dakynteT MegnumMHCKUX Hayka YHuBep3nteTa y KparyjeBuy

[TPOYHUABARE MEXAHUSAMA
YMWPARA hEJTNJA

HEKPOSA N ATTOINTTOSA

CnobogaHka Jb. Mutposuh
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cMpT heanje je jeaan 04 HajBa)KHUjUX
aorabaja y Omoaoruju

pacBeT/baBaibe OBOT (peHOMeHa y
pasyMeBamby OpOjHMX OMOAOMIKVIX
rnponeca (mopdoreHesa, TKMBHa
XOMeO(CTa3a, CTapeme 1 KapIMHOreHe3a)
nMa ucty, pyHgaMeHTaaAHY 3Ha4daj Kao "
npoandgepanyja ca andepeHiiyjaryjom



,,CMPT HacTyna 3aTto LWTO UCUpPn/bLEHO
TKMBO He MOXXe becKpajHO aa ce
OOHaB/ba 1 3aT0 WTO je 6poj hennjcknx
neoba nojeamHadvyHe henunje KoHa4vaH.*

Weissmann,1881.



* cMpT henunje je HenoBpaTHU ryébuTtak
henujcke CTpykKType U oyHKUUje

HacTaje Yy ck/sony :

- OpraHoreHese

- ObHaB/baHba henunja koa oapacsinx

- NaTO/IOLWKMX MpoLeca Kao oAroBop Ha
owTtehewe




ETUO/TIOLLKN GPAKTOPU OLLUTEREHA
hEJIUWIE U CMPTU

% MeXaHUYKMU
< GU3NUKM
¢ XeEMMUjCKM
** BUONOLLKMU



MEXAHU3MU OWUTEREHA U CMPTU RENTUJE

< XMNOKcHja/nucxemmja

L/

** TeHeTCKM paKTopU

L)

4

L/

L)

* DU3UYKM N XEMU|CKU PaKTOpU

4

L)

* MTHOEKTUBHU areHcu

L)

4

L/

* ayTOoMMyHe peakuuje

L)

L/

0

* cnoboaHU paauKanm

4

*** amcbanaHc HYTPUTUBHUX PaKTopa..........



CTENEH OWUTEREHA U HACTAHAK
CMPTU RENUIJE SABUCE OA:

< TMNA eTUONIoLKOr PaKTopa

** jauMHe pejcTBa

Cell injury

** Tpajarbe AejcTea

“* BpcTe henuje
* NPOKPB/LEHOCTN TKMBA . ! |
“* HYTPUTUBHOT CTaTyCa i I O

and return programmed Necmsis

h EI'I MJ e ...... to normal function cell removal




NOCNEAULE OLUTEREHSA :

** nopemehaj Na-K nymne ca
nosehatbem KoHU,. joHa Na n Boae

* epem henunje

** nunatauuja EP, ogBajatrbe
pnbo3oma

N/

** nosehakbe NponycHOCTH
henunjcke membpaHe

\/

% CMakbere PyHKUuUje
MUTOXOHAPMU]a

*** noseharbe KoHUeHTpauuje joHa Ca

N/

** aKTMBauuja BpPOjHUX eH3MMa



PEBEP3UBWUJIHE :

HaKOH NpecTaHKa AejcTBa WUTETHOr areHca, rpaha u
$dyHKuUmnja owteheHnx opraHena ce nonpassba (ryburak
pe3epBU MUKOreHa, akymynauuja soae, noyetHe
npomeHe y MUKPOTYObynnma u mMuKpodmnameHTUma,
oaBajarbe pubosoma)

UPEBEP3UBUNHE :

NOKPEHYTU ayTOMaTU3aM HeXKe/beHUX peaKuuja ce He
MOXKe 3ayCTaBUTU HUTU KOHTPOZIUCATH, J0BOAU A0
pasrpagmwe henmnjckux opraHena (membpaHe
MUTOXOHAPMUja, "m303o0ma, henmjcke membpaHe n
eHA0MN/1a3MaTCKOr PeTUKY/ZIyma)

