CELL PATHOLOGY AND AGEING

CELLULARRESPONSE
Stimuli
1 AlteredPhysiologic Stimuli } CELLUR ADAPTATION
OR Eg : D Atrophy
Non-Lethal Stimuli i) Hypertrophy
i) Hyperplasia
iv) Metaplasia

2. LethalStimuli-Transient  :  Reversiblecellinjury
Lethal Stimuli-Persistent : Irreversibleinjury
Celldeath
v
NECROSIS
MORPHOLOGICAL CHANGES APOPTOSIS
NECROPTOSIS
PYROPTOSIS
3. Chroniclnjury Stimuli . Intracellular accumulation
Eg:Fats, Glycogen, Proteins
= Calcification
4. Sublethal Stimuli Persistent ~ :  Induce cellular ageing
CELLULAR ADAPTATIONS

- Stimuli — Cell — Changein their Number, Size,Phenotype, functions

v

- Removal —> Comeback to @ State
CELLULAR ADAPTATIONS ARE REVERSIBLE
- Theseareboth Physiologic & Pathologic
$

3
Pregnant Uterus Barrett'sEsophagus
HYPER TROPHY
- Definition :  Sizeof cell €+ butNumber of cell Same
- Mechanism : € Insynthesisof cellular protein
- lIsalsoboth :  Physiological & Pathological
3 3
Eg:Pregnant uterus Eg:  CardiacEnlargement
(both hypertrophy d/t Valvular defect
& hyperplasia
HYPERPLASIA
- def : No of cellIncreased But size of cell remains same
- Mechanism : I)¢ © GrowthFactor : Most important mechanism

Cell
£ NuTranscriptionFactor

©* Cellproliferation
i) 1 Tissuestemcells
4
1 noof cells

Both Phgsiologic & Pathological
4

\
¢ Pregnant uterus © Estrogenontheendometrium
+ Pregnant Breast 4
¢ CompensatoryHyperplasia  Endometrial Hyperplasia
Liver Regeneration

After Liver Resection
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Dr. Devesh Mishra’s Pathology Notes

ATROPHY
- def: Size &no. of cell are decreased
- Mechanisms: i) { Proteinsynthesis
i) UbiquitinProteasome «— i) Autophagy
Degradation pathway U U
| Self  Eating |
h4
INTRACELLULARPROTEIN
DEGRADATION PATHWAY
Ubiquitin-Ligase Activation
3
Ubiquitin
+
Target Protein
U Theseare takeninto
® I
Activate proteasome Double membrane bound
(organelle) Autophagosome
3 (ContainUbi +Tar.Pro)
degradationof 4
Ubiquitin + Tar. protein Combine with Lysosome
3 3
ATROPHY Degradation of Protein
- Both Physiologic & Pathological
3 3
during fetal development Denervationatrophy
4 2, Muscle
loss of notochord & - Muscle
Thyroglossal duct Nerve Atrophy
Supply Trauma
- Endometrial Adenocarcinomaa/w BOTH HYPERPLASIA & ATROPHY
$a/w 4 a/w
Type 1 Endometrial Type-2Endo
Adenocarcinoma Adenocarcinoma
3 3
| GoodPrognosis Poor prognosis |
U
. Bothareprecancerouslesion
METAPLASIA
- def : 1lmaturecellreplaced byanother type of mature cell
- Mechanism :  CYTOKINE/GF
3
- Alterationof tissue-stem cell Reprogramming
- Both Physiologic & Pathologic
U
In cervix (during / menustruation) | |
Squamous metaplasia EPITHELIAL CONNECTIVE TISSUE
at squamo colournhar junction MESENCHYMAL METAPLASIA
Eg:Myositis ossificans
Trauma T Musclelnjury
! ! BonewithinMuscle
+MCType : ¢+ BARRETT'SEOSOPHAGUS

- MCC: Gastroesophageal Reflux
U

Disease (GERD)
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(6‘7 Musclein
GERD ﬂ(;‘ Q Vacules
stress — @ Tissuestemcell OO0 — Gobletcell
— ’L'D

D)

— Reprograming Squamous cell Coloumnar
Columnar CELL Squomouscell cell cell
[ I S

