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ULOGA PROCESA RAZVOJA 1 SMRTI CELIJA UNEUROHEMIJSKOQJ
ORGANIZACHI 1 INTEGRATIVNIM FUNKCIJAMA MOZGA - NORMALNOJ I
PATOLOSKOJ

THE ROLE OF CELLULAR DEVELOPMENT AND CELL DEATH IN NEUROCHEMICAL
ORGANIZATION AND INTEGRATIVE BRAIN FUNCTIONS - NORMAL AND PATHOLOGICAL

Viadimir V. SHERSTNEV

Institut normalne fiziologije im. P.K. Anohina, Moskva

Satetak - Polazedi od sistemskog aspekta o zajednitkim molekularnim mehanizmima u razvoju, €iji vazan deo je proces celijske
smrti, i integrativne aktivnosti nervnog sistema, izvedena je kompleksna klinicko-eksperimentalna studija uticaja razliditih neuro-
troficnih i apoptotitkih faktora (proteini $100b, HLDF, moZdani lektini CSL i R1) u uéenju i paméenju i ishemiénom 3logu. Dobi-
Jeni su podaci koji se odnose na specifiéno i heterohrono udedée ovih faktora u neurchemijskim mehanizmima uéenja | memorije |
njthove znalajne uloge u mehanizmima nastanka ishemiénog Sloga. Promene i dinamika sadrZaja neurotrofiénih faktora i faktora ra-
sta kao 1 auto antitela na iste u serumu pacijenata i likvory, mogu sc smatratii prognostiékim markerima mo#dane ishemije i efekata
lerapie.

Kljuéne redi: Neurchemija; Lektini + fiziologija: Smr celija; Apoptoza: Uenje: Memorija: Cerchrovaskularni insult

Summary - In terms of systemic aspects of common molecular mechanisms of development, important part of which is the process
of cellular death and integrative activity of nervous sysiem, a omplex clinical-experimental study of effects of varions neurotrophic
and apoptotic factors (proteins S{00b, HLDE, brain lecting CSL and R1) on learning and memory and ishemic stroke was per-
Jformed. Data concerning specific and heterochronic participation of these factors in newrochemical mechanisms of learning and
memory in mechanisms of ishemic siroke formation were established. Changes of examined factors and their antibodies as well as
the dynamics of changes in sera and cerebro spinal fluid can be considered as prognostic markers of ischemic stroke and efficiency

of therapy.
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Razrada predstava o jedinstvu molekularne os-
nove procesa razvoja, ¢iji nerazdvojni deo su
procesi smrti ¢elija i specifiéne delatnosti mozga,
izaziva sve veli interes neurobiologa. Danas takode
postoje dosta ubedljivi eksperimentalni rezultati o
sli¢nosti izmedu molekularnih mehanizama razvoja
mozga 1 konsolidacije dugotrajnog pamdéenja na
nivou regulacije transkripcije [1-4].

Medutim, analogna istraZivanja na nivou transla-
cije i postranslacionom nivou, a takode izucavanja
drugih stadijuma pamcenja nisu tako uspeina. Ona
se ograniavaju, po pravilu, prikazom uéesca jednih
istih molekularnih faktora u razli¢itim spoznajnim
procesima. Ideja o "sli¢nosti" ili "jedinstvu" mole-
kulame osnove rasta i razvoja, uéenja i pamcenja,
po nasem misljenju. nije potpuno odgovarajuca za
cksperimentalnu razradu. Nove aspekte problema
razotkriva koncepcija sistemogeneze P.K. Anohina i
hipoteza geneze akta ponaSanja. Navedena koncep-
clja razmatra razvoj organizma kao genezu funk-
cionalnih sistema koja protite po principu

IstraZivanja su realizovana uz podriku Ruskog humanitarmog
nautnog fonda (projekat No 02-06-00148a) i Ruskog fonda fun-
damentalnih istraZivanja (projekat No 02-04-48847).

