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CELL ADAPTATIONS

Cell adaptation 00:03:25

Cell orgonelies affected during cell injury :
* mitochondrio.
* endoplasmic reticulum.
* Nucleus.
* Plasmo. membrane.

Causes of cell injury:

* Hypoxia. Decreased Oxygen Suppl5 to o tissue.
most common cause of cell injury : Hypoxio.
most common couse of hypoxia. : Ischemia.
Ischemia. refers to decreased blood supply.
Ischemia. is a.more severe form of cell injury than
hypoxio, as when blood supply decreases, supply of all
nutrients 'mcludins 0, is diminished,
Cells most sensitive to hgpoxn : Neurons.
Cells least sensitive to hypoxia. : Fibroblasts, skeletal
muscle.

* Physical agents e, Radiodion.

¢ Chemical agen’cs e.g, , Carcinogens.

* Infectious agents. e.g , Bacteria, viruses.

* genetic abnormalities €9, mMutodtion.

. lnmmlosic agents.

* Nutritional imbalances : Deficiency (Pem), excess

(obes‘rlg).

Manifestation of cell injury | 00:11:00

5032793ep88d5004861 13130

Cell injury may lead to :
* Adaptakion : H«jperkroPhﬂ, h5perplasia, metaplasia,
atroPhtj.
* Reversible cell injury : On removing the injurious stimuli
the cell will revert to normal state.

Active space
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* Irreversible cell inpry (el deothy) 1 pecrosi,
opoptosis, pyroptosis, Yerroptosis, necroptonis,

* Intracellulor accurmulotion,

* Pothologie caleification,

Hypertrophy ! Increased cell size but no increose in rurnier
of cells.
mechanism : Occurs due 1o increase synthesis of cellular
proteins,

Beaiiea } 3 proteirs thot are resporsivle Sor

" NFRT T upertrophy

* meFa

Hypertrophy usually occurs in permanent/ non-dividing celis.
Tgpe of cells based on division obility :
* Permonent/non-dividing eells : Cannct divide of oll e, ,
cordioe muscle, skeletol muscle,
* Stoble cells : Liver or pancreos.
* Lobile cells: Rapidly dividing cells €4, bone rmosrow,

SKin epidermis.
Physiological hupertrophy Potrological hupertrogny

*  Uterus during pregnancy, * Le¥ ventriculor

* ereast during lactotion. hypertrophy,

® Skeletal muscle in body * Incose of bladder outiet

builders, obstruction due 4o ¢tone,

areo. prokimal to skone ull
under 9o hypertroghy,

aords angoy

Normal smooth muscles Hﬂper’troph‘ued smooth
cells of uterus muscle cells

bnvssprésanth?@gmail.oom
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Adaptations

Hyperplasia 00249

Increase in the number of cells which will lead +o inerease in

size of the organ.

mechanism ¢ &rowth factor induced proliferation of mature

cells.

uswllﬂ occurs in the dwidins cells,

Dividing cells can undergo both hyperplasia. and hgperh’ :
5ca2793ec88d500486113130,

| Physidlogical hyperplasia Pathologieal huyperplasio
HormMonal ¢ | Compensatory ! Occurs due o hormonal

* Breast Liver after partial | excess :
during hepatectomy, * Increased androsen
pregnancy, leads to benign

* Breast prostatic huperplasia.
during * Increased estrogen
puberty, leads o endometrial

hyperplasia

Hyperplastic proliferations are o fertile soil in which cancers
can develop.

For e, endometrial hyperplasia. can lead to endometrial
concer.

examples of both :hsper{rophg ond hgperplasim
* preast durhg puber*g/ pregnancy
. u’cerps dur'mS pregnancy

Atrophy | 00:31:32

mroPh3 ¢ Decreased cell size and number leadhg to

decreosed organ size.

mechanism :
* Decreased protein 55nthesls.
* Increased protein degradaf\on. g
* Autophagy g

To get all marrow edition6 notes and other latest notes, click here
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Pathology
Physiologle atrophy | Podhologic atrophy
* The disappearance of * Senie atrophy,
notochord, * Ischemic a{ropha
* Disappearance of (becreased blood supply
bnvssprasanth?@gmarl com thyroglossal duct at leading to atrophup,
puberty, *  Denervation atrophy (oss
*  Involution of uterus after of nerve supplup.
parturition, * Pressure atrophy (in case
- of o tumour; surrounding
structures get atrophied
due to pressure),
¢ Disuse o&rophg.
*  Nutritional atrophy,

et
SRR
‘i—) Normal endomaderial 3Iand.

brain n’n’ophiec{ bradin

Metaplasia 00:38:23

' I is o reversible change in which one differentiated cell
§ &593/ modure cell tupe is converted to another type.
g gpithelial metaplasia. : epithelium gets converted to another
type of epithelium.
' mesenchamal metaplasia. ! mesenchﬂme gets converted to
onother type of mesenchyme,
Mechanism ¢ Reprogramming of stem cells.

Pathology * v4.0 « Marrow 6.0 « 2022
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examples
* most common metaplasio. ! In smokers
pseudostratified ciliated columnar epithelium of
respirotor n;j tract, converts into stratifled squamous

o g RN metaposia eyt
metaplasia. is reversible after cessation of smoking,

* Barrett’s esophagus/ Columnar lined oesophagus (CLO)
 Stratified squamous epithelium of esophagus is
converted to columnar epithelium on exposure to &eRD.

* On HPe of Barrett’s esophagus ! Intestinal metaplasia.
and goblet cells are seen.

* Special stain for Barrett’s esophagus ¢ Alcian blue. ;

* Goblet cells produce mucin which stains with Alcian blue. :

* Barrett’s esophagus is o risk factor for '
adenocarcinoma. of esophagus.

Intestinalized Stomach! .
f a ; epithelium  Pseudostratified '
'.w iy J’ columnar epithelium

\I/ “"rt"’]‘
s .. N
LT | )
oy s o
M

Aleian biue positivity of
goblet cells (ruciny,

£ Mg,
A '!" el

%‘
w©
Act— space

Vitamin A deficiency can lead o metaplasio.
Bxample of connective tissue metaplasia : myositis ossificans.

MCQs
To get all marrow edition6 notes and other latest notes, click here
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Q. A S7 year oldmncomesfoﬂwephgs‘ucian%r a

follow up evaluation of chronic, retrosternal chest pain. The
pain is worse ot night and after heavy meals. He has taken
oral pantoprazole for several months without ony reliet of

his symptoms. Upper endoscopg shows ulcerations in the
distal esophagus and a. proximally dislocoted 2 -line. A biopsy
of the distal esophagus shows mature columnar epithelium
with goblet cells. which ot the Following microscopic findings
underlies the same patho mechanism as the cellular changes

seen in this po&ienk?
5ca2793ec88d500486113130
A. Pseudostratified columnar epithelium in bronehi.

®. Squamous epithelium in bladder,
C. Paneth cells in duodenum.
. Simple columnar epithelium in endocervix

The given scenario is that of Barrett’s esophagus which
shows metaplasio.

Other options are examples of-epithelium normall y present in
those tissues.

Q. Which of the %\\ow’ms statements is false :

A. Atrophy is a,type of reversible cell injury,
8. Plasma membrone blebbing occurs in reversible cell
ir)_junj.

C. On removal of stimulus, necrosis can be reversed,

D. Chronic sublethal stimulus can cause cellulor aging,
Necrosis is irreversible cell injury.
Q. A 30 year old woman had &oodpasture syndrome which
progressed to chronic renal failure. she is 16S em tall and
weighs SS Ko, She now has blood pressure measurements in
the range of 150/90 to 180/II0 minHg, but does not regulariy
toke medications. Laboratory studies show her blood urea.
nitrogen is over 100 mg/dL and she requires chronic dialysis.
A chest x-ray shows an enlarged heart. The size of her
heart is most likely o be the result of which of the Following
processes involving the myocardiol fores?

A Hﬂperkrophg.
e. Fodrtg infitrotion.

G Hﬂperpas‘.a.
D, Fodctﬂ degenera’don,

£ tdemo.
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CELL INJURY

Cell injury 7 (00:00:28)

[ cen ‘Qj u"jj Sy > Reversible cell injury,
SR S \“9\rre~fers\b!e cell injury,

“Sendoplasmic Reticulum Siress (2R Siress),
Free radical injury,

Reversible Cell Injury *
I¥ injurious stimuli are removed, cell con 90 back to its normal
state.

mechanism :
$ 0, rypoxtd

|
QUL

mitochondrio.
§ ATP synthesis
At y Anaerobic Detachment of
N~ K effiux of Na. glyeolusis. Ribosome from
ATPose InSlux of K", \L Rough €R.
l Lactic Acidosis. / \
: il fLipid synthesis |, Protien
l ﬂchwta of No'-14" ATPase pump. l (Fﬂﬁ*ﬁj change) sgn{hesis
| ; ,1. PH
Influx of Na” and H,0 J Reversible cell injury
Clumping of nuclear .
rJa - @ chromodin
W0
Reversible rm \
Cellulor swelling s{w “Ez‘*m?"" change / iy Qb s,
o 2R Swelling
mitochondyiol swellhg.
mermbrane plebs.
myelin ﬂgures.

myelin figures | Due to domage to phospholipid bilawjer, Composed of phospholipia
Caﬂr' °

Pathology » v4.0 » Marrow 6.0 » 2022
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soeds aAnoy

M/C organelle afSected in cell injury ' Mitoehondria,
most important morphological feature of reversible cell
injury + Cel swelling / Hydropic changes.
mMyelin “suhes '
* Seen in both reversible and irreversible cell njury,
* Composed of Ca™ and phospholipids,
* Looks like myelin. (&)

Irreversible cell injury | G0 0228

.........

a things charocterize lrrevers\b\lwﬂ !
* mitochondrial dgs%\mﬂon..
* membrane dgs%nc‘cion.

membrane dgs?uncﬂon !
Persistent injurious stimuli = Loose its selective permbmlth:,
- Increased cytosolic Calt

J/ l l J, 5ca2793ecB88d5004861131:
W

Phosphol\pases. gndonucleases. ONAse. Proteases. ATPases.

\ / pia

ereakdown ot ONA damoae. Protein Decreased
phospholiptds leads to breakdown. | |ATR
membrane dgs’}uncﬁon

and production of
myelin Rgures.

dinioopathological correlotion :

In disorders like Ml or liver disease : Enzymes can be
measured in blood because

* There is membrane dgs?unc’don.

* They leak out of the cell.

Mitochondrial dysfunction 00: -

Large, Sflocculent, amorphous densities | Characteristic
feature of irreversible Injury,

Pathology ¢ v4.0 « Marrow 6.0 « 2022
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Onh:) been seen on tlectron microscoP«j.

Nuclear ehanses + most important l\gm microscopic feature.

ijHmsis Mrﬂorrhax'.ﬁ Mrﬂolas\s
. Fragmentadion of
shrinkagy hs o¢ ; o chromaﬂn. Dissolution of nucleus.
chromadin.
ngercmmsla
rreversible cell injury
Lysosome rup&ure

and o«u{'olgsls

P @ “—-—;—— myelin figures
L O o \ . .
b %_r.%ss of endoplasmic
Nucleus Pyknosis reticudum
or karyolysis 1 . el mebrane
o "C ® defects
S Lar
. i . den%e't’des
—
. mitochondrial
Harspmehed swelling
Free radical injury 00:27:33

Definition : Molecule with one or more unpaired electrons in
their outermost orbit,
€91 0,7, H.0,, OH”, OONO'™.
most potent free radical : OH”,
excess free rodicals > Oxidoive stress
X nseing.
a. Cancers,
3. Neuro degenerative disorders ¢ AD
Alzheimer’s,
4. Reperfusion Injury,

Pathology « v4.0 » Marrow 6.0 » 2022
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Production of free rodicols

ofl
Fﬂem Fe'h
Cuu Fenton's reaction
OA" ssisiily W ‘0‘[' Ly OM™,

SO0

Fe and Cu proteins are transferrin, ferritin and
ceruloplasmin. Hence always bound and cannot alwoys
produce free radicals.

Enzymes leading to free radicals production  00:34:30

* NADPH oxidose.
¢ Xanthine oxidase.
* Superoxide Dismutase.

The5 cause injury bﬁ '
.. Oxidative modification of proteins,
4. Damage to DNA.
3. Lipid peroxidodion 0¥ membranes,
N Antioxidants
Mon-‘&nzgnuﬂc. Enzgnw&i.c.
* Vitaming, A, C. * Superoxide dismutase.
(vitamin A not an antioxidant Covainse. |
i Al eye ) Glutothione peroxidase.
¢ Se,mMn, 2n.

Superoxide d‘\sm’mse‘(s}on)j i Inactivates superoxide free

radicals (0,). i
§ ~zngom W N — SOD.
ﬁ 50D 1, | Uil saol
Cytoplasm, i ik mitochondria.

Pathology « v4.0 ~"M*m'lqu‘ 6.0+ 2022
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Brain is protected from free radical injury bg 50D I,
Uinicopakhologtcol correlation ¢
mMutation of SO0D | = %ﬂol-mphic lateral sclerosis.

Cotalase ~* Inactivates Haoa‘ ond pnesen’r in Peroxisomes,

Glutathione Peroxidase * Inactivates both H. O and OH™ and
present in both cytoplasm and mitochondrio.
Intracytoplasmic rotio of oxidized glutathione to reduced
glutathione : Important indicator of oxidative state of a. cell.

Endoplasmic reticulum stress 00:44:50

€R : site of protein san’thesm.

Chaperons helps in Proper folding of proteins.
uwihen there is excess protein mistolding > Transported +o
cytoplasm = Degraded by the Ubiquitin protessome
pathivoy.
excess protein mistolding leads to misfolded protein disease.
* Fomilial hl.jpercholesterolemia = LDL receptor.
* Tay sach’s Disease —> Hexosaminidase o Subunit.
* | AT Deficiency —> ol AT.
* CJD > Prion proteins.
* Arzheimer’s disease —> AB amyloid,
Cystic Rbrosis = CFTR,

mCQs

Q. A &S year old mole patient presents fo the emergency with

substernal chest pain radiating to the left shoulder. The level g

of troponin | ana Uk-Mb enzyme was done and it came out ®

to be high. A diagnosis of myocardial infaretion was made. 2 2
5ca2793ec88d500486113° "

Few hours lofer, the person died, what is the most likely :

reason for the enzyme leak?

A umpmg of nuclear chromadin,

Pathology ¢ v4.0 » Marrow 6.0 « 2022
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B, Swelling of mitoehondria,
¢, Delects in cell membrane,
0. F\dﬂp\"\r_\qt.j hlj h.jsos(m s,

Q. In an experiment, a tissue preparation is subjected

to oxidant stress. There are increased numbers of free
radicals generated within the cells, @eneration of which of
the ¥ol\ow\n3 enzymes Within these cells is the most Mehj
protective mechanism to reduce the number o &‘ma mdmh?
A. @lutathione peroxidase. |

8. Catalase.

C. Hgdrogen perox\de.
O. NADPH,

e, mgelopemxidase.

Q. A S3-year-old man suffers a cardiac arrest and his w%
calls emergency services. The paramedics arrive a. few
minutes loter and begin life support measures. A reqular
heart rate is established after 40 minutes of resuscitotive
eHorts as he is being transported to the hospital. A
thrombolytic agent ¢PA) is administered. which of the
%l\owins cellular processes is most likely to occur in his
myocardium following administration of the tPA?

A. Apop&osksu
8. Free radical ‘Ql“r'::\
A He’cerophagocg’cos\s.

D. Squamous metaplasio.
€. Accumultion of cytokeratins,

This is cose of ischemia-repurfusion injury,

5ca2793ec88d500486113130
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CELL DEATH

rreversible cell \qur5 : Cell death.

Mechanisms of cell death 00:00:32

I Necrosis.
a. Apoptosis,
3. Necroptosis.
4. Pgrop+osi&
S. Ferroptosis.
L. Ru’cophagg.

Nearosis :
* 1tisa formof pathological cell death.
* mechanism :
.. Denaturation of proteins.
I enzymadic digestion of cells.

* Leads to damaged plasma. membrane -> Contents leak
out of cell = Inflammadory reaction (o clear deborie) —>
Accidental cell death.

Types of necrosis :

L Coagudafi\fe,

a. Liguetactive.

2. Coseous.

4, Fot.

S. Fibrinoid,

. Gangrenous.

Coagulative necrosis 00:05:38

most common Form of necrosis,
morphological $eatures of coagulative necrosis :
* Densely eosinognilic appearance (Loss of cytoplasmic
RNA),
* Appear glassy (No glycogen).
* moth eaten appearance (Organelles digestion by
lysosomal enzymes).

Active space
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Ooaswo&ive

Liquefactive

_Mecrosis | necrosis | neerosie | necrosis
Notes. infarct is a AKA Colliqutive | Cheese like ap-
localised area necrosis : Due to | pearance.
of coagulative enzymatic
necrosis. digestion of Combination of
Type of drﬁ cells, coasulaﬁve +
Sansrene. Tﬂpe ot wet que?achw ne-~
ganarene. Crosis.
Occurrence | Occurs in all
solid organs,
except brain.
’ Hidne5. * Brain.
¢ Spleen. * Abscess.
* Heart (MC). 9 Fxmgal
* Liver etc. infections.
microscopy | Cell outlines Cell outlines not
preserved. preferred.
Densela e0sino-
philic glassy, moth
eaten
appeararce.
Examples . Burns, érain. Tuberculosis
& 0Ory gangrene. | Abscess. (Coseating
3, Zenker’s Fungal granulomas) :
degeneration infections. myeolic acid
(seen in typhoid : decomposition.
Atlects
rectus abdominis Fungal
or skeletal infections :
muscle). Histoplasmosis.
COccidangcosis

Pathology * v4.0 » Marrow 6.0 » 2022



Other necrosis 00:16:38
Type of Fat necrosis Fibrinoid &ongrenous
oo SN SSRGS RN ... ... D DL ... SO
4 Notes enzgmﬂc or Immune Gangrene
traumatic complexes Dry or wet.
Deposited in
vessel wall
=* Flbrin like
appearance
=* Fibrinoid
necrosis.
Octurance * Traumatic: | Seen in seen in
Breast, *Bpe aor3 lower limbs.
* en2ymatic : | hypersensitivity
Omentum, | reaction,
pancreas,
mesentery.
xamples Pancreatitis Ascho$ nodules
—> Lipase —> (Rheumatic
Release of free |heart disease).
hﬂ}j acids = | malignant
Contact with hgpertmsm
Calcium —> Polgoﬁeri{'is
Saponification | nodosa.
e s chnkg white | (vaseulitis).
|
Apoptosis 00:27:25

i &eneﬁcal\g prosmn-med cell deoth.

* Apoptosis : “Falling ofs,
*  most studies on apoptosis done on a. nematode

Coenorholbdr.

‘lec}ans.

. S'mgle cell death,
* mechanism of cell 10 eliminote unwanted cells.
* Both pl'Hsbbgical ond po&hologico.l death,

Pathology » v4.0 « Marrow 6.0 » 2022
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I, ﬁwqqmqgwal apophosis |
. Organogenesis / embrupgenesis,
a. irvolution of hormone dependent tissue U
hormone withdraial,
3. endometrial shedding during menstruotion,
A, Deoth of sell-reactive lymphocutes,
5. Cells which have completed their purpose
(neutrophils after inflammation,
N Pathological apoptosis !
. ONA damage.
a. misfolded protein diseoses (Custic Reorose,

alpha. | anti trypsin de“ctencﬂ).
3. Diseases with counciman bodies (Hepotitis 6).

Morphological features of_ EEPR!?“‘__!{.__,__,.,,,,,

* Cell size shrinkoge  earliest
morphological feature,

* Plasma. membrane intoct -
No inflammodion. )

* Peripheral:ehromatin condensation :
most characteristic morphological feature.

* Cell membrane blebs, which will disintegrate —>
Apoptotic bodies : membrane bound with organelles.

Mechanisms of apoptosis 00:40:33

* Three phases
I Inodion pho.se

a. execution phase.
% Rermoval of apoptotic bodies,
: * 8 enzymes ! Important in apoptosis |
L. Cosposes !
i' 5ca2793ecHBd 0BG ags,{em,
8 ' Cleoves near the aspartic acld residues.
* a f}jpes |
Initiador caspases (Cas 8§, 9, 10).
executional caspases (Cas %, 6, D,

Pathology ¢ v4.0 « Marrow 6.0 » 2022
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03 Cell Death

endonucieases !
e preakdown of ONA,

*  when apopt‘oﬁc cells w\gee’r o ONA
electrophoresis —> ONA ?»mgmrvts (which are

in various base pairs) > Appear like a.

ladder > S&epladder pattern.

Manecro”{:iccel\,phh
pa&em*smarpaﬂem(as
there are no endonucleases

and fragments

Pathology * v4,0 « Marrow 6.0 « 2022
[
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Feature Necrosis Apoptosis
Definition enzymatic or &enetically
ischemic process programmed cell
deoth
mechanism Possive Active
L Group of cells Single cell
5 -
ype of death Always pathological Both physiological and
pothological
Cell size Increases Decreases g
Cell membrane ASected Intact 2
Inflammadion Present - g
marker
[rees No Annexin V, CO 95
Paée smear Step ladder

17
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03

Regulators of apoptosis 00:47:08

3 basic requlators !
. Pro-apoptotic factors ¢ Initiate apoptosis.
* Box and Bak,

a. nni:i-apoptotiet Inhibit apoptosis.

* BCL-4, BCL-XL, MCL,

3. Stress sensors : Regulated Initiators of apBptEREIsanth7@gmail.com

¢ bim, bid, bad, Pumn, NOXA,

mitochondrial (intringic) Apoptotic pathuways
pathusays 1 90 & Death receptor (extrinsic)
Cell injury (withdrawal ot pothrual 110 %

Recepfor-hso.nd

interaction | FAS, TNF.

Cytoplasmic bleb %1 Serine
Apoptotic body

mechanism :
Initiadion phase * & paﬂ'\wags :

L Intrinsie,

a. extrinsic
Infrinsic : mMitochondriol pathiwoy,

* 90% coses.

* mMC used,

* mMC organelie affected in apoptosis + mitochondria.

Pathology  v4.0 » Marrow 6.0 » 2022
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* Normal cell ~* Normal mitochondrio. * Permeabilit
maintained by BCL 4 family proteins (Anti-apoptotic)
. Cljmcmm ¢ inside the mitochondrio.

* signal/any Kind of trigger > Activation of stress se
sors (Bim, bid, bad, NOXA, PUMA) ~* Activationn
of pro—-apoptotic factors Bax, bak) ~* Box, bok
channel formed between inner and outer membrane
of mitochondria—> Release eytochrome ¢ -»
Leakage out of the cells =+ Combines with apoptosis
activating factor | (Apaf ) -> Forms apoptosome >
Activates caspase 9 (Initiator caspases) ~* Activotes
caspases 3, b and 7 (xecutor caspases) = Apoptosis.,

* Apoptosis

* \nhibitors of intrinsic po&hwoﬂ AP,
* SMAC and DIRBLO inhibit IAP (Pro-apoptotic),

3. extrinsic : Death receptor medioted pat’nwaﬂ.

10% coses.

* FAS Ligand (FAS-L) of T-lymphocyte engage with FAS
on another cell = 4 death domains on the cell me
brane combines with each other —> Forms FADD (FAS
Associated Death Domain) ~> Converts
pro-caspose A > Caspase 8 —> Activates

caspose 3, b, 72 P e QBB PFii=0
* Inhibitor of extrinsic pa’mwaﬂ ' FLIP

Removal of death cells | 01:02:10

* Normal cell - Phosphatid5| serine on innermmembrane
> magrophage can’t recognise this molecule.