Squamous Metaplasia o\; Resp. Tract Colourmnar Metaplasia

(MC Type of Metaplasia) d/t to the presence of Goblet Cell

#d/t Vitamin A Deficiency akaINTESTINAL METAPLASIA

Vitamin A excess (Hallmark of barret’sEsophage)
Stain for GOBLET CELL :

(ACEIBIESEan : pH-25

forintestinal Goblet : pH - alkaline
# Risk of Barret'sEsophages :  Adenocorcinoma of Esophagus

#Metaplasia —— Dysplasia — Carcinc|>ma
|

\V
Exception :  Apocrinemetaplasia of breast tissue have norisk of malignancy

ALCIAN BLUE STJI.IH OF BA.HREI"I"S Mu-

COSA:
shows IMe Diue- slaining gobiled cells, @ lew specialired co.
umnar cofly, and B cinar-siaining gastric-byps surfacs oo-

Rirninar ool
CELLINJURY
- MCCofcellinjury : ISCHAEMIA
4
HYPOXIA OXIDATIVE STRESS
onmitochondria
4
#Freeradicals production
FREERADICALS aka = Oxidants

Reactive oxygen species (ROS)
- FRarenormallyproduced d/tincomplete oxidation within mitochondria
- Def: Anychemical species with unpaired e- outer orbit
- Mechanismof action:byoxidative damage
v Damage of
i) Cell membrane
i) Cytoplasmic Proteins organelle
iii) Nu.membrane
iv) Nu.chromatin
DNA damage
FREE RADICAL (Oxidant) AntiOxidant

i) OH:MOST REACTIVE i) VitaminsA/C/E

il HO, i) Proteins: Transferrin Ceruloplasmin
i) 02 iii) Enzymes:Catalase Glutathione
iv) ONOO SOD (Superoxide dismutase)

# 1 Catalase PEROXISOMAL
2. Glutathione:MOST POTENT ANTIOXIDANT ENXYMES
3. SOD

|5 Responsible for Brain protection fromFR damage
5 MultationinSOD gene: Amyotrophic Lateral Sclerosis
(Motor neuron disease)
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*kk

HYPOXIA
Most - Susceptible

Typesof I<:ell injury

NEURONS : Survival time
3-4Min
CARDIAC: 20-40Min
(~30Min)
FIBROBLAST :Hrs todays

Transient Stimuli
Reversibleinjury

REVERSIBLE INJURY

Persistent gtimuli
Irreversible Injury

Ischaemia (4O,

{ Oxidative phosphorylationin mitochondria

ATP production
(4 5lot of Normal)

L First sign: Cell Swelling
Except for Apoptosis

HYDROPIC CHANGE OR CLOUDY
SWELLING

Hign o iwversible njury dok o cytoplasmic dnlensan by sa-

CoNRNT wWaler eniry

i) Mitochondria

Cristal
Cellin}

# MImportant Factor for cellinjury

iv)
Na+/H20
Ca2+
N

Mid MM
\ \

Reversible Irreversible
4
cytosolic CaZ+(Mild 1)
T ®
Phospholipase
4
PL (on cellmembrane)
# Nucleus-Damage

N

L First sign: Cell Shrinkage
2 Vacuolar Degeneration / HydropicDegeneration
d/tintracellular water accumulation
Aka Cloudy Swelling
Eg: Acute Tubular necrosis of kidney
3.Organellechanges:  EMExamination

=

Ribosomes Er gwelling
ii) Ribosomal Detachment

Absence of Cristal
Mito chondrial swelling

ALt G

°°° "7~ Smallamorphous =t
Densities

Ca” (Cytosolic Ca™)

N WHORL LIKE
(@), ¥
MYELIN-FIGURES

Made up of PL+Ca2+
seeninbothreversble &irreversible

MYELIN FIGLURES

Bt Triws. wwse it inpry (LIBF gt b0, 1agd ) wbagmivig) ey fug)
urwn dwrvsd from damags of e cell membrans fwiors of
s

Eosino philic (Pink/red)
Bascophilic
of granulomy/ fibrillany chromatin
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InReversibleinjury

