and which he retained, Milner was able to deline-
ate three features, which characterize the specific role of the temporal lobes
and the hippocampus in memory storage.

First, Milner found that H.M. had a perfectly good long-term memory for
events prior to his operation. He was able to maintain his overall intelligence
and to speak coherent and fluent English. He remembered vividly many of the
events of his childhood and his later experiences at work. These several find-
ings indicated that the temporal lobe and the hippocampus is not the ultimate
storage site for long-term memories of previously acquired knowledge. (We
now have reason to believe that these are stored in other regions, most likely
the cerebral cortex.)

Second, H.M. had a perfectly good short-term memory. He could repeat a
name or a telephone number, for example 884-5447, as accurately as an intact
person, and he could carry on a normal conversation, providing it did not last
too long or move among too many topics. Thus, the temporal lobes were also

not required for short-term memory.

Third, what HM. did lack, and lacked to the most extraordinary degree,
was the capability to put new short-term information into new long-term stor-
age. As a result of this one striking defect, he appeared to forget events as soon
as they happened. Less than an hour after eating, he could not remember any-
thing that he had eaten or even the fact that he had had a meal. He would read
the same magazine over and over without knowing what he had read. When
told to remember the number 884-5447, he could repeat the number imme-
diately. If he was distracted, however, even briefly, he completely forgot the
number. He was able to retain new information only as long as his attention
was not diverted from it. Yet, only a minute or two later, after his attention
had been directed to another task, he could not remember the number or any
of his trains of thought about the number.

As a result of this difficulty in translating information from short- to
long-term memory, H.M. did not recognize new people, even when he met
them repeatedly. He met with Brenda Milner monthly for over a 20-year

period. Each encounter was like the first. As the years passed, he could not
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recognize himself in a photograph of himself 20 years earlier because he had
no memory of his changed appearance. Other patients with lesions of the hip-
pocampus show similar learning deficits. So do experimental animals with le-
sions of the hippocampus.

Milner’s three discoveries revealed two important principles. First, Milner
completely disproved Lashley’s idea of mass action and equipotentiality. She
had found that memory was a discrete mental faculty that was localized. Re-
stricted lesions of the temporal lobes, a lesion that had no effect on perception
and intellectual functions, seriously interfered with the ability to lay down in
memory the records that ordinarily result from engaging in perceptual and in-
tellectual work. Second, she showed that lesions of the temporal lobe and hip-
pocampus led to a dissociation of short-term memory from long-term memory,
thereby validating, on a biological level, the fundamental distinction between
short- and long-term memory formulated by William James.

Originally, Brenda Milner thought that the memory deficit following hip-
pocampal lesions was global and applied to all forms of new learning and long-
term memory. But it has since become clear that this is not the case. In 1962,
Milner unearthed evidence that even though patients with hippocampal le-
sions have profound deficits, they can accomplish certain types of learning

tasks quite well, and retain the memory of these tasks for long periods.

She found that there were, in fact, certain types of knowledge that H.M.
could learn and remember perfectly well! Specifically, he retained the ability
to learn new hand-eye coordination skills. He could trace the outline of a star
in a mirror and his performance improved daily as would that of a normal
subject (Fig. 7).

When H.M. is asked what he remembers of this particular task, he will
deny learning the task even when his response reveals good learning and mem-
ory. As Weiskrantz comments, the patient “convincingly reveals his amnesia
in his answer to the question.” The memory of amnesic patients, moreover, is
not limited to the learning of procedures and skills. For example, patients with
bilateral lesions in the hippocampal system learn new motor skills normally,
and they acquire and retain simple forms of reflexive learning like habitua-
tion, sensitization, and classical conditioning. The learning tasks that amnesic

patients are capable of remembering all have several things in common. They
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have an automatic quality and their formation of expression is not dependent
on awareness or cognitive processes such as comparison and evaluation. This
type of memory accumulates slowly through repetition over many trials and is
expressed primarily by improved performance on certain tasks. Many of these
learning skills are, as the psychologist Lawrence Weiskrantz has remarked,
reflexive rather than reflective. The patient need only produce a physical
response to a stimulus or a cue. In none does the patient have to reflect—to
recall or think about what is to be remembered. Thus, if the patient is given a
highly complex mechanical puzzle to solve, the patient may learn it as quickly
as a normal person, but on questioning will not remember seeing the puzzle

or having worked on it.

MEMORY IS NOT A UNITARY FUNCTION OF MIND

It thus became clear that memory is not a unitary faculty of mind but has
at least two forms: Explicit or Declarative (“knowing that”) and Implicit or
Procedural (“knowing how”) (Fig. 8).
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There are Two Major Forms of Long Term Memory

Explicit (Declarative)

Facts P'eople, Skills and Nonassociative
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Fig. 8.

Explicit memory is what one usually thinks of as memory. It is the con-
scious recall of facts or events. It is a conscious memory for people, places,
objects and events, and it requires attention for both storage and recall. This
form of memory is mediated by the medial temporal lobe and a structure deep
to it: the hippocampus.

Implicit memory is an unconscious memory for perceptual skills and mo-
tor procedures as well as for associative and non-associative learning; its recall
does not require attention or conscious effort and it does not require the me-
dial temporal lobe system. Rather, it is mediated by three distinct subcortical
structures: the striatum, the amygdala, and the cerebellum, and in the simplest

cases, by the reflex pathways themselves.

THE MOLECULAR PROBLEM OF MEMORY: HOW IS MEMORY STORED AT
EACH SITE?
Since [ came to the biology of memory from an interest in psychoanalysis,

I therefore was initially tempted to tackle this problem in its most complex
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and intriguing form. But it soon became clear to me that irrespective of the
neural systems involved, the molecular mechanisms whereby a memory is
stored is likely to have a general solution. If that was so, then one is best off
taking a reductionist approach. One needs to study not the most complex but
the simplest instance of memory storage, and to study it in animals with the
simplest possible nervous system. | therefore searched for an experimental ani-
mal in which a simple behavior, modifiable by learning, was controlled by a

very simple neuronal circuit made up of a small number of nerve cells.