* Apoptotic cells P\'wosphatid5| serine moves to outer
membrone Cphosphahdgl serine flip) > macrophages
recognize apoptotic cells through Annexin S > Binds a
o them ~* Produces o. color to them ~» Macrophages ﬁ
eot them up,

Marker of apoptotic cell + Annexin &,

ﬁ-ﬁeroc}j‘cosis 1 Pho.gocgkosis of apoptotic cells.

Pathology » v4,0 » Marrow 6.0 » 2072
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o) ol S 01:08:44
* Necrosis + apoptosis.
* Cell starts as apoptosis (mechanismy, end as necrosis
(morphological features).
* Mechanism : Caspase independent.

* Pmaranmed neerosis,

* mechanism :
TNF + TNF-RI = Activotes RIP Kl and RIP 13—
Phosphorylation of MLKL-> MLKL enters plasma.
membrane —> Damage of Plasma. membrane +
inflammation + $ree radical Injury (Morphologically
similar %o necrosis).
* Seenin:
Development o mammalian growth plate (Physiclogical.
Pauﬂ'\olosical conditions:
L Aeute pancrentitis.
& Reute steatohepoditis.
3. Neurodegenerodive disorders.

Pyroptosis 01:13:30

* Cell death associoted with fever inducing eytokine aLD.
* microbial toxin = enters cell = Recosnized b5 NOD like
PeRepiere SRR N sammosome —> Activates

caspase | > Activates IL | = Fever + inflammadion.
Ferroptosis :
* Cell death coused by excess iron.
* Discovered in 3014
* excess intracellular iron —> Lipid peroxidation of
membrone —> Free radical Injury > Plasma. membrane

damo.ge -» Cell death,

Autophagy | 01:17:45

soeds eARoy

* Cell eots its own contents,
* Survival mechanism bg cell duﬁng nutrient deprivation.
* mechanism ! '

Pathology * v4.0 » Marrow 6.0 ¢ 2022




()3  Cell Death
endoplasmic reticulum
Mosomé (nitiation membrane)
Autophagosome (through vesicles)

Autophagosome + lysosome

Digestion of cellular contents

* &enes required for formation of autophagosome.
LC 3: marker for wbpha&tj
AT b U * Seen in Crohn's disease.

Degradation

Cellular stresses like nutrient deprNadtion octive an

T proceeds h%h e Phases e asl’arzvgs‘g;g‘ggnth7@gma1[ com
nucleation, elongation o isolation membrane, and eventuall Iy
creades o double membrane bound vacuoles Known as
au’ooplmaosomes

Cytoplasmic moterials and cellular organelies are

sequestered in autophagosomes, and are degraded after

fusion with lysosomes.

In the final stage, digested moteriols are released for

recycling of metabolites,

Active space

Q. A 3S year old man who works ot o %cil\h:j processing hlghlg
rodicactive substonces wcldenta]\g receives a. high,
uho\e—bodﬂ dose of ionizing radiation estimoted to be 1S00
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rads (1S groy). He dies | week loter. it outopsy, histologic
examination of the skin shows scattered, individual epidermal
cells with shrunken, martkedly eosinophilic c3+0pla_5m ond
pyknotic, fragmented nuclel. These morphologje changes most
likely indicate which of the following processes ?

A Apoptosis.

8. Coagulation necrosis,

C. Liquetaction necrosis,

0. mwmgenesis.

€. Tumor initiation.

Q. Which of the following is not 4rue for necroptosis :
A. morphological feotures of necrosis.

8. Programmed cell death.

C. Caspase medioted,

D. Mmediated b5 RIPI and RIP 3.

£ Seen in neurodegenerative disorders.

Q. Which of the %l\owins types of cell death is induced by
lipid peroxidation ?

A. PgroPtosis.

8. Necroptosis.

C. Ferroptosis;

O. ngmmmed cell necrosis.

Q. A 40 year old woman has the sudden onset of severe
abdominal pain. On physical examination she has diffuse
tenderness in all abdominal m&%ﬁn%dﬁ%m Suarding
and muscular rigidity. She has laborotory S\ndings that
include serum AST of 43 U/L, ALT of 30 U/L, LDH 630 WL,

and lipase 415 U/L. An abdominal CT scan reveals peritoneal
fuid collections and decreased ottenuation along with
enlargement of the pancreas. which of the following cellular
changes is most likely to accompany these findings ?

A coagulative Necrosis,
8. Drg gongrene.
C. Fat necrosis,

©. Apoptosis.

& Liquefactive necrosis,
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INTRACELLULAR ACCUMULATIONS

Intra = Inside  Cellular = Cell
These are actumulations that qet deposited inside the cell
¥o!\oush3 cell injury.
Depositions
* Proteins.
e L'EPKE.
* Slycogen
* Waker,
¥ \-Maline.
* Calcium,

A

Glycogen 00:02:01

Can be deposited in glycogen storage disorders § in severe
diabetic nephropathies (glycogeserassiessimawn as Armani
Ebstein lesions seen in PCT of Kidneys).

HPE : Clear vacuoles as it dissolves in aqueous fxoture.
Special stain : PAS (Periodic Acid Schit®) = Pink/magenta.
Other PAS + : Lymphoblasts, basement membrane and fungi

Lipids/Fot :

* Triglycerides - Foty liver/Steatosis.

* Cholesterol and cholesterol esters —> ptherosclerosis,
xonthomos, eholesterolosis,

Aclive space
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bnvssprasanth?

» Liver GiOPSS’ Fot
Steo&gs‘us.

M
"y

A
m\cromdular. macronodular,

-‘:‘i‘t:a‘}: n, }‘ 3’, )"*,

4 i

.““ k"-:‘:'?. “"3 : o‘ n"

i “‘»:% : d‘

“I -

Special Stain ¢
Oil red - 0.
Sudan black.
Proteins :
Russel body : Intracytoplasmic inclusion. multiple
Dutcher body : Intranuclear inclusion. myeloma.

Reabsorption droplets in proteinuria in renal tubules.
HPE : 2osinophilic, granular appearance.
Hyaline *
a forms = Intracellulor § extracellular.
HPE : Pink/eosinophilic, smooth appearance.
@gma“ ory maodine body: £, of intracellular hyaline deposition.
Commonly seen in aleoholic liver disease.
Other conditions where mallory hgodme bodies are seen:
(mnemonic : New Indion LWATCH.
* NASH.
* Indian Childhood cirrhosis.
* Wwison's disease.
* Aleoholic Liver disease,
* Tumors like HCL.
* Cirrhosis like Primarg bllimra cirrhosis,
* Focal nodular Hyperplasio.
Mallory hyaline bodies are composed of intermediate
flaments like Cr 8 and € 18,
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Ca_lciﬁcartrionm_ 00:18:56

Deposition of calcium with small amounts of other minerals.
a ’tgpes -» Dgs’crophic ond Metastatic,

ystrophic caleification :
*  Dead tissues.
A Y abnom\alRB in caleium metabolism.
*  Serum Ca® > Normal.
£ : Mnemonic ~* RAT,
* Rheumatic vegetations.
* Atheromadic plaques.
* T8 lymph nodes.
* Necerosis.
* Dead parasites.
* monkeberg's medial caleific sclerosis (caleification in !
tunica. media. of blood vessels). - :
* Psammoma. bodies -> Foci of dystrophic caleification. ‘
Seen in
.. Papillary carcinoma. o¥ thyroid.
a Po.piharl.j renal cell cancer.
3, meninsiom ‘ ;
4. Prolactinomao. :
S. Serous Cystadenocarcinoma. of ovary,
b. Psammoma. bodies appear as concentric
lamellations.
HPE : Denselg basophilic, 3\*?&5

5ca2793ec88d500486113130 |

. | ) ' . ;‘l'
o o i

monhebers’s medial
caleifie sclerosis

Active space

Psoammomo. bodies with
concentric lamellations,
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metastatic caleificotions
¥ mlwhs’c'&ues.
’ Abrmﬂ&go?cahhmm&abohsm
* Serum Ca™ > High
Examples !
L Vitamin D related disorders.
a.eonediseaseslﬂ«ewuﬁiplewvebwnmmget’g
disease.
3. Parothyroid diseases.
4, RCC and breast carcinoma.
S. Sarcoidosis.
b. Mik alkali syndrome.
Colcification begins in mitochondria. (except Kidney — Begins
in basement membrane of renal tubules).

m/C organ affected with caleification —>

Lung alveoli > gastric mucosa.
SPewm*«ca" e ST
* flizarin red S : Red, color. ‘; ,;;,"‘; =

(Can even pick up small W486113130° .
Test for bone mineralization = Tetracﬂcrm L,abenrg Index.

Pigments | 00:36:13

cm‘redgmstame@os&edhmm;s%&uesandorsam
o¥’t’r\ebod5,

3 types * exogenous (external substance) and endogenous.
exogencus : Tattoos, Anthracosis (deposition of carbon or

bhdﬂpigmevﬂs’m hmss)
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Lipo#use'an '
Pigment is derived from lipid peroxidation of membranes.
Telttale sign of free radical injury, bnvssprasanth7@gmail.com :

AKA Ageing pigment/wear and tear pigment. :
On ageing, atrophy of organs occur, causing free radicol ;
injury. Lipokuschin gets deposited on this, hence it is j
responsible for brown atrophy of liver and heart, ‘
HPE : Perinuciear brown pigment.

Special stain : Oil red ~ O.

Hemosiderin :

Deposited in conditions of Iron overlood (eg; blood transfusion, :
bruise, hemorrhage). :
Color of hemosiderin on light microseopy : Golden yellow/
brown and refractile.

Special stain : Prussian blue stain = Perl's reaction,
Principle : Potassium i?erripcganlde -> Ferric ?errocaanide.

Special stain = Prussian !
blue : Perls reaction

Active space
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Melgnin - - 00:49:18

Present everywhere in oHP"%%‘%igs,amm@gmail.com
In Brain ~* Substontio M\sm,

Pale Substantia Misra‘ -» Parkincon'’s disease.
Black colored pigment.

Derived From tyrosine.

I o it R TR
sPecw.d stain t Masson Fontana, (m#)
a MAsSons in patholo%
masson Fontana. stain
Masson’s trichrome for collagen.

Dopa. reaction (Most specific), Schmorl’s test.
markers $or malignant melanoma. :
* HMB — 45
* $—-I00 ‘ !
* melon= A
Hemochromadosis —> Bronze like pigmentadion of skin is due to
melanin.

Cellular ageing 00:55:38

aenetic factors
/\ environmental insults
o
DNA repak Vorious aene’tlc l

detoils  ghnormalities (e Free. redical

l |

Reduced

Aecumuakion of Abnormal Accumulation of damaged
mutodions  celular signalinﬂ cellular proteins and organelies
g prodme new cells
Cellular aahng
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Concepts in ageing ¢

m/c. theory of cellular ageing -* Free radical mediated
damage.

* ONA domage

werner syndrome > Syndrome of premature ageing;
Premature ogeing due to defect in ONA helicase.

* Cellular senescence !
Hayfliek limit > Cells divide only approximodtely 6O =10 times

in their entire lifespan.

Telomeres — Short repeated sequence of nuclectides
(TTREEE) at the ends of chromosomes.

Telomeres are prsent as a. protective mechanism thot
prevents the chromosome from breaking or fusion.

Telomere attrition :
goch cell division.
\ 4
Telomere shorfenhg
A
Cellular ageing.
Telomerose :

t':n25me which 55n{hesizes telomeres. 5ca2793ec88d500486113130
Prevents celiulor ageing,

ArsA \rm\or’codi’c}j genre.

Cells with high telomerase activity —> Germ cells, Stem cells.

Nil telomerose ach’»fn’cg ~> Somadic cells.

Concer cells M\g have high telomerase ac’civi’ck).

Active space

. Dgsregulated nutrient sensing :
it is a. mechanism of celllular ogeing,
Colorie restriction has shown 4o increase H#es.pm.

Pathology ® v4.0 ¢ Marrow 6.0 « 2022

29



30 QGeneral
Pathology

04

Sirtuing ¢

They are NAD dependent protein deacet ylases,

They inhibit cellular ageing by reducing free radical njury,
inereasing insulin sensmvw}j, Inereasing ONA repalr.

Sirtuins levels can be Increased by

* Colovie restriction

* Wine consumption,
Sirtuins have a role n aneing, DM and concer.
 Ceconditon o San
e s{'qh in Hisbpo:{bqom _____ Hem‘coquh and Bosin,
MVC in Hematology Romanosky like Leishman
&eimso.,
Reticulocyte | supravital @ritiort cresy
blue), New methyl blue.

Lymphoblast PAS,

myeloblast NSE, 581, Ol Red-0.
monoblast NSE. |

Hairy cell TRAR

Lipid A Oil red 0, sudon Black,
Jron | ,, " Prussion Blue.

Coloium von Kossa, alizarin red S.
&lycogen I PAS.

Copper Rhodamine, rubeanic acid,
mast cell Toluidine blue.

Mugin 5ca2799%¥8giEa0aBeR AN blue.
Reticulin Fibres Silver.

elastin fbres Van geison, We,

Collagen masson trichrome.
melonin .| masson Fontana.

Hpyori | Warthin starry silver.
Cryptococtis | Inclion inks,

Fu.nsi Silver methenamine, PAS,

ams,
Amyloid, Congo red,
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MCQs ¢

Q. A 54 year old man with a. chronic cough MXERERHHBYEail com
cell carcinoma. diagnosed in his right lung,. While per?ormlng
a pneumonectomy, the thoracie surgeon notes that the hilar
lymph nodes are small, O to 10 em in size, and et black in
colour throughout. which of the following is the most likely
cause for this appearance to the hilar nodes?

A. Anthracotic p'gment

®. Lipochrome deposits.

C. melanin accumulaion.

D. Hemosiderosis.

£ Metastatic carcinoma.

Q The %sure below shows the liver biop55 of a4S year old j
padient who presents with raised blood sugar levels, pedal

edema, and brownish skin. Investigations show reduced total

iron binding capacity, uWhat is the special stain used and the

thing stained? RS

A. Masson's trichrome and collagen. & s

&. Prussian blue and, iron. N
C. Reticulin stain and Rbrosis. i

e reT———y

O. erilliant cr9551 blue and reﬁwloc-_.j’tes.

Q. while in a. home improvement center warehouse bu51n3
paint, a. 35 year old man hears Look out below! and is then
struck on the leg by a. falling pollet rack, which strikes him on
his le%t leg in the region of his thigh. The skin is not broken.
Wwithin a do.as there isa S x7em purple colour to the site

o% injury, Which of the %I\owins substances has most likely
occumulated of the site of injury to produce a. yellow-brown
colour ot the site of injury le days loter?

A. Lipofuscin.

B. Bilirubin,

C. melanin,

D. Hemosiderin,

£ algcogen.

Active space
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Q. Which of the following is not true about sirtuins?
A. NAD dependent protein HRASHHINRA@gmail. com
®. Levels increased b5 calorie restriction.

C. Have a role in aging, cancer.

O. Decrease lite span.

Q. Ain 84 year old mon dies from complications of Alzheimer
disease. At autopsy, his heart is small (350 g and

dark brown on sectioning, Microscopically, the section is
given below. which of the %l\owing substances is most
likely increased in the myocardial fibers to produce this
appearance of his heart?

- E—

A. Hemosiderin from iron overload, o s A
. -'7' -

8. Lipochrome $rom wear and tear. P o= o2

C. @lycogen from a. storage disease. 4 .,',.-,

[

O. Cholesterol from atherosclerosis. T g

€. Caleium deposition ?ol\owirg necrosis.

©. A 49 year old man with a. history o aleshol abuse has
increasing abdominal girth. On examination his liver edge is
frm. A liver biopsy shows cirrhosis, and individual hepotocytes
contain red, globular inclusions positive for eytokeratin
with immunohistochemical staining. which of the %I\owlng
structural elements are these intracellular globules most
likely %o contain ?

A. Aetin and myosin.

&. Cholesterol esters.

C. Fatty acids.

O. Fibronectin,

€. Intermediote flaments.

F. microtubules

Aleohol liver disease — Mallory hyaline bodies made of
intermediote floments.
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ACUTE INFLAMMATION

nSlammation is the response of vascularized connective
tissue to injurious stimuli.
Injurious stimuli / precursors con be ¢

* Infection.
* Immune reactions.
. Foreign bodies.
* Tissue h"}urﬁ.
Inflammadion
d | \}
Acute Chronic
l. Shorter duration I Longer durodion
a.Sudden onset a.Insidious onset,
3.Local signs ond sgmp'l-oms are 3,Locol sisns and samptoms are
more promhent less prom\nent
ca2793ec88d50043611343T issue healing and RQbrosis are 4. Tissue healing and Qbrosis are
less pmmhent. more prom\nen’c.
S. Neutrophil mediated 5. fnonocyte/macrophage medioted,
Signs of inflammation 00:05:52

4 cardinol signs of inflammation as given by Roman scholar
Celsus : Cardinal signs of inflammation
* Rubor/redness. N |
* Tumor/! swelling,
* Color/heat.
* Dolor/pain.

AR 14
1

1} |
Polin Heot Redness Swelling ~ Loss of
function

Virchow : Fother of modern pa&ho!oalj.
He added the 5" sign of inflammation : Functio laesa/loss of
function.

Pathalogy ¢ v4.0 « Marrow 6.0 2022 |
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Mecha_nls_m of acute inflammation 00:10:16

Al blood vessels are lined hE, endothelial cells.

CD=-34 is the endothelial marker.

In a blood vessel the |euho<:5&es occupy the center, and
fSow in & laminar fashion, surrounded by RBCs and plasma
proteins or fuid which occupy the outer parts,

In acute inflammation, leukocytes in the middle must eross
the endothelium and basement membrane to reach site of

it}jurg 1o Kill the microbe.

Steps of acute inflammation :
* vascular events !
I ear15 transient vasoconstriction ! Lasts only a
few seconds.
a. Vasodilation.
3. Increased vascular permeability.
4, Stasis.
* Cellular events !
I mwgtmhon.
a Qol\lrg.
3.-Adhesion.
4. Transmigradion.
S. Chemotaxis.
b. Opsonization.

1. Phasocg’cosls.

'93ec88d500486113130

Vasodilation 00:16:17

Post the eourlg transient vasoconstriction — Arteriolar dilation.

Histamine is the usual mediator,
Inerease in blood Slow causes redness/rubor and heat/calor.

g Increased vascular permeabil&a is seen in the venules.
Histamine is the usual mediator.
This is the halimark of acute inflammadion.

Swelling /tumor due to leakage of protein rich Quid/exudate
outside the blood vessel,

Pathology # v4.0 « Marrow 8.0 = 2022
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Difference between exudote ond transudate :

FEPU TIPSR PPV —

Emdnie

VSpeC\Rc smvkg > |oao
ln%ﬂmkorﬂ edem

Spem’\\c Src.wrhj < uoao

Transudn:l:e

mn-\n%o.ma’corg edem

()5 Acute
Inflammation

Rich in pm%ew\s and cel\s.

Poor in pro&eins and cells,

Increased LOH.

Decreased LOH.

mechanisms of increased vascular penneabll'rkg '
I endothelial cell contraction / retraction / formodion of

endothelial gops

* Usually affects post capillary venules.
" LASuang mediated b3 histamine and leukotrienes.
* Resporsible for immediate transient response.

a. Direct endothelial iqjurg :

e mild Severe
I;Z. in burns. As in'sepsis.
Responsible for delayed prolonged | Responsible for immediate
response. sustained response.
3 e mediated endothelial injury,

4, Increosed ’cransc5+03'\s.

Stasis

00:27:42

Stasis is the slowing of blood Slow due to leakage of fluid
outside cousing the RBCs 4o accumulote inside leadin3 to

hyper viscosity of blood.

Margination / pavementing

00:30:00

Active space

The process o¥ redistribution of leukocytes from the centre
to the margins of the blood vessels,
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Rolling o032

The leukkocytes beg‘m %o form loose attachments over the
endothelium ie., roll over the endothelium,
Rolling is mediated bg certain molecules called Selectins.
Selecting are of three types, namely !

* g-selectin : Present on the endothelium,

* P-selectin Present on the platelets and endothelium.

* L-gelectin : Present on the |euHoc5’tes.
GlycAmI, CO-34 are receptors present on the endothelium $or
L~selectin.

bnvssprasamm@gma" Ryl Lewis X modified 3lacopro'ceins are receptors present on

leukocyte for &€ and P selectin.

The expression of selectins is induced by 1L~ and TNF.
Redistribution of P-selectins present in Weibel-Palade bodies
is medioted bﬂ histamine and thrombin.

Adhesion 00:40:49

Firm adhesion of the leukocyte to the endothelium is called
as adhesion.
Adhesion is medioted by certain molecules called Integrins.
Integrins are of two types, namely :

* Blintegrin / VLA4,

* B a integrin / LFAl / mACL
Both of which are present on the leukocytes.

Steps of acute inflammation

Laeuljggake

Firm

: T\rans‘.mgmhon
B b bt hd
Chemoodtroctants on i i - .o‘ g
il Ll L)
endotheliol cell surface —%Jmamﬁ- /. °

Other chemoatiractants in tissue
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VCAMI receptor present on endothelium Sor 8 | inteqrin / VLA4,
ICAMI receptor present on endothelium $or 8 a integrin/t.r-’ne/
MAC)L.

Transmigration / Diapedesis !

movement of leukocyte across the endothelium or basement
membrane (&,

medioted by PecAMI / CO3I

The neutrophis synthesize collagenases / madrix
metalloproteinases (MMP') which dissolve the BM and
facilitote crossing over the 8m.

bnvssprasanth7@gmail.com
Chemotaxis | 00:47:29

The movement of leuKoca{e in the direction of a. chemical
stimuli towards the site of injury,
i is unidirectional and {'arse’ced movement,

Chemotactic mediotors are broadlg :
* exogenous mediators : Secreted outside the cell, e,
bacterial cell wall products ke M—Formﬂl methionine.
* endogenous mediators  Secreted by the leukocyte itsel,
e.q, LTe4, IL-8, CSa. Cmnemonic : LICT.

mechanism of chemotaxis :

Ligand binds to T-transmembrane & protein coupled receptor
— Increase in eytosolic caleium —> Polymerization of actin
—> Chemotoxis.

Opsonization 00:52:53

i is the cooding of microbes so thak they are easily
progoouosed
Opsonins used are :

* Fe fragment of lo& @est opsonin.

* Complement products Cab, CAb, CSh,

* Serum proteins like Rbrinogen, C-reactive protein,

Active space
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g

8

:

Phagocg’ros&s '
It is the process of Killing the microbe.
Discovered by elie metchnikott,
3 steps of phagocytosis :
* Recognition and oftachment !
By various receptors like scavenger receptors, mannose
binding receptors and receptors for opsonins.
. &nsul‘?men& ' '
The neutrophil enters the site ot injury, where they form
pseudopods which facilitotes cup formadtion around the
bacteria. — The cup then detaches to form o vesicle
hosting the bacteria, this vesicle is called phagosome. —>
The phagosome then fuses with the lysosome to form
phagolasosome containing lasosomo.l enzymes.
* Hii\'\ns :
it moy take place via. an oxygen dependent mechanism
or an oxygen independent mechanism.

In oxygen dependent mechanism,

NADPH oxidose N

a a

0

Superoxlde
s >H O

a dismutase aa

HO +CI > HOCL

This HOC Kills the bacterio.
H.0,.- halide is the most effective bacterial Killing sastem

Another minor oxygen dependent Killing mechanism involves
reactive nitrogen species which will lead to the formation ot
perox}jnitri’ce which can Kill the bocterio.

