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CELL INJURY

FOUNTAINS

IMPORTANT DIFFERENCES

Differences between metaplasia and dysplasia

Features Metaplasia

Definition Replacement of one adult epithelial or
mesenchymal cell type by another

Types Squamous, columnar (epithelial) and
os=seous, cantilaginous (mesenchymal)

Cellular pleomorphism Mature cellular development; no pleo-
morphism

Matural history Reversible on withdrawal of stimulus

Dysplasia
Disordered cellular development charac-
terized by
(a} Loss of orentation of cells with re-
spect to one another
(b} Lack of uniformity of individual
cells
Epithelial only

Disordered cellular development due to
aberrant/delayed maturation or differen-
tiation; pleomorphism present

May regress on withdrawal of inciting
stimulus or progress to higher grades of

dysplasia or carcinoma in situ

Differences between reversible and irreversible cell injury

Features Reversible injury Irreversible injury

Definition If the structural and functional changes, If the structural and functional changes,
induced by an injurious stimulus, can induced by an imjurious stimulus,
revert to normal on removal of the cannot be reversed even after removal
same, it is called reversible injury of the same, it is called irreversible

injury
Cell membrane
(a) Blebbing, blunting, Present Present; more prominent than revers-
distortion ible injury

(b)Y Defect Absent Present

Endoplasmic reticulum Shows swelling only Shows swelling and lysis

Ribosomes Dispersed Dispersed and destroyed

Lysosomes Autophagy of organelles by lysosomes, Rupture of lysosomes and autolysis
no of cell

Mitochondria Swelling, small densities present Swelling, large densitics present

MNucleus Clumping of nuclear chromatin Pyknosis, karyolysis or karyorthexis

Calcification Absent Drystrophic calcification may be seen

TABLE 1.3. Differences between autolysis and necrosis

Fealures Aultolysis

Definition Self-digestion of cells by enzymes liberated from
its own lysosomes

Reaction +* In living tissur, inflaimmatory cells may be present

* In post-mortem cases, there is complete ab-
sence of inflammatory cells
Calcification Ahsent

Necrosis

Spectrum of morphologic changes that follow
cell death in living tissue, resulting from the
progressive degradative action of enzymes
on lethally injured cells

* Presence of inflammatory cells

* [Does not occur post-mortem

Dwysirophic calciiication may be present
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LIRS RN  Differences between coagulative and liquefactive necrosis

Features
Cause

Tissue architecture

Pathogenesis

Coagulalive necrosis

Hypoxicfischaemic injury in all tissues ex-
cept in brain, eg, myocardial, renal or
placental infarction

Tissue architecture is preserved; the basic
outline of cell is intact, although cytoplas-
mic and muclear details are lost

Due o intracellular acidosis, structural as
well as enzymatic proteins are denatured
and proteolysis is blocked; dead cells
are removed by fragmentation and phago-
cytosis

Conversion of cells into acidophilic, coagu-
lated, anucleate units

Liguefactive necrosis
* Bacterial and fungal infections
* Hypoxic injury in brain

Both cell outline and intracellular details are
lost; tissue architecture is not preserved

Hydrolytic enzymes from bacteria and fungi
as well as inflaimmatory cells cause com-
plete digestion of dead cells and forma-
tion of pus (lysis)

Mo cellular outlinesftissue architecture recog-
nized

LIRS Bl Differences between coagulative and caseous necrosis

Features
Cause

Pathogenesis

Gross

Tissue architecture

Coagulative necrosis

Hypoxia

Due to intracellular acidosis, struciural as
well a5 enzymatic proteins are denatured
and proteolysis is blocked

Affected tissue is firm in texture

Preserved

Caseous necrosis

Tuberculous infection of lymph nodes,
lungs, skin, etc.

Delayed hypersensitivity reaction to myco-
bacterial capsular antigens

Cheesy white appearance
Completely obliterated

Differences between dry and wet gangrene

Features
Cause

Distribution
Gross appearance

Line of demarcation

Putrefaction
Presence of bacteria

Prognosis

Drry gangrene

Mainly arterial occlusion (coagulative ne-
crosis)

Limbs

Organ is dry, shrunken and black

Present at junction between healthy and
EAOZICTIUS parks

Limited {no infection and less blood supply)

Absent, little or no septicacmia

Better

Wet gangrene

More in venous occlusion; obstruction in-
variably followed by secondary bacterial
infection (liquefactive necrosis)

More common in bowel

Moist, soft, swollen

Mot clear

Marked
Cwerwhelming septicasmia present
Foor

TABLE 1.7. Differences between apoptosis and necrosis

Fealures Apoplosis

Definition Programmed and coordinated cell death,
which climinates unwanted/harmful
cells or removes cells damaged be-
yond repair

Causes May be physiological or pathological

Involves Single or small groups of cells

Inflammation Absent

Cellular change Cell shrinkage

Cell membrane Bleb formation

Mucleus Chromatin  condensation  followed by
fragmentation

Removal of cell Phagocytosis of apoptotic bodies by
macrophages

Lysosomes/other organelles Intact

Mechanism Genetically coordinated

Agarose gel elecrophoresis Stepladder DMNA pattern

ALI RAZA CHAUDARY

Mecrosis

Spectrum of morphologic changes that
follow cell death in living tissue,
largely resulting from the progressive
degradative action of enzymes on le-
thally injured cells

Abways pathological, eg, hypoxia, toxins

Large groups of cells

Present

Cell swelling

Membrane disruption

Muclear pylnosis, karyolysis and kary-
orrhexis

Enzymatic digestion or phagocytosis of
cell debris by macrophages

Hydrolytic enzyme release due to rup-
ture

Due to ATP depletion, free radicals,
mitochondrial damage, etc.

Diffuse DMNA pattern
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Differences between dystrophic and metastatic calcification

Features Dystrophic calcification Metastalic calcification
Dehnition Deposits of calcum salis in dead and de- Deposits of calcium salis in viahle tissue
generated tissue
Calcium metabolism Mormal Deranged
Serum calcium level Mormal Increased
Sites of deposition Mecrosis, infarcts, thrombi, heematomas, Blood vessels, kidneys, lungs and gastric
dead parasites, old scars, atheromas mMCosa
Disease
Cause Mechaniam of Stnsctural Functicnal
(Aetiology)  development alterations CONSEOUETICES
{Pathogenesis) induced in cells of morphelegic
(Morpholegic chonges {Clinical
changes) significance}

FLOWCHART 1.1, Different aspects that form the core of pathologic basis of disease.

Cell in homeostasis
Excessive physiologic stress ——w | s«—— Pathologic stimuli

Cellular adapiation
FLOWCHART 1.2. Cellular adaptation.

Intracellular
accumulations
Mormal cellular  Abnormal cellular Figments
CONSHIBENLS constituents

FLOWCHART 1.3.  Intracellular accumulations.

Ischaemia

Decreased mitochondrial oxidative phosphorylation

Diecreased ATP
Increased glycolysis Decreased Ma*K* ATPase —— s Detachment of
(anaerohic respiration) pump activity n‘bnﬁl:u'rﬁ
LpH | Glycogen sores = Influx of Ca?+, H,0, Na* Decreased protein
» Effhux of K+ synthesis
Clumping of nuclear chromatin Lipid depositionatty change

!

Cellular swelling ~ Loss of microvilli  Blehs ER swelling Myelin figures
FLOWCHART 1.4. Sequence of events in reversible injury.
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L pH Membrane injury <— Ischaemia

Intracellular release — | * Loss of membrane phospholipids due to

of lysosomal enzymes A mﬁzmmdu to proteases
L Ribonucleic ’ EE?Wﬁtsz radicals

protein, nuclear changes
and loss of cell shape

FLOWCHART 1.5. Sequence of events in irmeversible injury.

Severe membrane damage

r
Lysosomal enzymes enter the cytoplasm

r
Progressive degradation of the lethally injured cells (necrosis)

r
Leaking of cellular contents

J
Acute inflammarion {due 1o leaked contents)
FLOWCHART 1.6. Sequence of events in cellular necrosis.

Decreased pH
Denaturation of structural as well as enzymatic proteins
Lack of enzymatic proteins blocks proteolysis

Preservation of hasic architecture of cellftissue
FLOWCHART 1.7. Mechanism of evolution of coagulative necrosis.

