OAKYNTET ,,MEOMLUUNHA*
HEHTBHP 3A JTUCTAHIIMOHHO OBYUYEHHUE

a MEJIUIINMHCKUA YHUBEPCUTET - IIVIEBEH

Nexuma Ne4

Hekpo3a. Anonrto33a

Mpod. ao-p CasenmHa NonoBcka, AMH



REVERSIBLE
CELL INJURY

IRREVERSIBLE CELL

INJURY = NECROSIS

Hexkpo3sa
AmionTo3a




REVERSIBLE INJURY

IRREVERSIBLE INJURY

) (Cell death)
Eﬁy/ﬁ'; d S esssasiiiiiiiiiiiiiiissiiasiiasiias mjelzjnr;brane LC;_IESS‘:’LGI_ ids t Leakage of
Ischemia gy’tasﬁeleltzll / ecnéy Tlgil}
l alterations (LK,
Free radicals | N,
Lipid breakdown t Ca=* influx
Others
Cellular swelling — —
tInflux of Ca®* Loss of microvill
Mitochondria INa — 4  H20 andNa* Blebs
# Oxidative pump Efflux of K* ER s_ul.rel_hng
phosphorylation Myelin figures
l / Clumping of
nuclear chromatin L )
VATP ——= t Glycolysis
ycoly \\\ / In?racallular ' Basophilia (+ BNP)
\ } pH » 'elease and Nucl h
activation of uciear changes
Cther + Glycogen lysosomal Protein digestion
effects enzymes
Detachment of } Protein Lipid
ribosomes synthesis deposition



HedunHnumna 3a HeKpo3a:
Mopdonornyiu npomeHu, BogeLum oo
CMDBPT Ha KINeTKU U TbKaHU B XXUB
opraHu3bM, Noa AencTBUue Ha
yBpexaawim eH3NMMN.
ETnonorusa. Kakto npn Heobpatumure
NPOMEeHUN — UCXEeMUS, BUPYCMH,
dousnyeckun areHTH, pagnauus,
TOKCUHM.



REVERSIBLE NORMAL
CELL INJURY

IRREVERSIBLE CELL
INJURY — NECROSIS




[laToreHe3sa:

1. PasrpaxgaHe Ha KneTkute oT
KaTalIMTUYHNTE EH3NMU
2. [leHaTypauuna Ha NPOTEUHUTE



Kierkure ca MbpTBU, HO HE HEKPOTUYHU IPH

[locTmMOpTanHa aBTonmMaa

Cnepn dukcauus npu buorncusi, nopagu
OeHaTtypauus Ha benTbunTe




ABTOJIN3a




McxemMuss — Knacuyecka npuymHa 3a Knetb4Ha
CMBPT NpUMmMep 3a CMbLPT
1. Bugose kneTku
YCTONYMBU KNETKU - C.T.MYCKYJTHU KNETKMU:
HeycTonymeum — HEBPOHU, KAPANOMMNOLMNTU
2. CbCTOsIHME — YA3BMMU - NO BPEME Ha MUTO3a
HeaeKkBaTHO CHabasaABaHE C XOPMUHU
BUCOKOCMeUnanumsnpaHn KrneTku
3. BpemeTpaeHe Ha XMNOKcU4:
- 3-5 MIH 3a HEBPOHU
- 30 min - 2 h3a xenaTouuTu ,
- noBeYe oT 2h —CKeNeTHN MYCKYIN,XOHOPOLNTH




PaHHM npoMeHn —En.Mukpockon

= 2 2 and nucleus
8% s _
:o Swelling of | ~ = ——t} T
— | . o s
22 endoplasmic \k” L)
b eticulum and loss Y )
I | ofosomss | TN  Nuclear
& & Lysosome rupture —\? . cONdeNsanon
€2 L)
o o~
2 Membrane biebs { . ~ Swollen mitochondria
ﬂ ‘ l O - D — with amornphous
p . e Lo densites

-KoHAeH3npaH XpoMaTuH
-C6bpbykBaHe Ha MeMbpaHaTa
-UunTonnasma:

