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1. CELL INJURY

Cell Injury

Injury

Adaptation

↓(Fails)

Reversible Cell Injury

↓ (Injury continues)
Irreversible Cell Injury

1

Cell Death

Most common cause of cell injury: Hуроxia

Most common cause of hypoxia: Ischemia

Cell most sensitive to hyрoxia (3-5 min): Neurons/CNS

Cell most resistant to hypoxia: Fibroblast

REVERSIBLE CELL INJURY

Hypoxia → Mitochondrial dysfunction→ ATP
Decrease in ATP will cause:

• Failure of Na K A TPase pump

• Anaerobic glycolysis

o Decrease in protein synthesis

Failure of Na'K ATPase pump

In normal cell: 3 Na'goes out and 2 K comes in

In failure of Na K A TPase pump: 3 Na comes in

and 2 K'goes out

Ο

이

This leads to cellular swelling/ hydropic

change

Swelling of the endoplasmic reticulum

Ο Loss of microvilli

이

이

Cytoplasmic blebs

Myelin figures

Myelin figures:

이

이

Made of: Phospholipid>  Ca²

Seen in:

Anaerobic glycolysis

Lactic acidtdH

Causes nuclear chromatin

clumping

→ Reversible Cell Injury: Myelin figures start to appear

→ Irreversible Cell Injury: Myelin figures increase in numbers

Appearance in electron microscopy: Concentric lamellations

00:02:02

FMGE 2023, 2019, 2025

AIIMS 2019, 2024

↓protein synthesis

Due to the detachment

of ribosomes
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Important Information

First change in cell injury: Mitochondrial dysfunction

First morphological change in cell injury: Cell swelling/hydropic change

IRREVERSIBLE CELL INJURY

Severe membrane damage & Severe mitochondrial damage →Cainflux

Amorphous flocculent densities:

•Made of Ca²

• Present in mitochondria

o Seen in irreversible injury

Ca→activation of enzymes

• Phospholipase

• Protease

• Nuclease

Nuclear Changes In Cell Injury

00:08:58

FMGE 2023, 2025

AIIMS 2024

Normal

Pyknosis Nucleus condensed

Karyorrhexis Nuclear fragmentation

Karyolysis Nuclear dissolution

CELL DEATHS

Necrosis

Pathological cell death associated with inflammation

00:12:40

FMGE 2019

AIIMS 2018, 2019, 2023
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Cell Injury

Coagulative Necrosis

MC type of necrosis

MOA: Denaturation of protein

Occurs in solid organs:

o Kidney

이 Liver

•Heart (MI)- MC organ

Tissue architecture is preserved

Microscopic examination:

o Ghost cells → Tombstone appearance

Subtype: Zenker's degeneration

• Seen in typhoid
o Site: Skeletal muscle

→ Rectus abdominis

→ Diaphragmatic muscle

Important Information

Ghost cells→ Pilomatrixoma

Tombstone appearance → Pemphigus vulgaris

Liquefactive Necrosis

AKA: Colliquative necrosis

Organs commonly affected: Brain, Pancreas

oRich in hydrolytic enzymes

Tissue architecture is not preserved

Caseous Necrosis

Wedge shaped infarct

Combination of: Coagulative necrosis> Liquefactive necrosis

Gross appearance: Cheese-like

Reason: High lipid content in the cell wall

Examples:

• Tuberculosis

o Fungal infections (Histoplasmosis, Coccidioidomycosis)

Fat Necrosis

Examples:

• Breast: Trauma Fat Breakdown

이 Omentum: Acute Pancreatitis→ Lipase ↑→Fat Breakdown

Fatty Acid+ attract Ca→ Chalky white areas

Acute Pancreatitis:

•Within Pancreas →Liquefactive Necrosis

• Peripancreatic Fat→Fat Necrosis (MC)

Fibrinoid Necrosis

MOA: Antigen-Antibody reaction

Tubules with Ghost Cells

FMGE 2025

Loss of Tissue Architecture

FMGE 2023
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Cell Injury

Examples:

