4/21/2011

: oy
00 . e o il
Lesion, muerte celllar &%

envejecimiento

Prof. Dra. Marcela Herndndez
MSc Patologia oral

Programa PhD Fac. of Medicine,
University of Helsinki

[ NN Estimulo:
*Persistencia
eIntensidad
MORMAL CELL
(homeostasis)
) Siress. . Injurious
che;iiif stimuiius
___________ CELL INJURY
ADAPTATION inabiity | CELL DEATH
o adapt
(@ Elsevier 2005




[ 4
@ e e | | esion celular
INJURIOUS
STIMULUS
]
REVERSIBLE Reversible
CELL INURY stage?
o o AUTOFAGIA?
________ i ee... Pointofimeversibitty 1 _____. PONR
NECROSIS ‘ APOPTOSIS ‘
© Elsevier 2005
00

o De no ser por los
mecanismos de
muerte celular,
tendriamos 16 kms de
intestino, y 2
toneladas de médula
Osea y linfonodos.

o Por lo tanto, la muerte
ayuda a mantener la
homeostasis de las
poblaciones.
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e e e | Causas de lesion celular
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Lesion celular isquémica
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Patronesn morfologico de
muerte:

Autofagia Necrosis Apoptosis

Contraccion
celular

Actumulo de Tumefaccién y

destruccion de

vacuolas membranas

Condensacion
cromatina

Normal cell

Qpening of plasma
meribrane channels and
extracal lular fluid in‘lux

lenosi )
{pylnosis, Starvafion

v Nadiaticn
Muelear ~ g
el shrincage
com paction
"

Farmatiar of

Less o® 11 on witl
mitechendrial Flyzozcm‘ch ¥ ; Laacage of Progressve
rr embrane : protaasas ard celand
petential Yacuahzaton of = Iyscoomes organel e
cytoplasn swalling
Crheustion of
Furthar cell substrates

shrinkage

Flasma
m em brane
blebbing

~1 Jasmic
Yacuoles with assive cytopl Plasma
g iy e vacuolization and loss RO
3 . of organelles :
Apoplosis whorls Autophagy-associated + Necrosis DL

cell death

4/21/2011



Autofagia, necrosis y
apoptosis

Causas:
Apoptosis v/s necrosis v/s
autofagia

Membrana
I’ plasmatica

lMl Tipo y duracion
noxa

jll Capacidad
metabdlica
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® o o | Autofagia

o De Duve
o Self-eating

o 32 genes en
levadura, altamente
conservados entre
especies

o Degradacion
Iproteolitica de
componentes
citosolicos en
lisosoma
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Autofagia:

00
La muerte puede esperar

ma  Generacion de energia y metabolitos

I Digestion de organelos y macromoléculas
redundantes o dafiados

Causas:

* Deprivacion ATP
* Deprivacion GF
* Estrés oxidativo
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® ¢ o | Autofagia (macroautofagia
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Table 1. Autophaqy-deficient mouse models and human diseases linked to defects in specific autophagy genes

Autophagy gene and function
(human/mouse)

XX p—

Atg16L complexes with conjugated
Atg5-Atg12 to promate expansion
ani cunature of the nascent

phagophere

BECN1/Becn!
Beclini requlates the kinase activ-
ity of Vpsa at the ER; com-
plex: includes regulatory compo-
nents UVRAG, Atg1aL, Rubicon and
Ambra

UVRAGTMg
UNAAG complexes. with Beclint
ani Vps34 at the ER to promote
autophagy

IRGMlrgm

Immunity-reiated GTPase stimu-
lates autophagy and promates
clearance of pathogenic bacteria

CIN3/Cin3

Associated with Golgi, endosomes
and liid rafts and may play @ role
i transporting ceramide and ather
sphingolipcs to g rafts

AE3 ubiquitin figase that localizes
o the mitochandria and is required
for mitcphagy

pEZ/SASTMY
A multifunctional adaptor protein
that promotes. tumover of paly-
ubiquitinated protein aggregates
thraugh interaction with LC3 at
the autophagasome