In oxygen independent mechanism, which is a minor Killing
system is mediated by enzymes like lysozyme, lactoterrin,
major basic protein which is present in eosinophils and has got
an anti-parasitic efhect.

Pathology ¢ v4.0 » Marrow 6.0 * 2022



5ca2793ecqdrA0AR08 18380 20lium test / NBT is the sereening test for

0 5 Acute
Inflammation

Frustrated phasocgtos‘us :

It occurs when cell encounters materials that cannot be
phagocﬂtosed.

€9, Immune complexes bound to basement membrane.
This is accompanied by the increased release of lysosomal
enzymes.

Leukocyte function defects © 01:08:40

Leukocyte function defects :
* Leukocyte adhesion deficiency Type | (LAD D.
* Leukocyte adhesion de%ciencg Type a Lad 3.

LAD | LAD &
8oth are autosomal recessive.

Potients will present with recurrent infection.
Pathogenesis : Defect in synthesis Pa.:u-nsenesis +Defect in santhes'\s
of 83 integrin CON / cos. ot sialyl Lewis X modified
slawprokein
Delaged separation of umbilical Sometimes associoted with
stump. &ombo.5 blood group.

Chronic &ranulomatous Disease (C&D) :

TS% coses are X linked recessive.

as%h coses are autosomal recessive.

"+ More common in males,

Pothogenesis : Defect in NADPH oxidase which results in
defective oxygen dependent Killing,

Clinically, patient may present with increased risk of infections
with cotolase positive organisms.

CED.
dinydrorhodamine test / DHR is the coni\rmo&orﬂ test done
bg Slow cg’tome‘crg.

Active space
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Chediok Higashi stjndrbrm :

Autosomal recessive mode of inheritance.

Pathogenesis : Defect in LYST/ lysosomal trafSicking requlator
protein required for phagolysosome fusion.

Clinically, in addition to fever and recurrent infections potient
can have oculocutaneous albinism, nerve defects or deafness
and h’ombouj{-oPenia.

Peripheral smear can show glant granules in neutrophils.

Chediak Higashi . : Ry
" itz Giant granules in neutrophils.
NET / Neutrophil extracellular traps 01:19:08

NETS are extracellular fibrillar network.

The}j are produced bﬂ neutrophils in response to severe
infections.

i helps in limiting the spread of infection.

It produces a. lot of antimicrobial substances.

Arginine is the amino acid which help in NET formadion.

Some studies show that an increase production of these Moy
cause an increased risk of autoimmune diseases like SLE.

Meu’trophil

a — Fibrillar network

:

g bnvssprasanth7(

NET, Mewtrophil extracelulor ’(mps
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emperipolesis :

Cell within a cell appearance.

most important difterential diagnosis is phagocytosis.

The cell inside can come out with no abnormal&v:j which is not
the case in phasocgtosis

seenin:

1. Rosai Dorfman syndrome.

3. Chronie lymphoeytic leukaemio.
3. Haematolymphoid disorders,

4, mtjebdgspasﬁc sgmiFOme.

Q. A 3 year old child has a history of reccurent infections with
pyrogenic bacteria, Stoph aureus. Neutrophilic leucocytosis is
also present. Microscopic examination of biopsy obtained from
thot area. shows microbiol organisms but few neutrophils.

An anolysis of neutrophil function shows a. defect in roliing.
The child’s increased susceptibility to infection is most kely
caused by a. defect in which it the following molecules :

A, Selectins.
8. NADPH oxidose.
c.1re 4 i

D. Inteqrighyssprasanth7@gmail.com i §

Q A 8 yeor old boy presents with recurrent infeetions
involving multiple organ systems, extensive investigation
results in diagnosis of chronic granulomadous disease. Which

Pathology » v4.0 » Marraw 6.0 » 20R2
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of the ?o\\w;ing most closely characterizes the abnormality in
his phagocytic cells?

A. Decreased Killing of microrganisms because of erhonced
production of hydrogen peroxide.

®. Deficiency) of NADPH o/ekRZB3ec88d500486113130

C. Impaired chemotaxis and migration.

©. Inability +o Kill streptocoec

Q. Which statement is true regarding NETS?

A. Produced by neutrophils in response to infectious pathogens
and h%ﬂma&org mediators,

®. Present the spread of microbes by trapping them in their
fbrils.

C. Provide a. high concentration of antimicrobiol substances of
the sites of infection.

D. All of the above.

Q. In an experiment, Enterobacter cloacae organisms are
added to a. solution containing leukocytes and blood plosma.
gnquitment and phagocytosis of the microbes is observed
%o occur. Next o substance is added which enhances
enguifment, and more bacteria. are destroyed, which of the
following substances in the plasma. is most likely to produce
this efSect?

A. Complement C3b.

©. Glutathione peroxidase.

e 13 m,

D. P-Selectin.

€. NADPH oxidase.

Q. Sequence of events in acute inflammadion

A. Vasodilation — Stasis — Transient vasoconstriction —
increased permeabil‘r’qj.
% 8. Transient vasoconstriction — Stasis — vasodilation —>
? Increased permabilikg.
C. Transient vasoconstriction — vasodilation — Stasis —
Increosed permeabil'rtg.
D. Transient vasoconstriction — vasodilation — Increased
permeabui’cﬂ — Stosis.

Pathology * v4.0 ¢ Marrow 6.0 » 2022
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CHRONIC INFLAMMATION

Chronie iInflammadion * Longer duration and insidious onset,
most important cell : monocyte/macrophage.
In chronic inflammmadion,
I InRitration of tissue with mononuclear cells like
lymphocuytes, plasma cells or monocytes/macrophages.
a. Tissue destruction and tissue injury (alimark of
chronie inflammadion),

3, n{-&empts ot healins or repaulr.

cells of chronic inflammadion : monocgce/mwophage.
monoc}j-te : Cell with horseshoe sho.ped nucleus which is
produced from hemadopoietic stem cell. Present in blood,

Tissue specific monocytes are called maerophages.
monocytes take about | daﬂi'ogo’co’ds.s.ue%m blood,

5ca27932c88d500486113130 Tissue | Name of macrophage

&rain | mlcroéha

Lumph nodes Sinus histiocytes

gone Osteoclast

Lung Pulmonary alveolar macrophages
(dust cells)

Liver Kuptier cells

Spleen Littoral cells

Plocenta. | Houfbauer cells

Kidney mesangal cells

Active space

Pathology » v4.0 » Marrow 6.0 « 2022



Pathology

5ca2793ec88d500486113130

=g

activation.

1

Classically octivated (MD, | (‘Aiternatively activated (Ma. i
Pm‘hﬂmmnfor}j. F\rﬂi—k\%nmator&

Activated by IFN-Q , TLR Activated by IL-4, IL-13 J!

L

L Reactve (-, IL- 13, IL- a3, )  (1-lo, TeF-f )
OXu

en species
e R R
) Inflammadion Fibrosis
microbes 7

Other cells of chronic inflammation : CO4+ T lymphocytes,
plasma. cells.

Granuloma 00:10:29

Collection of modified/activated macrophages : epithelioid
cells.

gpithelioid celis are surrounded by a. collar of lymphocytes.
Giant cells may be seen.

Caseous neecrosis in caseaﬁrg smnuloma.

P, A e

/.—"‘ LF
—— : — epitheloid cells
,_//"// .:" = ziseous necrosis in caseating
o °, Smmlom
.0 M .:: s

gpithelioid cells : gpithelium like appearance with slipper
shaped nucleus,

most impor’com' cell in o sranuloma.

Giont cell is#ormedbg’che‘%uston o%‘-a.larse number of
ep'rthehoid cells,

Pathology * v4.0 » Marrow 6.0 » 2022



epithelioid cell ¢
Lymphoeytie collar ¢
&lant cell -
Caseous neerosis (appears
eosinophilic due to loss of <
cytoplasmic RN
&lant cell
gpithelioid cell
Necrosis
Siant cell
Types of giant cells 00:16:28

. Langho.ns Bian’c cell :
Seenin Te.
Horseshoe/neckloce

arrangement of nuclei,

* Foreign body gjont cell :
Haphazard arrangement of
nuclei
Foreign bodies like tale,
sutures,

* Tumor giant cells :
Seen in giank cell tumor of il
bones.

Reed-sternberg cells seen in Hodgin's lymphoma.
Nuclei in RS cell have owl's eye appearance.

Pathology ¢ v4.0 « Marrow 6.0 = 2022

{} Chronic 45
Inflammation

"
[
[
[
'
[
[
[
i
'
[
[
[
.
.
'
[l

bnvss;irasanth?@gmai[.com

[
'
0
"
"
[
[
'
'
[
[
'
'
'
'
'
¥
v
[
[
[
(!
'
[
'
'
'
l
b
»
[
v

Active space



46 General 06
Pathology

* Touton glont cells
seen in xanthomas (lipid turmor),
Foamg Cﬂ’coplayn or vacuoloted 03+op‘msnx
* pschott giont cell :
Seen in rhematic fever, rheumatic heart diseose.
Rschoﬂbodgmschoﬂglontoen, lymphocytes, plasma.
cells, coterpilar cells,
* Warthin F‘lnheldeg cells !
Seen in measles,
m{mcgtoplasmic or intranuclear inclusions seen

Phgsiolosical glant cells : N\egaKarBOches, osteoclast.

‘,‘;. ; ”3" : A
fa y R .wtn
R G g - _eﬁ?@gmail.com
AR
y -' ) x\ "" r_-{}

Lo.nshan’s giant cell
(Te)

Foreisn bodg 5’|an'c cell.

Qeed-s’tembers cell,

aoeds sAnOYy

ouwl's eye appearance !
Nucleus of Reed-Sternberq cell.
CMV inclusions.
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Touton a'an% cell ¢
(Xarthoma)

vacuolations in eytoplasm €

Inclusions seen in glant cells t g

fsterold body seenin I
sareoidosis,

deawmmbodﬂ

Pathogenesis of granuloma formation 00:23:38

&ranuloma. formadion : Type IV hgpersensiﬁ\/\’(ﬂ.

most important cytokine : IFN-Y.

Antigen presenting cell combines with CO4+ TH-I lﬂmphocg’ce
fo produce IFN-Y.

IFN-Y-> Acts on macrophage = Activated macrophage =
gpitnelioid cells (halimark of granuloma. formadiony.
gpithelioid cells are fused o form giant cells and gradually
$orms o. granulomo.

5ca2793ec88d500486113130
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48 General
Pathology

o

Foreg\bxhj{Fe)gromm“ i
F8 ke tale, sutures.
NO rrrune reactions,
/| F@gont cells present.
/ Best woy to visualse : Polarzed

.

ngm:
Involves an immune reaction,

TﬂJeNWreaﬁm

A

Granulomatous disorders 00:28:16

infective causes :
* Te: eoth caseating granuloma. (/o) and non—caseating
Srmdonn.
&ross specimen shows yellowish chees5 granuloma. :
C,aseo:hna granuloma:
microscopically : gpithelicid cells, Langhan's giant cell
with pinkg caseodnng NeCrosis.

Ziehl-Nielsen stain s done 4o visualize the acid—Fast

bacilli

Coaseous necrosis : ross appearance

* Leprosy : Tuberculoid leprosy (Srm;bm formation due
1 to intact immunity as compared to lepromatous).
§ 7Y ertory suphis/ e,
Aecompanied by lot of plasma. cells.
* Durk's granuloma. in malaria.
* Coi-seratch disease.
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Q fever : Doughnut anubma/ fbrin ring granuloma.
Drug causing Q fever: Allopurinol.

Doushnu’r ring Srarlmrm.

Non-infective causes of granulomatous
diseases 00:35:36

Sarcoidosis *

Presence of a non-caseating granuloma (naked
granuloma.

Caseating granuloma. can olso be seen.

Asteroid body and Schaumann body seen (giant cell
inclusions).

metastatic caleification.

Abserce of lymphoeytic collar : Naked granuloma.
Crohn's disease.

Giant cell arteritis (Smnujormtm arteritic).
ohurs-s’cmuss %ndmme : Eos'tnoph‘ulic srmuoma.
&rgl\iosis

Pathology * v4.0 « Marrow 6.0 » 2022
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Saskem\c efflects of inflammadtion !
* Fever : Cytokines involved are IL-I, TNF~@, IL- .
* Acute phase reactants

C estve | eoptwe
(increased during inflammation) | (decreased during inflammation)

: CRP Transferrin
Fibrinogen Albumin
L~k Tronseortin
Hepeidin
Ferritin
Hoptoglobin
Ceruloplasmin
Fagtor vill
VWF

Q. which of the following is not a feature of sarcoid granuloma?
A. Non caseating,
8. Giant cells have eytoplasmic inclusions.
C. Fibroblastic proliferation ot the periphery of granuloma.
D. Peripheral mantle ot lymphocytes.

Ans i Nolkked granulomoa. is seen.

Q. The figure below is from a. hilar lyph node from a. s4
year old man who sought medical care for low grade fever,
anorexia, fodigue, night sweats
and persistent cough with
hernop'rgsis.nch&s’c)':raﬂ g
revealed o right apical infiltrake RS
with cavitodion while sputum
exomination revealed acid fast
bacilli. This condition is typified  §
1%5 a form of inflarmnmadion that

bnvssprasanth7@gmail.co

invariably includes which of the %l\owlns?

g. A. Coseous necrosis.
g &. multinucleoted glcm’t cells,

C. Clusters o epithelioid cells.,
. Prominent gmnuhﬂon tissue.
Ans ¢ A granuloma. is not formed without a. cluster of epithelioid
cells,
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52 General
Pathology

aoeds aAnoy

07

MEDIATORS OF INFLAMMATION

Mediators of inflammation 000059
mediotors ¢
Cell derived Plasma.
derived
L
i )
‘>r‘3$<n’ Ci hJEnJJEj CuDO%aLdClkﬂ)r\
me 5y theshed Hinin 53s{rem.
COrnplement 55s’cem.
(produced by the
liver).
o Cytokines.
- \r_\e. Chemokines.
Serotonin || piatelet astivaing
Soctor (PAP).
Nitric oxide (NO).
Pros’malandins.
| Leucotrienes.
Role of mediators :
Histamine Serotonin
sources * mast cell (richest * enterochromaddin cells
source of histamine). of gastrointestinal tract
* asophil. (richest source).
* Plokelets. * Plotelets.
Stain for mast cell =
Toluidine Blue.
Precursor Histidine. Tirgp’copmn.
Functions I. Vasodiladion. 1. Vasodilotion.
common to a.Increased vasculor a.Increased vascular
both permeabil‘rta. permeabil‘rh_.,.
3, Bronchoconstriction. 3, Bronchoconstriction.

Pathology ¢ v4.0 « Marrow 6.0 » 2022
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00:08:48

\itric oxide (NO) *

coloriess odoriess qas.
: cnl\e::ﬂ? (mdo%?welm perived Relaxakion Factor).
* Ako

+ produced from Arginine (amind s
o\ Ntric Oxide
a—smm W
,_-———*—-——'— T i
- NOS
fms’ i) (NeuronaD (nducible)

Hmm :
L - TNICIOD
amnmrehxo&m
2, Vasodilotion

4, Reduces plofelet agareqotion.

ki 00:15:04
. WW
L] W

——
. ——
. ————

| " ol
interieuksins TNF-O interferons * Q, ﬂ: Y.

interieuking :
L Reute infection @ IL-1, -G,

Pathology » v4.0 » Marrow 6.0 » 2022
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54 General 07
Pathology
a. Chronie infection ! IL-13, IL-17.
3. Most common cytokine in fever ¢ IL-I,
4. Most common cgfol«\ne in acute phase reactant : -6,
TNF alpha ¢
* MC Cytokine in cancer cachexio.
* Reduces appetite by mobilizing lipid and protein.
* Cachexia ! Lean and thin (emaciotion).
Interferon alpha ¢
* Antimicrobial action.
Interferon gamma. :
* &ranuloma. formation (MC eytokine : chronic
inflammodiory.
Function Cytokine
Pro in%mnﬁuiorg IL 1, L3, IL 4, L, IL8, IFN
gamma, TNF alpha
Anti in%ammator&; IL 4 IL b, IL 10, T&F beta
eoth pro and anti IL4ILb
Cancer cachexio. TNF olpha
Granuloma. formadtion | IFN gamma.
Fibrosis T&F beta, POGF
Angicaenesis VEGF
Fever L
eosinophil activation |[IL S
Chemokines 00:23:48
* Small molecules which act as chemo attractants
(chemotaxis) for specifie cell tupes.
: * 3types:
g L CXC @) : Cysteine-x-Cysteine (x : Any amino acid

other than cysteine).
Chemoodtracted o neutrophils, €x ! (L ©).

bnvséprasanth?’@gn‘%ﬂ.@é?ﬁ‘ (ﬁ) : c!js{em’cﬂg‘e‘“e hﬂeﬂ"e“
' Specific for : gosinophils (Botaxir, Macrophages
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(MIP-1c), Mmonocytes (MCP-D.
3. Chemokine () : Custeine.

{7 Mediators of 55
Inflammation

specific for 1 Lymphoeytes (Lymphotaxiry.

4. CX3C chemokine () :

specific for ¢ monocytes (Fractalkine), T-cells,

ﬁgggl]idonic acid metabolites

00:28:38

. Pros*casiandins and Leukotrienes

* 20 carbon poly unsaturated fatty acid (PUFA).
Pros{-aalo«nd\ns S}jn’chesls :
qucglglacerol or phospholipid

Phospholipase C

v

Phospholipase A,

Arachidonic acid

PaH, sgn’d'nse
(cox~1 or & and peroxidase)

Lipoox%emse
(FLAP, Aloxs)

’

Prostaglandin H, (PeH Q

asoyuhs g

-4

asoyuhs uphovysaig

Pao P&F Prosfo.c clin Tm)mbomne
(Pai ma)

Endothelium Plotelets

WV
b-keto- Thromboxane
PeF,, ™n)

bnvssprasanth7@gmail.com

Pathology » v4.0 »

g LT eluewmenen
d?

|

HPETE
(hgdroperoxljeicosa‘ce{menotc

acid)

Glutathione Gbmthnoﬂe—
|, Stransterase

Leukotriene C,

Md WV
Leukotriene D,
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Pathology

Functions of prostaglandins ~ 00:33:08

L Prostacycling (Pe) & ¢
* Vvasodilation,
* Decreases platelet aggreaaﬂon.
* Present on endothelial cells,

a Thromboxanes (TXA-a) ¢
*  Vasoconstriction,
* Increases platelet aggregadion.

3 PgDA: Neutrophil chemotaxis.
P&EA : Fever, Pain.
PeFaa : uterine and bronchial smooth muscle contractions.

c}jdooxggemse po.’d'ma5 is coused bg a enzymes !
* COX | => most fissues.

* COXa —* Inducible in inflammotion.

Lipoxenase po:H'\wag :

5ca27939088d50048611313{ Lipoxygenase ]
|

1
L,ipoxins
nti- in‘i\ammoctor&) Leukotrienes
[ |
{ B [ |
Reduces Reduces LTC 4
. adhesion to LT 4 LTD 4
minaie e gl [} Psrsiraibin LTE 4
E eronchoconstriction.
Couses Slow reachn%
chem{-axis SUbS*GmeS 0
anaphulaxis.

Pathology * v4.0 » Marrow 6.0 » 2022



{7 Madiators of
Inflammation

Pharmacological applications of AA pathway  00:40:05

I Steroids !
* @rood spectrum anti-inflammadory drugs.
* Winhibits Phospholipase Aa -+ AR not formed -* No
inflammadtion.
a. Aspirin, lbuprofen !
* Cyclooxygenase inhibitors (COX-I § COX-a inhibitors) —>
No prostaglanding -> No inflammadion =* No pain,
* Aspirin causes gastric uleers (COX-I+ Gastro protective),
3. Selective COX~-3 inhibitors - more potent and less side
eflects.
4. Leukotriene receptor antagonists :
* Leukotrienes = Bronchoconstriction = Inhibition can lead
%o Bronchodilation —* Used for treatment of bronehial
asthmao.
* Drugs : Montelukast, Zafiriukast.

S \nhib'd-ing COX ond LOX pod
gicosanoids Derived from Arachidonic Aeid ¢ Two Pa&hwags

Phospholipid, eilayer

Steroid druas

holipase A block sunthesis of
5ca2793ec8BAS00486(1 13130 * | Phospholipase A,

r——! Arachidonic acid

%cio-ox%emse
Lipo-oxygenase
S L
- enase
L COX- | COX- 3
Thromboxanes and Prostaglandins
| Leukotrienes | Aspirin
1 vasodilation blocks synthesis of
| ploted aggregotion COX-I and COX-a g
aktract immune cells
bronchial contraction é
montelukost
blocks the interaction
between leukotriene
molecules and their
receptors

Patholagy « v4.0 » Marrow 6.0 » 2022
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Q7

,_ Acbon | mediator |
vasodiation [Pea, PeD3, Peed
|Vasocorstriction | TXA4, LTCA, DA, 84 i
Intreased vascular | Leukotrienes 5

i {
permeabitty  CA, DA, 84
(@ronchoconstriction [LT CA, D4, 84

Plasma derived mediators 00:47:13

A memsgsw“'
* Wisaseries of a0 compliment proteins in plasma,
secrﬁedbgliver. ‘
* Inactive precursors M Active precursors.

wrplemenkpcd-m%!

( Paantgen + |
Ablantibody) =
Immune complex
Ggs, lgm + C
- fActivation of
classical compliment

| pathway

[ lopantibody |
is bhdins or
endotoxin/
klipopob:jsaccwide.

bnvssprasanth7@gntdd.ssiool

@

A

* mosk erticol/important step in compliment cascade :
Aetivation of (3,

Pathiclogy * va.0 » Marrow 6.0 « 2022



* Finol step in Compliment activation : Formation of mac, pool

(membrane attack apmIese-8BHkER1 13130
COrnpkemen'c pa’chmags
5  Classical ) " me Leckin " Alernative
l)!mmune e it mierobial microbial -
L conﬁple:c . surfaces surfaces
» F A
Bctivated ¢ mwse—-bimims lectin c3
o Tagiil
Pft)perdin
(cabao) (Ca3bel) ¢&—r
( C3 convertoses J
c3 C3b C30. |
(CAbaoC3D) | ‘@?b&bcab) fraphyjatodns
(CSconveﬂases ] ‘
csa. |
Clo, C1, C8, C9
[ CSb-C9 )
membrone attack complex
cell Itjs&s,
Functions of compliment pathways 00:52:46

l, nmphglakox'ms ~» C30. 5 C5o.
a. Chemotactic ~* CSo.

2, Opsonin -» C2b,

4, MAC ~* CSh-9,

Pathology * v4.0 » Marrow 8.0 « 2022 |
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Clinical application !
5¢a2793ec88d500486113130
Compliment factor deficiencies !
L Ctinhibitor = Hereditary angioneurotic edema.,
* Swelling of lips, eyes, lorynx in patients,
a. ¢ & (early component) —* Increased risk of autoimmune
disorders like SLE.
¢ most common compliment factor deficiency,
3. Deficiency of MAC - Increased risk of Neisseria infections.
4. defciency of €SS (DAF/COSAMIRL) > Increased risk of
PNK (Paroxysmal Nocturnol Hemogjobinuria).
* Decay-accelerating factor (©nF).
* membrane inhibitor of reactive lysis (MIRL)
S, De%ciencﬂ of factor H, |, CD 46, Properdin —> Atypical
Hemolytic Uremic Syndrome (HUS).

Kinin system 00:58:25

Factor Xt ————> Factor Xllo
Prekallikrin. — Kallikrin

HMUK ——— eradyKinin
BradyKinin causes pain  vasodilotakion.

mcQ
Q.. wWhich one of the ?-ol\owing substances is produced 'bg
the action of lipoxygenase on arachidonic acid, is a. potent
chemotacctic agent and causes aggregation and adhesion ot
leucocytes?