PICTURE OF AN APLYSIA

After an extensive search, I focused in on the giant marine snail Aplysia.
As you can tell at a glance, Aplysia is not only highly attractive, it is very
intelligent. It is just the sort of animal anyone would immediately select for a

radical reductionist analysis of learning (Fig. 9).

COMPARISON OF THE HUMAN BRAIN TO THE BRAIN OF APLISIA

But what is most remarkable about the animal is that it has mastered all
of its behavior with a very simple nervous system made up only of a few nerve
cells. While your brain and mine has a million-million cells, Aplysia has only
20 thousand. As a result, simple behaviors that can be modified by learning
may involve only about 100 cells. This enormous simplification in numerical
complexity makes possible precise identification of the contribution of indi-

vidual cells to the behavior in which they participate (Fig. 10).

THE GILL-WITHDRAWAL REFLEX

In this simple animal we delineated the simplest possible behavior capable
of being modified by learning: the simple reflex withdrawal of the gill — the
respiratory organ of the animal — to stimulation of the siphon. This defensive

withdrawal is much like the withdrawal of a hand from a hot object (Fig. 11).

THE NEURAL CIRCUIT OF THE GILL-WITHDRAWAL REFLEX

We next defined the neural circuit of this behavior in cellular detail. The
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Fig. 11.

reflex has both direct connections made by 24 sensory neurons to six motor
neurons, and indirect connections through interneurons (Fig. 12).

In examining the neural circuit, we noticed a remarkable invariance of
behavior. Not only the cells of the neural circuit are invariant, but all the
interconnections are invariant. [n every animal we examined, a given sensory
cell or interneuron only connects to a particular target cell and not others.

This invariance has been found for other behaviors and gave us the first
insight into the nature of Kantian pre-knowledge. Built into the brain under
genetic and developmental control is the very basic capability of behavior.
But this Kantian insight raised a deep question in the cell biological study
of learning: How can learning occur in such a precisely wired neural circuit?
How can one reconcile the invariance of the neural circuit of a behavior with
its capability for modification?

To address this question, we examined these connections during actual
learning and during various stages of memory storage, and found that the ap-
parent paradox had a rather simple solution:

Learning acts by modulating the strength of these precisely intercon-
nected cells. Thus, even though the developmental program assures that the

connections between cells are invariant and correctly specified, it does not
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specify the precise, absolute strength of the connections. It is learning that
plays upon these connections to alter their strength.

Moreover, the persistence of this change is the mechanism whereby
memory is stored.

Let me illustrate this in more detail. The tail stimuli that produce sensiti-
zation strengthen the reflex by activating a modulatory system of which the
most important component is serotonergic. These serotonergic cells act on the
sensory neuron, including its terminals, to enhance the strength of its connec-
tions. A single stimulus produces a transient strengthening of this connection.
Repeated stimuli produce a persistent strengthening.

How is the short-term process set up with one pulse of 5-HT, and how is
it converted to the long-term process with five pulses of 5-HT? The next slide
shows a blow-up of the sensory neuron, which summarizes how the long-term

process is set up.
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CARTOON OF SHORT- AND LONG-TERM MEMORY

A single shock to tail system in the sensory neurons activates signaling
that acts to strengthen the synaptic connection transiently by enhancing
transmitter release.

With tail shocks, the signaling system moves to the nucleus where it ac-
tivates a cascade of genes which leads to the growth of new neuronal connec-
tions (Fig. 13).

I comment here on three features.

First, there are inhibitory constraints on memory. To switch on the long-
term process, you need not only to activate memory enhancer genes, but you
also need to inactivate memory suppressor genes. These inhibitory constraints
set a threshold on memory. This way you don’t put everything into your long-

term memory.

Long-Term Memory Requires Gene Activation and Growth

Long Term Sensory

Short Term

Tail

AMPA NMDA AMPA  NMDA

Fig. 13.
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Second, once the inhibitory constraints are removed, the switch for long-
term memory is triggered and activates a cascade of genes. So genes are not
simply the automatic controllers of behavior — genes also are the servants of
our environment. They respond to social and environmental stimulation. This
symposium, for example, will cause genetic fireworks in your brain.

Third, what gives the memory its long-term persistence is the growth of
new synaptic connections. Thus, if you remember anything of this lecture. In
fact, the function of a great university is to alter your brain. It actually does sol!!

This set of mechanisms has proven to be very general. It applies to inverte-
brate as well as vertebrate, to explicit as well as implicit memory.

Let me illustrate this with growth.

THE SOMATOTOPIC MAP IN THE BRAIN IS MODIFIABLE BY EXPERIENCE

How important is growth in determining the functional architecture of
your brain? This is you (Fig. 14). This how you look to yourself. When no one
else is looking. I was taught this was fixed. But we now know that this is not so.

The cortical maps of an adult are subject to constant modification on
the basis of use or activity of the peripheral sensory pathways. Since all of us
are brought up in somewhat different environments, are exposed to different
combinations of stimuli, and are likely to exercise our motor skills in different
ways, the architecture of each brain will be modified in special ways. This dis-
tinctive modification of brain architecture, along with a distinctive genetic

make up, constitutes the biological basis for the expression of individuality.

SKILLS, TALENTS, AND THE DEVELOPING BRAIN

Given the shared evolutionary history of monkeys and humans, it would
be surprising if the lessons learned from monkeys did not apply to humans as
well. The emergence of functional neuroimaging in the 1990s made it possible

to confirm the link directly.

*Every person in the audience will have a slightly different brain, because they have
different life experiences. Even identical twins with identical genes will have different
experiences and different brains. Explains the issue of qualia: Is the red you see the same as

the red I see?
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Fig. 14.

In one study, Thomas Ebert at the University of Konstanz in Germany,
and his colleagues, studied the brains of violinists and other string players in
comparison to the brains of nonmusicians. String players are an interesting
group for studies of how experience affects the brain because during perform-
ance the second to fifth fingers of the left hand are manipulated individually
and are continuously engaged in skillful behavior. In contrast, the fingers of
the right hand, which move the bow, do not express as much patterned, dif-
ferentiated movement. Brain imaging studies of these musicians revealed that
their brains were different from the brains of nonmusicians. Specifically, the
cortical representation of the fingers of the left hand, but not of the right, was
larger in the musicians. These results dramatically confirm in humans what
animal studies had already revealed in more detail. The representation of body
parts in the cortex depends on use and on the particular experiences of the
individual (Fig. 15).