Bacterial infection and accumulation of inflammarory cells
l Release of enzymes
Autolysis and heterolysis
FLOWCHART 1.8. Mechanism of evolution of liquefactive necrosis.

Bacterial infections and accumulation of inflammatory cells

Release of enzymes
Autolysis and heterolysis
FLOWCHART 1.9. Mechanism of evolution of gangrenous necrosis.

Release of activated pancreatic lipases into pancress and peritoneal cavity
Focal areas of destruction of fat and release of fauny acids

Released fatry acids combine with calcium (saponification)

}

Chalky white areas
FLOWCHART 1.10. Mechanism of evolution of enzymatic fat necrosis.
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Exaracellular signals

* Injuries: radiation, toxins and free radicals

* Withdrawal of growth factors, hormones or cytokines

+ Receptor—ligand interactions (Fas—Fas ligand, TNF-TNF receptor)

|

Act on intracellular regulatory molecules

OR
Directly affect targets within the cell {eg, physicochemical agents like heat,
radiation, viruses and xenohiotics and glucocorticoids directly bind 1o
nuclear recepiors)

Binding of Fas L 1o Fas {recepror-ligand imeractions)

Three or more modecules of Fas are brought together

l

The cytoplasmic domain of three Fas molecules lorms a binding site for an adagter prodein
FADD {Fas-associated deah dormain)

|

FADD binds inactive Caspase-8

|

Activation of Caspase-8 and inittation of caspase cascade

FLOWCHART 1.11.  Extrinsic/
death receptor-initiated path-
way.

Activation of BCL-2 sensor proteins
(BADy, BIM, Punza, Noxa) by cell imjury

|

Activatbon of proapopiotic proteins (BAX and BAK)
which form oligomers that insert imo mitochondrial membrane

Formation of pores in inner Increased permeability of outer
mitochondrial membrane mitochondrial membrane

|

« Decrexsed membrane potential —= Release of eytochrome C and other
« Mitochondrial swelling proapopiotie Bctors into cytosol

Cytochrome C binds 1o *Apal-1
l (*Apaf-1 is apoptasis

aclivating factor)
Formation of cytochrome C-Apal-1 complex Capoplosoms”)

Activation of inltiaior caspase-Q
FLOWCHART 1.12.  Intrinsic/mitochondrial pathway.
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M:C )Periphzrxl far depots
(D) Free fauy a:lds/ Acetate

{3} Oxidation
—_—

(Z)Free faury acids Ketone bodies
{Liver)
Alpha glycerophosphate @
, Phospholipids
Trighycerides Cholesterol esters

Apoproteins {5_'}
_—

r
Lipoproteins

(&) Plasma lipoprotein

FLOWCHART 1.13. Mechanism of develc?mem of fatty liver.
1. Excessive entry of tree fatty acids into the liver (starvation, toxins, dia-
betes mellitus, anoxia).
. Increased synthesis of free fatty acids in the liver (obesity, alcohol
abuse).
Decreased oxidation of fatty acids into ketones (anoxia, starvation).
. Increased esterification of fatty acids into triglycerides (alcohol).
. Decreased synthesis of apoproteins (CCL4 toxicity, protein energy mal-
mutrition).
. Defective excretion of lipoproteins.

= e

Liver liposomes
{diffuse minute membrane-bound inchesions)

Microvesicular famy change
(small vacuoles around the nuclews)

Macrovesicular fany change (vacuoles coalesce to form larger
vacuoles, pushing the nucleus wo the periphery)

Fupture of contiguous cells

Formation of fatty cysts
FLOWCHART 1.14. Sequence of events in the evolution of fatty liver.

Free radical injury
Covalent modification of intracellular and exiracellular proteins, lipids and nucleic acids

Declining function of proteasomes (proteolytic machine thar eliminates abnormal or unwanted intracellula
proteins)

Accumulation of damaged cellular organelles

Cell ageing
FLOWCHART 1.15. Exogenous influences in cellular ageing.
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INFLAMMATION

IMPORTANT DIFFERENCES

FOUNTAINS

ILV IR R M Comparison between acute and chronic inflammation

Feature Acute Chronic

Causative agents Physical (heat, radiation and Persistent acute inflammation due to nondegradable
mechanical trauma) pathogens

Chemical agents (organic and
inoTganic poisons)

Infectious agents (bacteria, vi-
ruses and parasites)

Immunological agents (hyper-

sensitivity reactions)

Persistent foreign bodies

Autoimmune reactions

Major cells Mainly neutrophils; also eosino- Mononuclear cells {monocytes, macrophages, lym-
involved phils and basophils phocytes, plasma cells) and Abroblasts
Primary Vaspactive amines, eicosancids Interferon gamma (IFN-y) and other cytokines,
mediators growth factors, reactive ooygen species, and hy-
drolytic enzymes
Onset Immediatefrapid Insidious/delayed
Duration Few days Up to many months or years
Outcomes Resolution, fibrosis and chronic Tissue destruction and scarring
inflammation
Cardinal signs and 1. Pain (dolour) Absence of any cardinal signs
SysSLEmic mani-
festations
2. Heat (calor) Patient is asymptomatic or presents with low-grade
fever, lethargy, loss of appetite and weight loss
3. Redness (rubor) Patient may also present with high-grade fever
4. Swelling (tumour)
5. Loss of function (functio leasa)
Oedema Present Ahsent
Angiogenesis Absent Present
Tissue destruction Absent Present
Attempts at repair Ahsent Present
Fibrosis Absent Present

(LYl Differences between granulation tissue and granuloma

Features Granulation lissue Granuloma
Component of Healing and repair Chronic inflammation; occurs due to delayed
hypersensitivity response
Definition Tissur composed of newly formed Microscopic aggregation of macrophages that are
blood wvessels (angiogenesis), transformed into epithelium like (epithelioid
proliferating  fibroblasts  and cells) surrounded by a collar of mononuclear
chronic inflammatory cells cells (lymphocytes and plasma cells)
Older granulomas have an enclosing rim of fibro-
blasts and connective tissne
Giant cells Mot seen Epithelioid cells fuse to form ‘Langhans giant
cells' 40-30 microns in size with 20 or more
nuclei arranged peripherally
Remodelling {mat- Seen Mot scen
uration and re-
organization of
fibrous tissue)

Growth factors Angiogenic  and  hbrogenic Involvement of cytokines like 1L-1, IL-12 and
growth factors imvolved, eg, ¥IFN

PDGE FGE TNF and VEGF

ALI RAZA CHAUDARY
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Immediate transient vasoconstriction of arterioles FOUNTRINS
l Histamine, prosiaglandins, PAF, kinins and NO
Persistent progressive vasodilatation of anerioles

!

Opening of new capillary beds (local hear and redness)

|

Increased blood volume in microcircularion elevaring the hydrosiatic pressure

|

Transudation of fluid inte the esaracellular space

Further injuiry
Histamine, leukoirienes, PAF, kinins

Increased vascular permeability and escape of exudate into the interstitium
(hallmark of acure inflammarion)

|

Srasis

!

Leucocytic margination or peripheral orientation of WECs along the endothelial surface
{newrophils stick 1o the endothelium and o throwgh vaseular wall into the interstivial
nssue. RBCs are smaller, move and are oriented centrally)

FLOWCHART 2.1. Vascular events in acute inflammation.

Mormal axial flow
{RECs confined to a central column with WECs oriented peripherally as the lamer are heavier)
L Inflammation leading to stasis
Margination and pavementing of WECs

Adhesion

Emigrarion and dizpedesis
FLOWCHART 2.2, Sequence of cellular events in acute inflammation.

Binding of chemoartractams 1o specific transmembrane G protein—coupled receptors (GPCRs) on the
surface of leukocytes

!

Recrnitment of G protein doe o signals from GPCRs

Activation of phospholipase C (FLC), phosphoinositol 3 kinase (PI3K) and protein tyrosine kinases
(effecior molecules)

!