Lamp2

A lysosomal membrane pro-
tein required for fusion of the
autophagosome with the [ysosame

Human disease linked to
e

13004 mutstion in ATGI6L linked
to Crohn’s disease, discovered by
GWAS

BECN1 & mono-alllicaly deleted
in breast, ovarian and prostate
cancer

UVRAG is mang-allelically deleted
in colan cancer

Deletion of upstream regulatory
‘sequences segregtes with Crohn's
disease and s associated with
altered IRGM expression

Accumuiztion of proteclipids in
children with Batten disease leads
to neurodegeneration and is due
o inactivation of the CLVS gene.
which promates autophagosome
fusion with the lysosome

Parkinson's disease [PD] is associ-
ated with el death of dopamin-
ergic neurcns and progressive loss
of cognitive and motor function.
Mutation of several genes are
linked to PD), including Parkin

pEl mutations are linked to
Paget’s disease in which increased
bone tumover results in abromal
bone architecture. Associated with
deregulated NF-xB signaliing and
reduced tumaver of ubiquitinated
protins

Danon disease is an X-linked
disease resulting i hypertrophic
cardiomyopatiy and accumulstion
of autophagosomes in the heart
muscle

Mouse madel phenctype

Loss of Aty 16L1 inkiits autophagy
in Paneth cells, reducing secre-
fion of granules of antimicrobial
peptides that influence intestinel
microbiots and causing increased
inflammation

Becn-rull mice are embryonic
lethal, showing a defect in cav-
itation of the blastocyst. Becn!
heterozygates are predisposed to
hmphoma, hepatocellular carci-
noma and other cancers

KA

KA

Immature sutophagoscmes in tis-
sues. from mice with inock-in of
‘mutant forms of Cing

NI&

p&2-null mice are resistant to Ras-
driven lung carcinogenesis. Loss
of pe2 prevents accumulation of
ubiquitin-pesitive protein aggre-
gates in the liver and neurans of
Atg7-deficient mice

increased autophagosome mum-
oers in muliple tissues, cardiomy-
opathy, steletal myopathy. peri-
adontitis associated with inflam-
‘mation due to defective clearance
o intracellular pathogens

32-35

1617

636

39.49.5062.53
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® e e | | esion letal: Morfolog

Ndcleo

*Picnosis

*Constriccion nuclear y
aumento de la basofilia
*Cese de la transcripcion

«Cariorrexis:
*Fragmentacion del nicleo
Cariolisis:

*Disolucién del ndcleo

©

Nuclao pienético

.

Fragmenios caroréxicos |

del nucien
N
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® @ o | Necrosis: Patrones

Jll Cambios morfoldgicos que siguen a
la muerte celular en el tejido vivo

* Enzimas lisosdmicas intracelulares
» Autolisis o heterolisis
* Desnaturalizacion de las proteinas
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® @ o | Patrones de necrosis

Necrosis de

coagulacion

* Oclusion del riego
arterial e isquemia
tisular

* Tejido firme y palido.
* Mantencion de la

arquitectura y siluetas
celulares

® o o | Necrosis de coagulacion

ulp with partial necrosis irved FIGURE 3- Pulp with complote necrosis, degeneration of
cell nuclei (red armow) and calcification (black arrow) (H.E., blood vesses (blse amow) cell nuclei (red arrow) and nerve
original magnification 200X) bundles (white arow] (H.E., orgina magnification 400X)
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® @ o | Patrones de necrosis

Necrosis por

licuefaccion

» Aspecto semiliquido a
causa de las enzimas N «.4\.3.

hidroliticas iﬁa 33“.* L Sy-
* Por bacterias a 'a_‘w. - !

piogénicas que atraen .. :
PMN % "S s a,nd‘ .i'"
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® @ o | Patrones de necrosis

Necrosis por

caseificacion

« TBC

« Tejido blanco y
blando que recuerda
queso

» Masa proteica
amorfa, pérdida de la
arquitectura tisular

4/21/2011

13



®e e | Apoptosis

l Embriogénesis y
desarrollo

g Homeostasis ]