These structural changes are more readily achieved in the early years of
life. Thus Wolfgang Amadeus Mozart is Mozart and Michael Jordan is Jor-
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dan, not simply because they have the right genes (although genes help) but
also because they began practicing the skills they became famous for at a time

when their brains were most sensitive to being modified by experience.
WHAT ABOUT EXPLICIT MEMORY STORAGE?
To remind you, explicit memory storage is the memory stage we associate
with our own fondest memories — for people, places, and objects - this requires
a mammalian brain, and specifically the hippocampus and the medial tempo-
ral lobe system.
This system is of further interest in that it is particularly affected with
age, a topic I want to turn to later in my lecture.
Ten years ago, it became possible to change genes in the brains of mice.

plex memory storage on the other.

This made it clear that, in the long run, mice offer a superb genetic system for
relating individual genes to synaptic plasticity on the one hand, and to com-
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Although mice are relatively simple mammals, they have a medial tempo-
ral lobe system, including a hippocampus, which resembles that of humans,
and they use their hippocampus much like people to store explicit memory
about places and objects (Fig. 16).

We therefore have focused on place and context learning because it is
particularly well documented in rodents. We have focused specifically on the
hippocampus because it was so important in H.M. Moreover, following the
work in Aplysia, Bliss and Lomo showed that the hippocampus has a cellular
learning mechanism — long-term potentiation. We therefore examined the
mechanism of TP and found that it shared certain critical features with the
facilitation we encountered in LTP.

Hippocampus of Mice Also Encodes

Explicit Memory Storage

Fig. 16.
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We therefore were interested in examining the relation between LTP and
spatial learning in a new way, by interfering not with the induction and early
maintenance of LTP, but by looking specifically, as we did in Aplysia, at the
transition of short-term to long-term L. TP and thereby to examine the switch
to long-term memory, but now with the opportunity of exploring long-term
memory for complex spatial and contextual tasks (Fig. 17).

With these questions in mind, we examined each of the three major path-
ways in the hippocampus

(1) Medial perforant pathway.

(2) Mossy fiber.

(3) Schaffer collateral.

We found that LTP in each of these pathways has phases. In each case, the

late phase requires repeated training trials, in each case the late phase requires

Late LTP Requires PKA and Transcription
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translation and transcription, and in each case the late phase requires PKA.
In two of these cases, Schaffer collateral and mossy fiber, Alcino Silva and we
have shown that CREB is involved in the late phase (Fig. 18).

Expression of R(AB) Transgenic Construct Leads to a Defect in Late LTP
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Fig. 18.

These combined pharmacological and biophysical studies suggest the
outlines of a preliminary molecular model, which I have sketched here: (1)
Our data indicate that LTP has phases, much like Aplysia. (2) The early phase
of LTP is completely different from that of Aplysia. It involves Ca®" influx
through NMDA receptors and the subsequent activation of several protein
kinases. (3) Although this early phase bears no resemblance to what we saw in
Aplysia or Drosophila, the late phase does bear a clear resemblance.

With repeated trains, there is an increase in cAMP. This also is mediated
through the NMDA receptor and is thought to be secondary to the action of
Ca** on a Ca**-sensitive adenylyl cyclase. The increase in cAMP is followed by
the activation of PKA and CREB.

In turn, we and others have shown that cAMP and LTP lead to the ac-
tivation of immediate-early genes, only two of which I have indicated here
because they have been particularly well studied: (1) tPA which has been
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shown to stimulate process outgrowth, and (2) C/EBP, a homolog of Aplysia
C/EBP. Both of these have CRE upstream.

To test this model genetically, we have turned to genetically modified ani-
mals. Here they have attempted to create more subtle lesions than with earlier
transgenic studies. Earlier studies with ablation of fyn and CaM kinase were
designed to eliminate the early phase of L'TP. In the present studies we spe-
cifically did not want to interfere with the early phase of LTP but wanted to
restrict our phenotypes to the late phase. By this means we should not in any
way affect LTP to a single train and use that as a control for both the physiol-
ogy and the learning and memory systems.

Toward that end, Ted Abel has expressed REVAB (the subunit has to
dissociate to free catalytic subunits) under CAM kinase promoter. We have
cloned out this promoter and used it before because it has a very interesting
pattern of expression: (1) it is limited in expression to forebrain structures;
(?) it has a high level of expression; and (3) it begins to be expressed only
late in development. REV AB selectively affects the late phase. We have ob-
tained similar results with ablation of one of the isoforms of the catalytic
subunits (Fig. 19).

These animals have an interesting defect in L TP—normal early phase,
normal synaptic transmission, selective defect in late phase thus providing
independent genetic evidence for the late phase. From this, one might make a
stringent prediction: normal short-term memory; defective long-term memory,
a la Aplysia and Drosophila.

These animals show a memory defect in the Morris and Barnes Mazes. But
the Morris and Barnes Mazes allow poor time resolution because they require
training over days. What is needed is a test with training over a period of min-
utes, which would allow good temporal resolution that allows one to follow a
memory over time. For this purpose, we have turned to context conditioning
developed by Fanselow. Three training trials occur over a brief time period:
Explain. Animals freeze. Measure freezing (Fig 20).

Two tests: context: tests for hippocampal-based memory; cued: amygdala-
based.

These tests are nice: They allow us to distinguish - short from long — term

memory amygdala from hippocampus.
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Both Explicit and Implicit Memory Storage Use Modulatory
Transmitters as a Salience Signal and a CREB-Mediated
Transcriptional Switch for Converting Short-term to
Long-term Memory
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To summarize, the requirement of a cascade of gene activation involving
PKA and CREB in both explicit and implicit memory explained two features:
(1) Why the switch from short- to long-term memory requires new protein
synthesis? (2) Moreover, these experiments illustrate that despite the fun-
damental behavioral differences between implicit and explicit memory, the
molecular mechanisms for storage are conserved. Indeed, even modulation is

similar and gives us an insight into where attentional processes come in.

AGE-RELATED MEMORY LOSS

With this as background in understanding a core signal transduction
pathway required for stabilizing long-term memory, we have tried to use
mice as animal models of human memory deficits, focusing on age-related
memory loss. Let me put age-related memory loss into an epidemiological

perspective (Fig 21).