1 Dis aggregation of granular/fibrillaryNu. chromatin

REVERSIBLE INJURY

- Because of Persistent lethal stimuli
4
1 Cytosolic Ca”

3 (@ / Activates

A
PhosPtolipase Proteases Endonuclease
U U 3
Cellmembrane damage  damage of cytoskeletonprotein Nu-damage
U b U
i) Myelinfigures(max) ~ Lossof cellarchitecture  DNA chromatin)
i) EM:Large, flocculent, amorphous ) Pyknosis SEQUENTIAL
densitiesinmitochondria ii) Kargo-rrheri{% DAMAGE
iii) Karyo - lysis
) PYKNOSIS PN Clumping / Condensation
(@’ of chromotin
+
v Shrinkage of Nucleu
i) Karyorrhexis Nuclearfragmentation T~
IRREVERSIBLE IMJURY
J FragmentedNuclei immm'::f
iii) Karyo lysis Chromatin Lysis dissolution

Irreversible Injury - Cell death

Decreasedbasophilia
Thrownout

4
Morphol?gical Changes
! ! ' }
Necrosis Apoptosis Necroptosis Pyroptosis
NECROSIS
- 2Patterns of Necrosis

i COAGULATWENECROSIS
= Mcpatternof necrosis
= Denaturationof Protein
4
Tissue architecture : Preserved
Eg:Ischaemicinfarction of solid to
organs Eg:Heart (Mc)
Kidney
Liver

# EXCEPTINBRAIN
Ischaemicinfarction

i LIQUEFACTIVE NECROSIS
=  d/t 1 Lysosomal permeability
3
Enzymes leak out
Y
Enzymes leak out
Y
Enzymatic damage of cell
(HYDROLYTIC DAMAGE)
= TissuearchitectureLost
Eg: ) Ischaemicinfarction of Brain
Brain
:thereisno stromal support
of absence of collagen also
brainisrichinLiquefactive

enzymes
i) Infections
SPECIAL TYPES
1. GANGRENE
- MC sitel LOWERLIMB

@ Drygangrene

(® Wetgangrene
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* Tissuearchitectureispresevered * Bacterial Contamination
Egof Coagulative necrosis ToxinEnzyme release
* Typeof Lique factivenecrosis

2 CASEOUSNECROSIS
- It'scalledlikethis : of cheesyappearance Gross

Yellowish-White debris

- SeeninTB : Cheesyd/t presence of MYCOLIC ACID
- Onmicroscopic examination :  Coagulative Liquefactive Necrosis
&

Amorphous Granular Pink structure
Considered as Variant of coagulative Necrosis

3 FAT NECROSIS

It maybe due to
a) Enzymes b) Trauma
Acutepancreatitis EgBreastin)
3
Lipasereleased
U
Act onLipids
3
Release FA
Combine with Ca”
Called Saponification
GROSS  : .. Chalkywhite appearance
ME EccentricNu
Normal Anucleated
Fat cell Fatcell (GHOST CELL)

Pink Cytop
Amorphous Basophilic deposits
S/0 Calcium deposits

Pdermial Pat fiones Wa. Pat nacracie
."". : -
1,.""':-
"{J
-| - ]"'1
8%, _1.....r

"
A

FAT NECROSIS -
u——:_-:m"ﬂ-—n-wu mmm
- —_—n [Eo R

S FIBRINOLDNECROSIS

- Presenceof Fibrin  + ImmuneComplex[Ag + Abl
Pathology :  Vessel WallDamage
3

Coagulation Pathwag — > FibrinFormation

- Seenin i Vasculitis:  PolyarteritisNodosa
ii. Malignant HTN
- ME

"rr|f -'\ j."_ by

- Blood vessel

Pink, amorphous homogenous
FIBRINOID NECROSIS
Showing deposition of fibrin (pink matenial | on the wall of
FIBRINOIDNECROSIS =~ mierisle a2 s consequence of magnant iyperiension.
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NECROSIS APOPTOSIS
* 1 Lysosomal permeability * d/t 1 Mitochondrial Permeability
4 4
Enzymes Intact Cellmembraneintact
U “ NoLeacking
CellMembrane damage 3
4 = NOINFLAMMATION
IC Content leak outside & Acts
aschemoattractant
Y
INFLAMMATION
*  Alwaysp Pthological *  Apoptosis Both physiological &
Pathological
APOPTOSIS
- Falling - off the cells from the tissue (literal meaning)
- Programmed cell deathls seenin | Apoptosis
Il Necroptosis
. Pyroptosis