PLC + PI3K act on membrane phospholipids
Generation of lipid second messengers
1 Cyrosolic calcium
Activation of GTPases and numerous kinases
Polymerization of actin

Locomotion
FLOWCHART 2.3. Mechanism of chemotaxis.
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NADPH
NADPH oxidase (located in the Molecular oxygen
leukacyte cell membrane)
Singlet oxygen
NADP lSupcrm’idt dismutase
Hydrogen peroxide

Catalysed by MPO (myeloperoxidase)
contamed in the agurophilic | Covered with chloride ions
granules of neutrophils

HOCI (hypochlorite)

Destruction of bacteria by halogenation
FLOWCHART 2.4. Mechanism of killing by MPO-H,0O,-halide system.

Cell membrane phospholipids
ll’hﬁpﬂﬂipﬂs +— Inhibited by steroids
Arachidonic acid Inhibited
by aspirin,
Lipoxygenase Cyclooxygenases— indomethacin,
COX 1and
SHETE = SHPETE Prostaglandin G2 2 inhibitors
L lFrﬁ: radical generation
Leukotriene B4 =— Leukotriene A Prostaglandin H2
Leukotriene C4 Prostacyclin 12 Thromboxane A2
= Vasooonstriction L » Vasodilatmion » Vasoconstriction
= Bronchospasm Leukatriene D4 * Inhibits plaelet | » Promotes plateler
= 1 Permeahility L aggregation aggregation
Leukotriens E4
Lipoxin A4 Lipoxin B4
] ' ¥
PGPE P’G%E PGFIID.

+ Vasodilmarion + Vasodilmation
= Bronchodilatation = Broncho-
+ Increased vascular comstriction
permeability
HETE — Hydroxyeicosatetraenoic acid
HPETE — Hydroperayeicosatetraenoic acid
FLOWCHART 25. CGeneration of arachidonic acid metabolites and their role in inflammation.

* Pathogens.
* Immune complexes
= Toxins

l

Mactophage activarion

IL-1/THF {other cytokines)
|

| } |

Acute phase reactions Endothelial effects Fibroblast effects
» Fever * } Leukocyte adherence + } Proliferation

+ 1 Sleep + 1 PG 1 synthesis + 1 Collagen

* t Acute phase proteins * Predisposition to coagulation  synthesis

FLOWCHART 2.6. Major effects of IL-1 and TNF in inflammation.
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Anrigen—antibody (lpG or Ighd) complex

Activation of the Cl-complex (which consists of
one molecule Clg and two molecules Clr and Cls)

l

Cl-complex binds 1o and splits C4 and then C2

|

Release of C4band C2a DAF (bound to the erythrocyte
l membrane via a GP1 anchor)

C4band C2a bind 1o form the dlassical pathway C3-convertase (C4b2a complex)

l

Breakdown of C3 convertase
C3-convertase beads to cleavage of C3 into C3a and C3b

(C3b joins with C2a and C4b (the C3 convenase) to
make CF convertass

FLOWCHART 2.7. Classical pathway of complement activation.

Factor B, Factor D

Direct hydrolysis of C3 > (b > C3bEh » C3BR3b
T {alternative {alternative
pathway pathway

= Microbial  C3 conwvertase, 5 convertase)

* Poly- Praperdin}
saccharides
[C5 convertase] ——  Cleaves C5 inio
C5a and C5b
C5h complexes with
i, C7, C8 and CF
Formation of
C3ba780
{membrane attack
c,mplcrfr MAC)

Inseried inio the cell membrane,

‘punches a hole” and initiates cells lysis
FLOWCHART 2.8. Alternative pathway of complement activation.

Binding of MEL to mannose residucs on pathogen surface

l

Activation of the MBL-associated serine proteases, MASP-1 and MASP-2 (very similar to Clr and Cls,
respectively)

}

Splitting of C4 into C4a and C4b and C2 into C2a and C2b

!

Binding together of C4b and C2a to firm the C3-convertase as in the classical pathway
FLOWCHART 2.9. Complement activation by MBL-MASP pathway.
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Factor X11 (Hageman factor)

High molecubar weight | Collagen, basement membrane,
Kiminogen (HMWE) | activated platefers

Facor Xlla

Kinin cascade Xlla Clotting cascade XIla

l

Kallikrein =— Prekallikrein Factor X[ — Xla

l Factor X —l:- Xa
HMWE

Fibrinolytic system Prothrombin (1) —— Thrombin (11a)

l l

Flasminogen » Plasmin » Fibrin« Fibrinogen

Eradykinin Complement cascade  Fibrin split products

C3—sC3a

FLOWCHART 2.10. Interrelationship of four plasma-derived systems (Hageman factor XII of
the clotting system plays a key role in the interaction of these systems).

Bacterial products (lipopolysaccharides or LPS)

L

Release of cytokines

L

SIRS
FLOWCHART 2.11.  Systemic inflammatory response syndrome.

Bacterial products (exogenous pyrogens) act on leukocytes to release
cytokines IL-1 and TNF (endogenous pyrogens)

l

Increased cyclooxygenase

l

Increased conversion of arachidonic acid to prosaglandins

l

Prostaglandin E stimulates production of neurotransmitters
{eg, cyclic AMF) in hypothalamus

Resetting of the iemperature at a higher level
FLOWCHART 2.12.  Mechanism of development of fever in SIRS.

Severe mjury

l

Increased vascular permeability

l

Larger molecules like fibrinogen pass the vascular barrier

l

+ Fibrin is formed and deposited in the extracellular space (seen in meninges and

penicardium)
'MMFD
l |
Resolution Organization

FLOWCHART 2.13. Pathogenesis and outcomes of fibrinous inflammation.
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Acute inflammarion

l

Resolution Chronic inflammation
(restoration of damaged epithelium and
back to its original stucture and healing by fibrosis

function withoui scar tissue formation)

FLOWCHART 2.14. Outcomes of acute inflammation.

Emigration of monocyte
Tissue macrophage into exrravascalar tssne
Monimmune activalion —e | +——Gamma interferon «——Activated T cell

(end ouoxin, libronectin,
chemical medisors)

Activated macrophage
Tissue injury mediated by: Fibrosks induced %G
* Tosac O merabolites » Growth factors ( F, FGF, TGF- i)
+ Proteases = Fibrogenic cytokines
+ Mewrophilic chemeactic faciors = Angrogenesis-imducing agenis (FGF)
+ Coagulstion factors

= Mirric oodde
= Arachidonic sckd metabolites

FLOWCHART 2.15. Interactions of macrophages with lymphocytes in chronic inflammation.
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TISSUE REPAIRE®

FOUNTAINS

LI W  Differences between healing by primary and secondary intention
Features Healing by primary intention Healing by secondary intention
Mature of wound Seen in incised wounds with well op- Seen in large, open, infected wounds
posed edges (clean and uninfected with separated edges; associated
wound) with extensive loss of cells
Amount of fibrin and blood Filled with moderate amount of fibrin Filled with a large blood clot and
and blood necrotic debris and exudate
Inflammatory reaction Less intense More intense
Amount of granulation tissue Less granulation tissue Extensive granulation tissue
Wound contraction ‘Wound contraction is not seen Wound contraction is seen
Complications Less common More common
Injury

|

Vascular and cellular response

—
hﬁﬂummﬂmryuﬂaumﬁ

Stimulus destroyed Persistent stimulus
Mone or minimal necrosis of cells
l l Tissue of Tissue of
Exudates resolved  Exudates organized stable or permEnent
| | labile origin origin
Return to original Scarring L
structure Mo regeneration
Framework intact Framework destroyed
Regeneration; normal Scarring
structure regained

FLOWCHART 3.1. Pathways of reparative response following injury.
Ligand binding
Dimerization and phosphorylation of receptor subunits
Activation of the receptor tyrosine kinase

Activation of intracellular proteins like RAS, phosphatidylinositol 3-kinase (P1 3-kinase ), phospholipase
Cy(PLC9)

Entry into cell cyclefinduction of transcription

FLOWCHART 3.2. Signal transduction mediated by receptors with intrinsic tyrosine kinase
activity.

ALI RAZA CHAUDARY NG67



PATHOLOGY SUPPLEMENTS

18>

Signalling initiated by ligand binding and conformarional change in receptors

Receptors associate with intracellular G proteins that contain GDF

|

Exchange of GTP with GDF resulting in activation of the proteins
Activation of cyclic AMF and inositol 1,4,5 iriphosphate, which releases calcium from endoplasmic reticulum

FLOWCHART 3.3.  Signal transduction mediated by seven transmembrane G protein—coupled
receptors.