: S | g KT CMPT REJIUJE
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Chromatmpattem conserved

normal reversible swelling ireversible swelling ‘ disintegration



3ApaBa
henuja

MuHMManHo

[ejCTBO areHca

AOHK
owTehere
: ﬁ onpaska AHK C
OAJIYKA
aKTuBauMmja
@ Kacnasa @

anonTo3a

XomeocTa3a TKMBa

uHdnamauyumja




hennje ymmnpy Ha ABa HaYUHa:

HEKPO3A

nocnegunua 3HaTHujer owtehera henunje pusnyko-
XeMU|CKUM areHCUma

AMNOMNTO3A

camoybucrtso



HEKPO3A




Cnexmap
MOpPormKUx
npomena xoje npame
heaujcxy cmpm y
KUEOM MKUBY

Mopporowxa
excnpecuja heaujcke
cMpmu




“* HeKpoO3a HacTaje Kao Iocaeanria
3HaTHMjer omrehema heamnje
13a3BaHOI Pa3AMYNTVIM areHcuma

’ [ ]

%* pe3yarar je mpeKopavderha
CIIOCOOHOCTHU TIpmAarobhaBamba
heawnje Ha yrunaje okoanHe



\/

*%*EaeM (ryOmTak criocooOHOCTHU
oAp>Kama ekcTpa/mHTpaheanjcke
paBHOTeEXe jOHa)

¢ Bakyoausaruja MUTOXOHAPHja
(KpucTOaM3a,IpecTaHak CHTEe3e
jeavirberba OOraTyIX €HepIvjoM,
nH$aykc ocaodobhenor Ca)

\/ .

*%*OaBajame puOoo3oma og EP

\/

** Ausza EP

‘ [ ] [ ]

**Ilykotune y heanjckoj MeMmOpaHu
(ocao0abameM 1IMTOIL1a3MAaTCKOT
caap:kaja y OKOAHO TKHMBO)

‘ L] °

** /ln3zo3omu; niyniajy ocaodoabajyhn
PHase, AHa3e, mpoTease,
docdarase, ramkosugase

\/

*%*Jeapo: Kapuopekca, KapMOIIMKHO3a
I Kapnoausa

Excessive enlry of Ca lons

.
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KARYOLYSIS FYENOSIS KARYORRMEXIS

Nuchear fading Nucear shrinkage  Nuclear Iragmentation

dvomain et el VWA cenalves o Panlen PRy ey memlvne apres § o
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ANUCLEAR NECROTIC CELL



* aecTpyknmja heamjckmx
CTPYKTypa je HaCyMMUYHa

* aecTtpyknmja heamjcke
MeMOpaHe pe3yaTupa
ocao0abhameM ITMTOII1a3MaTCKOT
cagp>kaja y OKOAHO TKVBO

®*ocaoboheHn IIpOTEMHCKM
MOA€EKYy AN IIpeACTaB/bajy
XxeMoaTpakTaHTe KOoju nokpehy
3alla/beHCKY peakiujy

°3amnaberme oMoryhasa m
orpaHm4aBaibe MHpeKnje u
omreheme OKOAHOT TKMBA INTO
yCAOB/baBa 4a HeKpo3a
oOyxsaTta Behu Opoj heawnja.
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OIIIITE KAPAKTEPUCTHUKE

Hekpo3a ykayuyje gBa KOHKYpeHTHa IIporieca:

, KoaryalioHa
AeHaTypalyja

poTenHa E) HeKposa

€H3JIMCKa AUrecTuja
KOAMKBAIIM1OHA
* (ayroau3sa u

XeTepoAan3a) ‘ HEeKpoO3a



MOP®PO/TOLLUKE POPME HEKPOS3E

KOATYTTAUNOHA HEKPO3A

» Aenarypanuja nporemHa (1
eH31IMa, YVIMe Ce 3ayCTaB/ba
IIpOe0ans3a) U ryourak Boae