IV. NeutrophilicExtra Cellular Trap NET)
- Energydepend process >> ProgrammedCellDeath

(active process)
- Apoptosisis  PHYSIOLOGICAL ~ (MC) PATHOLOGICAL
3 3
Eg:  1Organogenesis /Embryogenesis ~ Eg 1.ChemotherapyorRadio

2.Neo Vascularisation therapy (Apoptosis + Necrosis)

3 Killing of inflammatory cells 2 Glucorticoidinduce

after completing their function apoptosis (- Prevent autoimmune)

4 Elimination of auto-reactive 3. Graft V/sHost disease

cell(Toprevent Autoimmunity 4 Councilmanbodiesin
ViralHepatitis: There are
Apopticbodies
5.Misfolding of Protein

- MORPHOLOGY :a. Cell Shrinkage
b. MOST CHARACHERISTICFEATURE :  Chromatin Condensation

¢. 2ndMOST . CellMembraneintact
d. NOINFLAMMATION
e Hyper Eosinophilic Cytoplasm (Not Specific)

By chromatin Condensation

l

f. Ncell

Phosphatidyl - Serine Receptor
(LipidReceptor)
EAT-ME SIGNAL
FlippedReceptors
ANNEXIN-V: MARKER OF
APOPTOSIS

“Bleb”

Detach

I Mitochondria
@v Apoptotic Bodies

At Vol MY NN Membrane bound structure
b Thoelc, K-t g, with organelle theymay &
9 maynot have nuclear
h. remenents
Eg:CouncilmanBodies
/Q Pak/P Scanger® END OUTCOME
=Phagocytosis
ﬁ%ﬁ:hm Phago cytic Ce
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- BIOCH EMISTRY

1

AGAROSE GEL ELECTROPHORESIS

II I-Imlhilrpdﬂ-nwlnwhnh H i chee 1o endorcisann

B Difluse wrearing patiern s i rcrosi.

Pro Caspase (Pro-C)

4 Activation

Caspase ——> , EndoNuclease Activation

L
/ Chromatin Condensation

Function:NuDNA Damage As specific Fragments
INTER NUCLEOSOMAL DNA DAMAGE
Size of fragments: (180-200 Base pairs

Canbe Observed Agarose Gel Electrophoresis

(g g | Smering
szp [acﬂcr seen in D pattern
() Agoptcsis - Charachtzristic 4 '
i) Necrosis = Seenin
STEPLADDER Necrosis
MECHANISM OF APOPTOSIS
| 2events
J —
INITIATION EXECLfTIONAL
| Pathways C’,6,3Activation
J ] 1o
INTRINSIC P/g) HWAY EXTRINSIC PA'%IWAY Endonuclease
) ¥
CH C & (nlowerAnimal) Chromatin condensation
C10 UnHumans) (= Apoptosis)
INTRINSIC PATHWAY

— AkaMitochondrial Pathway
asmitochondriais the
MImportant Organelle
It's aMajor Pathway

STRESS/INJ.ISTIMULI

|—€ BH3 protdnsaj

|2

AP

proC9 C3

EXTRINSIC PATHWAY

4 PROTO~ ONCOGENE
I

|
a. PRO-APOPTOTIC b ANTI-APOPTIC

© BAX * BCh-2

* BAK ‘* BCL X,

- BCL-Xg * MCL -1

- BHz only proteins famiy

(on cell surface)
% STRE3S -SENSORS

T

‘Bim « PUMA
*Pad * NOXA
'Bid

© Inhibits  1AP
.. They are pro-apoptic

:“ SM&D/IABLO

— AkaDeathReceptor mediated pathway

i) TNF -Receptor:

MOST WELL-DEFINED

i) FAS/CDDS

# FLIP

Anti-apoptotic proteinpresentin

Death (®) + D-Ligand (Eg : TNF + TNF,)