Activation of receptors on endothelial cells in pre-existing vessels by angiogenic growth factors

Rebease of endothelial protesses that degrade the basement membrane to allow endothelial cells 1o escape from
the original (parent) vessel wall into the surmrounding matrix

Migration of endothelial cells wowards area of angiogenic stimulus
Proliferation of endothelial cells behind the migrating cells
Remodelling of endothelial cells into capillary mbes

Recruitment of pericytes and smooth muscle cells to form mature vessels
FLOWCHART 3.4. Steps in angiogenesis.

Woumnd

'

Filked with blood clot and infllammatory cells Day 1
Mewtrophils appear at the margin of the wound

|

Mewrophils largely replaced by macrophages

Granulatkon tissue lormartion begins and infilirates the incsion space

Collagen fbres form at the margins of the incision and are laid down vertically 3
Thickening of the epithelial layer due 1o epithelial cell profiferation and Day
migration of epithelial cells along ncised margins

|

Incisional space s filled with granalation vissue

Meovascularization is a s peak

Collagen Abres becorse abundant and bridge the incisional gap Day 5
Epidermis regains i1s normal thickness

Differeniation of surface cells yields marure epbdermal architeciure

|

Continued accumulaion of collagen and proliferarion of fibrohlasis Day7
Regression of vessels and blanching

Scar tissue formation by the end of the first month
Gradual gain in tensile srength overtime

FLOWCHART 3.5. Steps in healing by primary intention.
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IMPORTANT DIFFERENCES

TABLE 4.1. Differences between exudate and transudate

Features
Diehnition

Mature
Protein content

Specific gravity
pH
LDH

Cells

Example

Exudate

(edema associated with increased vascular
permeability

Inflammatory oedema

1. High (more than 4 g/dl}

1. Has high fibrinogen and tendency to
coagulate

High (more than 1.018)

=73

High

Fluid L DHfserum LDH ratio is =0.6

Highly cellular; rich in polymorphs

Pus seen in pyogenic infections

Transudate

Filtrate of blood or plasma; no
increase in vascular permeahility
observed

Moninflammatory oedema

1. Low (less than 3 g/dl)

2, Mainly albumin, low fbrinogen

Low (less than 1.015)

=73

Low

Fluid LDHfAerum LDH ratio is <(0.6
Few, mainly mesothelial cells

Fluid in congestive cardiac failure

Contrasting features of cardiac and renal oedema

Features Cardiac oedema Renal oedema

Causes CHF and right-sided heart failure Mephritic and nephrotic syndromefacute
tubular injury/mecrosis

Mechanism Decreased cardiac output Hypoalbuminemia and decreased plasma
ONCotic pressure

Clinical * Dependent oedema, the distribution of First ohserved around face, eyes, ankle and

which changes with posture genitalia
+ Mainly pedal or sacral; later generalized
Serum albumin Mormal Decreased
Proteinuria Absent Present

LIRS A  Differences between hyperaemia and congestion

Features Hyperaemia Congestion
Definition Characterized by increased blood flow Characterized by blood pooling due to
due to arteriplar dilatation impaired outflow/drainage from tissue
Mature of process Active Passive
Appearance Red Eluish-red/cyanosed
Type of blood Choygenated Deoxygenated; tissue hypoxia present
Oedema Absent Present
Examples Menopausal flush, muscular exercise, Local: portal venous obstruction in cirrho-
high-grade fever, etc. sis of liver; systemic: right-sided hearnt
failure
Coagulation factors
| Fibrinogen
1 Prothrombin
v Proaccelerin
Vil Proconvertin
Wil Anti-harmophilic factor
X Christmas factor
X Stuart-Frower factor
X1 Plasma Thromboplastin
antecedent
X1 Hageman factor
X Fibrin stabilizing factor

Prekallikrein: Fletcher factor
HMW kininogen: Fitzgerald factor

NG67
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TABLE 4.5. Differences between arterial and venous thrombi

Fealures Arterial thrombi Venous thrombi

Sites Common in coronary, cerebral, iliac amd Superficial varicose veins and deep veins of
femnoral anteries (vessels with active leg, eg, femoral and iliac weins (vessels
blood Mow) with less active blood low)

Pathogenesis Due to endothelial injury (as in athero- Due to venous stasis
sclerosis or turbulent blood flow)

Progression Grows in a retrograde direction from Extends in the direction of blood flow
point of attachment

Occlusion Do not occlude lumen completely Invariably ooclusive

(iross Grey-white, friable, prominent lines of Dark red with fibrin strands; lines of Zahn
Zahn less prominent or absent

Microscopy Lines of Zahn show paler layers of fibrin Constituted by more of EBCs and less of
and platelets alternating with darker fibrin
layers of RBCs

Complications Ischarmiafinfarction of vital organs Embhaolism, oedema, ulceration

ILGIRSE NN  Differences between antemortem and post-mortem clot

Features Antemortem clots/thrombi Post-mortem clots
Origin Formed as part of normal hacmostasis Form in a dead person due to sedimentation
or pathological derangement of and settling down of blood components
clotting pathway in a living person
Giross * Dry, granular, firm and friable + Gelatinous, soft and rubbery
* Lines of Fahn are prominent in » Dark red, dependent portion of the clot is
arterial thrombi called currant jelly and yellow supemna-
tant, free of red cells is called chicken fat
Shape Do not form a cast of the vessel Take the shape of the vessel or its bifurcation
forms a cast of the vessel
Artachment to Present; strong Wery weak
vessel wall
Location Anywhere in the body In dependent parts of the body

Differences between red/haemorrhagic and white/pale/anaemic infarcts

Fealures Red infarct ‘While infarct
Organs invohved Spongy organs like lung and gastrointestinal tract Solid organs, like heart, spleen and
kidney
Cause Venous occlusion Arterial obstruction
Seen Seen in solid organs where the solid-
* In loose tissues that allow collection of blood or ity of the tissue prevents haemor-
tissues with dual blood supply (lungs, GIT). thage that can secp through from
Haemorrhage seeps into such an infarct when adjoining capillaries and tissues
flow is re-established. with end arterial circulation
* In tissues that were previously congested due to
sluggish venous outflow

* ‘When blood flow is re-established in a site with
previous arterial occlusion, eg, after coronary
angioplasty
Morphology Congested and red due to haemorrhage; tums Becomes progressively pale
brown and firm with time but never appears
pale. Hemosiderin-laden macrophages are pres-
ent in large numbers.
Margins Mot sharply defined Sharply defined
Oedema Present Absent
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l Hypoperfusion l
Renal ischaemia _ l 1 ADH
TECEplors (posterior pituitary)
{in carotid sinus and PUtitary.
1 Ma* in renal mubules aortic arch) activared
L T Retention of H,O
]
Activation of Vasomotor centre affected

renin--angiotensin
—aldosterone axis

]
T Sympathetic outflow

v
Renal ischaemia

L

L GFR

1 Excretion of Na*

———= T Renal retention of Na® i:ndHID"—

FLOWCHART 4.1.

Mormal regulatory mechanisms responsible for maintaining sodium and
water balance.

» Nutritional deficiency
« | Hepatic synthesis
« MNephritic/nephrotic syndrome
| poumicni
L Plasma oncotic pressure
Heart faihare

lif:a:dm oedema)
)

T&mmlvmm:spcrﬁsu:e ¢Cardix:aurm.u +— L Blood volume

T Capillary 4 Effective anerial
hydrostatic pressure blood volume
lﬁem]' vasoconstriction
Activation of Chronic hypaoxia
; N . Endotheli
T Vascular

T Renal retention permeability

of Ma™and Hy0

T Plasma volume

Transudation Exudation

* Dedemna =

FLOWCHART 4.2. FPathogenesis of oedema.
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Heari failure
Pressure iransmitied io Pressure transmitted io
upstream right side of hean upstream left side of hean
Systemic Vvenows congestion
Chronic venous congestion (CVC) Pulmonary congestion {CVC lung)

of liver, spleen and kidney
FLOWCHART 4.3A. Pathogenesis of chronic venous congestion.
Long-standing congestion (chronic passive congestion)

Suasis of poorly cooygenated blood

Severe hyposda

L

Parenchymal cell damage and degeneration

w
Chronic conggstion MicToscopic scarring
with capillary rupture

Foci of haemorrhage, breakdown and
phagocytosis of red cell debris

Clusters of haemosiderin-laden macrophages
FLOWCHART 4.38. Outcomes of chronic congestion.