Aging and Memory
No Memory Decline Memory Decline
(40%) (60%)
Successful Benign  Early Alzheimer's
Aging Senescent  (Mild Cognitive
Forgetfulness Impairment)
(30%) 30%)
|
Alzheimer's
Disease
Rig 24.

Epidemiological studies have shown that if you follow a normal healthy
population of people 70 years old over time and exclude all cases of dementia,
Parkinson’s disease, depression, or stroke, about 40% of this population shows
good retention of memory — successful aging. The remaining 60% show a

modest decline in memory loss, as evident in such tasks as the delayed recall
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component of a word list memory task: The Selective Reading Task. This cor-
relation is selective for memory performance; it was not found between signal
and performance scores on other cognitive measures of abstract reasoning,
language, or visuospatial ability. In the early stage, these two forms cannot be
distinguished clinically based on their cognitive performance, but with time,
half of the 60% (or 30% of the total population) will stabilize into a benign
senescent forgetfulness. The remaining half (the other 30%) will go on to
progressive Alzheimer’s disease.

Scott Small and his colleagues at Columbia have recently developed a
variant of functional magnetic resonance imaging (fMRI) in humans, which
is not task-oriented but is designed to be sensitive to static neuronal func-
tion. This method is based on resting or static, instead of dynamic, changes in
oxygen-dependent signal (resting T2* signal). The idea of using resting T2*
signal derived from the consideration that most causes of brain dysfunction
produce changes not only in the active but also in the resting function of neu-
rons. Because it is based on resting rather than dynamic changes, this method
has two advantages: it allows for a mapping of neuronal function and it does
so with improved spatial resolution. Thus, this method can detect signal from
different hippocampal subregions in human subjects. Because this method
does not require an activation task, Scott and I collaborated and found that
it can be used in mice. Furthermore it could be used to compare anesthetized
normal mice, to genetically-moditfied and cognitively-impaired mice. In mice
we could show that the signal is sufficiently sensitive to detect functional

changes in the absence of underlying anatomical changes.

Using this MRI approach — designed to detect functional changes in
individual hippocampal subregions — Scott Small assessed the hippocampal
circuit in 30 elderly subjects between 70-88 years of age without dementia to
determine whether one could delineate, in a preclinical way, two populations
that are indistinguishable on cognitive tests: those that develop benign senes-
cent forgetfulness and those that go on to Alzheimer’s disease. Forty percent
(12) had stable hippocampal signal; 60% had diminished signal. Single-sub-
ject analysis revealed that hippocampal dysfunction, found in 60% of elderly
people, was selectively correlated with memory decline. The 60% group with
reduced memory function fell into two groups: in one group (30%), all hip-
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pocampal subregions declined normally with age. This decline was particu-
larly evident in the subiculum. In fact, in these elderly individuals, signal
intensity from the subiculum correlated selectively with age.

In the second group — the other 30% — there were two disorders. First,
there was an overall decline also particularly evident in the subiculum but in
addition there was a second hit that affected selectively and dramatically the
entorhinal cortex.

The entorhinal cortex is the first hippocampal subregion targeted by
Alzheimer’s pathology, and the pathological decline observed in the signal of
the entorhinal cortex likely reflects elderly people with the earliest manifesta-
tions of Alzheimer’s pathology. If so, individuals with entorhinal dysfunction
are at increased risk to progress to Alzheimer’s dementia, and Scott is cur-
rently testing this prediction by following subjects prospectively.

These results show that memory decline is caused by at least two different
mechanisms: (1) subicular disease, and (2) entorhinal disease superimposed
upon subicular disease.

To obtain a better understanding of these two processes, Scott and I have
collaborated in the study of animal models, and I want to focus primarily on
age-related memory loss. Can it be demonstrated in the mouse? Does it involve

the subiculum?

BUT FIRST LET ME SAY MORE ABOUT CLINICAL CHARACTERISTICS OF
BENIGN SENESCENT FORGETFULNESS

Benign senescent forgetfulness is neither completely benign nor does it
necessarily begin in senescence. This disorder first becomes evident in some
people when they reach their mid-40s and it typically becomes more prevalent
and pronounced with time. So that by age 60 it affects at least 25% of the
population to some degree. This memory loss is probably the most bothersome

and frequently mentioned complaint of the elderly.

Age-related memory deficits are not limited to humans. We have recently
developed a mouse model to study the effects of normal aging on explicit
forms of memory.

The task we used is particularly good because it allows one to dissect the
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strategies used by the mouse: random, serial, spatial. The first two are nonhip-
pocampal. Only spatial requires the hippocampus. To reach criterion animal

must make three errors or less on seven consecutive days (Fig. 22).

Mice Show a Hippocampal Dependent Age Related
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Fig. 22.

As is the case with aging humans, rodents show a marked loss of explicit
memory storage with age that has two properties: (1) it affects in particular
the ability to consolidate long-term memory, and (2) it begins to be manifest
early in middle life.

Methods for primate imaging have recently been developed by Logothetis
and his colleagues (Logothetis et al, 1999). Scott Small and I have applied
to the mouse the MRI methodology he developed for humans because of the
unique experimental advantage that mice afford for genetic studies. In addition,
in looking at age-related memory loss in the mouse, there is no confusion with
Alzheimer’s Disease. This disease does not occur spontaneously in the mouse.
We can, therefore, ask: Does the mouse develop a pure subicular defect? What is
its mechanism? A clue came from comparing it to R(AB). The R(AB) mice have

a reduction in basal PKA and an impairment in long-term synaptic plasticity
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in the CA 1 region. We found that ROXY-dependent imaging was able to map
this molecular lesion and to detect a reduced signal in the CA 1 region of the
transgenic mice compared to wild-type littermates. By carrying out cell counts
and other histological analyses, we could document that the reduced signal did
not result from obvious structural changes in CA 1 neurons. Thus, the ROXY-
dependent imaging is sensitive to alterations in physiologic dysfunction.