The integrity of molecular basis of the develop-
mental process, including cellular death and specific
brain functions, is becoming a more and more inter-
esting subject for neurobiologists. Today, there are
very convincing experimental results about the simi-
larity between molecular mechanisms of brain de-
velopment and consolidation of long term memory
on the level of transcription regulation [1-4].

On the other hand, analogous studies on the
translational and posttranslational levels, and also
studies of other stages of memory process are not
that successful. They are regularly limited by pre-
senting the role of the same ITlEIrEGLlIEII' factors in
different cognitive processes. The idea of "simi-
lanity" or inie%rity“ of molecular basis of
growth and development, learning and memory,
In our opinion, 1s not completely adequate for
experimental studies. New aspects of the prob-
lem have been revealed by concept of syste-
mogenesis by P. K. Anokhin. This recent
concept considers organism development as a
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Skracemice

5L - lektini rastvorljivi u vodi

Rl - lektini vezani za membrane neurona
S100b - kalcijum-vezujudi protein

HLDF - specifiéni proteini neurona

ASR - akusticna start-reakcija

heterohronije, ne samo u ontogenezi, nego 1 u zre-
lom organizmu [3,6]. _

U razvoju navedenih sistemskih predstava for-
mulisan je stav o heterohroniji neurohemijske or-
ganizacije akta ponasanja, §to pretpostavija kvanti-
tativnu, kvalitativou, vremensku 1 strukturnu speci-
ficnost molekularnih mehanizama, koji obezbeduju
procese udenja i pamcenja u svim etapama Zivota
individue. Molekularni markeri formiranja funk-
cionalnih sistema, posebno ponasanja, mogu da
budu, po nasem miljenju, neurotrofitni i apop-
toticki faktori. Oni su tesno povezani sa regulacijom
razvoja | prezivljavanja Celija, sazrevanjem struk-
tura 1 funkcija mozga, obezbedenjem Integrativne
delatnosti nervnog sistema [7.8]. o

Posebnu paznju privlace molekuli, koji kontro-
lisu procese sinapso- i neuritogeneze, Koje su ne
samo vaZne etape diferencijacije nervnih celija u
ontogenezi, nego se nalaze u osnovi dugotrajnih
plasti¢nih prestrojavanja u zrelom mozgu. Tako su,
molekuli celijske adhezije - u vodi rastvorljivi lek-
tini (CSL) i membranski vezani R1 lektini - uvuceni
u regulaciju procesa prezivljavanja i razvoja nervnih
i glijalnih celija, a time u procese sinapso- 1 neurito-
geneze. Belan¢evina S100b, koja pripada grupi kal-
cijum-vezujucih belanéevina, poseduje troficka
svojstva i poverzana je sa formiranjem neurita 1
sinapsi takode [9,10].

U nasim eksperimentima, sprovedenim na polno
zrelim Zivotinjama, dobijeni su rezultati, koji sve-
do¢e o heterohroniji uvljﬂéen_ja razli¢itih neurotro-
fiénih faktora u molekularne procese ucenja 1
pamcenja. Posebno je istaknuto da antitela protiv
belanéevine S100b, lektina CSL 1 R1 pri aplikaciji
na vermis cerebeluma ili hipokampa ispoljavaju se-
lektivno i doznozavisno dejstvo na vremenski
razli¢ite procese pamcéenja razliitih oblika odbram-
benog ponadanja (privikavanje u start-reakcijama i
uslovnom strahu) kod polno zrelih pacova. Pri iz-
gradnji dugotrajnog privikavanja na akusticnu start-
reakciju (ASR), nadene su individualne razlike di-
namike nivoa belanéevine S100b, lektina CSL 1 R1
u razliéitim strukturama mozga Zivotima [11,12].

Povecani interes izazivaju i regulatorni faktori,
neposredno ukljuéeni u obezbedenje integrativnih
funkcija nervnog sistema, koji mogu kako da in-
hibidu, tako 1 da aktiviraju programiranu smrt
(apoptozu) celija [13,14]. Tu spadaju belancevine
S100b i HLDF. Nadeno je, da Ca™ 1 Zn""- vezujuéi
specifiénu belanevinu mozga S100b, koja poseduje
neurotrofiénu i neurotropnu aktivnost u visokim
koncetracijama ispoljava proapoptoticko dejstvo.