* IcxeMujcka, CTpyKTypaaHa

* Hekpormane heanje ce
OACTpambyjy pparMeHTaIVIjOM
1 paronmMTo3oM

* MakpOCKOIICKM M3raea: MyTHO-
KyhkacTe 00je, CyBO M1 YBPCTO
jaCHO OTpPaHNYEHO I10bE

e [laperxMaTO3HM OpraHmn
Ooratm OeaaH4YeBMHaMa



KOAIYTALUOHA HEKPO3A




MOP®OJIOLUKE POPME HEKPO3E

KO/IMKBALIUOHA
HEKPO3A

° pe3yaTar AejCcTBa XMAPOAUTUIKIX
eH3uMa

* IIpeAOMMHAaIMja ayTOAU3e U
xeTepoanse, Haj AeHaTyparyjoM

* bescTrpykrypaaHa

* MakpOCKOIICKM M3raeA: HejacHO
OTpPaHMYEHO, pa3MeKIIIaHoO I10/be,
0e3 oOpmca TKMBHUX eAeMeHaTa

» @aronmrTo3a 1 pearcopIimja

* Mo3ak, )XapuIiira rHOjHIX
HpeKMja



KOJIMKBALUUOHA HEKPO3A




MOPPOAOIIKE ®OPME HEKPOSE
KA3SEO3HA HEKPO3A

» KomOnHanuja koaryaanyoHse
11 KOAVKBAIYIOHe HEKpO3e

* bescrpykrypasaHa, cupacra

» TBbLI, cudnanc, ryaapemnja,
HeKe I'/bVBIYHe NH(peKje
* MakpOCKOIICKU M3IAe: jaCHO

OIpaHNYEHO, Oe3CTPYKTYPHO
I10/b€, TPOIIIHEe KOH3VICTeHIIV]je

* QaronuTo3a U pearcopIiyja




KASEO3HA HEKPO3A




MOP®ONTOLWIKE ®OPME HEKPO3E
EH3VMCKA HEKPO3A MACHOI TKV/BA

* pe3yaTar AejcTBa ocao0abama
aKTUBUPAHVIX €eH3UMa
ITaHKpeaca

° AKyTHM IIaHKpeaTUTUC

* MaKpOCKOIICKYM M3IAeA: XKYTO-
Oeaudacra I10/ba, Kpejacre
KOH3MCTEeHI1je (Mpbe
nnapaduHa og ceehe)

 CTtBaparme calyHa, IipaheHo
3aI1a/beheM U KPBaBbeHheM
300T ZecTpyKIiyje KPBHIX
CyA0Ba

* IIaHKp€acC, MaCHO TKINBO




MOP®PO/TOLLUKE POPME HEKPOS3E

OPUBPUHOUAHA HEKPO3A

* /IMyHOIIaTOA0OMIKY IIPOLIEeC

* HekpoTnuny macy unHe ¢puOpuH n
APYIY IIPOTEVHMN I11a3Me, Be3VIBHI
MaTPUKC M HEKPOTUYHI OCTaIN
heanja

* KpBHM CyA0BM M KOAareHO Be3MBO
* Mukpockonckmu nsraea: aMmop¢Ha,

eo3suHOpMAHA Maca, ca
XVICTUOLIITHOM AeMapKaIliyijoM

* KoaareHose, peymarcka rpo3Huiia,
peyMaTOMAHM apTPUT, MaarHa
HedpocKaepo3a, HOAMAPTEPUTIC

4 ' "{-r/ r:ir‘l",le",‘
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MOP®PO/TOLLUKE POPME HEKPOS3E

[AHIPEHO3HA HEKPOSA

* [IpumapHa KoaryaannoHa,
CeKyYHAapHa KOAMKBaIIIOHA HEKPO3a

* VMlcxemnja + cek. OakT. nH(peKIja

* cyBa (AOMMHIpa Koaryaaliuja),
BAa>KHa (AOMMHIpPa AMKBedakiiyja) 1
racHa raHrpeHa ( aHaepoOu)

* MaKpOCKOIICKM M3TAeA; 3aBUCU O/
TUIIa (IIpHKAacTa MAM CUBKACTO-
3e/leHKacTa ITpeO0jeHOCT, TIeHYIIIaBo
CYBO 1AM BAa>XKHO I10/be, lepudepuja
eKCTpeMITETa UAY YHYTP. OpTaHN)

» ATepockaeposa, gujadertec...