These findings constitute the first demonstration that an MRI technique
can detect a pure physiologic lesion. This is important because many causes of
brain dysfunction are likely to cause physiological deficits without changes
in neuronal structure. This is true for many causes of hippocampal dysfunc-
tion; and is even true for the earliest stages of Alzheimer’s disease, where
physiological deficits antedate cell loss. These physiological lesions cannot be
detected microscopically by analyzing brain tissue accessed by biopsy or at
autopsy. Together with its anatomical resolution, ROXI-dependent imaging
provides a physiological biopsy of the hippocampal subregions.

Since age-related memory loss in the mouse resembles R(AB) both in its
behavioral defect and in its functional abnormality with MRI imaging, we
wondered whether there were corresponding changes in synaptic plasticity in
the hippocampus.

We therefore turned to the hippocampus itself and looked for how the cel-
lular representation of consolidation changes as a function of age. We found
that LTP in the hippocampus (1) declines with age and (?) that this decline
selectively affects the late protein synthesis dependent phase of LTP (Fig. 23).

This decline parallels the memory loss.

We therefore searched for natural modulators. [t was natural to think that

dopamine might bea key modulatory input important for thelate phase(Fig. 24).

D1 AGONISTS ENHANCE THE LATE PHASE AND REVERSE AGE-ASSOCI-

ATED MEMORY DEFICIT

Two specific agonists of the dopamine 1 (D 1) receptor, a receptor coupled
with adenylyl cyclase, stimulate a slowly developing long-lasting potentiation
of field EPSP in the CA1 region of hippocampus lasting more than 6 hours.
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Late LTP Requires PKA and Transcription
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This potentiation is blocked by the specific D1 receptor antagonist 23390
and occluded by the potentiation produced by cAMP agonists. Although this
slow D1 agonist-induced potentiation is partially independent of NMDA
receptors, it seems to share some steps with the late phase of TP produced
by repeated trains applied to the Schaffer collateral pathway, and is occluded
by the late phase of LTP produced by tetanization of the Schaffer collateral.
Similarly, the D1 antagonist 23390 depressed late expression of tetanization-
induced LTP. Moreover, D1 agonist-induced synaptic potentiation could be
blocked by the protein synthesis inhibitor anisomycin. These results suggest
that the D1 receptor may be involved in the late protein synthesis-dependent
component of LTP, either as an ancillary component or as a major mediator of
the late phase (Fig. 25).

These effects of D1 agonist at the level of synaptic plasticity were found
to correlate with a reversal of age-related memory decline in the age-sensitive
task that had developed (Fig. 26).
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EARLY ALZHEIMER’S DISEASE

So insight into the core signaling component has been helpful in clari-
fying not only normal memory, but also age-related memory. Can it give us
insight into the early cognitive disorders of Alzheimer’s disease? One of the
interesting features about Alzheimer’s disease is that in its early stages, the
cognitive deficit precedes the pathological disease. What is the nature of the
functional deficit that precedes the cognitive deficit? Since the cognitive defi-
cit is so similar and the pathways for storing memory are so conserved, might
the pathways disturbed in benign senescent forgetfulness also be disturbed in

Alzheimer’s disease?

MILD COGNITIVE IMPAIRMENT OF EARLY ALZHEIMER’S DISEASE

Alzheimer’s disease (AD) is a progressive neurodegenerative disorder
which is characterized by mild cognitive impairment at the onset and by def-
icits in multiple cortical functions in later stages. To date, the vast majority

of the symptoms have been attributed to the loss of synapses and to the death
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of neurons that occur in the course of the disease. The overproduction and
accumulation of the B-amyloid peptide have been shown to play a crucial role
in both of these processes in animal models of AD. Although these phenom-
ena can account for the late debilitating stages of the disease, the mechanisms
by which A6 causes early cognitive and behavioral changes remain a matter
of conjecture. Recent studies on animal models of AD have highlighted the
discrepancy between behavioral deficits and neuropathological findings.
Electrophysiological studies of mice that overexpress Af show impairment
of long-term potentiation (LTP) that do not correlate with the extent of amy-
loid plaques and cell death. In addition, animals without detectable accumu-
lation of af} have been reported to have behavioral deficits. While examining
gene expression in NGF-primed PC12 cells which had been exposed for 3
hours to ABj.42, the principle and most neurotoxic component of the amy-
loid plaque, Shelanski and his colleagues soon realized that a group of genes,
including CREB2 (ATF4) and ubiquitin c-terminal hydrolase, which have
been implicated in the switch from early to late long-term potentiation, were
regulated in a manner consistent with inhibition of late L'TP. These findings
are in agreement with studies reporting that A inhibits LTP both in vitro
and in vivo at concentrations lower than those that are necessary for trigger-
ing neuronal apoptosis. The biochemical pathway mediating the switch from
early to late L'TP has been worked out in Aplysia and in mice and depends
on the activation of the transcription factor CREB by phosphorylation by
protein kinase A (PKA).

When Shelanski assayed the basal PKA phosphorylation activity in
whole cell extracts of hippocampal cells treated with 1 uM AB 42 for 3, 6, 12,
and 24 hours and compared them to untreated cells, they observed that PK A
activity fell rapidly in the treated cells reaching 50% of control values in 3
hours and 15% in 24 hours.

To determine whether the loss of PKA activity was due to the persistence
of the PKA regulatory subunit, they examined the levels of the [la regula-
tory subunit, the predominant neuronal isoform, as a function of exposure to
ABi-40. After 5 days in culture they exposed dissociated hippocampal neurons
from rat brain at embryonic day 18 to 1 and 10 uM AP.4» for 3, 6, and 12

hours and subjected the protein extracts to Western blotting using an anti-
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body against isoform Ila of the PKA regulatory subunit. In the presence of
10 uM A B4 there was a marked increase in the [Tasubunit which peaked by
3 hours and fell to basal levels by 12 hours. When treated with 1 uM A4
there was a marked increase between 3 and 6 hours which was sustained at
12 hours. The higher concentration (10 uM) induced apoptosis in hippocam-
pal neurons and the decrease from 12 to 24 hours could reflect a decreasing
number of healthy cells in the culture. Only minimal cell death was seen
within 48 hours at 1 uM APBj.42. Pretreating the cultures with 0.1 mg/ml
cycloheximide did not result in a fall in the [To regulatory subunit (data not
shown). The increase in the PKA regulatory subunit suggests that it is respon-
sible for the fall of PKA.