Intrinsic pathway
Megatively charged particles

Contact activarion

lHMWHnimgm
Xl ——=Xlla

XI - Xla
Thrombin
X IXa

Villa—TF— V111
CaH
Platelets

¥ — Ma

FLOWCHART 4.4. Intrinsic pathway of coagulation.

Extrinsic pathway
Tissue injury

Tissue factor
(tissue thromboplastin)

VIl —= Vla

e

X—= Xa

FLOWCHART 4.5. Extrinsic pathways of coagulation.
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Common pathway
Xa
Cas++
Platelets
Vie W X1

!

Prothrombin ——————— Thrombin =

Xllla

Plasminogen ——— Plasmin Stabilized clot
(cross-linked fibrin)
Fibrin — T & FDP

FLOWCHART 4.6. Common pathways of coagulation.

Fibrin-rich thrombus

Lysosomal enzymes o
from leubocytes Chrgamizarion
Central Gradual ingrowth of granulation
softening tissue, subendothelial smooth
muscle cells and mesenchymal
oy cells it the fibrin-rich thrombus
bacterial infection |
l Formation of capillary channels
_ _ within the thrombus
Septic emboli

Surface of the thrombus gets covered with
endothelial cells and capillary chanmels begin
10 anastomose from one end o another

Re-establishment of continuity of the lomen
{recanalization}

Thrombus converis into a vasculanized subendothelial
mass of connective issue

Evenmal incorporation into the wall of vessel

Contraction of mesenchymal cells so that a fibrous lump
or thickening remains to mark the site

FLOWCHART 4.7. Sequence of events in evolution of a thrombus.

Breakdown of far globules into free fany acids
Towic injury to endothelium by free fay acids
Flatelet activation and recruitment of granulocytes

Production of free radicals, proteases and eicosanoids

Vascular damage
FLOWCHART 4.8. Biochemical basis of cellular injury in fat embaolism.
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l—H}rpmrul:umla—|

Vasoconstriction Cell hypoxia and energy deficit

Failure of precapillary sphincier Anaerobic respiration
Feripheral pooling Accumulation of lactic
of blood acid and fll in pH
Hypooda Failure of Na*--K* pump
1

Release of =« Efflux of K*

lysosomal + Influx of MNa*
ENTymEs andH O

Enter circulation
and damage capillary
endothelium

Further damage

L (el death =

FLOWCHART 4.9. Pathogenesis of hypovolaemic shock.

Microbial products (Pathogen-Associated Molecular Patterns or PAMPS)

l L

Activation of G protein-coupled receptors which Acrivation of signal transducing
recognize bacterial peptides and Nucleotide proteins called TLR (mammalian
Folymerization Domain proteins (NOD) 1 and 2 toll-like recepror protein) 4

Complement activation Activation of innate immune cells Activation of

L coagulation cascade

l

Activation of C3 1o C3a —=Activation of endothelial cells and lenkocytes Release of
and release of mediators procoagulanis

Activation of thrombin
which in furn activates
***PARs on inflammatory cells.

Release of IL1, ILG, IL8, IL10, *sTNFR, TNF, NO, PAF, ROS, PAL-1, **HMGE1

|
| l l | |

* Myocardial depression » TCoagulation  * Vasodilatation » Fever
. Lm}r.\c:::aa:d.lac ourput ARDS « DIC = * Increased vascular  » Metabolic
+ Low peripheral resistance permeability and abnormalities
decreased perfusion  + Generalized
organ dysfuncrion

*sTMFR—Soluble TNF receptor
**HMGE1—High mobility group box 1 protein
***PARs—FProtease-activated receprors

FLOWCHART 4.10. Fathogenesis of septic shock.
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IMMUNOLOGY

IMPORTANT DIFFERENCES

FOUNTAINS

Differences between T lymphocytes and B lymphocytes

Fealures T cell B cell
Origin Stem cells in bone marmow — thymus Stem cells in bone marrow — secondary
lymphoid organs
Life span + [Flasts: several days » Blasts: several days
+ Small T cells: months to years * Small B cells: <1 month
Location
(i) Lymph node Paradeep comtex Germinal centre, superficial cortex
(i) Spleen Periarteriolar sheath Germinal centre, red pulp

(iii) Feyers patches Perifollicular zone Follicular centre

Percentage population in

(1) Elood 80% 20%
(ii) Bone marrow Rare Numenous
(iii} Lymph node 85% 15%
Surface markers
(i) TCR Ag receptor Present Ahsent
(ii) Surface Ig Absent Present
(iii} Fc recepror Absent Present
() Complement receptor  Absent Present
(¥} CD markers = T (helper): CD4,3,7,2 CD19,21,23
* T {(suppressor) CD8,3,7.2
Functions (i) CMI via cytotoxic T cells (i) Precursors of plasma cells

(ii) Delayed hypersensitivity via CD4+
T cells

(i) Contribute to humoral immunity by
synthesizing specific antibodies {Igs)

TABLE 5.3. Differences between MHC class | and class Il

Fealures MHC | MHC Il

Location Present on all nucleated cells and Found on antigen-presenting cells—macrophages,
platelets dendritic cells and activated T and B cells

Constituted by Alpha chains (o], o2, @3) and B2 Alpha chains (x], a2) and beta chains (g1, B2)
mictoglobulin

Genes coding region HLA-A HILA-B, HLA-C HLA-D (DF, DO, DR)

Antigen presentation in CD8+ T cells CD4+ T cells

association with
Functions Graft rejection, lysis of vins-infected Graft-versus-host response and  immunologic

cells and tumour cells reactions involving CO4+ T cells

Subsets of helper T cells

TABLE 5.4.

Fealures T cells T 2 cells T, 17 cells

Cytokines that induce IFN-yand IL-12 IL-4 TGF-B, IL-6, IL-1 and IL-23
this subset

Cytokines  produced 1FN-y IL-4, 5 and 13 IL-17 and IL-22
by this subset

Function Responsible for delayed hy-  Responsible for synthesis of  Release 1117, which is a

Role in discase

ALI RAZA CHAUDARY

persensitivity, macrophage
activation and synthesis of
Igl; they provide defence
against intracellular mi-
crobes.

Autoimmune and chronic
inflammatory diseases

other classes of antibodies
including IgE; they pro-
vide defence against hel-
minthic parasites.

Mllergies

powerful recruiter of neu-
trophils and monocytes
and is important in de-
fence against extracellular
bacteria and fungi.
Autoimmune and chronic

inflammatory diseases

NG67
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Suppressor/cylotoxic T lymphocyles

+ CD8-positive
* CD4-negative
0%

HLA class |

PATHOLOGY SUPPLEMENTS

Cytotoxicity mediated by pore forma-
tion and release of granzymes. Also

FasfFasL-dependent killing

LIS R  Differences between helper and suppressor T cells

Fealures Helper/inducer T cells

Type » CDM-positive

* CD8-negative
Percentage of peripheral T cells 60%
Antigen recognition in associa-  HLA dlass 11
tion with

Functions Release lymphokines and activate
macrophages and B cells, responsi-
ble for delayed hypersensitivity

Subsets Two subsets, THI and TH2

Mo subsets

Differences between types I, II, 11l and IV hypersensitivity

Features Type |

Reaction type Anaphylactic

Cells involved Mast cells, hasophils,
eosinophils, neutro-
phils,  monocytes,
CD4+ T cells, B cells

Antibody type IgE

Chemical mediators  IL-3, 4, 5; vasoactive
amines

Antigen  presentz-  Required

tion by APC

Pre-sensitization Required

Pathogenesis Formation of IgE and
immediate release of
mediators to recruit
inflammatory cells
inducing inflamma-
tory changes

Time for onset Mimutes

Examples Allergic bronchial
asthma

TABLE 5.7.