A. CSo.

8. TXA3.

C. LTeA,
D. IL8

Q4. A 34 year old man develops marked right lower quadrant
abdominal pain over the past day, On physical examination
there is rebound tenderness on palpation over the right

lower cuadrant. Laparoscopic surgery is performed, and

Pathology * v4.0 « Marrow 6.0 « 2022




(}7 Maediators of
Inflammation

the appendix s swollen, er ythematous, and partiy covered
h}j a }jel\o\msh exudate. |t is removed, and a microscopic
section shows infiltvation with numerous neutrophils, The pain
experienced by this patient is predominantiy the result of
which of the following two chemical mediadors ?

A. Complement C3b and g€

8. Interleukin-1 and tumor necrosis Yactor.
C. Histamine and serotonin,

D. Prostaglandin and bmd&Khtn.

€. Leukotriene and HPETE,

Q3. R 4S year old woman has had a chronie, non-productive
cough for 3 months, along with intermittent fever. She has

a. chest radiograph thot reveals multiple small parenchymal
nodules along with hilar and cervical Bmphadenopai'hg.

R cervical lymph node biopsy is performed. microscopic
examination of the biopsy shows noncaseating granulomotous
inflammadion. Cultures for bacterial, fungal;and
mycobacterial organisms are negodive. thich of the following
chemicol mediators is most important in the development of
her inSlammadory resporse ? ;:;  ‘

}
N
|

A Interferon gamma.
e. QerBKinh.

C. Complement CSa.
D. Histamine,

€. Prostaglandin €.

Q4. In o lob exercise for medical students, an unknown
compound is studied. The students are informed thot the
compound has been isoloted from endothelial cells and its
synthesis can be inhibited by aspirin, In the lab, the students
demonstrate thot the compound is a. potent vasodilator and

plotelet anti agaregont. The substance is most likely which of
the following medsfc’ﬁ'gﬁg?w@gmail.com

A LTCA,
8. LXP4,
C. TXAa,
D. Pal a

Active space
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32  General 07
Pathology
QS. An episode of marked chest pain lasting 4 hours brings o

Sl year old man to the emer gency room. He is found to hove
an elevated serum creatine kinase. An angiogram reveals o

; complete blockage of the left circumblex artery a em $rom

;- its origin. which of the following substances would You most

: expect to be elaborated around the region of tissue damage
in the next 3 days as an initial response to promote healing?

A Histamine.

B. mrmnoglobuin S _
C. Complement component C3b.
O. Leukotriene &4. i
€. Vascular endotheliol growth Sactor.



W
08

WOUND HEALING AND TISSUE
REPAIR

Regeneration : Dead cells are replaced b5 same parenchymal
cells.

€.q, Following resection of a. lobe of liver for tumour, rest of
the liver regenerates vio hgperplasm.

Repair : Dead celis are replaced by Rbrous connective tissue.

Types o¥ cells
Permanent cel Stable cell Lobile cell | :
Never divide or Divide when Continously
do not enter the required. Low dividing cells.

cell cycle. Low replicative potentialj | Keep entering .
replicative potential | | &g, parenchymal | | cell cycle. £, | 2

€9, Neurons, liver, PCT and OCT,| | epithelium, skin,
Skeletal and | endothelial cells, | [bone marrow, &IT.
| cardiac muscles. | osteoblasts. :

Following a. brain injury, repair can happen only by neuroglia,
not neurons.,
Skeletal and cardioc muscle con adapt on15 b5 h‘ljper’trophg.

Repair _ 00:06:18
During repair |
[ ] ]
InfHrodion Filbrosis | | Neovaseularizotion 3
with chronic
‘m%mmakorS cells
like \Bmphoci,j‘ces

Pathology ¢ v4.0 « Marrow 6,0 » 2022
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64 General 08
Pathology

Halimark of repair ¢ @ranulation tissue Yormation.
Hallimark of Smnulation tissue ¢ New blood vessel formation.
Qj{'omne he\ping in neovascularizotion ¢ VEGF,

Blood vessels ¢l

Chronie inflammadion &4
e N D Ll R
&ranulation tissue apppears red because of new blood

vessels formed, and edematous as these vessels are leaky,

v

ead‘mg bﬂ primara h’cén’cion

Types of wound healing :
I wound healing
j [
. g !
f Healing by primary Healing by secondary
intention intention
. Clean and uninfected Loceroted infected
: wounds with apposed wound with tissue
: margins and no loss and. irregular
tissue loss. eq, margins.
Suraical wounds eg, RTA wounds

‘ng bgsecondanj
intention

Pathology * v4.0 * Marrow 6.0 « 2022
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() Wound Healing 65
and Tissue Repair

Stepsinwoundhealing = oo;t3%

Stages of wound healhg

Fibroblast

Blood vessel
subcutaneous Yok —=

ueedirg/ Hemostasis

5&0.5% :
D Hemostasis : Stoppoge of bleeding,
&) Inflammadion : Acute inflammadory cells (nedrophils)
, arrive ok the site of injury. This is followed by proliferation
bnvssprasanth7@gm9i?.mmcﬁ*es’ l}jmphocgkes.
| 3) Proliferative phase : Repair occurs via prolifertaion of
maerophages and flbroblasts.

4) Remodelling : Scar formadion.

At 0 hours (immediote) :
* Hemostasis.
* with the help of Rbrin
Within a4 hours :
* Neudrophils from margins start coming towards the clot.
* mitosis begins in the basal layer of epidermis.
APter a4—48 hours :
* Dense neutrophilic infitrate,
* Thin continuous epithelial layer is formed.,
On Da5 3:
* Neudrophils are reploced b5 mac.ropshages.
o E&ﬂ5 gamm&ion tissue.
* Collagen fibres are evident ot the margins of wound,

Active space
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Pathology

0nDa55=

L}

MG Srm,\h’(ion tissue.
Masdmum neovascularization.
Collagen fbres br'vdge the incision,

2" week

Decreased inflammadion.
Decreased edema.

Decreased neovascularization,
Inereased Rbroblastic proliteration.
Maimum co!\agem

Onm538=

Sear formation.

n secondarg intention :

L]
L]
[ ]
[ ]

bnvssprasanth?@gmaii.cdm

more m%amma’mra cells.

6133er clot. M

more granulotion tissues.””

6'\33er scax. .

Wound contraction mediated by mgo%broblasts occurs
here, not seenin primary intention.

A%ter | weeK +wound regains 10% of its normal strength.
Atter 2 months (approx. I3 weeks) : 10-80% of its strength.
wound never regains‘ its origiml s'creng’ch.

Inttiol collagen formed is type 1\ collagen.
Type Wi is replaced by Type | collagen.

Type | col\agen :
more obundant,

S'trons ond hos the hlghes’c tensile streng’ch.

At the end the ratio of Type | collagen : Type N collagen : 4.
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Ructors Wifecting wound tealing . Waew |

r

chkors@&‘-&e&hg]
l thmdheoling

i Local factors .i Systemic factors
Type of injury, Diabetes mellitus
Site of injury, Steriods,
lood supply, Malnudrition,
Presence of Foreign Vitamin ¢ deficiency,
body, 2ine deficiency
nfections.

most common cause of delaged wouund healing * Infections.

Collagens
Triple helical structure.
vitamin C is required $or hydroxjlation and erosslinking of

co\\agen.
4 types :

Type | most abundant, maximum tensile strength. Seen in
skin, bones and tendons.

Type I+ Present in vitreous humour and cartilage.

Type WM Present in Keloid, uterus and granulation tissue.
Type v: Bosement membrane.

Disorders due to defective wound healing 00:31:58

Kkelod nger-trophtc sear
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| Disorders due to defective wound a‘e;ung]
|  ——— . ——_——
| _— i &

|&xeesswe granulation excess collagen or

tissue excess scar
AKa. proud Resh. keloid or Sormation of
Red in color; hypertrophic scar
Rx ! Couterizotion
Keloid nger{rophlc scor
Scar erosses wound marging Scar raised just above the
surfoce
Donot regresses spon’mneouslg Spontaneous regression
, | Thick, haphazard collagen Thin orderly arrangement ot
' | bundles collagen bundles
Masson's 4richrome stain is‘used | -
for demonstadion
Heloid induction for cosmetic
PUTPOSQS :

Desmoid : excessive proli?erodcion of Rbroblasts.

Q. A 19 year old truek driver is involved in a. collision. He incurs
blunt force abdominal trauma. In response fo this injury, cells
in tissues of the abdomen are stimulated to enter the &l phase
of the cell eycle from the &0 phase. Which of the following cell
types is most likely to remain in &0 Following this injury?

§' o. Smooth muscle,

§ b. Endothelium.

¢. Skeletal muscle,

bnvsspra'salgfg]@gm&!.com
e. Hepatocyte,
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08 Wound Healing
and Tissue Repair

3’%@@?%%?3%% has a laparotomy performed for
removal of an ovarian cyst. She recovers uneventfully, with
no complications. At the time of surgery, a. 10 em long midline
abdominal incision was made. The tensile s{rmg’ch in the
surgical scar will increase so her normal activities can be
resumed, Mmost of the tensile strength will likely be achieved
in which of the following time periods ?

a. One week.

b. One month,

¢. Three months,

d. Six months,

e. One Year.

Q. R 3a year-old man incurs a stab wound to the chest. The
wound S treated in the emergency room. Two months loter
there is o firm, 3xa em nodular mass with intact overlying
epithelium in the region of the wound. On exandination the
scar is firm, but not tender, with no erythema. This mass is
excised and microscopically shows flbroblasts with abundant
collagen. Wwhich of the following meehanisms has most likely
produced this series of events ?

o. telboid formadion,

b. Development of a fbrosarcoma.

¢. Poor wound healing from diabetes mellitus.

d. Foreign body response from suturing,

e. Staphyloccocal wound infection.

most common site of Keloid formadtion : Chest or sternal
resim

Treodment of Keloid :

intralesional injections like Triamcilone.

nger’«ophic scar regresses spon‘caneous\5.
No freadment required,
exuberant grammﬁon tissue treated b5 cau’cera.

Active space

Pathology * v4.0 « Marrow 6.0 » 2022

69



HEMODYNAMIC DISORDERS

Hyperaemia & congestion __ 00:02:00

Increased blood volume in the diloted vessels.

B B

™ ngememlo. o
E;B:i if; c;l;u:' Edwe to lmreased Blue, red in color (due to
Oxygenated blood) deoxygenated blood)
. nr';verio;or d\io&o.ﬂm : Impaired venous outflow
example * Inflammadion example ¢ Right heart failure
examples of congestion :
Acute ptumomrl.j conges’don '
Characterized by focal hemorrhages, alveolar and
septal edema.
Chronic pulmonary congestion
Heart failure cells.
In CHF : Hemosiderin laden microPhases in lungs are
seen.

Stain : Prussion blue s’codn/peo.r\’s stain.

Acute hepatic congestion : Centrilobular necrosis, ’?—a.ﬂg
chanse.
Chronic hepaﬁc eongesﬁon : Nu-tmeg liver,
Chronic venous congestion in spleen : Gamma. Sand}j bod&
!
Fibrosis, caleification, hemorrhage and hemosiderin.

Normal Iunq alveoloe Heart %tiure cehs
o T Wiy "" 3 P
?--,;’; i
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Thrombosls =

(% Hemodynamic 71
Disorders

& . Hemosiderin
‘Hemorrhase
3 Caleificotion

00:10:35

Thrombi is an aggrego&e or a.mass of platelets.

causes of thrombosis ¢ Virchow triad

I endothelial iqjur}j.

2. Alterations in normal blood Sow (stasis or turbulence).

3. Hypercoagulability of blood,

Couses of Huypercoagulability of blood :
|

Primary cause/! genetic

l
Fastor S Leiden mutation (M)
Prothrombin gene mutodion
Proten C§ S deRciencH
Antithromnbin de%c»emﬂ
Hyperhomocysteinemia.
(Arterial thrombosis)
Das&brmsmn

venous
thrombosis

l
secondary/acquired
J

Pregnancy, OCP,
Obesity

Nephrotic syndrome
Prolonged, immobilization
-
microang'\opakhic
hemolytic anemio.

TTP, HUS, DIC.

APLA

H}jperhomocﬂsteinemla

(due +o vitamin 8la

deficiency.

Active space
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Types of thrombus

Mural thrombi

 00:15:58

venous H'mmbds

aorta § attached to g;”mm :r::f\aldl%: ol E;C;: ; WL si‘d» moving
he wall "y eins
TUrbt:lenee | Stasis |
Propagates
i Develops abns the
i e direction of blood flow
| point of attachment
ite | ‘
b ) e Y pon. Red in color, more
as more plad'eteJcs
present. ReCs present.

mMural thrombi

Lines of 2ahn :

Alternade light (dueto plotelets)
and dark (due to RBC)areas.
Seen in arteriol § venous thrombosis.

To differentiote,

Antemortem clot : Lines of 2ahn present.

It is gelatinous.

. Post-mortem clot : Lines of 2ahn absent,

Lower portion is red as RBC Settle down by grovity,
Upper portion is yellowish because of plasma. accumulation.

Platelets

Pathology * v4,0 « Marrow 6.0 » 2022
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()9 Hemodynamic 73
Disorders

Fate of Hwombus : (Mnemonie : DOPE)
* Dissolution
o Organisaﬁon
. ﬁ*omgo&‘\on
* gmbolism
Emboli _ 002254

-

embolus is o detached intravaseular solid, liquid/gaseous
masscarriedb}j{he blood stream 4o a. site distant from its

oris‘ml site.

Pulmonary emboli (Pe]

mCC : OVT Cdeep vein thrombosis ],
Usually, aanp’com’cic due %o the dual blood supply.
Two fgpes Pe:
Saddle embolus :
Present at the bifurcation of the pulmonary
vasculature.
It can lead to sudden cardiae death.

Paradoxical emboli *
it can pass through inter arteriolar/interventriculor

defect and reach the saskemic circulotion.

Acfive space
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| Fot embolism !

3 MCL  Fracture of a long bone.

¢ : Develops | to 3 dags ofter a fracture

e/F Dyspnoea, delirium, decreased platelet count.
. m‘\croscopical\5 t Fod gbbules in urine,

g_ | On chest x ray : Bo wing appearance,

Air embolism and Amniotic fluid embolism  00:28:56

Air embolism :
A/k/a Caisson's disease, Decompression sickness.
Seen in deep seo. divers
Rapid change in odmospheric pressure
- !
a Inereased production of nitrogen bubbles

2100 mi air is required to produce air embolism,
C/F : Bends (gas bubbles in the joint produce pair.
Chokes (gas bubbles in lung).

Amniotic Sluid embolism
S 22793 088d500486113130
K is seenas a pregnancﬂ obour comphcoeﬂon.
it is seen in post-partum period / during labour.
Tear in placental membrane : The fetal tissue enters
materal circulotion.
microscopncal\g Squmnou.s epithelial cells, lanugo hair, fat
R ik from verix casiosa.

> Squamous cells of
fetal skin
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Infaret ...

An infaret is a localised area of coaqulative necrosis,

K is wedge s.hoped.

Two {Bpes :

| Haemor \’\aaic/red infarct Pale/white infarct

[ ‘%een in organs with duai hlood Seen in or Sc\né With énd arterial
mpplq circulation,

L e 3 &7, kch. e g.,heart Hldnegj, spleen,

i . o . bbbt

i | Seen in \ome hswes ovarie& Seen n solid orsans

\\l-—de“ned rncxrsur\s 1 we'n dei\ned mralns

l S ———— TSR ST TPV PSPPI CORPITVIOI

Liver shows bo{h uohthe ﬁ red \n¥arcks

Lung : Red infarct
wedse shaped spleen : White infarct

G '% ;
’lfilflll!’li‘ “H\
curmuua’

white infarct

5ca2793ec88d500486113130
Q. A 33 year old man undergoes surgery for fracture of
pelvis and left Femur resulting from a. motor vehicle accident.
The next day he develops dyspnea, speech difficulty and o
petechial skin rash, which of the %I\owkng types of embolism
is the lisely cause of these fndings?
A, Air
@. Amniotic Suid
C. Fot
0. Paradoxicol

Pathology * v4,0 » Marrow 6.0 » 2022
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Q. What does the image helow indicate

A Saqo spleen - Amyloidosis,

B. Nutmeq liver ~ red areas are viable pericentrol, white
areas are periportal necrotic.

C. Red areas are necrotic near central vein while white areos
are viable,\brotic periportal areas.

. Lardaceous spleen.

Q. An autopsy from the lung revealed presence of laminated
swirls of squamous cells in pulmonary arteriole as shouwn
below. whot is the most likely pathogenesis?

A. Pulmomrg embolism,

8. Air embolism.

C. Marrow embolism.

. Amniotic Sluid embolism,
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NEOPLASIA BASICS

Basics of neoplasio. ¢
* Neo means New,
* Plasia means Growth,

Neoplasm ¢ Any new srow&’n independent of Srowth ¢ac&ors.

Divided into two types:

* Benign tumours.

* Malignant tumours.

Desmoplasia. ¢

* extreme Rbrosis leading to hard tumours.
* more likely %o be malignant.

Terminologies

00:05:12

I &enign tumours ¢
scazrosecesdsonagstiaizo. Usually ends in suffix : oma.
* gpithelial origin : Papillomo.

" mesenchgma] origin :
L.lp()ma.
Osteoma.
Chondromo.

Fibromo.

a. maiignank tumours :
* gpithelial origin ¢
Called as carcinomo.
€9 ¢ Squamous cell carcinomo.
Transitional cell carcinoma.
Adenocarcinomo.
*  mesenchymal origin ¢
Colled as sarcomo.
&9 * Osteosarcomo.
Chondrosarcomao.

Pathology ¢ v4.0 « Marrow 6.0 » 2022
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Fibrosarcoma.
Leim“’l'-jﬁm_f coma,
exceptions
Malignant tumours ending with sulSix oma ¢
* melanoma.
* Chloroma
SoMt tissue involvement of AML,
most common AML resulting in chloroma. : AML. Ma.
most common site of ehloroma. ¢ Orbit.
most common presentation ! Proptosis.
Also Known as anulocgtlc sarcomo.
* Seminoma.
. Lﬂmphom
* Teratoma.
3. mixed tumours
Ditferent germ layer derivative.
Teratoma. :
Derivative of 2a germ layers.
* Genign : Mature teratoma.
o malignanh Immodture terotomao.
* monodermal teratoma. :
Single germ 1a33r.
Struma. ovarii.
Pleomorphic adenoma. :
* Usually affects salivary gland.
* most commonly offected : Parotid gland.
* Biphasic tumour
* Shows two components !
gpithelial component : @lands.
mesenchgmod component : Chondromixoid tissue.
wilm’s fumouy
* Triphasic tumour,
* Three components :

bnvsspjrasanth?@gmail.corgpm,.leual componen{'.

mesenchamai component

Pathology » v4.0  Marrow 6.0 « 2022



Blastemal component.
4, Choriostoma.
eetopic rest of normal tissue.
* Normal tissue in abnormal location.

* gg: fancreatic tissue in the stomach,

S. Hamartoma. +

* Haphazard/abnormal/disorganized proliferation of

tissues indigenous to the site of origin.

* g9 Pulmonary hamartoma. ¢
Now considered as a. benign tumour.
Some rearrangement in chromosome Ia have been
dentified,

Properties of a tumour 00:17:04

L Anaplasia :
Lack of differentiotion.
Ditferentiation : Defined as the structural and functional
similarity to original cell. '
* Pleomorphism : variation injsize and shape of cell,
* High Nucleus : Cytoplasmic (/€D rafio -

Normal N/C rodio ¢ 4 o I,

Malignant cells N/C rokio : El.
* Hyperchromatic nuclei.
Prominent nucleoli.
Loss of polarity,
Abnormal mitosis :

ipolar mitosis.

L]

bnvssprasanth7@gmail.corf ; /ELE
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Tripolar a&kjpical mitosis : Mercedes Benz sign.

¥

a.Rate of growth :
| * Benign tumor ! SIowIB growing,
* Malignant tumor P.apidlg growing
* minimum tumour weight which can be clinically detected :
1 g/10° cells.
* maximum tumour weight usually compatible with life :
I Kg/10 cells.

3. Local invasion

Benign tumours

* Usually encapsuloted.

* No local invasion.

Malignant tumour's :

* Non encapsuloted.

* Local invasion present.

* g9 Carcinoma lung invading trachea, oesophagus.

4, metastasis

* Distant spread of tumour.

* most important point to differentiote benign $rom
malignant fumour : metastasis local invasion.

* Halimark of malignancy ¢ Anaplasio.

| genign Malignant
Anaplasio Absent Present
growth Slow Rapid
Local invasion | Absent Present
5ca2793FALPRAIN | pbsent - | present
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TWo malignancies which do not metastasine : bnvssprasanth?@gmail.com

* pdasal cell carcinomo. (Rodent uleer).
* Glioma.

Rout.es_of metastasis . o022

I Lﬁmmm route

mogt carcinomas metastasize bH thig route
Exceptions :

* Follicular carcinoma. {-hgroid.

* Choriocarcinoma.

* Hepato cellular carcinoma.

* Renal cell carcinoma.

4. Haematogenous :

most sarcomas metastasize bg this route.
exceptions :

* Synovial sarcoma.

. P.\'nbdomjosnrwm

Invade vein more than artery (Due &o {’nmner wodls o? vem)

3. Direct seeding of body cavities : ' il
* mucinous carcinoma. ovary/appendix spreod wthrough
peritoneum : Pseudomyxoma. peri{onet i

4, Transcoelomic spread

* ¥rukenberg tumour
Spreod of carcinoma. s’comcmh ’co crt‘ner orams vie
peritoneum, like ovary, (i i "; fl‘ il

Terms il -;!!“"J;:‘;f;\ 00:37:33

L. metoplasia. ¢
* Reversible change ‘
* One differentiated cell type to amther d.u%wanwmd
cell type. |
¢ exomples
Clioted epithelium to squamous epx’mehum in WHBV’&

Pathology » v4.0 « Marrow 6.0 « 2022
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Borrett’s oesophgsus_ bnvssprasanth7@gmail. com
Vitamin A de%cienca.
mMyositis ossificans.

I Desmoplo.sm !
* Abundant fibrosis/ collagen laid down by a. tissue.
* This makes the tissues hard,

a. nnaplcxsia :
Lack of differentiation.
rreversible,

ereach of basement membrane.

3. Dgspla,sia :

Disordered growth/proliferation.
Show anaplasio.

Par’dal\a reversible.

* example : Carcinomain situ
Bosement membrane is intact,
Malignant cells are limited b5 basement membrane.
 PRS stain used for identification of carcinoma. in situ
(stains basement membrane: Magenta. colored).

Suel N

Cell cycle 00:44:42

g Phases of eycle ¢
E l. §0 Phase :
* Resting phase.
a.&al Phose ¢
* Gop | phase.
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* Prepares itself for ONA replication.
3,5 Phase !

* Phase of DNA replication.

. Approximfehj b hours duration.
* Phase of no retumn,

4. 63 Phase :

* Gop 4 phase,

* Prepares itselt for mitosis,

* Approximadely 4 hours duration.
S.m Phase :

* mitosis.