Since CREB phosphorylation depends on PKA activity, they extended
their observations by measuring phosphorylated CREB (pCREB) levels in
response to a glutamate stimulus (50 uM). Cultures pretreated with 5 uM AB
showed a 40-45% decrease in CREB phosphorylation in response to treat-
ment with 50 uM glutamate for 15 min. These results are consistent with
those previously reported at higher Af levels. To test whether the inhibition
of CREB phosphorylation was cAMP dependent, they added 5 uM rolipram
during the preincubation with AP. Rolipram is a type [V-specific phos-
phodiesterase inhibitor, which has been reported to lead to increased cyclic
AMP levels, dissociation of the regulatory and catalytic subunits of PKA,
and reinforcement of LLTP. Rolipram completely blocked the AP decrease in
pCREB. Treatment with ABy_42 for 24 hours irreversibly compromised phos-
phorylation (Fig. 27).

To validate the physiological importance of the molecular changes de-
tected in cultures, they studied L'TP responses in acute mouse hippocampal
slices. As expected from previous reports, they found that AP strongly inhib-
ited LTP generation in CA 1 hippocampal region when slices were exposed to
200 nM AP for 20 min prior to tetanic stimulation of the Schaffer collateral
pathway (137.54 + 6.14% of baseline slope at 60 min after tetanus, n=9).
The amount of inhibition was statistically significant compared with control
tetanized slices treated with vehicle alone. AP had no effect on basal synaptic
responses both during its application and 60 min after the end of the appli-

cation in experiments where no tetanic stimulation was applied. Addition
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of forskolin, a selective activator of adenylate cyclase, at 50 pM, showed a
significant protection under the same conditions. The protection was not due
to enhancement of L' TP that remains in the presence of A because forskolin
alone without AP did not enhance tetanus-induced L'TP, nor to an action of
forskolin on baseline transmission. Consistent with these results, lower doses
of forskolin (5 uM) showed also protection. Similarly, 1 pM rolipram, added
to the incubation medium at the time of the stimulation, completely abolished
the AP inhibition, while it had no effect on baseline transmission. Moreover,
similar to forskolin, rolipram alone did not produce LTP enhancement, sug-
gesting that the drug truly reverses AP effect. To confirm that the modulation
of LTP was due to PKA activity, 50 uM H89, a cell membrane - permeable
PKA inhibitor, was added to the slices. This treatment completely abolished

the protective effect of rolipram on A treated slices. These results indicate
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that AP inhibition of LTP generation in CA1 hippocampal region is due to
an involvement of the cAMP /PKA pathway.

The studies presented above provide evidence that AP impairs L'TP for-
mation by the inhibition of both basal and stimulated PKA activity, which
leads to a decrease in CREB phosphorylation. The inhibition appears to result
from the failure of the dissociation of the PKA regulatory subunit [To and an
increase in its levels in the cell. At early time points this inhibition is revers-
ible by agents which elevate cellular levels of cAMP.

The fact that the PKA/CREB pathway, widely recognized to be im-
portant for memory acquisition, is selectively impaired by A at sublethal
concentrations underlines the importance of the pathway itself and offers a
molecular explanation of the discrepancy between behavioral deficits and
pathological findings described in APP transgenic mice. These results also
suggest that elevated A levels could impede the consolidation of long-term
memory and synaptic plasticity for years or decades prior to the time at which
cognitive decline is detected clinically or at which anatomical damage occurs.
This possibility finds support in studies that describe either the correlation
between early detectable cognitive changes and prediction of developing
dementia late in life or the importance of education as a protective factor.
We can hypothesize that the correlation between poorer performance in
psycholinguistic tests and the probability of developing Alzheimer’s disease
later in life might be explained by impaired neuronal plasticity throughout
development due to higher A levels in the brain. Since this pathway has
been shown to induce functional presynaptic boutons in the hippocampus,
it is possible that profound inhibition by very high levels of A, such as are
found in Down’s syndrome, might result in extensive alterations in synaptic
development and mental retardation. Stimuli, such as education, would act to
mitigate this effect.

These results also suggest that AB may function as a modulator of memory
storage, perhaps in response to stress or at times when the brain is confronted
with more information than it can process effectively. If this were so, we
would expect to see AP levels increase as a function of the induction of high
levels of neuronal activity. This possibility is supported by the amnestic ac-
tions of infused amyloid peptides.

Finally, the results presented here suggest a new avenue, which might be
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effective in preventing or delaying the onset of AD. While we failed to rescue
LTP in neurons, which had been exposed to 1 pM A for 24 hours, the physi-
ological situation is likely to involve far lower levels of AB and a longer time
frame. It is possible that long-term treatment of patients at risk for AD with
agents which elevate cAMP could reverse the risk associated with higher AP
levels. They also argue that it might be desirable to institute amyloid-lower-
ing therapies, when they become available, well in advance of any cognitive

changes in persons with an elevated risk for the disease.

An Overall View

In my talk today, I have tried to make five points:

(1) Molecular biology has led to the identification of two major signaling
pathways shared by both implicit and explicit memory. A memory activating
pathway which serves to switch short- to long-term memory and a memory
suppressor pathway which acts to increase the threshold for putting informa-
tion into long-term memory.

(2) In benign age-related memory loss, it is possible to identify a defect in
this switch which affects preferentially the output of the CA | pyramidal cells
- the subiculum, leading to subicular disease.

(3) A similar molecular defect may contribute to the disturbance of func-
tion in the entorhinal cortex during early stages of Alzheimer’s disease.

(%) One can use the insight into the molecular biology of this switch to
delineate drugs that can reverse the defects of benign senescent forgetfulness
physiologically and behaviorally.

(5) One can extend this approach to animal modes of mental disorder.

Thus, we are entering a new era in which the insights from the molecular
biology of cognition are beginning to open up avenues for therapy. In a larger
sense, we are moving from the Decade of the Brain, which marked the last
decade of the 20" century and was concerned with unsolving the mysteries of
brain function to the Decade of Therapeutics in this first decade of the 21
century. In no area of medicine have therapies been needed as badly as we

need them here.