MCXOA HEKPO3E

peaxkTMBHO 3aliaberbe
pereHepanuja

opraHmusaryja

yalLiepanuja, IceyaAoLyicra, KaBepHa
ceKkBecTpanuja

Kaanudpukamnmja



AINOITTO3A




Pa3no3u 0ososHU 3a Hcusom henuje
0080sbHU CY PA3/03U U 30 HEeHy cmMmpm.



AMNMOINTO3A

ATIWTTITOOLG

fy

falling of

A

onaoamrbe
(nuwha)




ArnonTo3a npeacTBa/ba BaXkaH XOMeoCTaT CKU
MexaHun3am Koju banaHcupatemMm namehy
cTBapawa 1 cMmpTu henunje yTuye Ha
oJp>XaBaH-e HOpMaJiHe rycTuHe henunjcke
nonynauuje

I,"' Apoptotic
body

E—

> -
Phagocytic — \x

cell \J

(b) (c) (d)



" mporpamMmpaHa, reHeTCK1
peryamncaHa, caMOyOMaadka vian
crioHTaHa heaujcka cMpT

" AKTUBaH IIpoI1ieC eAVIMIHYVICarba
He@YHKIIMOHAAHUX VAN
HeloxXebHUX heanja

" cpehe ce y pusmoaomkum n 'y
IIaTOAOIIKVIM IIpOoIiecuMa

" npaTrehu mponjec opraHoreHese
I CTapeiba

" Yy Ogp>KaBamy TKMBHE I
heamnjcke xomeocTasze mMa
KOMILAeMeTapHYy yA0Ty ca
MITO30M

" OrpanndeHa je Ha jeany heanjy
1 HYje IIpaheHa 3ar1abeHCKOM
peaxIjom




Pre-Apoptotic Cell Early Apoptotic Cell Late Apoptotic Call

blehs

s Mudear
fragm ents

1842. VOGT (ONWCYJE RENMICKY CMPT KOZ
BOOO3EMALLA)

1885. FLEMING (OTKPUBA CMPT 3EYMNJET OE-TPAD
OONMUKYNA

1972. KERRJF  (OTKPUBA AMNOMNTO3Y XEMNMATOLUWNTA)

KERR JF, WYLLIE AH, CURRIE AR. APOPTOSIS: A BASIC
BIOLOGICAL PHENOMENON WITH WIDE-RANGING
IMPLICATIONS IN TISSUE KINETICS. BR J CANCER, 1972,26:239-57



® Mpsa 3Harba 0 anonTo3u:
NCNUTMBAHLE Pa3Boja HemaToae
Caenorhabditis elegans

. C. elegans Mammals
dbopmuparbe oapacaor LpB.a: S— ——
H I' Bad | Hrk
notpebHo je 1090 comaTcKmx -mim
henwnja, og, Kojux 131 nognexe R e
l {BelxL, Belw, Mcl-1, A1)

dfnonTo3un

"' 131 henuja ymupe y TauHo h @ |

Death Receptor

(]
i
I
(]
(]
Cytochrome C '
(]
]
]
(]
]

HUM MOM L | L ,
oapehe OMEHTUMA TOKOM ==
pa3Boja LUpBa, WTO AeMOHCTPUPA D :g,ms._ .

T |
N3y3eTHY TAYHOCT U KOHTPO/ly OBOlr > e
5 Death
cucrtema
]

npoanonTotTndykn: CED3 n 4

u aHTHanonToTuukun: CED9



MOP®OJ/IOLLKE MPOMEHE

N\ / HNORMAL CELL

= CmerkypaBarbe henunje
(pa3apatbe NnaMUHUHA U
aKTUHCKMUX pnnameHaTa)

® KoHpgeH3aumja (nMKHO3a)
jeapa
" CmarbuBarbe BosymeHa u
3a0Kpyr/buBakbe henuje
" owTehere mutoxoHapuja
n ocnobahame unuTOXpoma-L,
" paszapare hennjckor
MaTpUKca

" dparmeHTaumja AHK



MOP®ONOLLUKE MPOMEHE

HORMAL CELL

" bybperbe hennjcke
membpaHe U cTBapame
anonTOTCKUX Tena
(uMTOnANa3ma, opraHene, jeapPo ...