(t;'\ikasis y &0 — Qestina phose

m—“qhkq}wmwm

| (GopD
(Preparing Sor
O reploation)
:)3.
@
(46"0\£WS)\
S
(Gunthetic)
GJJ?r%qﬂMa&kxﬂ

(b hours)

Longest phase : &0 or &l phase (Variable).

most radiosensitive phase of cell cycle : &am phase
(m > 3.

most radio resistant phase of cell cycle : $ phase.

most radio sensitive cell in the bodg * Lymphocyte.

most radio resistant cell in the bodl:j ' Platelet.

mMosk radio sensitive tumour in the body : Bwing's sarcoma.

cell cgcle resulation ' %

I Cyelins and COK (eyelin dependent Kinases) !
Cyelins combine with COM and phosPMrS!o&es it, thus moving
%o next phase of cell eycle.

5ca2793ec88d500486113130
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C,‘ljciins
O
£
n

<)
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Cell cycle inhibition

bt .

+

4

4

00:52:08

C,Bclin D associated with mantle cell l5mp'noma.
C.gclin £ associated with breast cancer.

Questions :

Cell c5cle inhibition

cip/kip family / \ INF 40/ARF family :

Pal, pat, psT. Pll, pi4, piS.

Pib inhibits cgcﬁn D+HCON 4.

L. An experiment is conducted in which proli?em’dng cells
are subjected to ionizing radiaion. The ionizing radiation
leads to arrest in o checkpoint that monitors completion
of DNIA replicakion. It is observed that there are increased
numbers of chromosomal abnormalities in these cells.
which of the following is the checkpoint affected by the

ionizing radiakion ?
A go/el.
®. &/s.
c. s/ea.
O. &a/m (most radiosensitive phase).
e, m/&o.

a.A s’cud5 is performed to anolyse characteristics of

ma]igmn’c neoplasms in b"C’PSH specimens. The biopsies
were performed on patients who had palpable mass
lesions on digital rectal examination. OF the following
microscopic findings which is most likely to indicate that

Pathology * v4.0 ¢« Marrow 6.0 » 2022



1{) Neoplasia Basics

the neoplasm is malignant?
A Pleomorphism,
B. R{HPIQ.
C. Invasion.
D. Increased Nt C radio.

B Necr®ivssprasanth7@gmail.com

- A 6O year old man who has a. 90 pack year his*corg of
cigarette smoking has had a chronie cough for the past
ten years. He has begun to lose weight (3kg) during the |
past year. No abnormal findings are noted on physical
examination. He has a. chest radiograph that reveals o
right hilar mass. A sputum eytology shows atypical,
hyperchromatic squamous cells. What is the most common
initial pathuway for metastases from this lesion?

A Bloodstream.

& Pleural cavﬁg.

C. Contiguous spread to chest woll.S

D. Lymphatics (since epithelial maligno.ncg).

€ Bronchi. -

. A b3 year old man has complained of pain on urinakion
for the past week. He is afebrile. On cystoseopy, a. slightly
er ous lem diameter area is seen on the
bladder mucosa. This area. is biopsied and on microscopic
examination shows cells with marked hgperchromoedsm
and increased nuclear/eytoplasmic ratio involving the full
thickness of the epithelium. However, these changes are
confined 4o the epithelium above the basement
membrane. Which of the following terms best describe
these biopsy findings ?
A Metaplasio.
. Minimal dgsPlcxsia.
microinvasion,

Active space

(<
c.
D. Hyperplasio.
€ Corcinoma in situ.
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S. A $3 year old woman feels a lump in her right breast. Her
nurse practitioner palpotes an irregular 3em mass that is
not movable because it appears fixed to the
overlying skin, which is retracted, A mastectomy is
performed and the pathologist on sectioning the breast
finds a 3 X 3.5¢m ovoid mass that does not have discrete
borders, but appears to infiltrate into the surrounding
Rbrofatty breast stroma. The mass is firm. white, and
has a fbrous consistency, which of the following features
is most likely demonstrated by the gross appearance of
this mass ?

A. Anaplasio.

. Aplasio.

C. Desmoplosio.
D. D%piasia.

g. Metaplasio.

5ca2793ec88d500486113130
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TYPES OF CARCINOGENESIS

Radiation carcinogenesis 000057
Radiations ‘
| il
i ultraviolet \on\zlns radiations
5 radiations (more carcinogen\c)
uv-A
uv-e : most earcinosemc
uv-_,

uv-8 radiation causes skin cancers like basal cell
carcinoma. and malignant melanome.

Theoretically, Uv-C is most carcinogenic but does not reach
down due to ozone Iaaer.

most common cancer caused b}j ionizing radiation — acute
nwaelo'd leukemia.
Leukemia. which is never caused b3 vodiation — CLL.

Other cancers associoted with radiotion :
Papillary carcinoma. of thyroid,
* Risk factor for follieular carcinoma. thyroid is long
standing goiter/iodine deficiency,
Carcinomo. breast.
Corcinomo. lu.ns

Organs most resist 4o rodiation : Bone, gut,

Pathology « v4.0 » Marrow 6.0 ¢ 2022
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Chemical carcinogenesis 000519
ey
PoBcBe.hc e em—— wnscmr S—
hydrocarbons (PAH)
P e ey sku.r:;moer, ;\epo_;;; AT
angiosareoma.
‘5;\;99"0: Lung adenomm‘mdm “»
most common malignancy
| caused. _
rﬁallgmn& mesotheliormo.
> most specific '
| malignancy coused
ASlatoxin HCL
Beta. naphthylamine/ Bladder carcinoma
a2o0 dyes.
People working in dry
cleaning industry. Those who
store wool ins
naphtho&ené balls.
| Benzene Leukemia, AML
Diethyjstilbesterol (D&S) Clear cell carcinoma.
mg\na.
Polyvinylchloride Pve) Hepatic angiosarcoma.
Cadmium . Prostate cancer

most common lesion caused by asbestos — pleural plaque.
HPE of asbestosis : Ferruginous bodies/asbestos bodies —

asbestos fibers cooted with iron,

* Stained with prussion blue.
* Dumb-bell shaped/ beaded/fusiform rod like

structures.

marker for mesothelioma. : Calretinin,
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Carcinogenesis
Amphibole ashestos fbers are more carcinogenic,
mothers exposed to DES - Clear cell carcinoma of vagina.
or cervix in do.ugMer.
Qhemml carcinogens are n-? ’amw
Dmcﬁ5 achng Indurmﬂg achng
carclnosens cnrcinogens
Do no& f'equuﬂe any conversion Szeaneq conversion &o
active metabolites b3
| cghachmrne p450 enzﬂmes
pess potenk rore po&en’c
e.g Chemoﬂwempeuhc e.s ' PnH
| agerts, slryjeing agents
Chemical carcinogenesis tokes place in & phases :
Inthadion phase — reversible.
Promotion phnse.
Microbial carcinogenesis LG oo at
| Parasites viruses | @acteria | Fungj
‘Schistosoma. | Hepaditis 8, C | W, pulori  bivAspeegiitEagmail com:
| haematobium — | — HCL, e :
| bladder cancer | HTLV-I — | ASlatoxin
i(socl odult T-celt Lol it ]
| Clonorchis, leukemio. i Y
| Opistrorchis — | HHV-8, A,
| eholangio E4V,
COX CINOMO. HPV.

Schistosoma. converts transitional epithelium o squamous
epithelium by metaplasio. — SCL, |

Active space

Helicobocter pglori '
Couses the ‘}onowms CONCers |
* Gostric adenocarcinoma, =+ MOst Common
malignancy coused, |
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* MALToma. - most specific malignancy caused,
aram nega‘cive bacilli,
Po&hogenesis '
Two toxins produced are —» cag A and vac A — couses
cancer.

mostly aflects the pyloric antrum of the stomach — antral
biopsg. :
Does not penetrate the stomach mucosa.

* Seen Qoo&ina over the mucosa.

Special stains used are :

warthin's starry silver stain — small black coloured bacilli
seen Qoaﬂng over the mucoso.

modified &iemsa. stain.

Steiner stain.

Viral carcinogenesis 00:19:43

Adult T-cell leukemioc

Caused by HTLV=1 (human T-cell lymphoma. virus).
HPE : Clover leaf cells.

Pathogenic factor : Tax gene.

‘Diseases caused b5 HHV- 8 :
Primary effusion lymphoma.
Kaposi's sarcoma.
* eorderline blgogd ¥essm dasmpe imsaular tumon).
* Usually seen in HIV positive patients or those with
h‘nmunode“cienc_uj.
* On microscopy : Spindle shaped cells with slit like
spaces.
multicentric Castleman’s disease.

ebstein Barr virus (88V) :
Binds to CDal recep'cor on &-cell,
Diseases caused b3 EBV !

aoeds eAnoy

* Infectious mononucleosis/Kissing disease.
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11 Typesof
Carcinagenesis

Downey cells —» ballerina skirt appearance.
Hodgkin's lymphoma.,

Nodular lymphocyte predominant > nodular sclerosis
variant : Not associated with g8V,

- cell lymphomas.

Burkitt's lymphomo.

Translocadion +(8: 14) — amplification of e-myc.
marker : bel- b, i

microscopic appearance ! Starry sﬁg appearance.
Leiomyosarcoma. | i
Post-transplant lymphoproliferative disorder.
Nasopharyngeal carcinomo.

Pathogenesis of BV :

LmMP-|

: Latent membrane Protein- 1.
Inereased activation of NF- K pathuiay —
increased growth signaling — inereased cell
proliteration.

EBNA-A.

iL-l0.

Human papilloma. virus (HPV) :
Strains of HPV are :

Low risk High risk
bnvssprasanthi@gragilicom HPV Ik, I8
genital warts. CIN I\, 1.
CIN L Cervical cancer.
Penile cancer.
Lm'5ngeal cancer.
F’odchosenesis of HPV : g
Produces two pro‘ceins €l ond €1 é

&l combines with pS3 (tumor suppressor gene) and

degmdes it,
€7 combines with Rb and causes its degradation.
Both causes increased cell proliferation,

Pathology * v4.0 * Marrow 6.0 = 2022
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HPE !

i
k
E
]
§

koilocytes — large cell with L siididanieain
Raisinowd rucleus

thick membrane and Peri- nuclear halo

raisinoid nucleus, with

perimdear halo.

Produced by &4 protein. hewag

holiocgte

microbe Cancer

H. Pylori Gastric adenocarcinomo.
MALTOMA.

HPV Cervical cancer.
Anogenital cancer.
L.arangeal cancer.

. HTLV | Adult T cell leukemia
bnvssprasanth7@gmail.com | pay Hepodocellular carcinome.
HHV 8 Kaposi's sarcoma.

Primary eHusion lamphoma
multicentric Castieman disease..

esvV HL.
NHL.
% Burkitt’s lymphomo.
g Masopharangeal carcinoma.

PTLD.
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11 Typesof
Carcinogenesis

Q. A Sl year old man has worked for 10 years in a %c*cor_tj
producing plastic pipe but not ?ohowing s::x?ebj standards.
He has noted weight loss, nausea, and vommns worsening
over the past 5 months. On examination he is afebrile. There
s generalized muscle wasting. Labomh)r_tj studies show the
serum alkaline phosphatase is 405 WL with AST 47 u/L, ALT
a5 W/L, and total bilirubin 14 mg/du. An abdominal CT scan
reveals a. 18 em right liver lobe mass. Liver biop55 reveals o
neoplasm composed of spindle cells forming irreqular
vascular channels. with immunohistochemical staining the
cells demonstrate vimentin posi’d\ﬁ{}j and CB{'OHGFO.:HH
negativity. exposure to which of the Pollowing substances
most likely led o development of this neoplasm ?

A Benzene.

8. Radon.

C. Cﬁdophosphamide.

D. Rsbestos.

€. Viny| chioride.

Q. Pathogenic mechanism of HPV in cervical cancer is :
A. Degradation of eyelin ol.
&. upregulation of BCLA.
C. Instability of b and €7,
D. Down regulation of plliNk4a.

5ca2793ec88d500486113130 |

Q. A dlinicol study is performed of oncogenesis in human
neoplasms, i is observed that some neoplasms appear to
develop $rom viral oncogenesis, with seroloa‘uc confirmation of
past viral infection, which of the following neoplasms is most
likely to arise in this manner ? |

A. Retinoblostormo.

. Smoall cell anaplastic carcinoma,

C. T-cell leukemio., ‘

. Progtotic adenocarcinoma.,

€. Hepotic angiosarcoma.

Active space
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04 General 7‘11
. Pathology

Q. HHV B is related to all except
A. kaposi's sarcoma,
B. Primary eftusion lymphoma.
C. Adult T cell l}jmphorru

| : D. Castleman’s disease.

Q. A Sb year old man has had a. chronic cough For the past
year. He is a non-smoker. He had an episode of
hemoptysis 3 daus ago. No abnormal findings are noted on
physical examination. A chest X-ray demonstrates a. b cm
perihilar mass. A sputum sample is collected, and the
sputum cﬂtologg report reads, r-\’cgp'laod cells present
suggestive of squamous cell carcinomouudhich of the
following environmental exposures is most likely to be
associoted with these findings ?

A Asbestos.

8. Radon.

C. Silico.

D. Benzene.

€. Formaldehyde.

Q A pre\hou515 heal’c’ng 43 Year old man has a. skin nodule
on his right hand that has bé&é?vZ%BFo‘&ﬁgé?o%?&‘&&l%?er with
more irreqular outlines over the past 3 months. On ph53tcol
examinoadion this lesion is 1.8 em diameter, darKB pigmented,
and o shgh’clg raised nodule on the dorsum of his right hand.
No other sKin lesions are noted. Three non tender enlarged
lymph nodes are palpable in the right axilla. The lesion is
excised and microscopic examination shows a
neoplasm composed of darkly pigmented polygonal and
spindle cells, Which of the following risk factors is most
important for development of this neoplasm ?
g A Cigarette smoking.
g & Allergy o latex gloves.
C.inheritance of o faulty R® gene.
D. Prior job-related handling of asbestos.
€ Chronic exposure to ultraviolet radiaion.
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HALLMARKS OF NEOPLASIA

00:01_ :51

Hallmarks of carcinogenesis

Self sufticiency in growth signals,
\nsensiﬁ\ﬂ’g to SrowH'\ inhibikorg signals.
Limitless replicotive potential.

gvasion of apoptosis.

Sustained angiogenesis.

Altered cellular metabolism,

Invasion and metastasis.

gscape of immune recognition.

® 4N o

Self sufficiency in growth signals 00:03:08

Proliferation without growth foctors.

Proto-oncogenes : Normal genes which are required for cell

proliferations.

mMutadion in these genes convesispradRtneagenes into

oncogenes leading to production of cancer.

This mutadion is called gain of function mutadion.

* every cell requires growth factor for proliferation.

* growth factor combines with cell through growth factor

receptor on the surface of the cell.

* growth factor after combining with grousth factor
receptor enters the cell ’throush signal transduction
protein (sTP.

* STP transmits s'gnals to nucleus.

* Nuclear franseription factors are present inside the cell

which leads to cell proliferation by activating eyclins and
eyelin dependent Kinases.

Cell

@fF 12 e cell Prolferation
P @ ....... .1 by actvating
cycling and COW'S

Nucleus Transeription Factory
P Y

TP - ‘f,ujnol Transducton Proteins

Pathology # v4.0 * Marrow 6.0 » 2022
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aoeds aAnoy

_

12

Any defect in growth Soctor/ growth factor receptor/ sTP/

NTF/ caclins ——3 Cancer.

_ erowhBactors Corver . ..

Hepo&ocql'e growth factor Hepafoeeﬂular carcinoma.

MST -1 Osteosarcoma.

PO&F ~.8 / sis Increased risk of astrocytorna
&rowth factor receptors ; Cancer

E&FR - | (8RB ) Lung adenocarcinoma,

BGFR - & (8R6 3 /Her & nw)  Breast and ovarian cancer.

ALK gene on chromasome &

| Anaplastic large cell lymphoma.

m—‘Amrma’corB mv:,o%roblashc
tumor.
Adenocarcinoma. of luna,

C-nit

Gastrointestinal stromal tumor and
Leminoma.

RET on chromosome 10,
(&ain oF Sunction mutation).

Increased risk of medul\a.r}j
carcinoma. of thyroid and men 1\
syndrome.

5¢a279;
Loss 0% function modo

Sisnad transduetion proteins :

ion N &8T HrschsPrung disease.

D RAS : m/C oncogene affected in human malignancy,
(m/c gene offected in human rnalisno.nca : pSS).

RAS is divided into 3 types : K-RAS, H-RAS and N-RAS,

K-RAS : Increased risk of KPL tumors.

¥ : Colon cancer.
P : Pancreadic cancers.
L : Lung cancer.

H-RAS : Bladder cancer.
N-RAS : Melanomo.

* RAS inside the cell is inactive due to combination of §DP
* &F (signaD binds with &FR enters the cell § pnosporylates

RAS,

* Phosphoryloted RAS is o &TP RAS (ar.ﬂve) itis a

proto oncogene.
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* QTP RAS activates a po&mays '

I BRAF Kinase MAP pa&woﬁ.

a. PBRAT pothusay,

* Through these pathwag Slsnals are sent 1o nucleus
cm{ahins NTF.

* NTF are activated ieading to cyelin activation resulting in
cell proliferation

bnvssprasanth7@gmail.com

BRAF Pizkat
: PMHAmE}
|
map Rim:;e
o QTP-RAS pathuay
LA wa (Retve)
~9(@
nachve
Ras
Cell Proliferation
Via, cgclms

Any defect in RAS/BRAF/PIBKAT ——> Cancer.

BRAF is afSected in:

* Hairy cell leukemio. (HCL

* Langerhans cell histioeytosis (CCH).
* melanoma.

» Pilocﬂﬁc as{rocl.j’tom

Papillary carcinoma. of thyroid.

* Colon cancer.

NOTCH gene mutotion implicadced in T-ALL,

REL gene mutation : 4(9 : 33D : LML,
L. ¥ products are alo kda. (Kilo dattory : CmL.
a. Wproducts ore less than 190 Kdo. @ ALL.

Nuclear transeription factors ¢

mye is a oncogene.

3 ’cgpes :

N-ryc : Amplification leads to neuroblastoma.
L-myc : Lung cancer (small celD.

C-myce : Amplified in Burkitt's lymphoma,

Pathology © v4.0 » Marrow 6.0 » 2022
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Cyelins and COW's ¢

101 : 14) : mante cell lymphoma.
On chromosome I C{,jelin DL

On chromosome 14 ¢ \3 H locus.
Translocation causes over expressiion of eyelin O !eqd‘ng‘co
increased cell proliferation resulﬁns in mantle cell Igmpmrm.

bnvssprasanth7@gmail.com

Oncogenes in human malisno.nc5 !

Gene Cancer

C kit QST

ReT Medullary carcinoma. of thyroid and Mens I\,

ALK ALCL, Adenocarcinoma. of lung and

inflammadtory myelofibroblastic tumor.

ReL cmL

K RAS Colon and pancreatic cancer

H RAS Bladder cancer

N RAS melanoma.

C mue gurkitts lumphomao.

L mye Small cell lung cancer

N myce Neuroblastoma.

NOTCH ALL-T
Insensitivity to growth inhibitory signals 00:28:46
Tumor supressor genes

Normal genes which decreases cell proliferation.
Loss of function mutation leads to increased cell proliferation
and cancer.

D R& gene :

Located on chromosome 13q 14,

mutation of RS leads 10 increased risk of retinoblastoma. and
osteosarcoma.

Governor of genome,

RS hgpophosphorﬂla&ed ' Active RS,
RS hﬁperphmphorﬂla’tedl Inactive RS,
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12 Hallmarks of
Neoplasia

Roleo?%lnoel\cgclm
eaf

1 Cyjelin ©

l

R Mo e R
hgpo;v\w:pkmrg\a&ed D hﬂpOphosPhor ;jlaked
(Active) (inactive)
e, F Qeleasé

i

Proliferation ¢ Cell chle

RS is active in hosghorgl ted stote,
50;2793e088d500% 313 o
R has gaF transeription foctor in its pocHe’c

Increase in cyclin O/COK 4 inactivates the activated RS.
Due to release of e3F transeription factor (required by
the cell for cell cycle), cell eycle is progressed leading +o
proliteration.

Role of RS is thot it requlates &l S cheekpoint of cell eycle.
Hence called as governor of cell cacle.

rnudson’s two hit hypothesis :

First desceribed for retinoblastoma.

goth alleles are defective.

For retinoblastoma. to develop, both the alleles have to be
mutated,

Loss of heterozygosity :

To develop retinoblastoma, I* mutadion has 4o occur by birth.
eut the disease does not present by birth,

a™ mutotion acquire later on and and develop retinoblastoma.
This is Kknown as loss of heteroaygosity,

HPE of retinoblastorma. ¢ Small round blue cells with scanty
cg’coplasm

Flexner wintersteiner rosettes (it is o true rosette : Central
spoce is empty 3

Flew reite is olso seen,

Active space
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100 General 12

Chromosome 17p.
M/C affected gene in human malignancy ( > S0% of cancers).,

‘ Guadion of genome or molecular policeman of cells.
5ca2793ec88d500486113130 £ |

Role of PS3 lonising radiation
Mutagens

Cells with mutation
Or loss of PS3

ONR damage

g Normal cells

g In cose of DNA damoge !
PS3 is activaded, which inturm activates pal causing stoppage
of cell cycle.

PS2 will try to repair DNA by activating GADD 4S.

Pathology « v4.0 + Mamow 6,0 * 2022



12 Hallmarks of
Neoplasia

In stubborm cells where those two mechnism dont work, ps3
activates BAX causing apoptosis.

Loss of ps3 : Mutant cells are produced due to lack of repair,
cell cgcle arrest or senescence.

In congenital mutation of pS3 ¢ Li fraumani syndrome.
Many cancers can develop in this syndrome such as ¢
4e's: :

gone cancer.

éreast concer.

elood cancer.

érain cancer.

pl3 : Helps in squamous cell difterentiation. :
bnvssprasanth7@gmail.com :

TSE's j
Gene Chromosome Tumors :
RS 13q Retinoblastoma. and osteosarcoma. :
pS3 rp Li fraumani syndrome
NF | " Neurofbroma. and meningiomas :
NF 3 aa Schwanommao.

BRCA I n greast cancer and ovarian cancer
B8RCA 3 13 male breast cancer, female breast
: concer and prostate cancer.
wrl i wilms tumor
wT a i wilms fumor
PTEN 0 endometrial cancer and prostate cancer,
Cowden syndrome. 7
VHL 3 Clear cell RCC, Cerebellar
hemangioblastoma.
APC S FAP
Limtless replicative potential 00:50:20 g
2
Telomerose : g

mMoaximum telomerose acﬁxfitg presen‘c in cancer cells.
globorakion of felomerose : No telomere shor’cening and cells
won'’t die.

Pathology * v4.0 » Marrow 6,0 « 2022
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Evasion of apoptosis 00:51:26

Increased synthesis of antiapoptotic factor :

+(4 1 18) : Follieular lymphoma.

Chromosome 18 ¢ 19 H locus.

Chromosome 14 ¢ bel a.

Due 1o translocation  Increased activity of bela (anti
apoptotic gene) leading to decrease apoptosis resulting in
increased cell proliterotion = Follicular lyrnphomo.

Sustained angiogenesis 00:53:04

Increase secretion of
Proangiogenic factors and Anti angiogenic factors.
mmnmd!mns‘\ogemc foctors (inerease blood
Supplg) like :

Vaseular endothelial growth factor (veeP).

Platelet derived growth factor (POGP).

Fibroblast growthfactor (FeP).

Anti angiogenic $actors (decrease blood supply like :
Vasculostodin,
endostatin.
Angjiostadin.
Thrombospondin.

Altered cellular metabolism 00:54:55

Warburg efect :

Sir Otto warburg : Nobel prize for discovering this eftect.
Cancer cells undergoes oerobic Slgcolgsis.

PET scan is based on this Warburg effect.