122 ITPAKTIKA THX AKAAHMIAZ AGHNQN

ILERT AEMEH

My vat Grohoyiry Gaan T7¢ aToptxbTnTaS

Sty dpthio pou S& EoTidow oty Evanodineusr THe pynng xal atig Sa-
Tapaygs TG O& Hileda vi ypnoonotfiow adth THY edxatpia Y& v& odg SWow
il iB€a YLl TOV TROTO i TOY 67010 i VEUpoETLaTAOVES TUTYETCoUY TiE Vo TL-
®ég Suepyacics e TV Aertovpyia ToU dyxeddhou xal xaTOTLY TEOYWEOIY GTHY
avahuay ThHe Aettoupyiog ToU éyxeddhov 01O poplaxd énimedo, pé oTéYO THY
avantuln depanet@v oL unopodv va dvasteédouy Tic vortineg Statapayge.

Oa fleha va dpyiow navovtag ik émtoxdnnor THe Teo6Sou ToU Eyet émi-
teuydel atov EpeuvnTind adtd Topéa. Tig Teheutaleg B Sexacticg Eyoupe yivet
REETUPES (ids EvTuTtataxTc alénang T@v Suvatothtwy xat 7ol elpoug ThHS
Brohoyiog, ®xaTt oL Gvoévetal va émnpedaet GAeg Ti Exdlvaelg ThHe LoVTEPVAS
axédmg, aupepthapbavopévng xat THe AvtiAndme Tou Eyoupe Yié& TH VoMo, *ad
EMoPEVIG xal Y& TOY Eaut pag. Q¢ amotéleapa, Etay 0T wéNov igTopirol THE
VONT™G AVATRENOUY GTN)V Tapoloa TEplodo, elvat TOAY Tdavd vi StamtaTevouy
67e 7 Gaditepn xatavémen THe $UoTE TV vonTIx@Y ActToupyt®y 68 Ja Eyet
TpoéAJet and T& media, T& GToln Tapadodiaxnd dayohodvial uE T vénon. At S
€yer mpoéhdet amo Th drhocodia, &nd Tig Téyves, B dxdpn THY Yuyohoyia ) Ty
Quyavahvon, ahha aro h Brodoyia. Kai adto yati tic 800 teheutaies Sexaetieg
7 Bohoyia Eyer cuppetdoyet By povo ot pia, &AL ot 8o pefloveg suyrhicetg
e oxédmg mob oyeTlovtat pE THY xaTavineY) TOY VoNTIXGY SLEPYATLAV.

Kat’ doyny, éyet mpaypatonoimdel mia évtunwataxy) cOyxAion héoa oTy
St TH) Grohoyia. AdTi Eyet Mg amoTéheapa Th) Snptoupyia ing x0LVHg Roptanhc
émaThTG, ToU cupTepthapbivet Stadopa Tedin T 6lohoY lag: xuTTAPIXT Grolo-
yia, avantubiaxn-ggehntin Glohoyia, avosoloyia, Glohoyio T@®Y xaprivix®y
RUTTEOWY, KL KO xal BLOAOYIR T@Y VEURIXGV RUTTAPWV, TOL ATOTEAGDY
T GUTTATIXG TOU €yxeddhou. AT T olyxhion éxmopeletar ano peiloves
avaxahideig mob i Eyouv émitpéder Vi xaTavoficoupe T YoviSimpma xal Vi
avTiAndodue pé oLy Tpomo 1 Sopt) Tou xadopilet THY xAnpovopxéTTA XAl T
eOpiam Tou Th GvanTuEn xal AetToupyian ToD %uTTAPOU. AlTEC ol oNRAVTIXES
avarahiders, suvdualipeves it Th SuvaTOTTTA YU XAWVOTOLNTOURE XAl Y& G0~

APUTTOYPAGNTOUPE GUYREXQLULEVRL YOV ita, wag Eyouy 6EnyNaet oTT StaticTwon




AHMOZIA SYNEAPIA THX 31 MAIOY 2005 123

Bt UThpyEt oAV TIXT RotdTT T Xl SLadopeETIX®Y XUTTAPWY TOY i0t0 Gpyave-
o6, GANG xal reTall StadopeTiR@®Y GoYaVITUMY.

"H Seutepr) pellwy aUyxhiom elvar adTi) ReTall TAV VEUPOETITTA@Y, T@Y
ETIGTN@Y TTOL AayoAoTvTat U TOV EyxéPaAs, xat TN Yvwataxfg Yuyoloyiae,
THG EMOTAWYG TOU doyoAettar & Tov vol. AdTh 7 Sebtepn oUynhiom elvar At-
Yétepo Goynn ane adthy mob Eyer xadiepmoet 1 woplaxt) Brohoyia, dAAL elvat
év duvéper & Toou onpavtind, xadbg pag éyet Hion mposdwast Eva xavolpyYLo
TAaioo Y& ThY xatavénom The avridndme, Tg Spdang xal Tig évamodixeuarg
TG WYAIG.

Adric oi SVo avekdptnTeg suyrhisels Gpioxrovtar aTa ud dxpa TV BloAoyL-
%6V ETETARGY xal Eyeipouy Ta dxbhouda dpwThnata: XE Tow Badpd wTopedy
adta Ta SUo StadopeTind ViraTa Vi cupTopeuTodY; MTopel 1) poglaxt) Glohoyia,
7oL &noTtéhede THY xvnTheto SUvapy Y& THY EVoToingy) T@Y GLoAoyik@Y éxt-
TGV, Vi StadwTioet xal TH KEAETT) T@Y VOTTIXGY AeLToupYLt®Y; MTopoine
V&L TIEQULEVOUIE (L& GO Titd elpela ahvdean Tov 210 ai., mia givdean mob J&
éxTelveTal ATo T& popLa wéypt Tov vod; Tty opthia pou Ja fHideha va dvantitw
iy medavoTnTa il xawvolpytas Brohoyiag Tol vob, ping poptaxis bodoyiag
THi¢ VEnone, vat vi TpoTeivw &t adth) 9 dToTeAéget T0 EMixeVTRO TG EMIGTTO-
virtie avalhtnomg xatd & Tp@Ta Ypdvia 100 21ou ai., ke Tov i8to TpdTo TOY 1)
roptaxi) 6rohoyio ftay aTo émixevTpo To Sedtepo fiuiau ToU 2000 ai.