• Polyarteritis Nodosa

• Rheumatic Heart Disease → Aschoff bodies Fibrinoid
necrosis

• Systemic Lupus Erythematosus

Malignant Hypertension
Blood
vessel

Gangrene Blood vessel showing fibrinoid necrosis - in PAN

Not a pathological term; it is a clinical term

Black, foul-smelling

Types:
이 Dry Gangrene: Primarily Coagulative necrosis

→ Shows a line of demarcation

•Wet Gangrene: Primarily Liquefactive necrosis

• Gas Gangrene: Caused by C. perfringens

Apoptosis

Definition: Caspase-dependent programmed cell death

Inflammation: Not present

• Necrosis involves inflammation and is always pathological

Physiological apoptosis

• Examples: Embryogenesis/Organogenesis
→ If defective → Syndactyly

Pathological apoptosis

• Councilman Bodies: Viral hepatitis (HBV, HCV)
o Civatte/Colloid/Cytoid Bodies: Lichen planus

Mechanism Of Apoptosis

Caspase:

•Enzyme

• Cleaves after aspartic acid

Made up of cysteine residues

Dry Gangrene Wet Gangrene

00:25:44

FMGE 2024, 2025

AIIMS 2023

NEET PG 2019, 2025

FMGE 2024

AIIMS 2024

AIIMS 2025

Extrinsic pathway

이

이

Caspase 8

Caspase 10

Intrinsic pathway

•Caspase 9

Initiation Execution

Caspase 3 (most important)

Caspase 6

Caspase 7

Initiation-Extrinsic Pathway

AKA: Death receptor pathway

Ligand Binding:

• Fas Ligand (CD95L), located on the surface of a T-cell, binds to the Fas Receptor (CD95) on the target

"Apoptotic" cell.

Trimerization:

Yourwish
Page 332



Yourwish

Cell Injury

•Once the ligand binds, it causes three Fas receptors to cluster together

•This clustering recruits an adapter protein called FADD (Fas-Associated Death Domain)

oFADD converts Procaspase 8 or 10 into Caspase 8 and 10

FLIP:

• Anti-apoptotic because it inhibits the activation of procaspases

o Stops the extrinsic pathway

Initiation-Intrinsic Pathway

Stress→ Trigger stress sensors (BIM, BID, BAD, NOXA, PUMA)

Increase Pro-apoptotic factors

p53

Bak

Bax

Bcl XS

Decrease anti-apoptotic factors

Bcl 2

Mcl 1

Bcl XL

Signal is sent to mitochondria and releases:

이

이

SMAC/DIABLO

Cytochromе C

→ Binds with Apaf 1 to form Apoptosome

→ Apoptosome converts Procaspase 9 into Caspase 9

Execution

Caspases (8,9,10) activate the caspases (3,6,7)

Activate enzymes:

• Phospholipase

• Protease

• Endonuclease→ Internucleosomal Cleavage

→ Break DNA into fragments of 180-200 base pairs

→"Step-ladder" pattern on gel electrophoresis.

The cell breaks into membrane-bound fragments called Apoptotic Bodies

•Contains cell membrane, organelles, and nuclear fragment

Flipping of Phosphatidyl Serine→  acts as a signal to macrophages to engulf the fragments

• "Eat Me" Signal/Efferocytosis

Identification Of Apoptosis

Markers

Annexin V:

• Marker of "flipping" of Phosphatidyl Serine

→ Annexin A1→ Marker for Hairy Cell Leukemia

Molecular Marker: CD95/Fas.

Microscopic Examination

Cell Shrinkage

Cytoplasm becomes more pink

Nuclear Chromatin Condensation→ Hallmark of apoptosis.
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Cell Injury

Diagnostic Staining And Testing

TUNEL Stain: Positive for apoptosis and negative for necrosis.