S & Adapter Protein
(e sfio =—> C8/10

(‘*E’ﬁﬁ Pressin*({)Cell

y Viruses (HIV)

Anti aptotis © apoptoticin Ext. Patyway

Normal cell
Virus (HIV)

(O Apoptosis at extrinsic pathway byinhibiting the formation of C8/10
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# Hallmark of Apoptosis Activation : Caspase Activation
Hallmark of neuronal apoptosisactivation  :  AIF (ApoptosisinducingFactor)

No caspaces
Clinicopathological Co-relation
= Misfoldingof proteins —— 11+ Mis foldedprotein Feature of neurological disorders
. Alzheimer ds

Caspase Il Parkinsons ds
4 . Hunligtonds
Apoptosis
NECROPTOSIS
- Programmed Cell Death Without Caspase Activation
- Necrosis + Apoptosis
3
- Morphology  Programmed Cell death
Mechanism :
TNF, + TNF
4 Recruits
RIP-1+ RJIP-3 (Receptor Interacting Protein)
Lo 1@
without caspase
Mitochondrial Stress C-8
3 3
FRProduction Apoptosis (Extrinsic
D Cell Swelling
ID CMdamage MORPHOLOGY OF NECROSIS
D Inflammation =NECROPTOSIS
Considered as variants of Necrosis
NECROPTOSIS is both Physiologic & Pathological
U U
Eg :MammalianBone )Neurological disorder
growth plate formation 1) Pancreatitis

PYROPTOSIS
- Pyrogeninduced Apoptosis

IL-1
- Variant of necrosis
Mechanism : Bacterial Ag (Eg:Flagellin)

\’
Yall lie @
|

7 [
PrC-11 — C1 A9 '
" d,l | \|/Nod— like ® (NLR)
. Cell swe ing
ii) CMDamage %{@_‘ rhoom
iii Inflammation IQ‘NFMI 9 E
vo C-1— (-]
p
@
1L-1:lfL-

. Cell Swelling
Il CmDamage
Il Inflammation

ChronicInjjurious Stimuli
1 Leads to
Intracellular accumulations
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Dr. Devesh Mishra’s Pathology Notes

I.@substalnces ii. Abnormal substances iii. Calcification
b ' 1 Coal / Silica
Lipid (Mc) Pigments
Glycogen . Lipofuschin
Proteins Il Hemosiderin
Il Melanin
LIPID :— Mcintracellular accumulation

— Aka STEATOSIS (1rLipid deposit.in cell)
— It canbe Triglycerides (TG) : =~ MCLipid Accumulation |

Cholesterol
CEsteraces  Alcoholic /INAFLD/Hepatitis/viral

Phospholipid

Clear Vacoules :SPECIAL STAIN /7 Best stainin frozen/ Crosection
i.  Oil-Red-O-stain: Lipidwill beRed
i. SudanBlack-B :  Lipidwill beblack

SUDAN BLACK STAIN

INTRACELLULAR FAT. OIL RED O STAIN
N will appeer as cloar spece wilh scoandos ke thsmaed Fat Qs iy skt S i 03 b o) o) 0 o] Y i ihiorwarig Fal Ghdnibri s Black daposi
by Pl weithvinn emita. et LB o T J

GLYCOGEN : - 8:‘% SPECIAL STAIN
20/ imswe } GLYCOGENIN RED COLOUR

ii. Best’s carmine Stain

PROTEINS ~ : 1 ProteinSynthesis
U
Mis folding of proteins
3
Response  :UPR(Unfolding Pr.Response)

J 1 1®

StressonER Autoplay Caspases
U (Programmed cell death) 3
Synthesisof chaperons @+ prt.Misf —> @ IC Apoptosis

(Regq. for proper folding l Protein Degradation
of proteins) Ubiquitin +Protein (Target)
4

Takenin to Autophagosome &
combine with Lycosome
U
Degradation of proteins
# Failure of Unfolding ProteinResponse
3
Misfolding Protein Disorder
# Autophagy / Ubiquitin Proteasome Degradation Pathway
isa/w i Atrophy
ii. Inflamation(TB)
Atgs-Sgenecontrols : N Phagocyle function of macrophage
U
Deletion
3
T8
ii. Concers  (Dsyregulated)
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IV. MitochondrialInheritance