- MexypueTa no membpaHaTa

- PaswmnpeH eHaonnasMm. peTuKyayMm
- Je3nHTterpaunsa Ha pubosomu

- OTOK B MUTOXOHApUUTE

- MUEUHOBU DUTYpPU, Nopaan arperaums Ha LMTOCKENETHUTE
efieMeHTM pynTypa Ha —aBT0/1M3a

- TyBenuyeH obeM Ha umuTonsaasmMaTa



KbCHU TpOMEHU

BLE CE
NECROSIS

Anpo

IRREVERS!
INJURY —»

1. Karyopyknosis — c6pbykKkBaHe Ha

aapoTo, 6azodunua (crpynBaHe Ha
XpoMaTMHa)

2. Karyorrhexis — ¢®oparmMeHTauma Ha
ApOTO B UMUTOM/1a3MaTa

3. Karyolysis -pa3pylwiaBaHe Ha 94poTo




KARYORRHEXIS

KARYOLYSIS PYKNOSIS

Nuclear fading Nuclear shrinkage Nuclear fragmentation
Pyknotic nuclei membrane ruptures & nucleus

chromatin dissolution due to DNA condenses into shrunken
undergoes fragmentation

action of DNAases & RNAases  basophilic mass

I Nuclear dissolution

y

ANUCLEAR NECROTIC CELL

e




karyorrhexis u karyolysis (dissolution)




HuTomiazma

XOMOreHHa - OT Ae3nHTerpaums Ha
opraHenu
aeHaTtypauns Ha 6enTbum
] N0 e03nHOMUINHA
-4 6asodpunua(y PHK B pnbosomute )
T advHUTET KBM

IAR
INJURY — NECROSIS







CIIELIU®UYHU ®OPMU HA
HEKPO3A
KOATVJIALIUOHHA
HEKPO3A



B noutu BCUUKY ThKaHU C U3KIIOUEHUE HAa MO3bK
1. PaHHU MpOMEHU — HE C€ BU3yaJIU3Upa
2. KbcHU MpOMEHU — HEKpOTHUYHATA 30Ha € OJesa

necrotic borderline normal
tissue tissue zone
vasoconstiction normal color
release of hyperemia

vasoactive —»
substances hamorrhage



cut surface - white-gray to yellow color or more pale than normal color of tissue. Slightly prominent,
unclear structural pattern of organ. Increased consistence (denaturized proteins).



XNCTONOrn4yHo
3anaseHun ca odepTaHudaTa Ha kneTkute!!

KInMHWYHO 3Ha4YeHune
N3xoabT 3aBUCK OT:
1 Pasmep
1 JNNokanunsauus
EH3MMKUTe nonagat B uMpKynauudara



1 Creatine kinase (CK) — muoxapn ;

1 Lactic dehydrogenase , Glutamic oxaloacetic
transaminase (GOT) —muokapa 1 4.1po0






The contrast between normal adrenal cortex and the small pale infarct is good. It is an
examle for shape and appearance of an ischemic (pale) infarct.




Two large infarctions (areas of coagulative necrosis) are seen in this sectioned spleen.
Infarcts are often wedge-shaped with a base on the organ capsule.




Ka3eo3Ha Hekpo3a ( caseum)

ETnonorna (tuberculosis, brucellosis lues)



JIuncBaT KIeThYHU I'PAHMLIM HA KICTKUTE,
nopajau abJI0OKaTa Jerpagamnys Ha
CTPYKTYPUTE



Mopdoaorus

XUCTONOINNYHO —

1. AMopdeH, rpanyiapeH, €03MHO(DUIICH
MaTepUaJl, U3TrPAJICH OT PA3PYIICHU KIIETKH.
2. 1 paHyI0OMaTO3HO BB3IIAJICHHUE OKOJIO
HEKpO3aTa



This Is the gross appearance of caseous necrosis in a hilar lymp
node infected with tuberculosis. The node has a cheesy tan to white
appearance.




