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n CELL INJURY PART 1 G

CellInjury 00:00:49
One-liner

» Themost common cause of cell injury: Hypoxia

o Themost common cause of hypoxia: Ischemia

o Cellmostsensitive to hypoxia - Neurons / brain tissue (3-5 mins)
Cell most resistant to hypoxia - Fibroblasts (can withstand up to 60 minutes of hypoxia)

Types of cellinjury
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e The first change of cell injury - mitochondrial dysfunction
» Na'K' ATPase

o Normal is NOKla-Na' OutK'In

o 3sodium ions go out, and 2 potassium ions come in

Myelin figures
s Myelin figures comprise phospholipid >>> calcium
e Myelinfigurcsareseenin
o Reversible cell injury
o Irreversible cell injury - more enhanced
e Under the microscope - lamellated concretions under electron microscopy

P . et
Electron Microscope
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[ Severe Membrane damage/defect 1 Mitochondrial damage (Amorphous flocculent densities)
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Seen in mitochondria

Ve ks an .

.

"'Seen In irreversible cell injury

Calcium in mitochondria
IR 2
Amorphous flocculent densities.

Calcium also activates enzymes.

Nucleases: Cause nuclear change

[ Nuclear changes i
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and condensation |  fragmentation gets dissolved
Celldeath
1. Necrosis

2. Apoptosis
3. Necroptosis
4. Pyroptosis
Necrosis 00-12:00
e Pathological cell death
s Ttisassociated with inflammation,
1. Coagulative Necrosis
o Themost common type of necrosis
[toccurs in the solid organs - kidney, heart, liver
The most common organ is - the heart
Cause infarction in the organs
Mechanism of action: Denaturation of proteins
Microscopy
— Ghostcells
~ Tissue architecture is preserved.
~ Details are lost.
— Multiple ghost cells: Tombstone Appearance
o Notseenin 2 solid organs

= Brain } They show liquefactive necrosis.
—» Pancreas

C 0 0 0 ©o

2. Liquefactive Necrosis/ colliguative necrosis
o CNS and Pancreas : They are rich in Hydrolytic Enzymes
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o Thetissue architecture isnot preserved.

3. Caseous Necrosis
o Itis a combination of Coagulative Necrosis +
Liquefactive Necrosis
o More Common: Coagulative necrosis
o Caseous=cheesy
o Seenin tuberculosis, fungal infection (histoplasmosis,
coccidioidomycosis)

Q. A 61-year-old female patient presents with left-sided chest pain radiating to the left arm and jaw. The patient explains that the pain
has increased severcly over the past 40 minutes. She was immediately rushed to the hospital. Cardiac enzymes are elevated. The
patient was admitted and started on thrombolytic therapy. However, on the fifth day of observation, she suddenly collapses and
dies. Which of the following necrosis are you most likely to find in the heart of this patient?

A. Liguefactive Necrosis
B. Coagulative Necrosis
C. FatNecrosis

D. Fibrinoid Necrosis

Explanation
¢ Thisisacase of Myocardial infarction.

» Inany solid organ, the type of necrosis is Coagulative Necrosis

4. FatNecrosis
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Fat breaks down Due to pancreatitis
due to trauma Due to an increase in fipase

e Fatbreaks down into fatty acids and calcium.
o Calcium looks likechalky white areas.

5. Fibrinoid Necrosis . ——— — -
e Associated withantigen-antibody reactions, : S
o Examples (Mneumonic : All 3 alphabets)

o Polyarteritis Nodosa (PAN) : igacrli_gggg
o Rheumatic Heart Disease (RHD)
— Aschoffbody |
o SLE 8 oo

o Malignant Hypertension (HTN) Blood vessel showing fibrinoid necrosis - in PAN

6. Gangrene
» ltisaclinical diagnosis.
e Blackish, foul-smelling tissue
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| Dry gangrene l Coagulative Necrosis
I Wet gangrene Liquefactive Necrosis

7. Zenker's Degeneration
¢ Itisatype of Coagulative Necrosis

e Jtoccurs in typhoid.
e Itisacomplication seen in the skeleta! muscles eg: Rectus Abdominis, Diaphragmatic Muscle