= Envejecimiento

Reacciones
inmunitarias

o Lesion celular

e ¢ o | Morfologia

Células aisladas

Eosinofilia g i
Condensacidn

periférica de la
cromatina

Hw =

o

Membranas intactas §
Fagocitosis en
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N
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NECROSIS

Phagocyte

© Elsevier 2005

APOPTOSIS
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Apoptosis: Aspectos
bioquimicos
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® e o | Caracteristicas bioquimicas

Fragmentacién
de las

NGty | © caspasas
ADN:

- ATP

Energia

e o fosfatidilserina y
Eifesicl trombospondina
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e e o | Caracteristicas bioquimicas

- Fragmentacidn
internucleosomal
del ADN

. Endonucleasas
dependientes da
CG 2+ y Mg 2+
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® e o | Apoptosis vs necrosis

Table Il. Fundamental differences between apoptosis and necrosis

Necrosis Apoptosis
Erology Acute cell inju(;?due to extracellular stimuli Various intracellular or extarcellular stimuli
Character Pathologic K Physiologic or pathologic
Distribution Groups of cells or patches of tissues Widely scattered isolated cells
Energy requirement Passive process (ATP-independent) Active process (ATP-dependent)
Morphologic features Swelling of the cytoplasm Shrinkage of the cytoplasm

Cell membrane lysis with loss of cell contents

and organelles

Random DNA fragmentation

Reaction of the Inflammation
surrounding tissues

Extemalization of phosphatidylserine and cell membrane
blebbing with formation of membrane-surrounded
apoptotic bodies, which encompass cytoplasm
and organelles

Chromatin condensation and DNA fragmentation
into oligosomal fragments with “DNA ladder™ formation

Phagocytosis without inflammatory reaction

De qué depende el patrén de

muerte?
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® e o | Apoptosis: Fases

GRANULE

EXQCYTOSIS
SIGNALS INTRINSIC/
EXTRINSIC/DEATH MITOCHONDBRIA-
DEPENDENT SIGMNALS

RECEPTOR SIGNALS l

‘ INTRACELLULAR '

PROTEOLYTIC
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MORPHOLOGICAL
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CHEMOTAXIS &
RECOGNITION
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TETHERTNG &
ENGULFMENT

by L

FRAGMENTATION
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y

TISSUE
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‘ CLEARANCE/RESOLUTION .- ‘I INITIATION/EXECUTION ’

® e o | Apoptosis: Via extrinseca

Inmunolégica

Ligandos y receptores de muerte

Superfamilia TNF-a

DISC

Caspasa-8
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Apoptosis: Via de los granulos liticos

Apoptosis
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® e o | Apoptosis via intrinseca

ROS

Causas

. Respuesta de A
sonnitsso [l proteinas no [l Peprader
plegadas

® o o | Apoptosis: Via intrinseca

Regulacion BCL-2

Aumento de permeabilidad
mitocondrial

Apoptosoma

Caspasa 9
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Via intrinseca:
Reguladores bcl

Mitochondrial injury or dysfunction
(Increased cytosolic Ca?+, oxidative stress,
lipid peroxidation)

Proapoptéticos Antiapoptéticos

ATP production

ochrome ¢
00

Mitochendrial
membrane

¥ o Cytochrome ¢,
Mitochandrial permeability other pro-apoptotic
transition {MPT) proteins

\

Apoptosis
Elsevier 2005
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& SMAC

APOPTOSOME
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‘P53
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Fases: 2. Eliminacion de

o0 ,
células muertas

PHAGOCYTIC
CELL

APOPTOTIC
CELL
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L ‘ Apoptosis en enfermedad
-

TISSUE

HOMEQSTASIS adecuado

APOPTOSIS * * MITOSIS

EXCH E INAPPROPRIATE .
. CELL DEATH . CELL SURVIVAL . . .