This is more extensive caseous necrosis, with confluent cheesy tan granulomas in the
upper portion of this lung in a patient with tuberculosis. The tissue destruction is so
extensive that there are areas of cavitation (cystic spaces) being formed as the necrotic
(mainly liquefied) debris drains out via the bronchi







KOJIMKBALHINMOHHA HEKPO3A



Mo31bK, nopaan 6oratcTtBO Ha NTN3030MMU
ETnonorma — ucxemus
Koarynauus

XUaponmMTUYHU EeH3UMU
d ABTOnmn3a
(eHuedanomanaung)




AxyMynanus Ha JICBKOLUWTH 1 ()OpMHUpPaHE HA a0CLIEeC
Swiss cheesy brain







, KOJTMKBAIlMOHHA HEKPO3a

AoOcuec Ha 4epeH Apoo




Grossly, the cerebral infarction at the upper left here
demonstrates liquefactive necrosis. Eventually, the removal of
the dead tissue leaves behind a cavity.




As this infarct in the brain is organizing and being resolved, the
liguefactive necrosis leads to resolution with cystic spaces.
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I'AHI'PEHA

[loaBua Ha koarynauuoHHa HeKpo3a :

1.Bpb3ka Ha HeKpoTUYHaTa TbKaH C
BbHLUHATa cpeja .

2. [1Be coopmu
2.1. Cyxa —guctanHuTe 4acTu Ha KpanHuum



Mopd010rM4HOo- CUHKaBO-YepBEeHUTE 30HMU
ce TpaHccopMmupaT B cMBO-KadpaABM A0
YEepPHM :

cbpbykBaHe — 3aryba Ha TEeYHOCTMU

TbMeH LUBAT— @QopMuMpaHe Ha FeS

2.2. Bna)xHa raHrpeHa
BakTepuanHa nHdpekyns

\

Arperauus oT NIeBKOLUTHU ¥
KonvkBauMoOHHa Hekpo3a 4



Ma-BnaxHa raHrpeHa .
B CuBKaBO-3€J/IeHUKaB LUBAT
B HenpudtHa MUpusMa

KJIMHUYHO 3HaYeHue -
_JlokaneH edekKT

bonka

Pas3da3BaBaHe
HarHogaBaHe

3aryba Ha pyHKLUUS

[epdopauyus

TOKCUYEH LLOK-CUCTEMHO YCNOXHEHMUE












's Decubitus Ulcer

NEKYBUTYC —

Decubitus Ulcer Measuring
4 Inches in Diameter

[lpn nmobmnnmnsaumd

© 2000 Armous Visowr Scamons







Progression of decubitis ulcer
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MACTHA HEKPO3A

OBA BULA:
TPABMATUHHA
EM3NMHA



TpaBMmarnyHa

ETnonorna — npu pynTtypa Ha MacTHU KNETKN B OpraHu,
boratn Ha Ma3HUHU
[TaToreHesa - Bb3narieHne OKoJsio CbAbPXUMOTO
Mopdornormna — TBbpaa Maca, benesHnkaBo-XbiiTa
XUCTOSIOMTNMYHO — OETPUT, Bb3NanuUTENHN KNETKN,
NEeHEeCTN KIETKU, TMraHTCKMN KNETKN TUM “4y>Xao Tano”
KNUHNYHO 3Ha4YeHne - UMKaTpuKkc






EH3MMHa HeKpo3a - B nepuToHearnHa v
naHKpeaTUyHa MacTHa TbKaH Mpu OCTbP
naHkpeaTuT
[MpoTeasn n nunasu paspyluaBaT napeHxmma

1 Kp.CbOoBEe
KanuueBuTe COnu - saponification

MaKkpOCKOMNCKM - XXbITN 1 6enn 30HK C
KPbBOU3NNBU









DOuOPUHOUIHA HEKPO3a Fibrinoid Necrosis

+ Usually seen in immune rxns invelving blood
vessels

* Ag-Ab complexes deposited in arterial walls

* These immune complexes + leaked fibrin ->
fibrinoid appearance

« Often Al diseases

HaTpynBaHe Ha donbpuHouna npu UMyHHU HapyLLEHUS
HapyLweHa cbaoBa NPonyCKINMBOCT
ABTOMMYHHN MeXaHU3Mun-SLE
scleroderma
XPOHWYHa nenTu4Ha sa3Ba
1 MaKkpoCKoncKku - HAMa xapakTepHa Haxoaka
XUCTOMNOrM4YHO — OTJlaraHe Ha e03UHOMUIIEH,
XOMOreHeH maTtepuan, npunnyawl Ha pubpuH