PIGMENT ACICUMULATION
\ J
N.Pigment Abnormal Pigment
i.  Lipo fuschin i. Lipofuschin
ii. Hemosiderin ii. Hemosiderin
iii. Melanin iii. Melanin
PIGM Et‘\lTS
J v
BROWN BLACK
I
3 ¥ , J
LIPOFUSCHIN HEMOSIDERIN Melanin *In :  Skin(Normal
* Oil-Red-0 * PEARL’S PRUSSIAN : Melanoma)
* SudanBlack B Blue Stain * Special Stain :FontanaMasson
LIPOFUSCHIN :  AkaAgeingPigments
FR—> Damage CM @ Brown Perinuclear pigment

Made up of Phospholipid + Proteins (Dominants)

Seenin :  *Cancer Cachexia
* Severe Malnutrition
* Ageing
It’s aka TELL- TALE SIGN OF FR-INJURY aka WEAR & TEAR Pigment
CALCIFICATION ‘:; el ey 4
— Seenin fralkaline pHof tissue ¢ .‘ ,_,.,h“ ] ) "
— Startsin B4 f‘ 3 ..*!"i
except for Kidney ;"‘ :'5 i F, h""\_ "
-l E EP ot 1"* U K
StartsinBasement Memb. PEAL'S PRUSSIAN BLUE STAINING
— Pathological Calcif|ication P e ron Bepssis s s s,
¥
DYSTROPHIC METASTATIC
*Tissue - Damage * Normal tissue
* Ca2+Level:Normal *High Ca2+
Eg : 1 TBLymphNode *MCC
I Rheumatic Heart Disease 1° HYPER PARATHYROIDISN
Volve Damage U
I1l.Mancke berg Medial Calcific Sclerosis  MCC:Parathyoird Adenoma
IV.Psammoma Bodle * Other Causes
Seenin :Menhgoma . RenaFailure  (2Hyper Para.
Mestholioma I1) Excessive Vit A&D Synthesis

RepillaryRCC Thyroid *MC Site:Lung (Alveoli)
GastricMucosa Systemic Artery
Least common: Parathyroid
# M/E :  Basophilic AmorphousMaterial (H&E)

Confirmation % Retinoic acids
MC&BEST :I) Von-Kassa Stain:Black NYO)

1) Alizanh-Red:RedColour QS(:ED clast
(modifted macrophug?)
l'

Boru. -eating
¥
M G
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DYSTROPHIC CALCIFIEATIIiIN
Dymtrophic calcification of damaged valve in RHD.

-
L

VON KOSSA BLACK STAIN
showing calcium as black deposit.

AGEING
L Progressive accumulation of sublethalin). stimuli

2

CALCIUM DEPOSITS (HEMATOXYLIN AND
EOSIN STAIN )
caleium wil be basophilic | biua) Frasn dlapiriit

[ =]

F s

ALIZARIN RED STAIN
showing calcium as red deposit.

FRproduction:Most Widely AcceptedHypothess

Ageing
Increased collagen deposition or Increase cross-linking of collagen
Ageing
Most effective method toprolong life spon Colorie -Restriction
1) 3 FRInjury 4 @/ Induction
ID 1+ Proper pr.Folding SIRUTUIN
I & Apoptosis v D Induce
IV) ftInsulin Sensitivity = 1+ Glucose Metatolism MOA \
V) £ Overall Metabolism Small Amount
of Red- Wine
Changesinageing |.Cell Damage
Il.Mito Chondrial Damage
I1l. Glucose Metabolism
IV.DNA Damage
V. Telomere Shorting

TELOMERE

Short stretches of DNA @ the end of chromesome

Function:|.Ensure complete replication of chromosome

1. Prevent fusion & degradation of chromosome

Progressive cell division

Telomere shorteing

Fusion / degradation of Choromosome

WERNER SYNDROME
* Pre mature ageing
d/t Defect inDNA Helicase

v/s WERMER SYNDROME
* MEN-1Endorine
disorder

Required for repair & Replication