Gel Electrophoresis: Stepladder pattern

• A: Normal DNA

•B: Stepladder Pattern (Apoptosis > Necrosis)

이

→ Stepladder fever is seen in typhoid

C: Smearing Pattern (Necrosis > Apoptosis)

Necroptosis

Necrosis + apoptosis

Definition: Caspase-Independent programmed cell death

High inflammation+

Occurrence:

Ο Physiological: Involved in growth plate formation

• Pathological: Seen in Pancreatitis and Steatohepatitis

Mechanism:

• Triggered by TNF binding to the TNF Receptor

• Recruitment of RIPK1, RIPK3 and Procaspase 8

→→ Procaspase 8 is not activated to Caspase 8 in this pathway

The process leads to MLKL Phosphorylation → Cell death

Pyroptosis

Definition: Programmed cell death associated with fever

Mechanism:

• Triggered by bacteria like Salmonella and Shigella → NOD receptors

• Activation of Inflammasome

• Activation of Caspases 1,4,5, and 11→ cell death

→ Caspases 1→ Activation of IL-1→fever

Caspases

Functio

Apoptosis Initiation

Apoptosis Execution

Necroptosis

Pyroptosis

CELLULAR ADAPTATION

Type

Normal

Caspases

8,9,10

3,6,7

Procaspase 8

1, 4, 5, 11

Yourwish
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Definition Mechanism
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Hypertrophy ↑in cell Size

000

Hyperplasia ↑ in Cell number

Cell Injury

↑ Transcription Factors: GATA, NFAT, MEF2

Division

Atrophy Cell size & number Ubiquitin Proteasome Pathway

Metaplasia Change Reprogramming of Stem Cells

Dysplasia Precancer

Hypertrophy vs. Hyperplasia

Mixed Adaptations

Some organs undergo both hypertrophy and hyperplasia simultaneously:

• Gravid Uterus: Predominantly Hypertrophy

• Breast (Puberty & Pregnancy): Predominantly Hyperplasia

Pure Hypertrophy

Body Builders: Occurs in Skeletal Muscle

Proximal to Obstruction:

o Left Ventricular Hypertrophy due to Aortic Stenosis

• Hypertrophy of the urinary bladder proximal to obstruction (calculi)

Pure Hyperplasia

Endometrial hyperplasia: Due to increased Estrogen
Ο Leads to risk of Endometrial Cancer Type I

Prostate hyperplasia (BPH):

FMGE 2023, 2019

AIIMS 2019

• Driven by Dihydrotestosterone (DHT), which is converted from Testosterone via the enzyme 5 alpha-
reductase

• Treatment: Finasteride (inhibits 5 alpha-reductase)

•Prostate hyperplasia does not lead to cancer

Yourwish
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Cell Injury

Atrophy Examples

Disuse Atrophy: e.g., muscle atrophy after wearing a cast for 6 weeks

Malnutrition

Ischemic Atrophy: e.g., observed in Alzheimer's Disease

Denervation Atrophy

Endometrial Atrophy:

• Occurs Post-Menopausal due to decreased Estrogen

• Carries a risk of Endometrial Carcinoma Type II

Important Information

Hyperplasia→ Endometrial Carcinoma Type I

Atrophy→ Endometrial Carcinoma Type II (worst prognosis)

Metaplasia

Definition: Change of one tissue type to another

It is always reversible

Types Of Metaplasia

Epithelial Metaplasia:

Squamous Metaplasia (Lung):

→ Transition: Ciliated columnar epithelium→ Squamous epithelium

→ Causes: Smoking or Vitamin A deficiency/excess

→ Risk: Increased risk of Squamous cell carcinoma of the Lung

•Columnar Metaplasia (Barrett's Esophagus):

→Transition: Squamous epithelium→ Intestinal columnar epithelium

→ Cause: Chronic GERD

→ Presence of Goblet Cells, which contain acidic mucin

→ Diagnostic Stain: Alcian Blue positive (+)

→ Risk: Increased risk of Adenocarcinoma of the Esophagus

Mesenchymal Metaplasia:

Goblet cells

• Myositis Ossificans: Bone formation within muscle following trauma and subsequent calcification