Case 1: Polyarteritis
nodosa

fibrinoid necrosis of
1 the vessel wall

A

: ._ . > ‘

A ol
.4 .j,éz&:; lymphocytes,
;2@ .~ plasma cells and
“4 macrophages

T



e

fibrinoid
R SN

Pk i )y

* dense fibrous connective
[ P e S T S T

Sy e Kt 7:

P




FIBRINOID NECROSIS OF ARTERIOLES







Case 11: Chronic gastric ulcer

cellular debris >

fibrinoid necrosis ———p

granulation tissue ————p




Immigrant Irreversible

leucocytes cell injury
Heterolysis / \

(Catalytic Denaturation of

Cell proteits

} enTyme s HR’ /
release of > Bloc of
lysosomal Cell death| — | proteclytic
enZymes BYITY T E S
Autolysis / \

Liguefactive Coagulative

fECr0a1s nectrosis




AIIONTO3a

OT rpbuUKM = “ KbM NagaHe” — KNeTbYHO CaMOybunnCTBO
[TporpammupaHa KneTb4yHa CMbPT Ha OTAENHU KIETKMU,
b6e3 oTaensiHe Ha yBpexaalm cybctaHumm
reHeTUYHO perynupaH nNpPoLec Ha KreTb4yHa CMbPT,
aKTUBMpaHa OT Hann4ne unu nurica Ha onpeaerieHu

CTUMYIN
JAHK yBpena



¢¢ 2 4 "

ATOTTOGCIC

Photo by: posledenzalez



Sir John Edward Sulston

* bpurtancku 6HoJIOT -
oJiydaBa HOOEJIOBA
Harpaja 3a Meauiusa,
2002 roguHa, 3a
M3y4aBaHE Ha Ipoleca
Ha alonTo3a BbPXY
HEeMaToaa

« Caenorhabditis elegans,
YHuB.ManuecTsp




PusnonormyHa

1. No Bpeme Ha embpuoreHesaTa

2. XOPMOH 3aBUCHMaA NHBOSOLMA NPU Bb3PACTHU
— Npn MeHonaysa

3. lHBONOUMA HA OpraHnU-TUMYC

Prenatal Hand Duck Foot




Cell shrinkage

Mucleus fragmenting (karyorrhexis)

Apoptotic body @

Phagocyte engulfs
apoptotic bodies




IIaToJ10ornuHa

MHnummnpaHa ot naTtonorM4Hn CTUmMynm
1. CbwmnTe, KOUTO NPEAN3BMKBAT HEKPO3A, HO B
No-HUCKN Ao3n —tenua Ha “Councilman”
2. [NlaTtonormyHa atpodusa B XOPMOH-3aBUCUMU
TbKaHW - NpocTaTta cnen Kactpauus
KC - aTpodus Ha TUMYyC
3. [lpun perpecus Ha Tymopwu.



ITaTorenesa

EHepro-saBucmMma Kackaga or .
(1 DNOXUMUNYHN CBOUTUA, aKTUBUPAHU OT CTUMYIIN
14 gpasu:
a)HayanHa dasa; b)koHTpon;
C) U3Nb/IHEHWE Ha anonTo3aTa,
d) npemaxBaHe Ha 3acerHaTuTte KrneTku oT dpoarounTtosa



AMNONTOTUYHUN CTUMYNMN
1. YBpexaalin areHTu
1 Pagnauuns
] TOKCUHU
(1 cBODOOHU paKknkanu
2. N3nuwbK unn nunca Ha pacTeXXHu dpakTop-
TNF
LUTOKUHU
3. B3aumogenctmeTo Ha peuenTtopa c nuraHga
aKTUBKUpPAa anonTto3aTa