" NuBep3unja membpaHe un
OTKpuBare pochaTtnann-
CepUHa, HOPMaANHO
cakpuseHor (eat me signal)

" daroumTosa TKMBHUX MaKkpodara

" daroumntin cekperyjy aHTU-

MHPNAMATOPHE LUUTOKUHE
(IL-10, TGF-B)




w

)

HopMasiHe henunje noceayjy KOHTPOJIHE
MexaHWn3Me KOoju MHAYKY]Y anonTo3y nog
pasIMunMTUM ycnoBuMa: Kaga opoj mytauuje
NOCTUTHE K[I)_MTMLlaH HMBO, NoA4 A4e|CTBOM
untoknHa (TNF, IL-3), HakoH owTeherwa DNA

nporpam henujcke cMpTn ce akTueMpa
Be3nBateM akTuBullyher nuraHaa 3a
peuenTtop Ha MmemMmbpaHun uurbHe henuje y3
OACYCTBO CTUMYy/Nyca HeonxogHux 3a
npeXxuerbaBare henuvje (XopmMoHa nnu
LMTOKNHA)



CTAAUWIYMU ANONTO3E

" MHuuMjaumja (NpeHowere curHana Kpos henujcky

membpaHy nnum ao jeapa hennje)

= KOHTPO/1a UM UHTerpaumja (akTMBaLMja MONEKyNa

no, Ynjom je KOHTPOIOM NpPOoLEC anonTo3e)

= U3BPLLHU CTaAnjyM (KacKaza NpoTeoNUTUYKNX

peakumja y Kojuma Kacnase ¢opmupajy anonToTcKa Tena)

= cTaAnjym yKnarama (aenosa mprteux henuja

dbarounTo3om)



" K/by4yHU gorahajy
WHAYKUW|M anOonNTOo3eE je
AaKTUBALMja Kacnasa -
eHaonpoTeasa Koje
pasapajy CTPYKTYpHe
KOMMOHEHTE U FrEHETCKMU
maTtepunjan henuje.

" WHakTMBHaA dopma
(npoeH3nmun)

¥ aKTMBMPpPajy ce KacKagHo

NPOTEONUTUYKMM LEeNatbeM

penocnen aktmeauuje

3aBUCU O, HaYMHaA

NOKpeTaka anonTto3e

Survival Factors:

Growth Factors,
TNF, FasL, TRAIL Cyickings; vy,
3 Caspase-2 . —~
'RAIDD) / 4
ASK1 7 PIDD) \
"R \ DNA Damage Erk1/2 f%»ﬁllie 13K
™~/ caspase-8,-10 T . l :
ER Stress NIK \ Clir 1
PR 3 \ Cdc2
. ranflar, JNK
Y Gy p53 ) psons /
[Catt] l ( l.
Bid
\ y @ (D)) | @l
(Calpain (E'F"'y ) R W tBid :
M Bol2 | ) Bcl-xL
(Hwa2) : /
Caspase-12 T \“ \/
N — macu’ 1— --------
\ . XIAP / *——\ Diablg f‘ '.‘~, Birn
4 Cyto
Caspase-7 s GSK-3
Caspase-9 ub ‘ub ¥ " ;

Apaf-1) ': I'-_ ('D D\)
\ Csspass-s
Caspase-3,-5, T AiF *
Endo @
/ | FasL
\\f DNA
APP /

Eren / el bh — DNAF agmentatio
W Membrane Blebbing
caspase — CyS[el n

containing
aspartat proteases



" 0Ba KacKaAa, y Kojoj jeaHa
Kacnasa aktuBupa cnegehy,
Nnoja4yaBa anonToOTCKN
CUrHaN v BoAMU Ka 6p30j
CMPTH

® 14 kacnasa (1-14)

" MHUUM]jaTOpPCKe, 3ano4nby
npouec (2,8,9 n 10),
ePEeKTOPHE NN U3BPLLHE,

uenajy cybctpate (3,6 n 7)
1 3ana/beHCKE Kacnase
(1,4,6)

Survival Factors:
Growth Factors,

TNF, FasL, TRAIL C y‘toﬁiﬁes. etc.