Invasion and metastasis 00:56:06

Tumor has 1o eross extro. cellular madrix +o reach the |un3 :
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1 2 Hallmarks of 103

Neoplasia |

LumJC.
) .
Jl“rJL s

TUI;‘ r
5ca2793ec88d500486113130 emboli

Al tumor cells are joined by g~cadherin, | ;
. Detachment of cells by loss of e-cadherin. | j
3. These detached cells attaches to extraceliular modrix by
‘n'cegn‘r\

3. Degrades extraceliular matrix by : Madrix metallo "
proteinases (3,9). fEd ]
Can express type IV collagen, cathepsins, urokinase. il
Eloborate collagenase and enters blood vessels.

4. gpithelial to mesenchymal transition €M), -
mediated by Snail § Twist.

S. Tumor cells attaches with platelets is called as tumor
emboli > either reach lymphatics or organs.
(Hematogenous route common $or sarcomas.

Lymphatic route common for earcinomas.

Except HCC § RCC * Hematogenous route,)

Escape of immune recognition 01:04:10

Decreased expression of MHC antigens.
Selective ou*cgrow{h of an’cigen negaﬁve variants.

Repair pathway defects 01:05:29

3 pa'ﬂ'waﬂs
. Defect in nuclectide excision repmr = Xeroderm
oo |
a. Defect in mismodeh repair + HNPCL.
3. Homologous recombinodion *

o. Fanconi anemio.

b. Atoxio. telongectosio.

¢. Bloom syndrome.

Active space
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Q. A change in bowel habits prompts a. $3 year old woman

o see her physician. On phgs.‘ical exominadion there are no
lesions noted on digital rectal examination, but her stool is
positive for occult blood. A colonoscopy is performed and
reveals a b em frioble exophytyic mass in the caecum. A
biopsy of this mass is performed and microscopic examination

5ca2793ec88d500m:m moderod'elg differentioted adenocarcinoma. which of

the following laboratory findings is most likely to be present in
this potient?

A. K-RAS mutation In the neoplastic cells.

®. Neoplastic cells positive for vimentin.,

C. Stool cutture with Shigella. flexneri.

D. Presence of HIV-1 RNA,

€. DNRA topoisomerase | m;.+oan’cibod5.

Q. A Sa year old man has had increasing fatique for the

past & months. On ph}jsiml exomination he has a palpoble
spleen tip. Laborotory studies show a. WBC count of 189,000/
microliter. The peripheral blood smear shows many mature
and immodure myeloid cells present. Cytogenetic analysis of
cells obtained via bone marrow aspiration reveals a. +(2:33)
translocation. This translocation leads 1o formation of a. hybrid
gene that greodly increases tyrosine Kinase activity, which ot
the %!ol\owirg genes is most likely translocated to cause these
findings?

A. pS3.

©. R&.

C. ReL.

. NF-I,

€. RAS,

Q. mother of o 4 Year old boy notices that his abdomen is
enlarged, Physical examinadion shows an ill defined abdominal
mMass. An abdominal CT shows a. 2@ ems mass in the region of
right adrenal gland, The mass is removed and mieroscopic
appearance shows small blue cells wtih Homer wright
rosettes, which of the foll owing genes is most likely to have
undergone alterations to producq these fndings?

A. ¥ RAS, |
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12 | Hallmarks of 1056
Neoplasia
6. 6CLA.
C. N myc.
D. PS3.

Q. nb#geo\roldmnhasm*edaSnge‘gH:lossa!ons
with increasing %‘-ahsue over the past year. He has
experienced dull abdominal pain for the past week, He has
developed abdominal distention with lack of stools in the
past two days. On physical examination, bowel sounds are
reduced. An abdominal CT scan reveals o. mass involving
the descending colon. At laparotomy, o. partial resection of
the left colon is performed, with removal of an encircling
mass. Microscopically, the mass is found to be a. moderately
differentiated adenocarcinoma. which of the %l\owins
laboratory test findings is most likely to be present in this
man?

A. microcytic \-Upoc}'romic anemio.

&. Positive antinuclear anﬁbod\lj test.

c. ngerglgjcemia.

D. elevated alpho-fetoprotein.

€. Lactate dehﬂdmsemse.

bnvssprasanth7@gmail.com

Q. In an experiment, it is observed that chronic, increased
exposure o ionizing radiaion results in damage to cellular
DNA. As a. consequence, a. protein is now absent that would
arrest the cell in the &l phase of the cell cycle. Subsequent
to this, the cell is transformed to acquire the property of
unregulated growth. The absent protein is most likely the
product of which of the following genes?

A. RAS,

8. TPS3.

C. mYC.

D. ABL.

€ 6CL~3a

Active space
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Pathology

LAB DIAGNOSIS OF CANCERS
Investigations B 00:00:45

J J J i J
FNAC  Frozen  @lopsy  Tumor IHC/\Immunohistio

section T markers chem}s‘cr5

Fine Needle Aspiration Cytology (FNAC) 00:02:45

a3-30 § small bore needle.
Technique : The needle is pierced into the swelling and
aspirated. The sample is placed on a slide, stained and
Visualized under a. mieroscope,
used for easily accessiblecorgons : Lymph node, breast,
thyroid.

5ca2793ec88d5004861131:
FNAC of lymph nodes is usually done # T8 is suspected.
I# the material taken in the syringe can indicate the condition
o} the patient.
\# the material is cheesy, caseous or yellow in colour : AFS
stain must be done.
Advantage of the procedure : Less invasive,
Disadvantage of the procedure : Target is missed in the
procedure resulting in folse negotive reports.
Sample of thyroid is contaminated with blood with only few
cells le®t for FNAC, as it vaseular orgon.

Fine needle non aspiration cytology (FNNIAC)
As we do not aspirode, this technique con be used for highly
vasculor organs like ’dharoid.

ededs aAnoy

PAP smears / exfoliative cytology :
Lung cancers eroncho alveolar lowase specimen.
CIN / cervical intraepithelial neoplasia. : PAP smear.
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13 LabDiagnosisof 107

Image 8uided FNAC.

On ultrasound guided FNAC : lesion is localized hence target is
not missed, T Sensitivity of FNAC,

For very small or deeper lesions.

Follicwlar carcinomao. of ’chgroid cannot be diagnosed by FNAC.
Because on FNAC, Follicular Adenoma. and Follicular carcinoma
cannot be ditferentiated because capsular and vascular
invasion is not visualized,

Biopsy 00:09:20

To be done to confirm the diagnosis based on FNAC.

610955
|
$ N2
Incisional biopsa gxcisional biop55
Some part of tissue The entire tissue.is taken out.

is left behind.
&g ¢ True cut biOPSEj.

True cut b‘\o955 :

An incision is made (in breast’: Around the areolo) and true
cut biopsy gun i inserted through the incision.

An ultrasound probe can be used for better localization.
Once localized the biopsy gun is Jcvriggsered %o cut and remove
the tissue.

useful for breast cancer and soft tissue lesions

Fixodives :
Biopsy specimen tissue is fixed most commonlg 10% neutral
bufs Formalin for his’topoiholo%.

For electron microscope, fixative used is a.s% glutaraidehyde.

For testicular biopsy ! eowin's Sluid (spenns are destroyed by
Sormalin).

Pathology ® v4.0 « Marrow 6.0 « 2022
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Stains used in Pa&\oloag '
mMost common stain in Hema{oxﬂlin ond eosin
histopotholoay
| most common in hematology | Romanowsk like Leishmasn/
Reticulocyte Suprowvital
|Lmphoblost PRS
mueloblast NSE,SBR,0IL RED O
monoblast | Non specific esterase /nse
Hairy cell TRAP
L.‘\p'\c; Oll red O, sudan black
lron Prussian blue
calcium Von Kossa, Alzarine red S
&lycogen |PRS
Copper Rhoamine, rubeanic acid
mast cell Toluidine blue
mucin nMucicormine
| Alcian blue
Reticulin fbres Silver
glastin Qbres van geison
| Collagen mMasson trichrome
melanin masson fontanna.
H. pylori waurthin starry silver
Cryptococcus Indio. ink
Fung) by SNEEMAFRARAMIDR
PAS
Amyloid Congo red

Immunohistochemiﬁtry /IHC

On biopsy specimen, antigen antibody reaction is done and

visuolised,

Pathology » v4.0 * Matrow 6.0 » 2022
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13 Lab Diagnosis of
Cancer

uses of HC ¢

*  Origin of the tumor,

£.g.* In a poorly ditferentiated tumor to differentiate
epithelial, mesenchymal and vaseular origin, all 3 markers are
added. The positive marker gives the origin of the tumor.

* In dngnos‘\s of unknown pr‘mourij.

*  Prognostic and therapeutic significance.
&g * Especially in breast cancer cases, 3 markers (eR,FR §

HER & neu are added :
gstrogen receptor/eR } +1 &o0d prognosis,
Progesterone receptor/PR ) Treated by Tamoxiten.

Hera neuw +: Poor prosnosis
Treated by Traztuzumab, Herceptin

Technique :

Certain cancers have particular cell types; with specific
anl-‘gens

&g : ¥ epithelial malignancy is suspected, they hove
Cytokeradin antigen. Cytokerodin antibodies are added, it
*cheg react with the an’dgen, a positive reaction gives a. color.
No colour is produced in the absence of epithelial malignancy,
I} IHC s positive, usually gives a. brown color.

Active space

Brown color indicodes + IHC.
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lmpoﬁan’c IHC. markers applled on e»opsa

| celotorgntumer | marker
gpithelial origin Cytokeratin .
mesenchgmal origin Vimentin
(Sarcomas)
&lial &FAP / elial Rbrillary acid
protein
Smooth muscle smA / sSmooth muscle actin
&g, : Leiomyosarcoma)
Skeletal muscle Desmin, myogenin, myo Of
/ Rhabdomyosarcoma.
vaseular V¥, CO3I, VEGF, Factor VI,
€. : Angiosarcomo.
Neuroendocrine NSE
eqg. Pheochromocﬂ’coma, Chromogranin
Neuroblastoma, medul\m}j %mp&ophgsin
carcinoma. of thyroid,
Paraganglioma.
Hepodic . Hep parl, arginase 3
eq : Hepatocellular carcinoma. | Aipha. feto protein / AFP
alsT / Gastro Intestinal DO, CO 34, COIIT
Stromal Tumor
| Malignant melanoma. Hmb 45, $ 100, melan A
malignant mesothelioma. Calretinin, Ck S/6
EWINGS SArcoma. CD 99, MIC &
Osteosarcoma. Osteopontin, osteonectin,
. osteocalein
bnvssprasanth7@gmatt-com

Tumor morkers are released in the blood :

Mmavsker Condition
PSA / Prostate Specific antigen | Prostate ca.
PAP Prostate ca
Coleitonin Medullary ca thyroid
PSA 4 PAP are organ specific but not cancer specific.
CeA |Cobnco, pancreaticca
Hes enorioca
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o mamer [ conben
Hepatoceliular co, NSGCT
AFP/ Alpha. feto protein Non seminomadous germ
cell tumor like goIH sac
i | tumor, Hepatoblastoma,
Immunoglobuling Multiple myeloma.
 Carbohydrate Antigen/CA 19-9 | Colon ca, pancreatic ca.
CA 18S Ovarion o, '
CA IS-3 éreast co.
Catecholamines Pneochromoc‘uj&oma

Clinical scenaxio

A 3 year old child presents with o testicular mass, microseopy
showed presence of Schiller Duval bodies. wWhot is the
diagnosis and. which Tumor marker used is ?

Schiller Duval bodies are seen in Yolk sac tumor (testicular
tumor). Tumor marker : Aipha. feto protein,

markers for unknown primary : CK1/CKao profile

Ch 7 +/CrRa0 +:
CH 1 -/CK% 30~

eladder Ca, Stomach, pancreas.
Hepadocellular carcinoma.
Renal cell carcinomao.

T 7 +/C1R30 - : Cancers of femole genital tract, breast,
cervix, endometrium, lung and thyroid.
C 7 -/CK30 + : Colorectal Cancer.

Frozen section 00:29:28

Wis o intra-surgical procedure. L5
Done during lumpectomy, to check if the il
margins are involved or not.

The sample is taken and margins are
lobelled § sent for histopadhology lob.
Quick procedure compared o normal
processing of the tissue.

Stain used : Oil red O,

Baae =
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Paraneoplastic syndromes

00:31:25

Are 55mp+om complexes in cancer po&tents which cannot be
explained b3 the local or indigenous spread of tumor or b!j

B8d50048611313

the elaboration of the hormones.
Syndrome Tumor Substance
SIADH / Syndrome | Small cell ca lung | ADH
of inappropriote |
secretion of ADH |
Cushing’s syndrome small cell ca lung | ACTH
Hypercalcemia.  |SCL lung PTHrP/
éreast Ca Parathyroid
hormone reloted
peptide. 5ca2793ec;
Polyeythemia. RCC erythropoeitin
m'\gro.’cora Ca. pancreas
thrombophlebitis Caoucolon
Hypertrophic Small cell ca lung
pulmonary
osteoarthropathy
Acanthosis nigricans | Ca. stomach gpidermal growth
| Qelvety thickening) | Ca. colon | Factor
| Myasthenia. garvis Th!jmoma
Ca lung

most common paraneoplastic syndrome Hypercalcemia.
most common endocrinopo&hg * Cushing sandrme.

Tumor producing maximum paraneoplastic syndromes

Small cell carcinoma. of lungy,

Clinical scenario ¢

L0 year old male smoker presents with a. cenkml\g located
mass in the lung, He has moon like face and strioe on the
bodg. The hiS‘tOPQﬁ"lO\O&lj image is given. what is the marker

o be used ?
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microscopy showed Small cell carcinoma. of the lung,
marker used due o s neuroendocrine orig‘n :

NSE, chromogranin § synaptophysin,

Cancer cachexia :
Loss of body Fat, muscle mass, anorexio.
TNF- @ is the responsible ca&ohme.

Tumor lysis 53ndmn~e :
Seen in rapidly proliferating tumors @urkitt lymphoma),
Results in + Hyperuricemia, hyperkalemia, hypocaleemio.

Recent updates :
Role of microRNIAS in cancer *

* Oncogenic micro RNA ISS, 800 : Seen in & cell lgmphomas
* Tumor suppressor miero RNA IS, 16 : Detected in CLL.
DICER mutation : Seen in cancers of female genital troct.

Q.nbaaearoldmanwiﬁwan%paclﬁgeo.rhistorgjoi}
smoking experiences an episode of hemoptysis. On physical
examination, he has puftiness as well as plethora of the
Sace, pedal edema, bruises 0% the skin, § o blood pressure of
1eS/100 mm Ha. A chest rodioSmph reveals a. S em right upper
lobe lung mass. A fine needle aspirate of this mass yields cells
consistent with small cell anaplastic lung carcinoma. A bone
scan shows no metastases, Immunohistochemical staining
of the tumor cells is likely o be positive for which of the
$ollowing hormones? i
A. Porodhormone reloted peptide. |
&, erythropoietin i e
C. ACTH bt il '

_ Il : bnvssprasanth7@gmail.com
0. Insulin, s '
£ Gostrin, LAl g
Pokient hos smoll cell carcinoma. With c,ushmq’& aﬂndmm as 3
o paroneoplostic syndrome, it shows, m.ifmﬁi HQT H‘ e
Q. which of the following rmmem s u,sed %r &’n@ d\aa,ms\s o¥
Rhalbdomuyosar coma? |

Pathology » v4.0 « Marrow 6.0+ 2022 | |
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A. Desmin,

8. %fohem‘dn.

C. mBebPeroxidase.
D. S&jnap’cophasln

Q. Which of the following IHC markers is positive in a.
neuroendoering tumor?

A. Cytokeradin,

®. Caolretinin,

C. &FAR

D Synaptophysin.

Q. A'S year old child who presented with proptosis of one of
the eyes was found to have a. desmin positive fumor. what is
the proboble diagnosis?

A E-.w’nnss sarcomao.

8. embryonal rhadem}josarcoma.

C. Leukemio.

. Retinoblastoma.

Ewings sarcomals CHD99, Mic 3. Retinoblastoma. : RS,

Q. A 49 year old man complains of pain in his left thigh for 3

‘months, On Ph‘ljs'\col examination his thigh is increased in size,

compared to the right. A plain film radiograph reveals the
presence of a. IS em solid mass that does not appear to arise
£rom bone, but it does have infiltrative margins. A biopsy of
this mass is taken, and on microscopic examination the mass
is composed of highly pleomorphic spindle cells. which of the
$ollowing immunchistochemical markers is most likely to be
demonstrated in the cells of this mass?

A, Cﬂ’co\ﬁemtin.

8. Foctor vi,

C. Alpha. fetoprotein,

D. Lambdo. light chan.

£, Vimentin,

Suspected | Leiomuyposarecoma. (non bony origin in high.

bnvssprasanth7@gmail.com
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TRICKS TO DIAGNOSE TUMORS

squamous cell carcinoma. ¢ :
\dentifed by :
pesmosomes (in HPP). -
veratin pearts. ‘
mMarker : Being an epithelial malignancy,

s Cﬁi'olﬂemﬁn.

L ]
&

.
L T
bRt S SN

A e -~

&lands with the lumen inside lined bg pleomorphic cells.

{.. ] ;.z.:.._’:._“ Py 'Yy -
o v 0 H

Papillary turmor ! 5
identified by : |
* Popillag * Finger like projections with lorovascular core.

exception : .
In popillary RCL, no Rorovaseular core (Foamy histiocytes o). !

Pathology * v4.0 « Marrow 6.0 » 2022
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- Carotid body tumor.

In papillary carcinoma, thgjroid papilae are lined b3
0rphan Annie eye nuclei that are opticod\g clear nuclei.
* Psammoma. bodies !

Foci of dﬂs{rophic caleification,
eosophilic t Dense blue colour,

History of diarrhea, fushing,
Identified by : Cells with salt and pepper chromatin,
Cells are uSqu\5 manged in nests, Sca2793ecB8d50048611313(

(‘,Ommonlg seen in:
Small cell carcinomo. of lunay,
Pheochr omo.

Paraganglioma.
Neuroblastoma.
Positive IHC marker :
* NSE
* Synaptophysin.
* Chromogranin,
In electron microscopy, shows
Dense, core Meurosecrekog smnules

Rosette !

Purple coloured tumor cells arranged like Slower.
Sheets of cells with scanty eytoplasm.

Seen in round small blue cell tumours of childhood,
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& !
* Neuroblastomo.

* Retinoblastoma.

* Hepatoblastoma.

* Lymphoma.

*  medulioblastoma.

. Qhabdomgosarcom
* ewing Sarcoma/PNET. it S v s B
*  Nephroblastoma,/ Lilm’s Tumor. '

Pheochromocytoma. * f
A 30 year old male with episodic hﬁpeﬂenSlon, polpitations, '
headache. CT scan shows a. mass in adrenal. what is the

most likely diagnosis ?

On microseopy shows 2ell Ballen patter (pink colour cells .
and nests in between are seen). -
Identify by history /the salt and pepper chromadtin .

Electron microscopy and the markers are same as that of

neuroendocrine tumors. :
Cribriform pottern : |
Cookie cutter pattern / Swiss cheese patter. §
= 2
Seenin bnvssprasanth7@gmail.com 3

Cribriform DCIS (ductol carcinoma. in sHw,
Adenoid eystie carcinomo. of so.l‘war5 gland,

Pathology ® v4.0 » Marrow 6,0 2022
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crmv mcbswr\s

Hodehm Igmpi'\oma.
cﬂtomegabmrm nclusions.

Qeed-StemberS cells n

Oligodendroglioma (Smde a as’trocg’torm),

Fried eqqs appearance :
gone marrow bioPs5 of iurH cell leukemio.

Seenin:

Owl’sege=
Seenin:
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Tumors

Cotlee bean nuclei :
Longitudinal groove present,
ceen int
Papillary carcinoma {'ngroid.
Langerhans cell hisﬁocﬂ%osts.
| erenner’s tumor,
| Chondroblastoma.
granulosa. cell tumor.,

1. "
| £ 5

* &iopsy of Malignant hypertension.

* &iopsy of Chronic h&'-\cxrrma‘corg demyelinating
Wwopoth(c\DP) ; _

Biopsy of Primary sclerosing cholangtis.

* In gross appearance of spleen in SLe.

* Xray of awins’s sarcomao.

* In Electron Microscopy of Tay sach's disease.

Sca2793e083d5004861 13130

{
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schiller duval body/ &lomeruloid body !
Seen in ¢
* Yolk sac tumor,
markers !
Alpha. fetoprotein,
Aipha. | anti{rﬂpsin ,
* glioblastoma. multiforme ( grade 4 brain tumor )

another laaer of cells outside :Sehiller Duvel

body.
Hoilocg’te :
History of o. genital wart or cervical cancer — Humon
Papilloma. Virus infection.
\dentified by : Kailocyte

Charocteristic feature :

* ThtcH membrane.
* Resinoid nucleus.
* Perinuclear halo.

Pathology « v4.0 » Marrow 8.0 » 2022
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GENETICS - BASIC CONCEPTS AND
DIAGNOSIS

Iptmductiqq “ 00:02:00

Genetics is the study of genome.

There are approx. 0,000-30,000 genes in our body,
These genes are located on the chromosome.

The short arm of very chromosome is called as P (petite).
The long arm is called as Q.

every gene has got & alleles, Out of which one is received
from the father and the other from the mother.

5caZ793ec88d500486113130

e
Centromere
chromosome
q Chromadids
Structure of a gene:

Coding region, called the extron, consist of IS % of the gene.
Non-coding region called the intron, comprises 98.5% approx

of the gene.
= =

B E

I

2 7

Coduédres'm Mon-coding
(%) (98.5%)
Intron

L Hormzagows. ; a
winen botn fhe olieles are same AR or aa, §
a. He‘ceroajgous :

winen botn olleles are difSerent ¢ Aa.
%, Dominont disorder:
i con manifest in o heteroz.tjgous state.
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4. Recessive !

It can only manifest in the homozygous state.
The heferoz%ms stote in o. recessive disease is
Known as a carrier,
S. Co-dominant : Both the alleles will act dominant § will
sManeOuslg express.
Example * ABO blood group, HLA tgpins,
©. Incomplete penetrance :
This is a. property of autosomal disorder.
For example : Suppose 100 induviduals are aftected
with marfans, in which only 80 people will show
sgmp’coms and the rest will escape symptoms.
Here the penetrance is 80%.

7. Variable expressivity : Ditferent expression of clinical
Features. Despite having the same defective gene is
seen in autosomal dominant disorders.

For example: I¥ there are 4 individuals with the
defective gene of neurofbromatosis - I.
Individual | : Manifests skin lesion.

individual a #Manifests neurofbromas.
Individuad 3 : Manitests with eye lesions.
Individual 4 : Mmanifests with skin and eye lesion.
Here there is variable expression of the clinical
features.

8. Pleio‘bropg :

A single mutant gene can produce multiple end effects.
For example : In sicKle cell anaemia, glutamic acid is
replace by valine at the Gth position of the beta
globin chain.
Al the detect is of a single site, it can lead to
multiple organ defects like splenomeqaly,
au’co—-sgenec’toma, microvascular occlusions.
% 9. Anticipation : In some cases the severity of the
s diseases increased with each successive generation.
For example: ¢ severity of a disease is X’ severity
become ax in next generation § so on.
Seen in frinucleotide repeat mutations like Fmsile X
syndrome (Ca& repeats),

£a27%32c88d500486113130
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{;ﬁ‘, H f ,_l a ,:w! ax
i
ok,

10.  Polymorphism : Here people differ in genome only by
05%. (99% of the genome is almost same),
It is of & types : Single nucleotide polymorphism and
copy number variakions.