Abbreviations

CSL - hydrophilic lectins

Rli - membrane binding
S100b - caleium-binding protein
HLDF - specific neuron protein
ASK - acoustic starting reaction

enesis of functional systems, which is part of
the principal of heterochrony, not only in onto-
genesis, but also in adults [5,6].

In development of these systemic performances,
an attitude has been formed towards heterochromy
of neurochemical organization of behavior, with
quantitative, qualitative, structural and time speci-
fity of molecular mechanisms that enable processes
of learning and memorizing at all life stages. Mo-
lecular markers in forming functional systems, espe-
cially behavior, can be, in our opinion, neurotrophic
and apoptotic factors. They are closely related to
regulation of cellular development and survival, de-
velopment of brain structures and functions by pro-
viding integrative functions of nervous system [7,8].

Special attention has been paid to molecules
which control processes of synapse- and neurito-
genesis, important not only as stages of nerve cell
differentiation in ontogenesis, but also as a base of
long term plastic modifications in adult brain. For
example, cellular adhesion molecules - hydrophilic
lectins (CSL) and membrane binding R1 lectins - are
included in regulation of survival and development
of nerve and glial cells, and thus also included in

rocesses of synapse- and neuro-genesis. Protein
glﬂ{]h, which belongs to the group of calcium-
binding proteins, possesses trophic characteristics
and it 1s related to the process of forming neurits and
synapses [9.10]. .

Our experiments, conducted in adult, sexually ac-
tive animals, revealed that heterochromy of different
neurotrophic factors is involved in molecular proc-
esses of learning and memorizing. It is underlined
that antibodies against protein S100b, and also lectin
CSL and R1, when applied on cerebellar vermis or
hippocampus, present with selective and dosage de-
pendent impact on different memory processes in
various kinds of defensive behavier (adaptation in
start-reactions and conditioned fear) in sexually ac-
tive rats. In development of long-term adaptation to
acoustic start-reactions (ASR), individual differ-
ences were found in dynamics of protein S100b,
lectin CSL and R1 levels in different brain struc-
tures of animals [11,12].

Particular interest is paid to regulatory factors,
indirectly involved in securing integrative functions
of nervous system, which can either inhibit or
activate programed death of cells (apoptosis)
[13,14]. Protein S100b and HLDF belong to this
%mug, It has been revealed that 1ons of Ca and

n, ir:a::l."m%I with brain specific protein S100b,
present with neurotrophic activity in high conce-



122

Belan¢evina HLDF, moZe da indukuje diferencija-
ciju celija, nalazi se u nervnom sistemu sisara i
sadrzi u svojoj strukturi aktivne peptidne fragmente-
inhibitore i aktivatore apoptoze celija nervnog tkiva
15-17].

[ Nash smo da belancevina S100b u dozi koja in-
dukuje procese apoptoze u kulturi nervnog tkiva, pri
aplikaciji na vermis cerebeluma izaziva znacajno
smanjenje amplitude akustiéne start-reakeije, a isto
tako narusava kratkotrajno i dugotrajno gaSenje te
reakcije 1 formiranje uslovnog straha. Na procese
konsolidacije i reprodukovanja oba oblika odbram-
benog ponadanja S100b u navedenoj dozi nije uti-
cala. S100b u dozi koja izaziva neurotrofi¢ne efekte
stimuliSe izgradnju uslovnog straha, ne uti¢uéi na
procese gasenja start-reakcije. U uslovima intraperi-
tonealnog 1 intranazalnog davanja sintetickog ana-
loga peptidnog fragmenta faktora HLDF-peptida
HLDFG - inhibiraju¢i apoptoticko umiranje ¢elija,
stimulide dugotrajno prostorno paméenje u vode-
nom labirintu kod pacova i miseva, a pri centralnom
unosenju, selektivno stimulide ponasanje tipa izbe-
gavanja. Na taj nalin, rezultati ogleda su pokazali
da faktori koji stimuliu i inhibisu apoptozu celija u
strukturama zrelog mozga, ispoljavaju razlicito us-
mereno selektivno dejstvo na razli¢ite oblike uéenja
I paméenja.