:\ Caspase-2 / ; — |

%
Ee
{RAIDD)
( A2 _PIDD) ( ¥ o \'
am zell
37 ~(caspase-8,-10 \ o Dd”ix Erk1/2 CyIle PI3K
I PKC
ER Stress NIK \ ‘sIR2 l
T \ Cdlc2
= JMK
(_ﬁfj_._,_) l
[Ca*t) l
(Calpain) -+E
Y Y Bex
. Htr, !
Caspase-12 e \ \/
N — mac.f q- ........ ?
\ . XIAP _!__\ Diablo. 'a '.~ Birn
ub
Caspase-7 B cyl 06 ! : g
Caspase-9 b ub }, : "
Apaf-) (“ 0)
\ Caspass-s
Caspase-3,-6, T AIE '1'
\'A End G
/ / | FasL
\‘-f DNA
APP | /
apopk L | / Cell bl] rinkage DNAF agmentatio
\_ Membrane Blebbing
Apoptos 5

Caspase — cystein containing
aspartat proteases



NocCToje ABa OCHOBHA HAa4YMHA UM NyTa UHAYKOBaHa
anonTto3e (1 Tpehn, un...), Koju ce mehycobHO yKpLITajy,
NP YemMy MOIEKY/IMN aHTAXKOBAHU Y jeJHOM, MOTY A3
MOKPEHY M APYIYN CUTHANHU NYT:

-- CNoJballkbU NYT (peuentTopmn CMpTH)
-- YHYTpaLWbn Nyt (MUTOXOHAPWUjE)
-- Tpehu nyT: T- hennjcka UNTOTOKCUYHOCT



apoptosis




| el b
BRGNS | SC50d | Ppriioomasins
kit bt | BAAS- D51 | froartoing |

hemiscal

B0 | FR2SS5HE |
J-A | RLIT0GS | ACKT43 |
DD e 0| P




AMNONTO3A UHOYKOBAHA
PELENTOPUMA CMPTMU:

3ano4Yntbe Bes3nBatbem CUrHaaAHUX
MmoJieKkyna (nmraHapa) 3a
TpaHCMeMbpaHCcKe peLenTope CMpPTH

CD95/apo-1/fas (TNFR ¢pammnuja)

Be3nBake INraHaa y3pokyje
TpUmepusayunjy peyentopa u
aKTMBALUMjy NPOTENHA KOjU

signalling complex)

Be3uBare Ll tfepmunHyca CD95 u
FAD npoteunHa , H TepmuHyca FAD
npoTtenHa (DED gomenun) n FLICE/
npokKacnasa 8 aKTUBMpa Cce KacKada
Kacnasa

Q—’FALD ‘——J i

procaspase 8

dopmupajy DISC (death initiating ©o=#="

N\
N\
AY

\ DISC

/N
\ /

OO caspase 8

l (caspase 10)

Caspase cascade

l

/&j;osisby



AMNOMNTO3A YCNEA T'YBUTKA CTUMVYNYCA 3A
NMPEXXUBJ/bABAIDE
(nacuBHa hennjcka cmpr):

" rybutak ctasiHe cTumynaumje
3a npexuB/baBakem
(UMTOKNHK, dpakTopn pacTta u
HEeKN XOPMOHW)

" owTehewa AHK nokpehy
anontosy 3 came henuje
(rpeluka y pennnkauuju,
Ne|CTBO JoOHn3Yyjyher 3payemna,
XemumoTepaneyTuun, Nekosn ...)