Q. A45-year-old female patient complained of being hit in the chest by a football while passing by a garden 4 weeks back. Initially, her
left breast was tender and swollen. But over the weeks, the tenderness has subsided. However, she now notices a lump in the
periareolar region, which is firm and hard in consistency. Radiological investigations reveal calcific deposits. Which of the

following best describes the phenomenon above?
A. Liquefactive necrosis

B. Coagulative necrosis

C. Fatnecrosis

D. Fibrinoid necrosis

Explanation
e Thisisacase of traumatic fat necrosis in the breast.
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CELL INJURY PART-2

Cell Injury
Apoptosis
-e Programmed cell death.
e Caspase Dependent Programmed Cell Death
» Noinflammation will occur.
It can be both physiological and pathological.

Physiological " '

3 ' '

Organogenesis/ embryogenesis

| in viral Hepatitis {(HCV)

00:00:15
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Pathological (Mneumonic: "C")
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Bodies -seen in
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Mechanism of apoptosis 00:03:28:
Apoptosss |
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« Caspase 8,9, and 10 » Caspase 3,6,and7 |
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s _ ............ .
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Caspase 8,10 ' o Caspase?
» lthappens outside the cell « |t occurs when the cells are under stress.
» Thecellhas CD95/Fas o LikeUVray

s Tcellhas CD95 Ligand / Fas Ligand

« Binding leads to Trimerization of CD@5/ Fas

» The FADD will activate Procaspase 8, 10 into Caspase
810

e The process is inhibited by FLIP (anti-apoptotic
molecule)

Execution

¢ The cells go off in bits and pieces as membrane-
bound organelies.

May go with a piece of a nucleus or without it.

= These are called apoptotic bodies.

Apoptotic bodies send signals to macrophages by
flipping of phosphatidylserine.

¢ This processis called eat me signal or efferocytosis

» Macrophages then phagocytose the cells.

e Stress sensors
o BIM, BID, BAD, NOXA and PUMA

o The sensor increases the pro-apoptotic factor and
decreases the anti-apoptotic factors.

¢ They send a signal to mitochondria.

| « Mitochondria release SMAC/DIABLO and cyt C ,

e Cyt C combines with Apaf 1 and together they form the
apoptosome

| o The Apoptosome activates Procaspase 9into Caspase 9

:00:09:43

Pro-Apoptotic | Anti-Apoptotic L - Lower apoptosis |

e P53 » BCL2

e BAK + MCL1

* BAX e BCLXL
. BCL XS
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Important Information
Caspase
e (-cysteineresidues
e ASP-asparticacid
o Breaks after aspartic acid
® Ase-forenzyme

Diagnosis of Apoptosis
o The hallmark of apoptosis: Nuclear Chromatin Condensation

1. Marker: Annexin V(Apoptosis- Annexin Penta)
o Annexinal isseen inhairy cell leukemia
2. Molecular Marker: CD95/ Fas

3. Microscopy

. o S = =
L 5 f Apoptosis shows
’ y . & ‘ : o

¥ v
Cell Pink Blue nucleus due
shrinkage cytoplasm to Nuclear Chromatin:
. Condensation ||

4. Stain: Tuncl Stain
Positive - apoptosis
Negative - necrosis

5. GelElectrophoresis

¢ DNA gelelectrophoresis
o StepLadder paitern can be seen in apoptosis and necrosis

o Smearing pattern in necrosis and apoptosis.

Q. The following gel electrophoresis pattern of the patient is seen in

A. Necrosis
B. Apoptosis
C. Both

D. None
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Cellinjury - newer cell deaths
e Necroptosis
* Pyroptosis

Necroptosis
¢ Necrosis + Apoptosis
o Caspase-independent programmed cell death
¢ Physiological or pathological

i Physiological 1
| :

| h |
Growth piate formation

Mechanism
¢ Mneumorniic:1-2-3 death

Pathological 1

—— —

| gSteatohepatiEié-Eatty liveﬂ [ _ ﬁancreatitis ] |

(Step 1: TNF binds to TNF receptor (TNFRc) | |

v

[ Step 2: Due to binding a trio is formed-RIPK 1, RIPK 3, Procaspase 8 }

¥

{Step 3: MLKL Ehosptlgrylation] |

Pyroptesis
¢ Pyromeans Fever +Apoptosis means cell death.
e Associated with bacteria like Shigella and salmonelia.
» (Caspase | activates Interleukin 1 (1L-1)- causing fever.