INTRACELLULAR ACCUMULATIONS

Pigments

Melanin Hair, eyes, skin (Stratum basale), brain (substantia nigra)
Stain:

• Masson fontana

→ Masson Trichrome: Muscle

appears red, and collagen

appears blue

•Schmorl's stain

Enzyme for staining: Dopa oxidase

IHC: HMB 45, S100

01:05:00

FMGE 2020, 2022 AIIMS 2021, 2022
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Cell Injury

Hemosiderin H/o hemorrhage or bleeding→↑Fe
Iron overload → Hemochromatosis

이 HFE gene on chromosome 6

Stain:

• Perl's/Prussian blue

Copper

Lipofuschin

Copper overload→ Wilson disease

ATP 7B gene on chromosome 13

→ATP7A gene → Menke's disease

Stain:

• Rhodanine

이

→ Rhodamine: For Mycobacterium TB

Rubeanic acid

AKA: Old age pigment
이

이

이

Senile atrophy

Wear & tear pigment

Telltale sign of free radical injury

Free radical injury→Lipid peroxidation→Lipofuscin
Location: Perinuclear

Stain:

• Oil red O

•Acid-fast/ZN+

Anthracotic pigment

Glycogen

Carbon → Black pigment

Glycogen storage disease, DM

Glycogen in Proximal Convoluted Tubule → Armani Ebstein lesion

Stains:

이 PAS+Pink

• Diastase sensitive

Lipid
Site:

• Liver→ Fatty liver (MC)
Ο Heart Tigered/Tabby cat appearance

→ Diphtherial myocarditis

Page 337

Iron-related → Perl's stain.



이 Gall bladder

→ Cholesterolosis →  Strawberry GB

Stain:

• Oilred O

•Sudan Black B

Sudan IV

Technique to visualise fat:

• Frozensection/Cryostat

Calcium

Stains:

Ο Von Kossa stain→ Black

Cell Injury

Yourwish

• Alizarin Red S Red

→ Stain for a minute amount of calcium

• Calcein

•Azan stain

→ Calcification stages for mature and immature bone

Calcification

Calcification first begins in mitochondria

• Exceptin the kidney→→ In the basement membrane

Types

Feature

Strawberry gallbladder OIL RED О Sudan Black B

Tissue Typе

Dystrophic Calcification Metastatic Calcification

Normal tissueDead/Degenerating tissue

Serum Calcium Normal

Dead Parasite

TB

Examples

Atheroma

Monckeberg Sclerosis

Psammoma Bodies

Psammoma Bodies (Mnemonic: (PSMM)²):

Elevated (MC in lungs)

Hyperparathyroidism
Vit D↑→1 Ca²*

Milk alkali syndrome

Sarcoidosis→ Vit D↑

Multiple myeloma (Bone lytic→  ↑Ca²")

Ο P: Papillary Carcinoma

• P: Prolactinoma

S: Somatostatinoma

•S: Serous Ovarian Tumor (CA 125 ↑)

• M: Meningioma

• M: Mesotheliomа

Monckeberg Sclerosis:

• Also called Calcific Medial Degeneration

•Involves dystrophic calcification of the tunica media in blood vessels

•Typically associated with old age

Page 338
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Cell Injury

AUTOPHAGY (SELF EATING)

AKA: Cell Cannibalism

Nobel Prize: Yoshinori Ohsumi (2016)
Associated Diseases:

• Cancers

• Malnutrition

• Neurodegenerative diseases (e.g., Alzheimer's, Parkinson's)

Marker: Lc3

Most Important Gene: ATG1 gene

Diseases associated with ATG genes:

•ATG5 mutation →↑ risk of TВ

이 ATG16L mutation → Inflammatory Bowel Disease

CELLULAR AGEING

Causes:

• Free radical injury (MC)
o Telomere shortening
•Insulin resistance

Yoshinori Ohsumi
2016 Nobel laureate in Physiology or Medicine

Telomere: Terminal sequence "TTAGGG" that shortens with each cell division

Hayflick Limit: Average number of cell divisions (50-60)