¥ peakTMBHU KNCEOHNYHM
pagvikaau - npomMeHa
nepmeabusiIHOCTN MemMbpaHe
MUTOXOHApWja




AMNONTO3A YC/NIEAQ TYBUTKA CTUMYNTYCA 3A
NMPEXUBJ/bABAE

(nacuBHa henunjcka cmpr):

" CBW HaBegeHU CTUMYAYCH .M/
VY3POKYjy NPOMEHY UHTErPUTETA
VHYTpaLLHbe MUTOXOHAPUjaNHE '
membpaHe, WTOo pe3yaTyje s
OTBapaHem ,,nopa
MMUTOXOHZPWjaNHOT TpaHcnopTa“,
rybutkom TpaHcmembpaHcKor
noTeHumMjana n ocnobaharem npo-
anoNTOTOYHUX NPOTEUHA

" Untoxpom-LL n Smac/DIABLO
aKTMBMpPajy Kacnasa- 3aBMcaH nyr.




AMNONTO3A YCNEA TYBUTKA CTUMVYANYCA 3A
NMPEXXNB/bABAIDBE
(nacuBHa henujcka cmpr):

" ymntoxpom C popmupa Komnaekc

ca Apaf-1 (ano.aktms.¢dakT.1). W ;
. CO%L TRUL —— |
® Komnnekc aktuemMpa Kacnasy-9, e | na |
3ajeHO ca HbOM rpaamu anonTo3om gy” C?o"- o
B f"f@

® Anonrto3om akTMsBmpa Kacnasy 3,
ePEeKTOPHU NPOTEMH KOjU M3a3UBA
aerpagaumjy henmje: ceye akTUHCKe
HUTU UMTOCKeneTa, henuja ce
oABaja, bybpu, nsboyyje ce nnasma : e
membpaHa- oaBajajy ce mexypuhu = b 4 =t T Y
(blebs), anonToTcKa Tenawwua




® KoHTpony u perynauujy
arnonTo3e MUTOXOHAPU]aTHUM
nyTem cnposoje unaHosu Bcl-2
tpamunuje (25 reHa)

. (o .
" OBW NpoTenHN ce Be3yjy 3a pro-survival
Crosballky MUTOXOHAPUjasTHY pro-apoptotic BBcll-)f pro:poptotlc
Bim —— Bc-X, —— Ba
MeMOpaHy U KOHTPOJTULLY HEHY s —|
nepmMmeabusiIHOCT. L
& — Noxa
Al
" Npo- 1 aHTN-anonToTUYHW | |
" aHTm-anontotnyHu: Bel-2,Bcl-x,  proapoptotic Ba’I fﬁk
Bcl-XL, Bcl-XS, Bcl-w, BAG

" npo-anontotnyHn: Bel-10,
Bax,Bak, Bid, Bad, Bim, Bik n BIk.



- p53 nojauyasa ekcnpecujy

p21/CIP1, Koju je cynpecop
perynaTtopHux KuHasa henujckor
UMKAyca (LMKAUH 3aBUCHE
KnHa3se- CDKs).

® Bucok HMBO oBOF NHXNBUTOPA
6nokupa akTmeHocT CDK , wto
aosoan Ao 3actoja henunjckor .

enatoxic Stress

UV Light

DHA Damage

unknycay G, dasu

..........

T ———————

p53 NHAYKYje eKcnpecujy BA& l?l
npoTtenHa, FAS n gpyrmx o =
peuenTopa cMpTU U3 pamunuje l D |
daKkTopa HeKkpo3e Tymopa (TNF),
YyMje aHraXKoBake MHAYKYyje
anonTosy
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b/10KMparem nporpamMmmpaHe CMpTU
henunje moXxe ce nocTuhu
MasiMrHa TpaHcdopmaumja hennje
omoryhaBajyhun Tnme ga henuvja ca
oLl TeheweM reHeTCKOIr maTepujana

NpPeXnBu.