0 Mutaion ! 1t is a permenant heritable gene in DNA,
Can be divided into &
Point mutation * It a sinlge loci/nucleotide is affected,
it is called point mutaduion.
I con be classified into

* Silent mutation : Single nucleotide change but it does
not produce o di¥Serent amino acid or protein.

* missense mutation : A single nucleotide change but
produces a difSerent amino acid and protein.
(example : Sickle cell anemia)

* Nonsense mutadion : There is a single nucleotide
change but it will produce . stop codon (UARUAG,
uer). example : Beta~thalessemio.

* Frame shitt mutation : Insertion or deletion of 1 or &
nucleotides results in a shift in the reading frame of
DNA,
example : Beto-thalessemio.

bnvssprasanth7@gmail.com

Micro RNA 00:19:21

It is o. non—coding RNA,
(DNA leads o RNA and RNA becomes a. protein, if it does not

become a. protein, it is called o non-coding RNAD g
I is only a4 nucleiotides in length, é
It has some role in post transeriptional silencing,

it is of 3 types

* Tumor suppressing mIRNA (&ood) : miR 15, I,
In coses of CLL., there is o deletion of MIRNA 15,16

Pathology « v4.0 » Marrow 6.0 « 2022
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* Oncogenic MIRNA (Bad) * MIRNA 1S5, 200.
* The various & cell |3mphorms con be associoted with
increased expression of mikNA IS0, 00.
epigenetics :
They are hereditory chemical modifications in the ONR/
Histones/ chromadin,
They are reversible.
No change in the nucleotide sequence,
oecur bﬂ a processes !
. DNA methylation (more common).
3. Histone deacetylation,
The role o epigenetics :
* Regulation of gene expression.
* X chromosome inactivation.
* Involved in cellular aging .
* Involved in various cancers,
It can be diagnosed in lab by @ techniques
Bisulphote sequencing,
Immunoprecipitodion assays.

Gentic diagnostic techniques 00:25:53

(‘@’cogene’dc m\ljsm : bnvssprasanth7@gmail.com
. hou‘go’cgp\ng.
2 FISH,

The cytogenetic techniques are used for Known defects.
T‘n35 coan easy pick the chromosomal disorders.
Theg are usually for bisser defects.

molecular genetic ASSAYS !

* mMLPA (multiplex ligation probe analysis).

* PCR (polymerase chain reactior.

* Sequencing,

e nrraud.
mMolecular techniques are used for unknown mutations or
unknown loei,

Also used in molecular defects.
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PCR
Tﬂpes :
L Sanger sequencing !
It is the gold standard for sequence determination.
a. Pyrosequencing * When the specimen is contaminated
or the sample is very small.
3. Single base primer extention !
when there is o known genetic defect,
4. Restriction fragement menth analysis
| unknown genetic defects,
| 5. Real time PCR : Quantitative estimation like in CML, o
determine the load of cells with + (9:33).
b, Genome wide association studies :
To see the trend of disease in a population.
7. Amplicon length analysis * Done for repetition of
genome like trinuclectide repeat mutation.

Questions :

L. A 63 year old female presented with a breast lump
measuring b X S em. Truecut biopsy reveals 10C.
Tumor cells are send For genetic testing, The number
of tumor cells are very less and the sample had lost
Lat. Which technique is best suited?

o. Sanger sequencing.
b. RFLP

e. BT PCR.

d. Pyrosequencing

3. A patient has been diagnosed with cmML and is
started on Imatinib mesylate. The potient shows good
response with it and is taken up for evaluation of Ber:
okl fusion remaining copies, Which of the following is
the most suitable technique ?

o. Sanger sequencing é
b, RFLPR
¢, RT PCR.

d, %W%.
5ca2793ec88d500486113130
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FISH/ Fluorescent in situ hybridisation. o035
npphcaﬂons :
* Chromosomal disorders (ameuplold;j, deletion, {frisomg)
* Translocations,
. nmph&\cwc'\ons.
Normal : & green and a red dots (s‘nsmls) > double
chromosomes of each tgpe.
QDI year old child with simian crease. Red is $or chromosome
al. Image of FISH shows trisomy a1 ( Down’s sgndrome).
D Downs syndrome a) Turners syndrom

Q. & o year old girl with primary amenorrhoea and
webbed neck. green s\sni%es X chromosome. 2 green signal.
Loss of | X, which means patient has X0 : Turners syndrome.
Q. 3) 14 year old mole patient $rom sihar
with mossive splenomegahj.
In image, red is chromosome 9 §

g green is chromosome a4

g Here | red and green signal has fused

with each other,

. Diagnosis is CML,

5ca2793ec88d500486113130
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Hera neu amplification : Here multiple red and green signals
can be appreciated, which is feature of amplification.,
useful in a patient for breast cancer, it IHC for HER 3 nue
come equivocal, FISH is often done.

Heranew | Spec’rrod Kar}jo'qumg

FISH is uswd\5 done in inferphase of cell (‘.5013.

Spectral Km"\jotgpins :
It is a.modification of FISH, which is actually a S colour FISH.
Comparative genomic hybridisation 00:42:41
TesT RED GREEN  CONTROL (W)
® @vssprasanth7@gmail.com
HYBRISISATION
RED GREEN
O o}
&ain of function/ Loss of function
duplication. mutation

This is colled as o microarraﬁ. mul’ciple people can be tested
together. : —

microoxr ouj

Pathology e v4.0 » Marrow 6.0 » 2022
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&eeN ( @enome editing with engineered nucleases) :
Here the genome is beins edited bﬂ engineered nucleases.
Here DNA can be deleted, or it can be inserted in to genome

usmg o. molecular scissors. } e.endei%fé?% c88d500486113130

The molecular seissors will ereate site specific breaks and,
Jjoin the ends b5 non-homologous endjoining.

Nucleases availoble :
* TALEN.
* 2n-finger endonuclease.
* CRISPR-CAS9.
Drawbacks : Can be misused.

Question :
L. Biopsy froma 8 year old child with leg swelling was
showing small round blue tumour cells consistent with
a. diagnosis of gwing’s sarcomo. What is the best
method to detect translocation in this malignancy?
o.  Next generation sequencing,

b. FISH,
C PR,
d. Conventional Hargo’c“jping.

a. A patient who has autosomal dominant gene For type |
osteogenesis imperfecta has blue sclera and slightiy
% reduced height while his brother has multiple
g fractures and deformities, This is an example of :
o. Polbmorphlam. ‘
b, mMutation, il
¢. Variable expressivity,
d. Reduced penetrance
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Classification of genetic disorders 00:00:43
aeneﬂcldlsorders
3 \ d;
S‘ngte gene Chromosomal multifactorial
defect. defects. inherttance.
nneuplo'\dg. Diabetes.
Translocation. ngertension.
\/ Clef lip.

menjelm Non mndeim Cle™ polate.
Autosomal dominant, mitochondrial.
Autosomal recessive. Genomic imprintins.
X linked dominant.
X linked recessive,

Autosomal dominant disorders 00:01:33

males = females.
Con be expressed in a he-herozagod stote.
mvwasa%gamwem of index case is affected,
manifests in adulthood.
Due to defects in structural proteins.
eetter prognosis.
Skip generadions are absent.
Two properties :
* Incomplete penetrance —>
&0 100 people have defective gene for achondroplasia.
80 people show disease.
Penetrance = 80%.

Active space
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* voriable expresswi’cH -»
Clinical features vary in individuals with same
seno&gpe.

Genotypes in autosomal dominant disorder ¢

* Only genotypes possible: Aa. § ao.

* A -> Afected, § o ~* Normal.

Homozygous (AR dominant is incompatible with life.

Q. Father is aftected (Ao) § mother is normal (an). what
percentage of chidren will be affected?

Answer :
o o
A Ao Ro.
o oo on

So% will be afSected and SO% will be normal.

examples : Mnemonic —> He Has A Very DOMINANT Father.

* Huntington’s disease.
. Hereditar3 spheroc}jtosis.
* Achondroplasio.
* VWD, VHL,
' DBS’crophia mgo’coniea.
* Osteogenesis imperfecto.
* marfan's syndrome.
* Intermittent porph5ria,

' * NF-I,

bnvssprasanth7@gmail.com * Adult onset polyeystic Kidney disease.

' * NF-a.
* Tuberous sclerosis.
* Familial adenomatous polyposis, Familial

hgpercholes’crolemla.

g Marfan syndrome 00:13:33

Defect in Fibrillin | (FeN 1) gene on chromosome IS,
Defect in Fibrilin 8 (FeN &) gene : Congenital contractural
a.ro.chmdac'cgig. :
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Pathogenesis :
Fibrillin | gene is a helical protein with TeF-beta. inside.
mutation of Rbrillin > excess of TeF-deto. > Destroys
elastin fbers.
Clinical presentadion
Skeletal defects >
most striking feature.
* Toll stoture :

Long bones(span exceeds height).
* Long Spidery fngers § toes.
* Hyperextensible joints :

mMost common involved -* Thumb.
* Dolicocephalic head.
* High arched palote.
* Pectus excavotum § scoliosis can occu.
Ocular defects :
* getopia lentis (Supero temporal dislocation of lens).
. mﬂoph.
CVS defects :
* mitral volve prolopse —>

most common cardiovaseulor defect,
* Portic dissection =
most common coause of deoth,

Life expectany is halved due to cardiovascular complications.

Diagnosis of Marfan's syndrome (Revised ghent’s criteria):
* Famil h'astor&
m

bnvssprasanth7@gmail.co

* Cinical signs § symptoms.
* Fibrillin | gene mutodion,

Biopsy of vessels —» Cystic mediol degeneration.
Shain $or elostin = verhoef¥'s van &jeson (Wep stain.
Treodment ¢

TaF-Beto blocker (Losartan),

Active space

W is thought thot President Abraham Lincoln § Julius Caeser
oy have had morfon's syndrome,
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Neurofbromotosis Type | § Type & !

Neurofbromatosis Type | (NF-D ¢

Gene on chromosome I'1 encodes for neurofbromin,
Presentation !

* Cofe-ou-lait spots (> b spots).

* Neurofbromas.

* Lisch nodules (Pigmented iris hamartomas).

Patient can develop tumors ¢

* Optic nerve Sliomas.

. meningiomo.s.

" Pheochromocfjkoma.

Can be associated with Juvenile myelo monocgac leukemia.

Multiple neurofibromas Lisch nodules

NeuroRbromadosis tuype a¢

gene on chromosome aa.

Increased risk of bilateral acoustic neuroma. or
schwonnommas.

Autosomal recessive disorders 00:26:46

Males = Females,

Only expre&&ed in homozyneus states.
§ when M’cerozgjgous -» Carrier/ trait,
’g show complete penetrance, | |
Usually due to enzyme de‘v\mm
SKip generafions present,
monifests in childnood/ m&‘mc\j

L Patholegy * va4.0 * ‘M““’W} ﬂflb . 2022
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C examples
{ mMoemonic > ABCDEFEMI,
‘ * Alpha antitrypsin de\\cienc}j, Ataxia telengiectasia,
b St b ot
| * Beta thalessemia.
* Cyste Rbrosis, Congenital adrenal hypoplasio.
* Deafness.
* emprysem.
* Fredrich's ataxia. .
* Gauchers disease, Glycogen storage disorders, :
Galactosemia. :
* Hemochromatosis, Homocystinurio. :
* Inborm errors of metabolism. |
| a lysosomal storage disorders thot are not awtosomoal j
| * Fobry's disease. :
* Hunter’s disease. :
Hemadological enzyme deficiency that is not awtosomal !
* &-6PD deficiency, :
Lysosomal storage disorders 00:31:03
Disorders enzyme deficiency
Sphingolipidoses
Goucher’s disease. &lucocerbrosidase.
Toy sach’s disease. Hexosamimindase A,
Fobry's disease. Alpha. galactosidase A.
rrobbe diseose. Goloctocerbrosidase.
Niemann pick disease. Sphingomyelinase.
mMucoplysaecharidoses a
Hurler syndrome. Alpha. L iduronidase. 5
Hunter syndrome. Iduronate a sulfatase,
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Ta5 Sachs diseose :
mMnemonic ~* TAYSACHS
* putosomal recessive.

* Younq odults.

* Cherryred spot.

* Common in Askenazi jews.

* (NS defects.

* Hexosaminidase alpha subunit de&\ciencg leads to
accumulation of &M a Ganglivside. |

* Onion SKinning appearance in electron microscopy,

Brain biop:.g ! glectron microscopy ¢

eohooned newrons, Onion skin appearance.

Onion skin appearance in medicine *

* Biopsy of malignant hﬂpa%emm.

* Nerve biopsy of C\PD.

* Biopsy of primary sclerosing cholangitis.
* &ross specimen of spleen in SLE.

* X-ray of ewing's sareoma.

* gectron microscopy ot Tay sach’s disease.

Neimann pick disease ¢
De¥ec’c of sphhgoweumm

Goucher’s disease |
oSt cornmon |5soscmal s’mmga disorder.
De“c\encg of 3mcarahm$&daw‘-

aoeds eARdY




bnvssprasanth'?(a)g%cdrﬁenm,cs :

Clinically manifests in three forms :
L. Non neuronopathic —>
most common form,
Aflects adults,
Some glucocerebrosidase ac‘cM{H present.

No CNS sgmp&oms.
Hepatosplenomeqgaly, fractures, bone pain.
. Neuronopathic -
Less common.
Absent glucocerebrosidase acﬂv&g.
nfants,
CNS $3rrp'coms present.
3. Intermediate.
Biopsy ~> Gaucher’s cells,
wrinkled/crumbled tissue paper appearance.
Stains :
] ms.‘.

- ‘
» . ) ) el v
/) vl i
Py /o~ { 5 ~ ' . ¥
ok vl W L 3
By 1Y
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e 4 ‘f’b. aof ] e '

Pseudo gaucher’s cell = Chronic muyeloid leuksemio. (PAS-).

X linked recessive disorders 00:41:45

moles 7>> Femoles.

Femoles ore usml\a corriers.

Females con be offected when there is random X inactivation

during Lyon’s hypothesis.

exomples :

rnemonic ~* Lady Hardinge College &irls Don't Care About
Foolish words,

* Lesch Nuhan syndrome.

* Hemophilio. A § &, Hunter’s disease,

* Colour blindness.

Pathology ® v4.0 « Marrow 6.0 « 2022
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&bLPDd de“clenc}j.

* Duchenne muscular dﬂstmphg.

* Chronic granulomatous disease.

* Agammaglobunemio.

¢ Fabry's disease,Fragjiie X syndrome.
* Wwiskott aldrich syndrome.

Father is affected, mother is normal.

X X
X° Xx° xx°
g xy xY

All daughters are casriers,

All sons are normal.

Father doesn’t inherit the disease to sons, all daughters are
carriers.

X linked dominant disorders 00::46:15

Rare disorders.

Exomples :

mMnemonic—>: RAVI,

* Rett's syndrome.

* Alport sgndrom

* vitamin D resistant rickets.
* Incontinentio. pigmenﬁ.

Aiport 35ndr0me :
* Inherited b5 any mode.
* most common mode : X linked dominant inheritance.

Clincal scenarios 00::47:04

Q. Father has achondroplasio,mother is normal. what
percentage of children will have achondroplasia?

Answer :

mode of inheritance —> Autosomal dominant (Heterozygous
stote)

o
Ro. Ao
oo
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50% will be oflected and 0% will be normal,

Q. Husband has sickle cell anemia, wife is a. carrier of sickle
cell anemio. what is the percentage of children affected with
sickle cell anemia?

Answer :

mode of inheritance = Autosomal recessive,
l’_ 1 . -

A |m R

A AR Ao

S0% will be aftected, SO % carriers.

Q. Husband has HbAA : 4.8%, wife has HbAAG : a%. what is the
percentage of children affected with thalssemia. Major?
ANS:

Normal HbAJ level: a-3.5%.

Beta Thalssemia trait HbAA level: 4-94,

mode of inheritance: Autosomal recessive,

A o
A AR Ro.
A AR Ao

SO% Kids will be carriers, while SO% will be normal.
Hence no children with thalssemia mayjor.

Q. A aa year old mon is evaluated for mitral regurgitotion due
o mitral valve prolapse. xamination reveals a tall, slender,
young man with long extremities and long tapering %ngers.
Pupiliary dilation reveals bilateral dislocation of lens. This
pofient is potentially ok increased risk for development of
which of the following?

A. Rortic dissection (Marfan's syndrome).

®. Lisch nodules.

C. Non caseating granuloma.

D. Rapidly progressive renal failure.

Active space
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Q. which of the following dyods are correct?
A. marfon syndrome : AR.

8. Priu s AD.

C. vit, O resistant rickets : AD.

O. Alkaptonurio. : AR.

£.0MO : XR.

Q.ﬂpaiier&MsanautosM\SW\er&echﬁonﬂwe
patient and his grandfather show evidence of disease, but
the patient’s fother is asymptomatic. This is an example of?
A. Mutotion.

&. Polymorphism.

c.vwnableexpresshfrk&

. Reduced penetrance.

5ca2793ec88d500486113130
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GENETICS : NON-MENDELIAN
MODES AND PEDIGREE

Mitochondrial inheritance 00:02:44

EXCIuSiVGIB mfemod\g inherited,

Pa’chosene.sis :

during fusion of ova. and sperm, the ova. eliminates all sperm
mitochondrial ONA by ubiquitin protease poathuway.

z%o’ce ONA contains onl‘\j maternal mitochondriol ONA

mother transmits disease to all children, whereas father to
none.

1 o

e B m—O
e o &

Mitochondrial genome 00:07:26

mMitochondrial genome : 37 genes, 13 t-RNA, a r-RNA.
Heteroplasmy : Presence of normal + Mutant mitochondrial
DNA in same person.
Organs offected are : CNS, eye, skeletal muscles.
Disorders :

* MELAS : mitochondrial emephalo;:odchg, Loctic acidosis

and Stroke like episodes * MC.

* Leigh sgndrome.

* Leber’s hereditary optic neuropathy,

* Pearson 55ndr0me.

* CPEO: Chronic Progressive external OPh&ha]rmpleSia.

* Kaymesare sandrome.

* NARP 35ndrome.

Pathology ¢ v4.0 « Marrow 6.0 = 2022

Ema™ 100 AanDO0ACNNACEY 171 Y

17

Active space

139



140 General
Pathology

17

Trinucleotide repeat mutation 00:12:48

Mutations which causes increased number of codons thot
causes disease.

Ist 3enemﬂon ' CR& 40 ¢ Normal,
l T mutation
and Senerakion t CAG 100 ¢ Prerruta&\on.

ard senemfion t CAG 1000 ¢ Full mutadtion.

Anticipation : The severity of the disease increases with each
suecessive Senem&ion

DlSeJO«S&S
$ J
Cod‘ms regions Mon—codlns regions
| I
{ N ' \2 ¥

Huntington's ~ SpinocerebellarFragile X Friedreich’s Myotonic
chorea.: CAg  otoaxio i CAg syndrome :  otaxio.:  dystrophy
cea PR CTq

These diseases mos’dg involve ca'cosine and gquanine
nucleotides.

Fragile X syndrome 00:22:53

X linked recessive disorder

when cells are cultured in folate

deficient media, constriction

iS seen in X chromosome,

due 1o loss of function mutation e

in FMR | gene Ieadina to Fragle X chromosome
increased C&a repeats.

Normal ¢ & o SS Ce& repeats.

Premutation * SS to 200 Ca& repeats.

Full mutadion : 200 10 4000 (&6 repeo!cs.

Fragjle X syndrome, Huntingtons chorea. follow non mendelian
mode of inheritonce despite being X linked and Autosomal
dominant diseases respectively

Pathology » va4.0 » Marrow 6.0 = 2022
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Clinical Peatures :
* a™me genetic cause of mental retardation.
* M inherited cause of mental retardation.
* Macroorchidism (large testis) : most distinctive
feature,
* Large head
* Large everted ears.
* Large jaws/mandible.

Fragile X tremor / ataxia. * @ain of function mutation in FIR |
gene (Premutationy.

Frogile X associated ovarian failure ! &ain of function
mudation in FMR | gene (premutation).

gonadal Mosaicism !
Type of autosomal dominant inheritance.

Normal sperm Normal ova

Ty

2ugote
l Post 2ygotic m’m&i&n‘ i |

Disorders
NO TiSK 40 the sibi‘ns.
at.nnpkes :
* Tuberous sclerosis,
* Osteogenesis imperfecto.

Gene siencing / nockivodion,

Prsiciogically Either paternal / maternal allele is inactivated
: Ol'\hj one

aliele & functional,

Happens by the process of Epigenetics : Lowers expression of
* ONA methylodion,

Pathology » va.0 « Marrow 6.0 « 2022
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* Histone deacet}jlahon.
Chromosome 1Sq|l

* Prader willi sljndmme
. nnaelman sgndrome

?_ggger willi syndrome 00:46:11
Po&hogenests : |
{ il
Deletion Uniparental fbnormal
o disomy genome
(s-a0%) imprinting
Deletion : o

mMaternal allele is silenced and on13 poternal alteie is

$unchon\n3 normal\5

¥ paternal allele is deleted and maternal allele is silenced :

Prader willi 55ndrome.

uniparental disom5 :
I both the alleles are moternal (Maternal disomgp which

are non-functional ’che;\leod o uniparental diso
p M

2 Q

18
Normal Poternal
deletion
(oS-15%)
SNORP gene mutoadion have

been observed lodcelg.

Clinicol features
* Small bird like head.
. men’ml\a retarded,

P m m;]

maternal \mprinﬁns
uPL Detect
(ao-30% (a-sw

O
HRRE AN

ML XK
KW oww k%
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17 Genetics :
Non-Mendaelian
Modes &
¥ QesPirodrora problems. Pedigree
. Obesl&g.
* Short lifespan. ;
* Hyperphagio. :
* Hypogonadism. j
* Hypotonia :
Angelman syndrome © 00:53:16 j

Paternal gene is silenced, matermal gene is functional.

Maternal deletion + patermal silenc\n3 ! nngelmam sandrom.

P M pm O R - R

deletion USO  mutaion pefect
(eS-15%) Gl VR ) )

uge2a gene mutodion hove been imphco&ed lod:elﬂ.
Clinical features

* Inappropriote laughter : Happy puppet syndrome,
* StifS/ afaxic movements ¢ Hand Sopping,

Active space

. microcepho.lg.
® Seizures.
* mental retordodion.

Prader willi s5nc\rome F\nge\man sgndrome
Chromosome IS Chromosome IS
mMoaternal mprm’mg Poternal imprinﬁng
Poternal deletion : modermal dele’don
modernal disomu:, Poternal dtsomv:)

SNORP gere | UBEZA gene
Hyperphagia, obesity, mentol Hoppy puppet syndrome
retordodion | ‘

5ca2793ec88d500486113130
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Pedigree analysis

Tﬂpes
* mitochondrial inheritance
* Autosomal dominant
* Putosomal recessive
* Xlinked recessive
* Xlinked dominant
* gonadal mosaicism

Steps for pedisree amcdjjsis '

01:00:24

. Rule out mitochondrial inherttance
AtSected mother transmits disease +o all Kids
AfSected Ffather does not transmit disease 4o Kids

. @]

O e

1 1

bnvsspraﬁantﬁa

1 H

B0
0 0

3. Rule out whether dominant/recessive disorders.
Dominant : skip Seneradcion obsent

Recessive ! sKip seneradcion presen’c

I¥ recessive,

male = female : Autosomal
male »>> female : X linked

¥ dominant,

Autosomal : Father to son transmission presen’c.
X linked : Father to son transmission absent and 100%

daughters are offected,

aseds aAgOy

@onadal mosaicism ¢ One child affected, but none of the

parents afSected,

Pathology * vd.0 » Marrow 6,0 « 2022
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GENETICS- CHROMOSOMAL
DISORDERS
Structure of chromosome 00:01:12

e P — —

Types of Chromosomes

Chromosome

Depending on position of centromere, types ot chromosomes :

3 & J
M&Qe n{flc ] |QC.€ ﬂtﬁc Acroc en{'r\c Teioeen{ﬁgcaﬂ%ec%dmmw‘lé
P=q P<q p<4<q only one
Chr. 1 chr, X Chr. 13, 14, arm.