Q. Choose the incorrect statement about Necroptosis.
A. Itisacaspase-independent cell death
B. RIP 1&3 complex is formed.
C. Caspase 8is formed.
D. Growth plate formation follows necroptosis.

Explanation
¢ Procaspase 8 is used
e [tiscaspase-independent programmed cell death.

Q. Choose the incorrect statement about pyroptosis
A. Seen inresponse to Shigella.
B. TLR s used.
C. Caspase 1 is required.
D. IL1 activated.

Explanation
s [tuses NOD 2 receptor

[ Cell Death |

v

Bacteria enter the body

Binds to Nod2 Receptors

Activates Inflammasome

Activates CASPASE 1/4/5/11 {
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CELL INJURY PART 3 B

CeltInjury- Cellular Adaptations I {00:00:05

¢ Hypertrophy
e Hyperplasia
s Atrophy

e Metaplasia

)\ Increase
_J in cell size

= !ncrease'|
in cell
“ number |

St
él
>

i Hypertrophy Hyperplasia

| s Increasein the Size of cells * Increasein the numberofcells

| Increase in -Transcription Factors s Increasein mitosis
o GATA
o NFAT
o MEF2 |

D) 1Y FMGE 021

@ Both hyperirophy and hyperplasia are seenin Hyperirophy alone '

‘e Gravid Uterus - Pregnant uterus | ic Bodybuilders - skeletal muscle hypertrophy |
o Hypertrophy>>> Hyperplasia I* Proximal to obstruction
e Breast | o Obstruction in the urinary bladder due to stone

o Puberty ) | - remaining tissue adapts by hypertrophy.

o Pregnancy | |
—» Hyperplasia >>> Hypertrophy | |

Hyperplasia alone
\I

¢ Females
o Endometrial hyperplasia - Estrogen
o Leadtoendometrial cancer type 1

¢ Males
o Nodular hyperplasia prostate
Testosterone Sa Dihydrotestosterone (DHT) — Nodular hyperplasia prostate

reductase type 2

Iinhibits
Finasteride (treatment)

{00:06:04)

Atrophy
» Decrease in size and number of cells
= UPP: Ubiquitin Proteasome Pathway (mechanism)
a. Disuse Atrophy
o Mauscleatrophy following a fracture.
. Malnutrition
Ischemic Atrophy
. Denervation Atrophy
Endometrial Atrophy
Postmenopausal
' Can cause Endometrial Cancer Type 2

o oo o

- o/ =
/490



Important Information

¢ Endometrial hyperplasia — Endometrial Cancer Type 1
* Endometrial atrophy — Endometrial Cancer Type 2
o Worse prognosis

Metaplasia 00:0%:56
¢ Oncepithelium to another epithelium
¢ One mesenchymal tissue to another mesenchymal tissue
* 100%reversible phenomena

Mechanism
e Reprogramming of stem cells
Eg.1 Most common metaplasia - Squamous metaplasia
o Terminology based on the end result.
o InChronic Smokers or Vitamin A (deficiency/excess)
— Pseudostratified ciliated columnar epithelium changes to squamous epithelium

Eg.2 Barrett's Esophagus = . ' m

Squamous epithelium (Normal esophagus)

GERD

Intestinai columnar Epithetium
: |

Halimark of Barrett's esophagus - Goblet cells
-+ ;

|

| Y ¥

[ Contain Acidic Mucin Alcian blue positive
—

Eg.3 Mesenchymal metaplasia - Myaositis ossificans
o Muscle changes to bone
o Occurs dueto trauma.

Q. Whatis the histopathological difference between Barrett's epithelium and gastric mucosa?
A. Barrett's mucosa is acidic and stains aleian blue positive.
B. Barrett's is alkaline and stains Prussian blue positive.
C. Barrett's alcian blue negative because it's negative,
D. The gastric mucosa is alkaline and stains alcian blue positive.

Intracellular accumulations 00:16:20
¢ Pigments
e Lipid
# Protein
e QGlycogen
s Calcium
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