Telomerase: RNA-dependent DNA polymerase

• Prevents telomere shortening

• AKA: "immortality gene"

•Found maximally in germ cells

• Reactivated by cancer cells

Sirtuins

Histone Deacetylases

Genes: SIRT1-7

Benefits:

• Anti-ageing

• Treatment of Cancer

• Treatment of DM (by ↑ insulin sensitivity)
Increase Sirtuins:

o↑Red Wine and↓ Calories

Premature Ageing

Progeroid syndrome

• Werner syndrome

→ Adult onset

→ DNA helicase defect

• Hutchinson-Gilford syndrome

→ Childhood onset

→ Lamin A defect (LMNA deficiency) → Laminopathy

01:21:50

FMGE 2024

01:24:17

FMGE 2020, 2023

01:30:33

NEETPG 2020

INICET 2022

paa
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FMGE 2025 INICET 2024

Important Information

Wermer syndrome → MEN I syndrome

Free Radical Injury

Free radicals are Reactive O₂species

•Cause Lipofuschin++

Oxygen is converted to Superoxide

• Triggers: Toxins, Poison, Chemicals

Superoxide Dismutase converts Superoxide into Hydrogen Peroxide

Fenton's Reaction:

•Hydrogen Peroxide reacts with metals (Fe, Cu) to form the Hydroxyl Radical (most potent)

o During this process, Fe™  is converted to Fe™

Ferroptosis:

• Fe induced cell death

0,

Toxials,
Poison,
Chemical

Super

Oxide

Fenton's

Reaction

Dismutase Fe2+ F3+

S.O.D
Ο H₂O₂ OH

Ohmg

Hydroxy
Super Oxide Hydrogen

Peroxide

Fe,  Cu
Most Potent

• Resembles necrosis

• Master Regulator → Glutathione Peroxidase 4

Protection

Diet: Vit А, С,Е

Transport proteins:
ol Fe- Transferrin

o Cu-Ceruloplasmin

Enzymes:

•Catalase: Breaks down Hydrogen Peroxide

• Glutathione Peroxidase: Breaks down Hydrogen Peroxide and Hydroxyl Radical
이

PYQS

Superoxide Dismutase→ Protection in the Brain

→ SOD1 Gene Mutation: Amyotrophic Lateral Sclerosis

- UMN+LMN

- Microscopic Examination: Bunina Bodies

Q. Which of the following types of cell death involves activation of caspase enzymes?

a. Necrosis and Apoptosis

b. Apoptosis and Pyroptosis

c. Apoptosis and necroptosis

d. Apoptosis only

Yourwish
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Answer: b. Apoptosis and Pyroptosis

Pyroptosis involves caspases 1,4,5, 11

Apoptosis:

• Initiator Caspases 8,9,10

• Executioner Caspases: 3,6,7

Q. Which nuclear change of cell injury is being shown in the image?

a. Pyknosis

b. Karyorrhexis

c. Karyolysis
d. Normal nucleus

Answer: b. Karyorrhexis

Q. Which of the following is an anti-apoptotic gene?

a. BAK

b. MCL1

C. PUMA

d. BAD

Answer: b. MCL1

Q. Caspase-1 is primarily involved in which type of programmed cell death?

a. Apoptosis

b. Pyroptosis

c. Necroptosis

d. Necrosis

Answer: b. Pyroptosis

Q. Which of the following is pro-apoptotic?
a. Bcl-2

b. Bcl-xL

c. Mcl-1

d. Bax

Answer: d. Bax

Q. Histopathological difference between Barrett'sepithelium and gastric mucosa?

a. Barrett's mucosa is acidic and stains alcian blue positive

b. Barrett's is alkaline and stains prussian blue positive

c. Barrett's alcian blue is negative because it's neutral

d. Gastric mucosa is alkaline and stains alcian blue positive

Answer: a. Barrett's mucosa is acidic and stains alcian blue positive

FMGE 2025

INICET 2024
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Q. A diabetic male presented with seizures. Radiological examination shows a lesion. Histopathological examination

shows liquefactive necrosis. What is the most important mechanism responsible for this?