KoHTpon

(1 Unxnbutopu: Bcel-2, Bel-x
1 NpomoTopu : Bax, Bad
da3a Ha anonTosa: akTuBaums Ha
npoTeasun - caspases (cysteine proteases)
HapyLleHunsa Ha ymtockeneTa n aapeHusd
MaTPUKC



HapylueHusa Ha uMTocKeneTa Ha KneTkaTta
(1 CopbUKBAHE Ha KNETKUTE

[OHK yBpeou oT aktuBaumnsa Ha
eHOOHYKIea3n — xpoMmaTMHOBaA
KoHOeH3auun4



Intrinsic Extrinsic (death

(mitochondrial) receptor-initiated)
pathway pathway
[ | l |
T Withdrawal of growth /"i“\, Receptor-ligand interactions
L/ factors, hormones WL/ «FAS
« TNF
)/;/ receptor a
ot ,.//J N
Regulators: /@ P'"""ofmp“’“c Adapter proteing
Bel-2 tamily | eg.,
| members cytochrome c\ Initiator caspases
£\
) )
= EXGCUlIONET s Granzyme
Injury / \
* Radaton | Mitochondria 958 v caspasas B
* Toxins
«Frea DNA ©
radicals damage

Ligands for

phagocytic
cell receptors

Cytoplasmic bud Apoptotic body



BbHIIHA akTHBaIIUA HA arornro3aTta
(axkTHBAIMS HA PELCIITOP-JTUTaH/)

— R Fas- Fas auranj

R cosoosossome,, METHHPAHA ATIOINTO3A
Death
domain [F | IIOBBPXHOCTCH PCUCIITOP, CBBP3dH C
Il}h{ll
udg PoGasases  yrembpanata - Fas (CD95)
Autocatalytic
e B oJIurann, Fas (FasL niou CD95L), ce
833‘;32595 IPOAYLHpPA OT KICTKH OT MMYHHATa
cCHCTEeMa.
.
Execuioner caspases To3u mbT € BakKeH 3a eTMMUHHAPAHE Ha

.
APOPTOSIS AKTHUBHUPAHHU J'II/IM(I) OIIUTH



BbTpelnieH nbT Ha akTUBAUS (MATOXOHAPHAIICH)

CYTOSOL :
Bind to and
P neutralize E
Other pro-apoptotic =————————> Inhibitors of
proteins (e.g., AlF) apoptosis
(1APs)

Inner membrane —!

Cytochrome ¢ e

Apaf-1
P O
Caspase
activation
MITOCHONDRIAL >
MATRIX o D
= =
B o
<3
(]

QOuter membrane Execuiioner caspases

l

APOPTOSIS

* yBéeJindyeHa nponycKnumBoCT Ha MUTOX. MeM6paHa

* yBeriM4yeHa NponycKIMBOCT — 0CBOOOXAaBaHe Ha
Cytochrome C 8 yumonna3mMama akmueupawu Kacrna3su



Normal Cell Apoptosingcell

[lpemaxBaHe Ha anonToOTUYHUTE Tenua
- eKcrnpecupaTt MapKkepu, akTUBMpaLliu
MaKpodharnrte
Makpockoncku - 6e3 Haxogka

XUCTOMOMMYHO - €ANHUYHWN KNETKU UNK
CTpynBaHUA — anonToTUYHU Tenua, BuaumMun npu
PYTUHHU OLBETABAHUSA
AOpo - NNbTEH XpOMAaTUH C ABa UMK NOBEYe
doparmMeHTa



[{uTomiazma - €03MHO(UIIHA U COpBUYKaHA IUTOILIA3Ma,
bbp3a enuMmuHaIysg OT Makpodard.
KJIMHWYHO 3HAYCHUE
Anonro3ara e BaxxHa 3a:
1. EMOpuorene3ara
2. Perynupa OanaHc-niponudepanus
3. MexaHu3bM 3a eIMMUHAIMS Ha aOHOPMHU KJIETKHU
4., BaxXxeH MEXaHHU3bM 3a TYMOPHA PErpecrs 0 OTTOBOP KbM
Teparms.



Liver cells are dying individually (arrows) from injury by viral
hepatitis. The cells are pink and without nuclei.