Origin
Mechanism

Role in autoimmune diseases

ALI RAZA CHAUDARY

Type Il

Cytotoxic

Monsensitized macro-
phages, MK cells,
neutrophils, eosin-
ophils, B cells

IgG, IgM

Complement system

Mot required

Mot required

Opsonization  and

phagocytosis,
ADCC, antirecep-
tor antibody type

Hours to days
Transfusion haemo-
Iytic reactions

Central tolerance

Thymus/bone marrow
Clonal deletion of self-T/B cells

Failure may not result in autoimmune
diseases

Type 11 Type IV
» Serum sickness Dielayed hypersen-
» Arthus reaction sitivity
Meutrophils, B cells CD4+ T cells, mac-
rophages, CD8+
T cells
g, Lghd MNone
Complement system i
L-12, IL-2, INF-
¥, TGF§, THF-
o
Required Required
Required Required
Formation and depo- = Sensitized
sition of Ag-Ab T- lymphocytes
complexes —* acti- mediate release
vates  complement of lymphokines
system — neutro-  * T cell-mediated
phils recruited —* cytolysis
release  of  lyso-
somal enzymes and
other toxic agents
Hours to days Hours to days
Glomerulonephritis,  Transplant rejection

theumatoid arthritis

Differences between central and peripheral tolerance

Peripheral wolerance

Peripheral tissue

Clonal deletion, clonal anergy, peripheral
suppression by T cells

Failure wsually results in sutoimmune

diseases
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Immune system
|
Acquired (specificfadaptive) immunity Innate (natural) immuonity
| |
T-cell immunity E-cell immunity Eleod elements Physical and
{celb-mediated immunity) (humeral immunity} chcmii:ai barriers
l Anti EXpasure Complement Phagocytosis 1. 5kin (physical barrier)
T cells = cascade 2. Mucous membranes
i l l {physical barrier)

3. Saliva, tears, nasal
secretions and sweat

Suppressar  Helper  Cytoaoxic Lymphoblasts Alernative 1. Meut ils contain

Teells  Teells Teels pathway 2. Macrophages 4. ing action of
3. Buuphil: urimne fears
i; . 4. i ils 5. Stomach acid
o . lasma Memory 5. Matural killer cells 6. Acidic vaginal secretions.

= Response to viral infections — cells Bells 6. Dendriticcells 7. Spermine and zinc

= Tranaplant reactions L D

= Tumour lysis . .

Com
plement

FLOWCHART 5.1. Types of immune responses.

First expasure to antigen

Antigen presentation by
dendritic cell
- l . Release of 13, IL5
Recognition of antigen of 13, » Eosinophil recruitment
by TCR on T2 cell
L Release of 114 l
Diifferentiation of 1gE B cell Release of mediators

|

Production of IgE antibody

IgE antibody binds to 1gE Fc recepror on mast cell
2nd exposure o antigen

Antigen hinds to IgE antibody
previously bound to mase cells

Multivalent antigen hinds 1o more than
one IgE molecule leading 1o cross-linking
of 1gE Fc recepuors

Activation of mast cells and release of mediators
FLOWCHART 5.2. Mechanism underlying type | hypersensitivity.
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THF-t ———— = Epithelial cells

|

Release of:
* Eotaxin
* RANTES (regulated on activation,
normal T expressed and secreted)
17 Recruitment of eosinophils —l
* Produce leukotriens C# and PAF Contain:
* Activate mast cells + Major basic protein
l + Ensinophilic cationic protein
Promote inflammation Tawic to epithelial cells

FLOWCHART 5.3. Role of ecsinophils in type | hypersensitivity.

Antigen—antibody reactions involving 1gG and 1gM antibodies

Complement activation
I -

o Formation of membrane CGeneration of opsonins 3

£ attack complex {C3b and C4b)

- =

; l g

B L Lysis of target cell Opsonization of antibody-bound ) ki
{Example: destruction of thin-walled target cell E_

bacteria like Neisseria) l

Destruction by phagocytes via )
their C3b receprors

FLOWCHART 5.4. Steps in opsonization and phagocytosis.

Antibodies bind to target cells

|

Recruitment of leukocytes (minimum or no activation of complement)

Activation of monocytes, neutrophils and NE cells, which bind to targer cells via recepaors for
Fc fragment of 1gG

Cell lysis (by perforins) withour phagocytosis
FLOWCHART 5.5. ADCC.
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Deposition of antibody in extracellular rissue, eg, ECM

l

Activation of complement
Generation of {3a and C5a, which recruit neutrophils and monocytes
Inflammatory cells bind to deposited antibodies via their Fo receptors
Activation of leukocytes

Release of enzymes and free radicals

Tissue damage
FLOWCHART 5.6. Complement and Fc receptor-mediated inflammation.

| Ag—Ab complexes|
| ! !
Complement Flatelet Activation of
activation aggregation Hageman factor
|
l ! T | !
Release of Anaphylatoxin Microthrombi
chemotactic factors ZENETation formarion
+ Neutrophil Release of Activation of
aggregation vasnactive kinins
+ Monocyte recruiiment amines
Phagocyuosis Vasodilatation
l and pedema ™
Release of lysosomal
enzymes and C3-9
complex
MecTosis
Fever, anthralgias,
lymphadenopathy,

urticaria and proteinuria

FLOWCHART 5.7. Mechanism of immune complex-mediated tissue injury.
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First exposure 1o mbercular bacilli

|

Matve CD4+ T cells recognize peprides derived
from the bacilli in association with MHC class 11

|

Differentiation of natve CD4+ T cells to Tyl and Tyl 7 cell type

|

+ Some Tyl cells remain in the memory pool of T cells for
years as memory Tyl cells
+ Release of IL-17 and 1L-22 leads 1o inflammation and tissee injury

Intracutaneous injection of tuberculin
or second exposure to the bacilli

Memory Tyl cells interact with antigen on antigen-presenting cells

|

Activation (hlast formation and proliferaion)

|

Cytokines
|
IL-12 FN-y L2 TMF-a,
l Iymphotoxins
Macrophage — Differemtiation Recruits Endothelial
activation of natve CD4+ T T cells cells
cells to Tyl cells l
Activates IL-12
macrophages
Epithelicid «+— Activated macrophage » T Prostacyelin
cell = T Phagocytosis and A2 and NO
killing « T Seleciins
= T Expression of class 11 « T Secretion of

malecules IL-8
-1 Ag presentation
» Release of PDGF and

TGF- p

FLOWCHART 5.8. Sequence of events in development of DTH.
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— CD&+ T cells come in contact with antigen presenting target cells
Polymerization of perforin molecule

Insertion into rarget cell membrane

}

Drilling of holes in the membrane

R

Excessive water intake Lymphocyte granules
l COTLANE gmll}'ﬂﬂ
. tic lysis Delivered into the cell via

orin-induced pores
perd po

l

Fas—Fas ligand binding — Apoptosis of target cells =— Granzymes cleave and activate
CASPAses [0 initiate apoptosis

FLOWCHART 5.9. T cell-mediated cytotoxicityfoytolysis.
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NEOPLASIA

IMPORTANT DIFFERENCES

FOUNTAINS

LGN WA  Differences between a hamartoma and a neoplasm

Features Hamartoma MNeoplasm

Defimition Disorganized focal overgrowth of mature Abnormal, excessive, unregulated,
tissue indigenous to a particular site autonomous proliferation of cells

Behaviour Always benign May be benign or malignant

Degree of differentiation Well-differentiated cells, which completely Vary from well-differentiated 1o
resemble normal counterparts poorly differentiated anaplastic

lesions
Clonality Polyclonal Monoclonal
Examples Vascular hamartoma Squamous cell carcinoma

Differences between dysplasia and anaplasia

Fealures Dysplasia Anaplasia

Definition Lack of uniformity of individual cells with Lack of morphological and func-
architectural distortion tional differentiation of cells

Behaviour A potentially precancerous  condition, Anaplasia is usually a hallmark of
which may or may not progress to cancer malignant transformation

Tissue involved Mainly epithelium Both epithelium and mesenchyme

Cellular pleomorphism and Present, but usually low grade High grade

nuclear atypia
Mitotic higures Present, usually not atypical Abnormal and atypical hgures may

be seen (tripolar, quadripolar
and multipolar spindles)
Tumour giant cells Absent Present