a. Enzymatic degradation

b. Mechanical

c. Ischemic

d. Pressure

Answer: a. Enzymatic degradation

Q. Which of the following are the changes seen in irreversible cell injury?
a. Bleb formation

b. Amorphous density of mitochondria

c. Clumping of chromatin

d. Cellular Swelling

Answer: b. Amorphous density of mitochondria

Q. Apoptotic bodies comprise of?

a. Include cytoplasm + intranuclear material + organelle

b. Cytoplasm + organelle

c. Organelle + intranuclear material

d. Only organelle

Answer: a. Include cytoplasm + intranuclear material + organelle

Q. Which among the following is less related to irreversible cell injury?
a. Blebs formation

b. Karyolysis

c. Amorphous densities

d. Pyknotic nucleus

Answer: a. Blebs formation

Q. Stepladder pattern on gel DNA electrophoresis is seen with?

a. Necrosis

b. Apoptosis

c. Both A and B

d. None of the above

Answer: c. Both A and B

Stepladder pattern on gel DNA electrophoresis is most likely seen with Apoptosis
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2. INFLAMMATION

CLASSIFICATION OF INFLAMMATION

Based On Fluid Type

Type

Inflamation

Appearancе Example

Serous Watery E.g., Serofibrinous pericarditis

AKA Bread & butter pericarditis

Fibrinous Thready/Stringy

Purulent Pus E.g. Abscess

Catarrhal (M/c) Mucus + water E.g. Common cold

Based On Duration

Type Duration Lab investigations Exception

Acute Early onset

Short lived

All acute inflammations show

neutrophils

Typhoid- Shows relative

lymphocytosis

Chronic Delayed onset All chronic inflammations show

Long lived Lymphocytes, Macrophages, and

Plasma cells

Chronic pseudomonas- Show an

increase in neutrophils

ACUTE INFLAMMATION- EVENTS

Vascular Events

Vasocontriction: First event; transient; reflex

Vasodilation: Increased blood flow due to histamine, serotonin

Increased vascular permeability:

• Cells, plasma, protein move out of blood vessels→ Exudate/edema

Stasis: Increased RBC viscosity → Sluggish blood flow

Increased Vascular Permeability

Hallmark event of acute inflammation

Mechanisms

Endothelial cell contraction/

retraction

이

Actions

00:00:20

00:03:42

AIIMS 2019, FMGE 2021

Endothelial cells are CD34+

Gaps are created by serotonin & histamine between 2 Endothelial cells

Immediate & transient response

M/c mechanism
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Direct endothelial injuries

Inflamation

Either something from inside/outside damages the endothelial cells

• Delayed sunburn- Delayed, prolonged response

• Sepsis- Immediate, sustained

Transcytosis Gaps are not formed between 2 cells, but a secret tunnel called the Vesiculo-

vacuolar organelle through the cell is formed

Due to VEGF, histamine

Angiogenesis New/immature blood vessels-Leaky channels

Due to VEGF, histamine

Cellular Events 00:11:50

AIIMS 2021, NEETPG 2018Mnemonic-MRAT COP

Margination

Normal physiology

• Normal laminar flow-Cells at the centre & plasma at the periphery
• Centremost cells-RBCs

Pathology

• As the plasma leaks out through the cells, the RBCs come to the periphery

R- Rolling & Weak Adhesion

Cells that come from the periphery start rolling with weak adhesion (roll and stop, and then roll)

Rolling is done by Selectins/CD26+

Types of selectin

Ο Pselectin- Present on the Platelets, Endothelial cells

ο E selectin-Present on the Endothelial cells

• L selectin-Present on the Leucocytes

P& E selectins bind to Sialyl Lewis X

Lselectin binds to Glycam/Madcam/CD34

A-Adehsion

After the cells roll, they stop rolling by adhesion through

integrins present in WBCs

Ο B, AKA VLA- Bind to VCAM

•B₂, AKA CD11/18, LFA/Mac- Binds to ICAM

Important Information

ICAM

Binds to ẞ₂ integrin

Rhinovirus attachment

Plasmodium falciparum attachment (cerebral)