CELL ATTRITION . # CELL ACCUMULATION

R \ A

DEGENERATIVE DISEASES PROLIFERATIVE DISEASES
(EG-. NEURODEGENERATLON, (EG. AUTOIMMUNE DISEASE,
AIDS, HEART FAILURE) ' CANCER & CHEMORESTSTANCE)
’ ‘ WRONG DEATH
PROGRAMME

OTHER DEATH
O PROGRAMMES °- .
- .
.

(PARAPTOSIS,
NECRGPTOSIS, SUCCESSFUL
AUTOPHASY, ETE)  RECOGNITION NEEROSLS Fi. 5 Holeof spopt. @
. 5 Role of apoplosis in discase.
Apoptosis is required for the main-
tenance of tissue homeastasis. Dis-

RESPOMSES pathagenesis of several of the mast
common human diseases, as dis-

& CLEARANCE
* FALLED
* CLERRAnE ruption of apoplosis, or interference
RESPONSE * ‘ INFLAMMATION with the engulfment of apoptatic
UNKNOWN AUTOIMMUMNE cell corpses, can contribute to the

LIFE AFTER DEATH"
. cussed in the present review. Other
(RESOLUTION OF INFLAMMATION, forms of cell death may also occur,
INDUCTIOM OF IMMUNE TOLERANCE, but these pathways have not been
COMPENSATORY PROLIFERATION, ETC) well described to date.

- > 50% enfermedades s/tto.
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® ® o | Apoptosis y cancer

o >50% neoplasias

o >bcl-2, >p53 (TP53)

o Ca lengua: bcl-
2/bax

o > agentes
quimioterapéuticos
inducen apoptosis

=3

“uy

o

Overexpression of p53 in a well-differentiated SCC: magnification “ 40.
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Necroapoptosis
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® ® o | Envejecimiento

. ~ RSy
v RIS
- -
o .
e I
- ;
. 4
& '

g ‘acus 'msmm_
“Aging seems to be the only available way to P8 SGUERACES §
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TABLE 1
Characteristics of Aging

1. Increased mortality with age after maturation.

2. Changes in biochemical composition in tissues with
age.

3. Progressive decrease in physiological capacity with
age.

4. Reduced ability to respond adaptively to
environmental stimuli with age.
5. Increased susceptibility and vulnerability to disease.

BIOLOGY OF AGING—TROEN
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GENETIC FACTORS

Envejecimiento celular

ENVIRONMENTAL FACTORS

DINA repair Various genetic Environmental insults
defects abnormalities l
(e.g., IGF-1 pathway) Reduced
Free radical- proteasomal
mediated damage activity
Accumulation Abnormal

of mutaticns cellular signaling

Accumulation of damaged cellular
proteins and organelies

Replicative
Senescence

Reduced ability to
produce new cells

CELLULAR AGING
Elsevier 2005
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Elizabeth Blackburn:

Nobel prize in medicine 2009
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® e o | Fnvejecimiento
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Fig. 5. Balancing cancer and aging. Adapted with permis-
sion from: Ferbeyre G. Lowe SW. The price of tumour
suppression? Nature 2002: 415:26—27 (reference 201).
o000

EL FIN

4/21/2011

29



® ¢ o | Referencias actualizacion:

o Robbins, Patologia estructural y funcional, 72 edicion.

o Meier & Vousden, 2007. Lucifer's laberynth-Ten years of path
finding in cell death.

o Loos & Engelbrecht, 2009. Cell death. A dinamic response
concept.

o Hotchkiss et al, 2009. Mechasnisms of disease: Cell death.

o Scarlatti et al, 2009. Does autophagy have a licence to kill
mammalian cells?

o Fimia & Piacentini, 2010. Regulation of autophagy in mammals
and its interplay with apoptosis.

o Glick, Barth, Macleod. Autophagy: cellular and molecular
mechanisms. J Pathol 2010, 221:3-12

Prof. Dra. M. Hernandez, Prog. Magister Cs.
Odontoldgicas mencion Patologia Oral, 2011

4/21/2011

30