Contrasting features of benign and malignant tumours

Fealures Benign Malignant

Geross features

Boundaries Encapsulated/well crcumscribed Il circumscribed/unencapsulated

Size Usually small Usnally large

Secondary changes Less frequent More frequent

Surrounding tissue Compressed Invaded

Microscopic features

Pattern Resembles tissue of origin Poar resemblance to tissue of origin

Polarity Retained Lost

Anaplasia Absent Present

Mitoses Present, few, typical Present, many, atypical as well as
typical

Tumour giant cells Rare, without atypia Common, with atypia

Cytogenetic changes Rare Commaon

Physiology of cellsfunction Maintained Lost

Growth rate Lowr High

Local invasion Rare Commaon

Metastasis Absent Present
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TABLE 6.6. Differences between anti-oncogenes and proto-oncogenes

Features Anli-oncogenes Prolo-oncogenss

Other name  Tumour suppressor genes Precursor genes for oncogene

Function They suppress cell proliferation, and promote differ-  They promote normal cell growth and dif-
entiation and maturation of cells ferentiation

Inheritance Recessive. Homozygous inactivation, ie, loss of both  Dominant. Mutation in a single copy may
normal copies of gene is required for carcinogenesis lead to oncogenic conversion

Action Act passively, ie, cancer-promoting genes dominate  Act actively, iz, gene products of oncogenes
and lead to tumour formation due to loss of normal directly lead to tumour formation
function of anti-oncogenes

Examples P53, RE gene, BRCA-1 and 2, TGF-, APC, W=l and NF~ myc, N-myc, erbBL/A3

LGN  Contrasting features of initiators and promoters
Features Initialors Promaolers
Sequence of Applied first Applied after initiator
application
Mechanism Induction of mutation Mot mutagenic; instead are mitogenic
Induce cell cycling and reinforce the action of
initiators rather than inducing a mutation
Dose Single for a short time Repeated over a long time
Response Sudden Delayed
Molecular change Initiation causes irreversible changes and Promoters induce reversible changes
has memory
Examples Most chemical carcinogens, radiation Hormones, phorbol esters

Differences between DNA and RNA oncogenic viruses

Fealures DMNA oncogenic virus RMA oncogenic virus

Viruses HPV, EBV, HEV, KSHY HTLV-1

Genome Double-stranded DMNA Single-stranded RNA

Reverse iranscriptase Absent Present

Interaction with Linear DNA genome forms a double-stranded cir- First RNA is transcribed into
host genome cle within infected cell and then covalently DMA, which then integrates

integrates into the host genome into host genome
Mame of gene Early region A gene SIC gene
Mame of protein T antigen SIC protein

Function of protein

Location of protein

Protein kinase, ATPase activity, binding to DNA and
stimulation of DNA

LILGISH RN Role of tumour markers in neoplasia

Tumour marker
AFP (n-fetoprotein)

Associated neoplasm

ImOurs

Protein kinase that phosphory-
lates tyrosine and disturbs the
growth control process

Plasma membrane

Hepatocellular carcinoma, nonseminomatous-germ-cell

P3A (prostate-specific antigen) Prostatic carcimoma

HCG (human chorionic gonadotropin) Trophoblastic tumours

Calcitonin Medullary carcinoma of thyroid
Vanillylmandelic acid (VMA) Pheochromocytoma

CA-125 Carcinoma of ovary

CEA (carcinoembryonic antigen) Cancer of bowel, pancreas and breast
CA-15.3 Carcinoma of breast

ALI RAZA CHAUDARY
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Drysplasia EOUNTAINS

l

Carcinoma in situ

(Drysplasia involving the entire thickness of the epithelium)
Invasive carcinoma
(Frank invasion into the stroma by malignant cells)
FLOWCHART 6.1.  Steps in the progression of dysplasia to invasive carcinoma.

Acquired or Mormal cell
. o
Magng DMA damage
3 |
=
e Failure of DNA repair +=——Inherited muarions
™.
S |
5 l—Mumrl.cms in the gprr:um of somatic nells—L
=
é Activarion of growth- Inactivation of umour Abnormalities in genes
Z promoting genes SUPPIESSOT JENES ri:gplarln,glapupnm's
l Decreased apoptosis
% Clomal expansion
o
w
E Malignant neoplasm
= A@ugmr_usl New mutations
=
Invasion/metastasis

FLOWCHART 6.2. Steps involved in carcinogenesis.

External signals (growth factors, integrins)

Activation of MYC, RAS and other genes

l.

Synthesis of cyclin D

Cyclin I + CDE4 form an active complex

P16, INK4, P21
RE phosphorylation in EXZF/DP1I/RE complex

(in its hypophosphorylated form, BB binds to and sequesters a transcription activator called E2F; RE is
removed from E2F by phosphorylation and free EZF is made available)

Free E2F
Cyclin E transcription
Cyclin E

Cyclin EACDE 2 (active complex)
F2y
Gl —= 5

Mote: The cell cycle is blocked by F21, P27, P16 and INE4.

FLOWCHART 6.3. Role of cyclins, CDKs and CDK inhibitors in regulating G1/5 cell cycle
transition.
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Receptors for growth factors undergo mutations or are overexpressed

J.

Mutant receptor proteins deliver continuous signals

Continuous activation of signal-transducing proteins on the inner keafler of plasma membrane
Signal transduced from cytosol to nucleus via second messengers
Activation of nuclear regulatory factors

DNA transcription

FLOWCHART 6.4. Role of growth factor receptors in evolution of carcinogenesis.

Mutated RAS (rat sarcoma) gene

Growth factors bind to extracellular receptor domain and activate the intracellular
domain of the same

Conformational changes and activarion of RAS

GTP into GDP; GAPs (GTPase-aclivaling

GDF l Intrinsic GTPase activity of RAS may reconvert
—5 proteins) also prevent uncontrolled RAS adivation

GTFP

Srimulation of RAF mitogen-activated protein
(MAF) kinase mitogenic cascade

Cell proliferation
FLOWCHART 6.5. Role of RAS-signalling pathway in cancer.

Development of a rapidly proliferating clone of cancer cells

Emergence of a subpopulation of tumour cells with the
biological characteristics essential for metastases

Adhesion to and invasion of basement membrane by tumour cells

Tumour cell-ECM intevactions and degradation of ECM due to:
= T Metalloproteinase expression an aumour cells
s T Proteases (MMPs, cathepsin D, urokinase
plasminegen activator)
s | Tigsue inhibitors of metalloproteingses (TIMPs)

Cleavage of basement membrane proteins collagen
laminin by MMFZ2 and MMP9

¥
Invasion of ECM

Development of leaky blood vessels with endothelial
gaps having direct contact with cancer cells

Intravasation (entry into vessels) by tumour cells

Interzcrion with host lymphoid cells 1o form tumour cell emboli
Adhesion 1o basement membrane of vessel wall
Extravasation at a disianr site
Metastatic deposit
Proliferation as a secondary colony aided by

angiopoietins 1 and 2
FLOWCHART 6.6. Sequence of events in invasion and metastasis.
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Procarcinogen Bintransformation of procarcinogen in
l endoplsmic reticulum of hepatocytes by
mono-moygenases of cytochrome P-450

Carcinogen

Conversion into electron-deficient electrophiles

Initiation

Einding of electrophiles to electron-rich porions of cell
(DMA, BNA and proteins; arget molecule chiefly DNA)

* Permanent DNA damage, leading to inination of cell
+ Altered cell undergoes at least one cycle of proliferation
in order to transfer the change to the progeny

E| Clonal proliferation of altered cell
B
E Meoplasm

FLOWCHART 6.7. Stages of chemical carcinogenesis.

EBV attaches wofinfects cells of oropharynx and B lymphocytes via CD21

Linear genome of EBV circularizes wo form an episome in B cells
Wormal immame system
Ieeeps infected cells in check
Latent infection of B cells
[ iﬂerrmsrd immumnity/fevasion of inmmme system
Activation of 41 \tp.1 induces the NFKB and ignalli
- uces and JAK/STAT signalling pathways and Bcl-2

**EBNA-2
l LMP-1
Activation of NFKE and JAK/STAT induce
Cyclin v B-cell activation via CD40

Activation of Bel-2 prevents apaptosis

B cells
G0—— Gl  Increased B-cell survival and proliferation

|

Actively dividing B-cell population is at increased risk of
developing mutations, eg, translocation (8; 14)

Juxtaposirion of MYC with 1g gene and activation of MYC gene

Uncontrolled proliferation
*LMP-1 — Latent membrane protein-1. **EBNA-2 — Epstein—Barr nuclear antigen 2.