T-Transmigration/Diapedesis

Migration of the cell out of the vessel

Mediated by PECAM-1/CD31

Yourwish
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Inflamation

Requires breakdown of the basement membrane by MMP

(Matrix Metalloproteinase)

Zinc is required for the functioning of MMP

C-Chemotaxis

Unidirectional targeted movement of WBC to bacteria

Facilitated by chemotactic agents
이

o

Exogenous- Bacterial products

Endogenous-LT-B4; IL-8; C5/C36

O-Opsonization

Coating of bacteria with Opsonin

Most important Opsonin- IgG

Most important complement Opsonin-Сзb

P-Phagocytosis

Phagolysosome formation

Intracellular killing

Oz-dependent killing (more potent)

Ο Activation of NADPH oxidase (most important); PHOX gene

• H₂O2-MPO-HALIDE system

O₂ independent killing

E.g., MBP (Major Basic Protein) release by eosinophils killing parasitic infection

Nets 00:25:50

Neutrophil Extracellular Traps NEET PG 2022, AIIMS 2018

Nuclear chromatin is sent extracellularly with the help of

Arginine (amino acid) → Trap the microorganism→ Kill it

Yeast
Bacteria (a)

Protozoa

Beneficial  suicide- At the end of the process, the neutrophil dies
Hyphae

Side effect: ANA-SLE
(b)

Extracellular killing

Emperiopolesis

Cell in cell appearance

00:29:00

AIIMS 2022

No killing

No clinical significance

Diseases showing Emperiopolesis

이 Myelodysplastic syndrome/Myeloproliferative neoplasm

• Autoimmune hepatitis

• Rosai Doffmann disease

• Chronic lymphocytic leukemia
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Associated Diseases

Disease Defect Clinical features

LAD-1 (Leucocyte
Adhesion Disease)

B₂integrin

(CD11/18)

LAD-2 Sialyl Lewis x

LAD-3 FRMT 3 gene

Bruton's

hypogammaglobulinemia

BTK gene

Chediak Higashi

Syndrome

LYST gene

Chronic granulomatous
disease

Deficiency of NADPH

oxidase (PHOX gene)

→No phagocytosis

Autosomal recessive

Delayed umbilical cord stump shedding

Autosomal recessive

00:30:25

Bombay blood group (Oh)- A, B, H antigens are absent,

and A, B, Hantibodies are present

Autosomal recessive

Bleeding

M/c in boys

B-cell defect (decreased plasma cells)

Decreased opsonisation (Decreased IgG)

C-CNS/Neurological problem

HE-Hemorrhage

DI-Decreased immunity

A- Albinism; Silvery gray hair

K-Coarse granules

Infections: Catalse +ve; S.aureus

Screening-NBT (Nitroblue Tetrazolium)

Confirmatory/Diagnostic-DHR (Dihydrorhodamine)

MEDIATORS OF INFLAMMATION- CLASSIFICATION

Cell-Derived Mediators

Preformed Mediators

00:37:30

FMGE 2021, 2024, AIIMS 2018, NEETPG 2018, 2019

Preformed mediators

Histamine

Functions

Source: Mast cells (richest source), Basophils

Vasodilation, increased vascular permeability, and bronchoconstriction

Source: Enterochromaf  fin cells (richest source), PlateletsSerotinin

Lysosomal enzymes

Primary granules/ Azurophilic

granules

Secondary granules/Specific

granules

Tertiary granules/C particles

Release Acid hydrolase, Bacteria killer myeloperoxidase, Collagenase,
Cathepsin, Defensin, Elastase, Lysozyme

Release Specific collagenase (type IV), lactoferrin, Lysozyme

Release Gelatinase
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Inflamation