Ox avantiln adtéc tic ekehifelc YPNOULOTOLMVTAG G)G TAPACELYUA TT] (Le-
A the pvipns. Eotdlopar oth pvipn yatt adth dnoteAel 10 YVwaTiné
wou avtixeipevo. ‘H wedétn The wviung ué éxet dragyoinaet T& tedeutaia 50
ye6via. ‘O o1éyoc tou §Ao aldtd T StdaTnpa NTav va avantuie g GbatpeTind
TPOGEY YL YL& TN REAETT THE wadnMamg xat The viung, 1) omoia Sa ol métpe-
e it Eepeuviaw ToUS UTTOXEILEVOUS [LOPLAXOUG LNYAVLCILOUG.

‘Ornwg yvwpilete, 7 padnom eivar 1) Siepyasio péaw ThHe dmoiag Tposhayba-
VOULE XaUVOURYIRL YVOOT, Y& TOV X000 ToU (g Teptbdhhet, xat wviwy) eiva 1)
Siepyacio pE Ty 6Tola Slatvpodpe adTY) TY) YVOAY) Sl tégou Tol ypbvou. H pa-
Inomn xat 7 uvhpn Exouy arodery el gaynveuTixés vomTixeg Sepyacies émedh
oyetilovrar ut pin ATd Tig Th EVIUTWTIAXEG TTUYES TG AvIp®TLvng cURTERL-
dopag: T SuvartdTTa V& YEVVTgoupe xatvolpYtes idéeq péaa Ao Ty éumerpia.
Oi TepLoodTepe amd TiG i8éeg oL Eyoupe Yk TOV R6TPO KAl Y& TOV TOALTIGWG
wag elvat Tpotov wadnarg, xat ETat ot peyaho 6adpsd M TaVTETNTA pag elvat gu-

vubacspévn pé Th wadnamn xal T pvnun.



124 I[TPAKTIKA THX AKAAHMIAY AOGHNQN

ATo Thv &N Thevpd, Jempeltat &t moAhEg Yuyohoyixie nal cuvatsdn-
paTineg Statapayts mpoépyovTaL, ToUAGYLaToY &V épet, ATh ThHY Eumetpia, xal
ouYxreXpULEVES StaTapays radnang ) wyiure xataduvasTedouy TO AVaTTUGTS-
nevo Taedl, xadog xat Tov Gprpo dvihica. To abvdpopo Down, § dustoloyiny
EXTITWOY TTIG PVTUTE PE TNV Tdpodo TV ET@Y xal 1) véoog Altaydurep 4mo-
Teholv (évo T& o ANTA Tapadeiypata wds LeYahng Yxdpag aodevetév mod
énnpealovy T LV

To oyind pov dviradéooy Yid Th meAéTn THS UYNULNG XEVTRITTNXE AYW TTC

v e S I v !
buyavdiuore, BTay fHwouy dxdun mpontuytaxos dottnTie ato Harvard College.
Kadag, buwg, gubaduva atov x6op0 the 6rohoyiog xata v Stdpxeta tév Tatpt-
%@V TTOUEHY 10V, doytoa v& Jewp® THY YPuyavahuTiny) TEOTEYYLOT TEQLOPLTTL-
x1, xadox Eterve va Stayetplletar ToHv Eyxébalo, To Gpyavo ToU SnutoupYel TH
oL TERLHOPE, TGOy EVR aATEO KOUTL.

Zta péoa The Sexactiog ToU 1950, évd fouy axdun atiy Tatpind) Zyoht,
GOy LT V& TUVELETTOTIOL® BTL XaT& TY) Stdpxeta THG YEVIES [LoU TO adpo XoUTh
T00 éyxedaiov & dvorye xal BTt oTadaxd & anopudonotodvray. ZuverdrTo-
noinoa 67 16 TEebAMUa T Evamodfxeuang THe VNS, oL xAT0TE HTay dTTo-
®hetaTind TEovEpLo YuyoAGymy xal Yuyavalut@v, J& opodoe va TRosEYYLaTED

2\ \ ’ ~ ’ ’ My o ’ 3 er AL 8 2

e Tig pedodoug TG povtépvag Gohoyiag. To drotéheopa Ttay 6Tt 0 évdtadépov
[LOU YL TH) VLT (LETATOTITTNRE GTO (Ll YuyavauTind) o pid 6rohoyind) Tpo-
géyyion. Elya thy doad® éAnida §tt, pé thy méeodo Tl ypdvou, & progotioa
V& GUVELTHEQW TTT) LETADEATT) LEPLRMDY KEVTPLXGY AVATAVTNTMY E0WTNUATODY
t7¢ Yuyohoyiag The padnomg xal ThHe pvipNe oTY dpmelpiny) YAhooa TR bto-
hovyiag. "Heha vi pado: Ti ciboug dhhayeg mpokevel 1) pddnam ot vevpmvixa
ruxAmpata tob éyxeddhov; [we dvamodnueletar doynd 7 pvipn; Kai, pmidg
ral amodnxeutel, nig Satnpeital; [owk elvar & poplaxd povomatia péow TMY
6T0lWY 7] TEOTWELVY WYNT Bpayeiog Stapxeiag LETaTPETETAL OF ERmedwévT
UV prorpds SLapxelag;

‘O oxomog adTig TG Tpoonadetas weTddpacng 8V HTAY Y& AVTIXATATTHT®
iy uyoroyixy B Yuyavadutind oxédm ut Th Aoyl TiHe popranhc broloyiag,
GAAG v guveLTEpw oE (id xatvoUpyta cUvIeaT ik véa Emta TRy Tob VoD, ToU
Yo Mpbave O GYm xal TH vonTind Yuyohoyia the évanodixreuang Tig wvi-
NG %al TH) moplaxi) Gohoyin T évoxuTthplag petabibac e oruatos. AdTh
0 final . 2 > ’ \ — Ty TR ’ Q2
1) oUVUeaT) TpdadaTa EyeL QoY (TEL VO TYNRATOTOLETTAL, *aot GTNY GutAio o &

npoonadNam v& dvamtilnm adtd & dpyind aTédia.