Hekpo3a AnonTto3a
Cmumynu [TaTonorn4Ha dunsnonornvHa
[laTonornyHa
Mopdoonorus [ndy3Ho TbKkaHHO | YBpeaa Ha
nucleus yBpexnaHe eOVHUYHU KIeTKn
Xpomartonusa KoHaeHsaums Ha
XpomMmaTunHa
MexaHn3bm ATP HamansaBa AKTUBaUma Ha
MemMbpaHHa eHOOHYKIeasu
yBpena Kacnasu
Peakuus Bb3naneHue darountosa 6e3

Bb3rarneHmne




ANoIKIS
* Anoikis, 3Ha4u "(...CbCTOSIHUE 0€3 JOM) —
kinerbuHa CMBPT OT JIMIICA HA

KJIETKA-MATPUKC
B3AMMOJIEMCTBUA.

» KileTkuTe akTUBUpAT KJIEThYHA CMBPT IIPHU
3ary0a Ha KOHTaKTa UM C €KCTpareIyJIapHus
MATPUKC UJIU ChCEIHU KOHTAKTH

* AHOHKMC € (popMa Ha KJI€ThYHA CMBPT OT
3ary0a Ha KOHTAKTHU-3aKOTBSIIUTE MEXaHU3MHU
Ha KJIETKa-CKCTpaLeayJapeH MaTPUKC



Death Receptor Pathway

— &
-

Mitochondrial Pathway
Anoikis Stimuli

MA@
m

Cytochrome C

!

__Caspase:3 i
Convergence Pathway l |—

Cell Death/Anoikis



Steps in Metastasis

Secondary
Tumor Site

-I-‘-o- lss
“

Migraton ANOIKIS  Adhesion  Migrationy  Survival and

: Proliferation in
Invasion  pagistance masion

Environment




e IIpu HamnumMe Ha KOHTAKT C
EKCTpalellyJIapHUs MaTPUKC C€ HHXUOUpa
anolkis.

LA L L L L L L L L LDl L L Ll L Ll L L L
K suspended cells j




Entosis

 HeamonToTHYHA KJIE€ThbYHA CMBbPT PH TYMOPHTE,
nopaam 3arydoa Ha Bpb3Ka ¢ MATPHKCA

 MHBa3uga Ha eqHA KMBA KJIeTKA OT JApPyra ¢

nmocJjcaBailla MHTCPHAJIN3AIIUA U AKTHBAIIUA HA
JIN3030MHHU CH3INMHU

« Overholtzer, Michael; Arnaud A. Mailleux, Ghassan
Mouneimne, Guillaume Normand, Stuart J. Schnitt,
Randall W. King, Edmund S. Cibas, Joan S. Brugge (30
November 2007). "'A Nonapoptotic Cell Death Process,
Entosis, that Occurs by Cell-in-Cell Invasion'. Cell 131
(5): 966-979.



Entosis

 KiuerbyeH KaHM0AJIU3BM IPU TYMOPHUTE

o “cell-in-cell” wiu “cannibalism”




Enzymatic
digesticn
and leakage
of celluiar
contents

NECROSIS

Phagocytosis
of apoptotic cells
and fragments

Phagocyte

APOPTOSIS



Ferroptosis

dopma Ha aBTOdaruyHa KJIeTbuyHa CMBPT

HoBa popma Ha KieTbuHa CMBPT - AKTUBHPA

CC IIPpHN HAMAJXIBAHC Ha KJICTbYHATA PCAOKC Cystine

XOMeOcTasa “% |
/ Onco
Kens3o0-3aBrcuMa aKkyMyJaalys Ha KICThYHU RAS FN
CBOOOJHU paJUKaINd OT OKUCICHU JIUMUINA O/ X Cysteine  Type-|
T€HETUYEH KOHTPOI. '
ganlee Glutathi
[{MTOJOTNYHUTE IIPOMEHH ca COPHUKBAHE HA a4 e
KJIETKaTa - - 1
\‘:-.\ }I 1 l_ GPx4
yBeIIMUCHA IIbTHOCT HA MUTOXOHIPHUUTE. Lysosome Ligid
AKTHBHpA C€ OT MAJIKHA MOJICKYJIU 1 -O0H Typer
JIEKapCTBa. i
Mma 3HaueHue 3a npoiudepanusata, npu  Death |

KapIIMHOM Ha maHkpeac, 0b0pek, tuMpomu,
XEMaToLEeyJIapeH KaplUHOM.