Important Information

Toluidine blue stain is used to dye mast cells and basophils

Newly Formed Mediators

Newly synthesized mediators

Nitric oxide

Functions

Antiplatelet aggregator, Vasodilation

Platelet-activating factor

Chemokines

L-Arginine INOS NO + L-Citrulline

Platelet aggregation, vasoconstriction

More potent than histamine

Attract WBCs

C- Cysteine

X- any other AA

CXC3 E.g., Fractalkine

CXC (a) E.g., IL-8 (attracts neutrophils)

CC (B)

C()

Newly Synthesized Cytokines

E.g., Eotaxin (Attract eosinophils), Rantest (Attract T-cells), MCP

(Attract monocytes, macrophages)

E.g,. Lymphotactin (attracts lymphocytes)

AIIMS 2022 FMGE 2024

FunctionNewly synthesized cytokines

Fever

Decrease appetite

Regulates acute-phase
reactants

IL-1, IL-6, TNF-a

TNF-alpha

IL-6

Positive APR: CRP, Hеpciden, Ferritin, Fibrinogen, SAA

Negative APR: Transferrin, Transcortin, Transthyretin, Albumin

IL-6 is mediatory for Multiple Myeloma and Anemia of chronic disease

IL-4, IL-6

IL-10

Pro and anit-inflammatory

Anit-inflammatory

Most fibrogenic TGF-B

T cell maturation IL-7

Yourwish
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Eosinophil activation IL-5

Neutrophil recruitment IL-8

Important Information

TNF-a-Decreases appetite

TGF-a- Mentrier disease (increased)

TGF-B-Most fibrogenic

Newly Synthesized Interferons

Inflamation

Sources Functions

INF-a Leucocytes Antiviral properties

INF-B Fibroblasts

INF-Y TH, cells

T/t of Multiple Sclerosis

Granuloma formation

T/t of Chronic granulomatous disease

NEWLY SYNTHESIZED MEDIATORS- ARACHIDONIC ACID METABOLITES

Phospholipids A₂,  C
Phospholipids Arachidonic acid

Arachidonic acid has 20 carbon compounds

Causes inflammation, neutrophils, pain, etc.

T/t-Steroids (inhibit Phospholipase A₂, C)

Mechanisms by which Arachidonic acid causes inflammation

Cyclo-oxygenase

pathway

Produces Prostaglandins, Thromboxane

Arachidonic

Yourwish

PGG

PGH

COX-1

PGI₂
PGD,: Causes TXA2

Peptic ulcer disease

COX-1 is gastroprotective

Using NSAIDs/Aspirin inhibits COX-1, leading to PUD

To prevent PUD, while treating inflammation, Selective COX-2 inhibitors are used

(e.g.,  Celecoxib)
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Lipo-oxygenase

pathway

Produces Leukotrienes, Lipoxins

12-LOX
Arachidonic acid Lipoxin A4, B4: Anti-inflammatory

5-LOX

LTA

LTB4: Used

for chemotaxis

LTC

LTD

LTE

AKA SAS-A (Slow reacting

substances of anaphylaxis)

Treatment of asthma

Ο Zileuton inhibits 5-LOX

이 LTR antagonist (E.g. Montelukast) targets LTC, LTD, LTE,

Plasma Derived- Complement System 01:00:20

Classical pathway Lectin pathway Alternative pathway

Triggered by IgM, IgG Organisms IgA

Starts from C C₂, CA Ca

Resulting in Membrane attack complex (MAC)

Causes bacterial lysis

Composition of MAC-Csь to C

Complement System

Classical pathway Lectin pathway Alternative pathway

MBL
C1q Ag - Ab complexes Pathogens, injured tissure C3b

C1, C4, C
2

Lectin binds mannose

on pathogens

MASPS

C4

C3
b

IB
, 
ID
, P

C2
C3aR

CR1
FCR C3

C3 convertase
С3а

C3b

opsonization

C5aR
Inflammation

C3aR

Phagocytosis
C5

C5 convertase
C5a

C5b C6, C7,
C8, C9 C5aR

MAC

C5b-9 Cell Lysis and activation
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