Svestrano izu¢avanje procesa razvoja i smrti je
principijelno vazno ne samo za razumevanje funda-
metalnih problema neurobiologije, nego | razradu
akutnih medicinsko-socijalnih problema, posebno,
ishemi¢ne bolesti mozga, U osnovi naiih istrazi-
vanja neuroimunohemijskih mehanizama patogene-
ze ishemicne bolesti mozga, smatramo da je jedna
od univerzalnih komponenti razvoja ishemiénog
ostecenja nervnog sistema poremeéaj trofiéne regu-
lacije, te i procesa razvoja i smrti celija. U formi-
ranju troficne disfunkeije i odtecenja nervnog tkiva
vaznu ulogu imaju poremedaj propustljivosti histo-
hemijskih barijera i autoimune reakcije usmerene
prema antigenima mozga, posebno onim koji pose-
duju trofi¢nu i apoptotiénu aktivnost [18.19].

Pri_klinicko-imunochemijskom ispitivanju, prak-
titno kod svih bolesnika sa hroni¢nom ishemi¢nom
boleS¢u mozga, nasli smo u krvnom serumu povi-
Seni nivo primarnih antitela prema belandevini
5100b i osnovnoj belanéevini mijelina, a takode
sekundarnih antitela prema S100b. Nakon davanja
aminokiseline glicina kod pacijenata je zapazeno
poboljsanje klinickog stanja i normalizacija titra an-
titela prema S100b i osnovnoj belancevini mijelina.

Klinicko-imunoloska analiza ukazala Je na zna-
Cajne razlike titra serumskih antitela prema S100b u
zavisnosti od patogenetske varijante razvaoja akut-
nog poremecaja Krvotoka mozga. Pri aterotrom-
botickom inzultu titar primarnih antitela bio je
signifikantno vidi nego pri kardioemboli¢nom in.
zultu. Kod bolesnika sa aterotromboticnim inzultom
ustanovljene su jasne vremenske zakonitosti pri-
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nirations, or proapoptotic effect. Protein HLDF
is believed to induce differentiation of cells in
central nervous system of mammals. This pro-
tein carries active peptide fragments, inhibitors
or activators of apoptosis in brain cells [15-17].

Our findings suggest that S100b induces apopto-
sis in the nerve tissue. During its application on
cerebellar vermis significant decrease of amplitude
of acoustic start-reaction was found. As such, this
reaction induces both short and long-term disap-
pearance of this reaction and modulates develop-
ment of conditioned fear. S100b in neurotrophic
doses, stimulates development of fear without im-
pact on start-reactions. During intraperitoneal and
intranasal application of synthetic analog of peptide
fragment HLDF, which inhibits apoptosis, it stimu-
lates prolonged spatial memory in water labyrinth in
rats and mice. However, central application induced
reaction of avoidance. These results indicate that
factors which stimulate or inhibit apoptosis in ma-
ture brain cells also selectively induce different
forms of learning and memorizing,

It is of great significance to study about proc-
esses of cellular developing and death in neurobio-
logy, not only for the sake of science, but also for
medico-social aspects of ischemic brain disease.
Dysfunction of trophic regulation and thus the proe-
ess of cell development is the basic part of our in-
vestigations of neuroimmunochemical mechanisms
of ischemic brain disease pathogenesis and one of
universal components of ischemic nervous system
injuries. In development of trophic dysfunction and
nervous tissue damage a great role belongs to mal-
function in permeability of histochemical barriers
and autoimmune reactions directed to antigens of
the brain, especially those that express trophic and
apoptotic activity.