. “Lipid

Glutamate

Erastin Glutamate
Sulfasalazine —|
Sorafenib System X,
N
1-% Cysteine <= Cystine
Methionine ——" \ l =B850
SICAES HMG-CoA

GSH

1 se |
Mevalonate
(1530513 |. / *_i iy
- l\HNss = l
l COQ‘.D
bvit. E /

Fe?
CPX -
Ferrostatins

Liproxstatin-1
Ferroptosis

Trends in Cell Biology




Hexpornro3sa

Be3manurenna CMbpT

[Iporpamupana Hekpo3a (KICTHYHO
CaMOyOHICTBO), KOSITO HE € CBhpP3aHa C
aKTUBAIMs Ha caspase

IIpencraBeHa B UMyHHAaTa CUCTEMA
MexHuU3bM Ha 3a1uTa OT BUPYCH

[Ipu BB3MAIUTEIHNA IPOLECU KaTO OOJIECT Ha
Crohn’s, maHKpeaTUT U MUOKAPICH HHPAPKT



https://en.wikipedia.org/wiki/Crohn%E2%80%99s_disease

Autophagy
celdeaty ADOPLOSIS
Ferropt05|s | é Inhibitors
Necroptosis ¢

Programmed &’



ABTOo(arus

Camousskaane

MexaHu3bM - TU3030MHA AcCrpaaanus Ha KIICTbYHHN KOMIIOHCHTH

BaxHa poJisi B KI€ThYHOTO OLIC/IsIBaHe, JU(epeHIUAINS,
PA3BUTHUE U XOMEOCTA3A

[IpennasBa KIETKUTE OT NATOTCHU-NH(PEKIIMO3HM,
HEBpOACTeHEpallMs, OHKOICHE3a, OCTapsIBaHE U ChPACUHU
0oJieCcTH

OT KaKkBO C€ MHIYIUPA - XUIIOKCUS, CTPEC, TI1a]

89



Mukpoasrodarusa

e UuBarmHanus Ha JIM3030MHATA
MeMOpaHa M CJIMBaHe C JJU3030MHUTE

Microautophagy

proteins, lipids,
organelles

90



Chaperone-mediated autophagy
(CMA)

e bearsuuTe momagar B OUTONa3Mara C
[IOMOIIITa Ha KOMILUICGKC OT OCITBhIHU
chaperone proteins (Hsc-70)

* pa3smo3HaBaT ce OT JIM3030MHH
meMOpannu peunentopu 2A (LAMP-
2A)

e llormpiane u gerpagaus

Chaperon-mediated
autophagy

proteins

91



Makpo-aBToarus

 P3I'PAXKJAHE HEHEHYXHUM g
CTPYKTYPH B nuzo3mure ¢ g
aBTO(aro3oMu —IBOWHO MEMOpaHHU §
MexypueTa 3

« autophagosome

« (CiMBaHe Ha JIM3030MU C aBTO(Ar030MHU

Autophagosome-Lysosome fusion

Macroautophagy

Target:| proteins, lipids,
organelles
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Insulin
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Physiological functions

Provision of nutrients
during catabolism

Generation of ATP
in stressed/starved
cells

SISVLSO3IWOH

Signals for
heterophagic removal
of apoptotic cells

Degradation of
misfolded proteins

Removal of surplus
or damaged
organelies

STRESS ADAPTATION

Genomic stability
(Tumor supression)
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Relative autophagic activity

Cell physiclogy, pathology

Excessive levels

Induction of cell death,
reduced survival

Physiological levels Efficient removal of cellular damage,
N > renewal of cytoplasmic contents,

delayed ageing, longevity

Accumulation of cellular damage (toxins),

LOBS W BMOPENaTY: accelerated ageing
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Histology’s ‘Placental villi’
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