* Bcl-2 nHxnbupa anonto3y Kkaaa je
npeBuLLIe ekcnpumupaH unim
ekcrnpummpaH y HealekBaTHOM
TKUBY.

e TpaHcnokaumja t(14;18): oko 85%
®J1n 20% AKHJ. lNMocneguua je
rpeLLke y peapaHxumpamy reHa sa
Tewke naHue U, Tokom Koje ce
BCL2 reH npeHocu ca 18. Ha
14.XxpomMo30M

e [locnegnua oBOr peapaHxvpaHa
je ,nocTtaB/bake, BCL2 reHa noa
TPAHCKPUMNLMNOHY KOHTPOY
NOKyca 3a Tellke naHue
NMYHOT100ynHa.




e NMMdpoUNTM Ca OBOM
TpaHcnokaymjom npoaykyjy BCL2
NPOTEWH Y BE/IMKUM KOMTMYMHaAMA,
LUTO 6N10OKMpaHeM anonTtose
npoay)xasa XnBoT henunjama u
omoryhaBa akymynmpamwe
MyTaunja n peapaHxmpame
OHKOreHa, Kao LUTOo je c-myc.

e Tek koonepaTnBHO AeJCTBO

Bcl-2/c-myc poBogn Ao manurHe
TpaHcdopmauuje, jep 3a pasBoj
Ma/IMTHUTETA MOpa 6UTN akTUBHO
BULLE Of, jeaHOr OHKOreHa.




YJNOTI'A N1 SHAYHAJ ATOTINTOSE

PA3BOJ OPTAHU3MA (paBHoTexKa pacTa U ymupama):

‘/ bopmMUpaHe HEYPOHCKNX CUHAMCHK,
MMMJaHTaUMja jajHe henuje,
KepaTUHOUUTU NPU MUTPaLMju n3 Ayb/bnx enoBa KoXKe Ka
NOBPLUMHK NOANEKY anonTo3u cTBapajyhu aebeo 3aWITUTHU CNOj
eNMMMHaunja enutenHmnx henmnja ca AHa KPUNTU 40 BPXa pecmLa
Yy IYMEH TaHKOr UpeBa,
95% eputpobnacta ce eNMMMHULLE TOKOM XEMATOMOE3e,
enMmunHaumja T u b anmdounta y npoLecy UMyHCKe TosiepaHLuuje,
WHBOJIYTUBHM NMPOLECU 3aBUCHU O XOPMOHA (MeHCTpYanHu
LUMKAYC, aTpodunja oBapmjyma y Bpeme meHonayse, atpoduja
NpocTaTe HAaKOH KacTpauuje)

NN N X



YJNOTI'A N1 SHAYHAJ ATOTNTOSE

EMBPUOIEHE3A (o6nukosare TkMBa 1 opraHa):

oABajatbe NPCTUjY YKNatbakbeM TKUBA KOje UX Craja,
3aTBapake AYKTyca apTepmosyca

NMATOJIOLLKWU NMPOLLECMI:

ennmuHaumja henmja MHOGUUMPaAHUX BUPYCUMA,
enMMuHaumja henmja ca HenonpPaB/bEHMM FrEHCKUM FPeLLIKama,

enumuHaumja hennja owteheHnx 3pavyerem, aHTUTYMOPCKOM
Tepannjom, aHTMOMOTULMMA, OKCUAATUBHUM CTPECOM, AE€N0BabEM
TOKCHHA
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HEKPOSA / ANOITOS3A




HEeKpo3a

ariornrTo3a

NnaTtosiollKa

CIZ)I/ISVIO]'IOLLI Ka Ui natosiollKa

rpyna henmja

jegHa henunja

OTOK henuje

cMameHse hennje

jeapo: nusa/pekca/nnKHo3a

KOHAeH3alMja XxpomaTmHa

pasrpagHa opraHesna

allONTOTCKa TeJla

ATP penneuunja
(nacuBaH npouec)

aKkTuBauuja reHa
(akTnBaH npotec)

3allasJbeHbe

HEMa 3alla/bea




Chromatin clumping
swollen organelles
Flocculent mitochondria

Disintegration

Release of
intracellular
contlents

Inflammation

Mild convolution

Chromatin compaction
and segregation

Condensation of
cytoplasm

= S0 Nuclear fragmentation
* = Blebbing

jé’ Apoptotic bodies

Phagocytosis

Apoptotic body
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HEKPOS3A/AIMNOITOS3A




HEKPOSA/AIMOINTO3A




XBaJsia Ha naxHwu!l
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