Clinical-biochemical tests of almost all patients
with chronic ischemic brain disease revealed high
levels of primary serum antibodies against $100s
protein and basic protein of myelin, as well as sec-
ondary antibodies against S100b. After administer-
ing amino acid glycine, patients exhibited an
improvement of clinical status and normalization of
antibody concentrations against S100b and basic
myelin protein.

Clinical-immunological analysis showed a sig-
nificant difference in concentrations of serum anti-
bodies against S100b in regard to pathogenetic ways
of acute brain blood flow damage development. In
atherothrombotic strokes the concentration of pri-
mary antibodies was significantly higher than in car-
divembolic strokes. In patients with athero-
thrombotic stroke, a clear timescale of primary and
secondary antibodies formation could be estab-
lished. A connection between the level of basic
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marnog i sekundarnog obrazovanja antitela. Nadena
je zavisnost stepena povecanja koliCine osnovne
belandevine mijelina u cerebrospinalno) tecnosti
bolesnika od lokalizacije i dimenzija Zarista ishemi-
je. Pored toga, kod pacijenata u ¢ijoj cerebrospinal-
noj tecnosti je zapaZeno povecan)e !tktm_a Rl u
trecemn danu oboljenja, dolazilo je do znacajnog ob-
navljanja poremecenih funkcija dok se pri nepo-
volinom ishodu zapaza odsustvo ili negativna di-
namika doti¢nog neurotrofiénog faktora [20].

Kod bolesnika sa aterotrombotiénim inzultom,
kod kojih je u prvom danu oboljenja registrovan
pulsni pritisak veéi od 80 mmHg stuba. kolicina
belanéevina HLDF u serumu bila je znacajno sni-
7ena, dok je nivo autoantitela prema HLDF prevazi-
lazio uzrastnu normu za 50-100 puta. Pri tome. kod
ovih bolesnika sa prvobitno niskom koncenrtacijom
HLDF zapaza se znacajno povecanje ZariSta ishe-
mije mozga. Sprovedena bazi¢na terapija ne dovodi
do promena kolicine S100b u cerebrospinalno) tec-
nosti 1 HLDF u serumu 1 hkvoru ovih pacijenata.

Dobijeni rezultati navedenim istrazivanjima sve-
dode o specifi¢nosti i heterchroniji uceséa neuro-
trofiénih 1 apoptotickih faktora u neurohemijskim
mehanizmima uéenja 1 pamdenja, a isto tako o
vaznoj ulozi tih molekula 1 autoimunih procesa us-
merenjem prema njima u razvoju akutne 1 hronicne
ishemiéne bolesti mozga. Nadene promene koliine
i dinamike ispitivanih faktora i autoantitela prema
njima u krvnom serumu i cerebrospinalnoj teCnost
pacijenata mogu da se razmatraju kao prognosticki
markeri ishemiéne bolesti mozga i efikasnost: spro-
vedene terapije.

myelin protein in the cerebrospinal fluid of patients
and the localization and dimensions of the ischemic
focus was established, Apart from this, m patients
with an increase of lecitin R1 in the liquor three days
after accident, a significant recurrence of damaged
functions occurred. whereas at an unwanted turn of
events absence or a negative dyvnamics of mentioned
neurotrophic factors could be registered [20].

In patients with atherothrombotic stroke where
pulse pressure was above 80 mmHg during the first
day, the level of HLDF protein in the serum was sig-
Tllll[lICE’lHﬂ}-' low, whereas the level of autoantibodies
against HLDF reached levels of 50 to 100 times
higher than age norms. Meanwhile, these patients
with originally low concentration of HLDF pre-
sented significant increase of focal brain ischemia.
Basic therapy did not change the amount of S100b in
liquor, and HLDF in serum of treated patients.

Research findings suggest that neurotrophic and
apoptotic factors are involved in processes of learn-
ing and memorizing. These factors play an important
role in autoimmune processes and development of
acute and chronic ishemic brain disease. Changes re-
carding their quantity and immune response to them
in blood serum and ligquor of patients can be used as
prognostic markers in ishemic brain disease and effi-
cacy of administered therapy.
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