FLOWCHART 6.8. Mechanism of EBV-induced oncogenesis.

H. pylori
|
Chronic gastritis
Multifocal atrophy and decreased gastric acid secretion
Intestinal metaplasia
Drysplasia
Carcinoma {adenocarcinoma of intestinal type)
FLOWCHART 6.9. Mechanism of Helicobacter pylori-induced oncogenesis.
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MICROBIOLOGY SUPPLEMENTS

_— -

-2d

IMPORTANT DIFFERENCES

V-V RIWAN Karyotypic Abnormalities of Important Syndromes

Down’s Syndrome
Meiotic Non-disjunction type:

(95%)
47, XX, +21

Robersonian Translocation type:

(4%)

46,XX,der(14;21)(q10;q10),+21

Mosaic type (Mitotic Non-
disjunction during
embryogenesis): (1%)
46,XX/47,XX, +21

47, XXY

Mosaic type: (10%)
46,XY /47, XXY
47, XXY /48 XXXY

Klinefelter's Syndrome
Classical type: (90%)

Variant types: (<1%)

48, XXYY
48, XXXY
49, XXXYY
49, XXXXY

Turner’s Syndrome

Classic type: (57%)
45X

Defective 2" X chromosome:
(14%)

46,X,i(Xq)

46,XXq-

46,XXp-

46,X, r(X)

Mosaic type: (29%)
45,X/46,XX
45,X/46,XY

45,X /47 XXX
45,X/46,X,i(X)(q10)

VNI BV Difference between Disorders with an Extra Chromosome

Feature

Trisomy

Common Karyotype

Risk

Intellectual Disability
Skull Defects

Facial Defects

Eyes Defects

Neck Defects

Congenital Heart
Defects

Renal Defects

Umbilical Hernia

Hand Defects
Foot Defects

Others

Down Syndrome
21

Edward Syndrome

18

Patau Syndrome
13

Meiotic Non-disjunction Meiotic Non-disjunction Meiotic Non-disjunction

type: (95%) 47, XX, +21

T with maternal age to

incidence of 1/25 live

births in woman age >
45

v
x

Low-bridged nose
Flat face
Epicanthial folds

Brushfield spots

Broad short neck

v

X

v

Simian Crease

Gap between 1st & 2nd
toe
Muscular Hypotonia
Intestinal Stenosis

type: 47 XX, +18

T with maternal age

type: 47 XX, +13

T with maternal age

v v
. . Microcephaly
Prominent occiput Holoprosencephaly
Low set ears .
Micrognathia Cleft lip or palate
x Microophthalmia
Short neck x
v v
v v
x v
Overlapping flexed
et Polydactyly

Rocker-bottom

feet Rocker-bottom feet
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VIROLOGY

cqQl
g Learn]

D-Hﬁ.ulim
¥ L
(Single-sranded )
¥ ¥ ¥
( Gnenveoped )
Hepadnavirusas (C) Adenoviruses (L) Parvovirusas (L)
Herpasvirusas (L) Papillomaviruses (C)
A Poxviruses (L) Polyomavirusas (C)
RMA viruses
(=) ANA ) ({+/=) RNA) {+) AMA via DNA
¥ ¥ ¥ ¥
Caliciviruses Coronaviruses Arenaviruses (3) Reoviruses (S) Retroviruses
Picornavinses Flaviviruses Bunyaviruses (S)
Togaviruses Filoviruses
Orthomyxovirises (S)
Paramyxoviruses
B Rhabdoviruses

18-1: Classification of major viral families based on genome structure and virion morphology. A, DMA viruses. L, linear genome;
C, circular genome. B, RMNA viruses_ 5, segmented genome.

kv {; vy @ § ;""
W —_— — =
A N

18-4: Assembly of the icosahedral capsid of a picornavirus. Individual proteins associate into subunits, which assodate into

protomers, capsomeres, and an empty procapsid. Insertion of the {+) RNA genome triggers conversion of procapsid to the final
capsid [not shown).
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A

N
INFLUENZA VIRUS

== Major contributors to Fubiics

. Antibody |——
pathogenesis of y protection
influenza syndrome < ——

T cell
— Immune response responses
- Less frequent outcomes
Interferon
| induction
Aerosol Replication Desquamationof Influenza
inoculation === in respiratory == mucus-secreling == syndrome
of virus tract and ciliated cells

CNS, muscle i
involvement <"

24-2: Pathogenesis ofinfluenza A virus. Viral damage to the respiratory epithelium and host immune responses are responsible
for the symptoms of influenza. Infection may also promote secondary bacterial infection. CNS, central nervous system.

HUMAN IMMUNODEFICIENCY VIRUS (HIV)

Increased viral
load in blood
Portals of entry: - Clinical 7 J}“_P--\._\
Blood Bloodstream [ ", latency , =t Gl
Colon-recium ﬂ-— ) 'xl.:__l j -' q-— IH{’ -T}:-: q-— .:‘:_..--:_'..__""-:' *—t#
'U’agm i — — o : . '_:'_.: :Ir -
‘ T ol : cylolysis ; dementia
: Immunadeficiency
Virus resarvolr : Losz of B cell control
and transport . lymphadenopathy,
. hypergammaglobulinemia

Loss of DTH function, sensitivity to
* ’ cutaneous infection,
¥ Microglial cell (brain) :  intracellular pathogens
. Pulmonary alveclar .

. macrophage (lung) .
Macrophage e @@l (SKIM) %) oss of T call function
* Dhysfunction |« Severe syslamic
* Virus release 8 opportunistic
* Monokine release . infections
and dysregulation 1| » Kaposi sarcoma
of immune functions + | = Lymphoma

26-3: Pathogenesis of human immunodeficiency virus [HIV). HIV causes lytic and latent infection of CD4 T cells and persistent
infection of cells of the monocyte-macrophage family, and it disrupts neurons. The outcomes of these actions are immunodefi-
diency and acquired immunodeficiency syndrome [AIDS) dementia. DTH, delayed-type hypersensitivity.
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HEzAg X{r 3 HB'u’
/ T

o

."._ N -.1

1 Binding and endocytosis of HBV virion into target 6  Synthesis of (<) DNA strand by viral reverse

cell; and release of nucleocapsid core into © transcriptase using longest mANA as template
_ cytoplasm (Ba) and assembly of core proteins aroumnd
"2 Uncoating of core and completion of partially RNADNA hybrid (Bb)

double-stranded DMNA genome by viral DiNA 7 Degradation of RNA strand and synthesis of

polymerase “* (+) DNA strand to replace it

:'xa"ijrspnnnfmhmdgmmmm /8  Envelopment of nucleocapsid by intracellular

" membrane before entire (+) DNA strand is

/4 Transcription of viral genome by host enzymes o

(4a) and ransport of mRNAS to cytoplasm (4b) ' 9 Exocytosis of HBV virion
/5 Translation of viral MRNAS into proteins on 10 Exocytosis of noninfectious HBsAg particles
O Fiiriyr !

27-1: Proposed pathway for replication of hepatitis B virus (HBY). HBcAg, hepatitis B core antigen; HBsAg, hepatitis B surface
antigen; mRMA, messenger RMA.
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et \ ({5 g o

1 1 1 1

Echo, Skin Muscle Brain Meninges
coxsackie A— | |
HFMD Echo, coxsackie Polio,
Aand B Coxsackia AT
1 1
| Echo, polio, Heapalitis A
Coxsackie
Razh, Hean Thorax
herpangina Meningitis
Myocarditis,
pericarditis Encephalits
Fleurodynia Paralytic disease

23-1: Pathogenesis of picomaviruses. All of the enteroviruses can be spread by the fecal-oral route but cause different diseases
depending on the target tissue that is infected. Some enteroviruses, like the rhinoviruses, can be spread by respiratory means

and cause symptoms of the commeon cold. HFMD, hand-foot-and-mouth disease.

NG67
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