IS, al, a3, Y Doesnt
exist in
humans

Chromosomal abnormalities 00:07:54
Chromosomal abnormalities
J L
Structural Numerical
| !
* Deletion Any variodion $rom haploid
* Insertion no.of a3 is Aneuploidy,
% * Translocadion
g * Ring chromosome nneup!oidg
* Iso chromosome
* inversion v \

monosony Trisomg
Only monosomy compatible with life : Turmer’s syndrome.

Pathology ® v4.0 ® Marrow 6.0 ¢ 2022
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Struc_tu:al abp‘o_rmalirtiers S 00:11:22

L Insertion ! Portion of a. chromosome inserted,

a. Deletion : Portion of a. chromosome deleted,

3. Ring chromosome ! &reak ok both ends, fusion of
dcmnsed sﬁcl'\tj ends. F‘mc{ional\ﬂ inactive,
Ring chromosome seen in Turner's syndrome.

4. 1sochromosome ! 1§ division happens horizontally leads to
Two short/ fwo long arms,
mMC Isochromosome ¢ i X q
MC Isochromosome in cancer ! i17q
mMC 1sochromosome in testicular tumor ¢ i1a P

S. Inversion : Two breaks with attachment of inverted

segment
ey %
Para. - centric Peri - centric
I¥ same side of Onopposite side
centromere

k. Translocation : exchange of material between wo
chromosomes, .
e ]
Balanced O Robertsonian
Translocation between a acrocentric
chromosomes. Chr. 13, 14, IS, al, 33, Y.
Produces one very short arm and one
very Iong orm,

% (4:3)) Robertsonian translocation seen in 4% coses of Down’s
sgndrom.

Down's syndrome 00:22:26

Trisomi.j al.

mC chromosomal disorder.

mMC genetic cause of mental retardadion,

mMC inherited couse of mental retardation : Fragile X

syndrome.
Pathogenesis :

* meiotic non-dysjunction (95%) : Occurs in oogenesis.
47 chromosomes ore present, modernal age s a risk foctor.

Pathology » v4.0 ¢ Marrow 6.0 * 2022
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* Robertsonian translocation (4%).
46 chromosomes are present.
Moternal age is not a risk Pactor,

* mosaics (%).

Triple test : AFP, B - Mg, unconjugoted estradiol.
Quadruple test : Triple test + Inhibin

Clinical features and complications of
Down's syndrome 00:30:25

All these Facial characteristic features give rise to an

appearance colled as monsloid ld‘moclj. G T

sandle epp/e toe
* Simian crease : Single palmer crease.
* Clinodactyy,
* Overlapping fingers.
* Sondle @op/ Saddle toe ! Increased 9ap between I § 3™
toe,

Pathology e v4.0 » Marrow 6.0 « 2022
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Complications of Down's syndrome
I Cardiovascular defect :
MC Cardiovascular defect : endocardial cushion defect,
V&D. | j
. &IT : Annular pancreas, dusdenal odresia, Hirschsprung
disease.
3. Acute leukemio. ¢
MC leukemio. : ALL
mMC leukemio. in children < 3 yrs : AmL
mC subtype of AML : AML M7
4, endocrine Hypothyroidism.
S. CNS : Premadure Rlzheimer’s disease.

Edward and Patau syndrome 00:39:55

Common feotures of both sgndroms b g

* mental retordotion,
* CVS defects,

* Rocker bottom feet.
Prominent ocCiput.

L]
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edward 55ndmm ! Tﬁsomfj 18 Potow sgndrome : Tr‘\s.om5 I3
\\5 ?
ﬂﬁdnf hotiom
mmnmu.owhm . 1
’ Karyotypas: ; |
B e
del 33 9q I.a - - |
a/w/A Digeorge syndrome or Velo cardio #actal de?ec‘c&
(mnemonic : CATCH 33)
Clet lip/ palote
Abnormal facies
Thgmic hapoplasia
Cardiocdetect -
ngocaleemia
del aaqjl. a
Defect in developmént of 31 § 4% phargngeod pouch.
Causes thymic § parathyroid hypoplasio.
Trisomy 43 (Cok eye s}jndrome)
multiple colobomas in Jdm:e ege
Cok ery syndrome (del 'SP)
* Cotlike c:rg. , ‘
* eehavioural abnormaliies, - W“W“:’”“T
* Developmental delay, .sﬂndmm
% Sex chromosomal cliam'dem i | 00:47:10
Lfgonshgpo{hes\sﬂ i

Only one of the x cmom&mms 1& gm’«m‘l\a active,
Other X, of ether paterml or mmemm cmg\n beemnes

Pathology » v4.0 « Marmow l.'é"t?ly L7



inactive (occurs randomiy. ﬂﬁ ’% G‘JQQ g
nactivated X chromosome : Barr bodxj m} e bt f :%
Shape : Drumstick appearonce. !{ﬁ " ﬂ.ﬂ ‘!
Sample : Buctal mucoso. ’,, . q
Clmml applm’cms“ ) Barr body
sWnn!nnle _ } Xy I\lobo.rrbOdﬂ

Normal Female1 1 bBPYSERgEghy@gmail com

m.o&‘banbodg mo?xchrmmsocm |

Clinical applications of barr bod3 t
Tumer‘ssljnckome(xo)'mbmbodg.
Hinefetter syndrome Oaxy) : exdra barr body,

Klinefelter's syndrome 00:53:43 |

11  Genatics- 151
Chromosomal
Disorders

nncm.seo?wnlekgposmdism
mthemo&fxdmm,melsthemntal
retardation -

P"‘”""Sm : 1 il | ..: |
meictic non dygjunction (cecurs in both cogenesis § |
spermatogenesis)
ngd'omes associated with advanced rna:icemol age
sn_.jndrome, XXX syndrome.
3. Syndromes associated with ade\ced pa:!:enw oﬁe
* marfan syndrome.
* Osteogenesis imperfecta.
* Achondroplasio.
2. Syndrome associoted with both advamed mo&emal
ond podernol : Kiinefelter, ‘

Clinical $eotures : | :§I il |
* Toll stodure, Wil it |
* Poor muscle tone, 1 e
* Reduced secondory sexuol cmmx:ter\ahas
* aynecomastio, |
* zunuchoid body hobitus, |
* Long extremities. !

Pathology ¢ v4.0 ¢ Marrow 6.0 » 2022
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* Frontal boldness absent,
* Testiculor a’«om ' \n&’er‘dl&ﬁ

Frontal Baldness absent

paHem

Testicular Biopsy * nkmphg of seminiferous lobules.
Hyalinisagion of seminiterous lobules.

Leﬂdis cell hgperplasia.
Hormonal chanses :
Increased FSH, LH and decreased testosterone.

cVvs cho.nges ' VP
Increased risk of developing extragonadal germ cell fumour

and éreast CA.

Turner's syndrome 01:02:40

mC couse of female hgpogomd&m.
Pakhogen&sis :

. meiotic non «dggjunc’cion.
3. Anaphase log.

3, Ring chromosome.

4, \sochromosome.

S, Mosaies,

webbed neck due to I}jmphedem
elbow de%rmk’qj ' Cubitus valgus.
Ovaries  Streaked ovaries.

Clinical feotures ¢

Pathology » v4,0 » Marow 6.0 » 2022
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MCC primary amenorrhea. ! Turner’s 53ndrom.
MC CVS defect : Bicuspid aortic valve
mC cause of death : Co—arctation of aorta

mnemonic + CLOWNS )
Cardiac abnormalities, Cubitus valgus, Cudstlt hg@roma.
Lymphedema. | |
Streaked Ovaries

webbed neck

Normal intelligence, Nipples wsde[ljsmced il
Sha'tsin&ure,gm%hn\e’camrpoj ----- i

increased risk of developing &onadoblas&om | \

xbomn’ssyxd'om ! i"l
Same Clinical $eotures of Tumer’s. sgndrqm

WWW A ')‘1““‘ i

mukodion in chromosome 13, I

Karyotyping il 01:10:59

Hior yogram ¢ Arrangement of ehromosomes in dﬂ&wndm ‘
order of lenath Sollowed by sex chramosomes,

Active space

uses ¢ To diagnose structural § numerica) mhmnmbﬂi}% of
chromosome, ;
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* Amniocentesis,

* Chorionic villi sampling,

* Peripheral blood Igmphoc_uj’ces.
* Skin Qbroblasts.

Arrest the cells in metaphase (usins colchicine).

Staining : MC &-banding (aiemso. band‘\ng).
Q - banding (quinacrine).

using I'\Sht microscope,
resolution required for Karyotyping : S mb.

Pokau syndrome gdward syndrome
4 i P
AR XA 0w g

i

\~ v Bt M
AU EICRB D 0 a0 u
B) o B og o B0 u G ;
- 5 2 2 t ; 5 i) lnl TR :
g ::_! ¢ i )‘.
Cn—-m—(‘ho& sgndmme

| - -
TR

UL L I i

000000
e 1

; C e
| gg i LLEL Lo
: bnvssprasa 7@gmailTom |, . . .
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Chromosomal

Kiinefelter’s syndrome Disorders

T A R

WOE oy
(LI LS| B T E T

W
bR ] an LR 33 G
X ¥

w N N n

MCQSs *

Q. All of the Following are characteristic of Turner’s syndrome
except:

A. webbed neck

8. Coarctation of aorta

C. Cubitus Valgus

D. Umbilical hemia

Q. Which chromosome contains the most Known genetic
disease of any human chromosome?

Al

e.

C.9

D. b

Q. A tall man with sgnec.omasﬁa and testicular odcroph5 has

a. testiculor biopsa thod shows sparse, completely h5alinized
seminiferous tubules. Leydig cells are present in large clumps.
which of the Sollowing genetic disorders should be suspected?
A Trisom!.j I8

&. Trisom5 al

C. 45, XO

0. 47, XY

Q. A all man presents with complaints ot in¥ertil‘rt5.
exominadion shows %necomas’cia ond reduced secondar5
sexuol m%ﬁ%%’g?;’g%ﬁ&%@@ﬁmms analysis revealed an XxY
Karyotype. which of the %\\owlng is not true about the
condition?

Active space
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A Levels of FSH are reduced,

8. Testosterone levels are reduced.

C. Plasma. estradiol levels are elevoted,
D. Increased risk for breast cancer.

Q. A al year old girl with short stature sous thot her breasts
have not developed properly and periods have not started as
yet. she also has low posterior hair line. The karyogram from
the patient is given below. which of the Following is true for
the disease patient is sufering from?

A endocardiol cushion defect is the CvS complication.

8. Short fourth metacarpal.

\‘C)‘.?niuogmth'\:.ﬁeg%ﬂmao ),<- },(‘ 3.( ].( ].l :
0 1R s i K
- o

wnowoa§
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IMMUNITY-TYPES OF IMMUNE CELLS

Typesofimmunity ... .\ .

Innate and adaptive immuntty,

 ovate Adaphive

Fresent by birth. Aequired later on exposure to
antigen.

 Non specific Specifie

NO memory. Memory present,

examples include Cells are of a types *

I gpithelial barriers like skin, &IT. 1.8 lymphocytes ! Provides
a. Plasma. proteins like C-reactive | humoral hmmﬂl., mdpmduces

protein. antibodies.
3. Neutrophils, macrophages, . T lymphocytes : Involved in cell
dendritic cells, complement. mediated immunity and help with
immunity against intraceliular
microbes.
Pattern recognition receptors (PR :

This is a. component of innate immunity, The receptors are
present on the plasma. membrane or cytoplasm or endosome.
The purpose of these receptors : To recognize specific
patterns on microbes.

The receptors on:

The plasma. membranes * Detect extracellular organism.

In the cb-toplasm : Detect intracellular organism.

On the endosome : Detect ingested microbe.

PRR are of 4 Kinds :
PRR
I
4 L J J
Toll like receptor | | C lectin receptor | |Rig like receptors | [Nod like receptor 3

Toll like receptor (TLR :

There are around 10 TLR's discovered, and are located on the

plasma. membrane.

Pathology e v4.0 » Marrow 6.0 » 2022
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Function :
To detect gram positive and groam neso&we bacterio.

C lectin receptor
Located on the plasma. membrane.
Detect the ?—mgal glycans.

Qis like recep’cors : v
Present on the cg’coplasm oand detect viruses,

Nod like receptor :

Present on the cytoplasm and detects :

N : Necrotic debris.

0 : lon transport.

D : Diabetes mellitus.

After detection of these, the NOD like receptor activates
caspase | which then causes production of IL-1 and leads 4o
result in inflammadion and fever.

Inflammasome can be involved with NOD like receptor.

Different types of immune system cells 00:10:31

Nodural killer cell (NK :
. uswl\a produced by a large granular lymphocyte.
. mmmw@glﬁsl.oSmirwaﬁns blood lymphocytes.
* Itis not a® cell and a. non T cell. it does not have both
T cell and & cell receptors and is referred to as null cell,
* Not MCH restricted (unlike T celD.
* Function :
i can be part of both innote and adaptive immunity.
. Innote imrmni’cl.j :
Directly Kill the virus infected cells or tumor cells.
a. RAdaptive imemunity :
Antibody dependant cell mediated eytotoxicity,
* Popular markers for N cell : CD IS and CO S.
CO Sb ¢ Role is still not #ul\g understood,
CD I * Detect and binds to Fe fragment of Ig& on target
cells and Kill the cell by perforing and releasing toxins and
granzymes.
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of Immune Cells

* NK celis have & different kinds of receptors,
I nc.{ivo:hng receptors : NK&ao.
a \nh\bi&orwj receptors : CD%4, CO Y.
These prevent self cells from being attacked by Nt cells.

" Cg’coKines produced bﬂ NH cells
IFN-y + (Cytokine majorly responsible for granuloma.
formadtion). This cytokine leads to the activation of

macrophages (to epithelioid celD.
* Cytokines responsible for the proliferation of NK cells :
IL-& and IL-IS,
B lymphocyte 00:17:57

* Constitute around I1S-30% of cireulating blood Iymphocyte. ‘
* They are responsible for humoral immunity, ie. produce
antigens against extracellular microbes.
* These cells mature in the bone marrow,
* Common sites of & lymphocytes :
I Cortex of the lymph node.
3. Peyer’s patches in &IT.
3. Wwhite pulp of spleen,
In cases of & lymphocytic defect like Bruton
agammaglobulinemia, the above mentioned sites would be
oirophlc. bnvssprasanth7@gmail.com
* markers for & lymphocytes :
CD 10 or CALLA, CD 19, CO 40, CD &, CD 83, CD a3, Ig . (e
190), Ig p (CO 79b).
CD 790. and CO 79b are olso signal transduction molecules
present on the surface of & lymphocyte.
* Pan B cell marker : CD 19,
* Receptor for €8V on & cell : CO al.

Infections coused by €8V
* Infectious mononucleosis,
’ Hodsh‘ns Iymphoma.
* Burkitts lymphomo.
* Non hodosing l}jmphorm.

Active space
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. Masophargnsea] corcinoma.
* Post transplant lﬂmphoprolii?em.’cive disorders,

B cell recep’cors '

These are lgm or 190 anﬁbodg odong with sianal tronsduction
molecules.

mechanism of activation of & lymphocytes :

This activation can oecur b3 a pa’chwaﬂs !

* T cell independent po&hwag '
This is activated when the antigen is o lipopolysaccharide.
This antigen activates & cell which forms a plasma. cell,
which produces igm.

* T-cell dependont padhnafj :
This paﬂ—\wag is activated when a proteinaceous antigen is
present.
The & cell has CD 40 receptor § helper T-cell has €O 40L.
The antigen first interacts with the €O 4oL and forms lgm
and I9d antibodies, which then undergo class sw‘rtching_
mechanism to form 19§, IgA and Ige.
19§ : Crosses placento.
IgA : Present in all bod5 secretions.
Ig : most critical an’tibodﬂ in type | h5persensi’fw‘|{3
reoction.
Igm ¢ it has the highest molecular weight, pentameric
structure and is called as millionaire’s antibody,

* The helper T cell also forms IL-4 and IFN-Y.

Increcsed @%W HWé3Pder is seen in : Waldenstrom
mrog\obulinemia/haperviscosﬁg syndrome.

Plasma. cell disorder which produces abnormal \mmunoglobins
which are monoclonal : mu}tiple mgeloma.

Pathology * v4.0 ® Marrow 6.0 » 2022



19 Immunity - Types 161
of Immune Cells

Tlymphocytes 002722

They are responsible for cell medioted immunity and
constitute 6O to 10% circulating |5mphoc5¥e.

There are a types of T-cells *

CD 4§ CO 8 T cells (ratio A 1.

This ratio is decreased in HIV patients and increased in
sarcoidosis patients.

These cells mature in the thymus and are found ot ¢

* Paracortex of the lymph node.

* Periarteriolar lymphoid sheath. . il
* Intraepithelial lymphocytes. it :
In a patient with T cell disorder, these sites undergo ‘ i .

hgperphsn

markers of T cell :
*ehiLa, 84578
* Pan T cell marker : CO 3.

T cell receptors are of a types 1o
* ap: Present on 95% of cells and is a. polypeptide which is

MHC restricted,
* yd: Present on 5% of cells and provides protection against
+he microbes which h‘}j 1o enter through the ept’chehal

borriers.
Helper T cell Cytotoxic T cell
CD 4+ T cell. c08+TceH
MHC |\ restricted,  mHe | rasmcked.
* line of de?ence‘riﬁawecea‘jww @ %?an@e in the
s SR L 1 s AR
i helps the & cell in I directl3 thls. Jl*hez tn%‘ected. g
producing the antibodies. | cell by perSorin ganeyme g
f o St Ad AL S mahannsm Ll )
i helps in ’the ac.two&m O‘F 2
macrophages. |
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The?dgpeso?helper‘l’cel\s*

* THI: Cytokines produced are IFN-y (signature cytokine
produced by TH D and. IL-1a.
IFN-Y helps in the activadion of nmrop\nges and helps in
the production o® \9& antibody,
It also helps in the fight against intraceliular microbes.

* TH A It produces 3 other antibodies, IL-4, IL-S and IL-I3,
IL-4 : Causes increased production of Ige antibody and
plays a. role in activation of macrophages.

IL-S : Helps in the production of eosinophils and helps in the
activation o mast cells,

IL-13 ¢ Aetivation of macrophages.

TH & lymphoeyte helps in %szins helminthic infections.

* THI7: Leads fo the production of & eytokines, IL-17 and IL
ad.
T‘he5 p\o.5 a role in recruitment ot neutrophils and

macrophages.
TH 17 helps in %Shting against extraceliular microbes.




20
HYPERSENSITIVITY REACTIONS

Types of hypersensitivity reactions 000052

Type |

Tgpe W m&ibodg mediated hbpa'sens\’dv’ﬁg reaction.
Type W _

Type v ~* Cell mediated hwrsens&iv&g reaction

Type v > modification of Type & hypersensitivity reaction.

Type I hypersensitivity reaction 00:01:28

ArA Anaphylactic hypersensitivity (HS) reaction.

Examples :

mnemonic : ABCD

. F\’copg/nllersies/nmphgaxis (Food/pollen allergjes).
Atopy —> &enetic determination of allergy,
&ene for okopy is located on chromosome S.

¢ eronchial asthmo.

* Casoni's test (Hydatid disease).

* Drug reactions.

* Hay fever.

* Pr reactions.

* Theobald Smith phenomena.

mechanism :
I* exposure of the ontigen > mast cells get sensitised >

Repeated exposure of the antigen —> Hypersensitivity
reaction occurs.

Fathology » v4.0 « Marrow 6.0 ¢ 2022
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| Antigen boinds with Antigen presenting celis (APC’S) |

[’bﬁdﬁa’?ﬁesen’fs the Sntjaen to the T-cells

| Activation of the Th 4 cellq

¢ ;
) [is] - [ie
A

g€ gosinophils | [ Mucus production

\g & binds to the FCERI receptors on the surface of
the mast cells

R
Sensitization of the mast cells

ereo.’c exposure

Po\gmerisak’\on of Ig & on mast cells

~ Imast cell activation

Y

Release of mediators

h 4

ngersens‘rtwrt}j reaction

Types of mediators released
* Preformed mediotors (Brom the stored granules of the
mast cells)
L. Histamine (earliest mediator to be released).
a. Proteases/enzymes.
3, Chemotoactic factors ¢ Like C3a. and CSa.
% * Aetivadion of Phospholipase AA ¢ Production of arachidonic

acid metabolites like prostaglandins, leukotriens and
plotelet activoding factor,

Pathology * v4.0  Marrow 6,0 » 2022
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Hypersenitivity
Reactions
Phoses :
* immediote phase -* Occurs within minutes.
I. Vasodilotion

3. Increased vasculor pemweabllikg.
3. Increased mucus production,
* Late reaction = Occurs within a-a4 hours.
I Fibrosis.
3. Increased production of 'n%anmad'onj cells.
3. gpithelial dmmse

most important cell in type | HS reaction = mast cell.

Stain for mast cell > Toluidine blue.

important cell in the lote phase of type | HS reaction :
gosinophils.

most important an’dbodg in type | HS reaction : IgE.

Most important cytokine in type | HS reaction : IL-4 § IL-S.
earliest mediator released in type | HS reaction : Histamine.

Type II hypersensitivity reactions 00:13:48

Antibody mediated HS reaction.

Examples

mMnemonic : MY Blood &roup Is RH Positive.

. m5asthen'\a gravis.

* Blood transfusion reaction.

* &rave’s disease, §00d pasteur syndrome.

* \diopothic thrombocytopenic purpura. (ITP), Immune
hemolytic anemio.

* Rheumatic fever,

* Hyperacute graft rejection.

* Pernicious anemia, Post-Streptococcal &lomerulo Nephritis
Psen.

mechaniem :

* Opsonisadion and phagocytosis,

* Inflarnmation and Complement activation. :
* Antibody-dependent cell-mediated cytotoxicity (RDCE). j

Active space
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Opsonisation and phagoeytosis :

i is mediated by 1@ antibody (F, portion of Ig& is the most
potent opsonin, in which 19& antibody coats the antigenic
cell due to which macrophages can phagoeytose these celis
easily.

ao.mpies :
* Hemolytic disease of the newborn

* glood transfusion reaction.
> 'Drug reaction,

Inflammadion and complement activation !

* Occurs when the antibody is bound to the surface of the
basement membrane or the extracellular madtrix

* The antibody will lead to activation of the complement
factors causing neutrophil chemotoxis and then tissue
jry. f

examples :

* §ood pasteur syndrome.

* Slomerulonephritis.

* &raft rejection.

ADCL/Antibody dependent cell mediated cytotoxicity :
i There is no complement activodion or tissue njury,
il. Antibodies are produced against the cell-surface
receptors.
&xamples :
* &rave’s disease ~* Anti-TSH receptor antibody,
* Myasthenia. gravis = Antibody against the ACh receptors.
(Recently classified under type V HS reactior) (Type v> 1D

Type 111 hypersensitivity rqacﬁdns 00:22:30

AA Immune complex medme&;ﬂé.l reaction,

Exornples > Mnemonic : SHARP 1 |

* Serum sickness, Shick test, Sl.-.i;--(yis-;eml lesion is type 3 HS
reaction ond hematological lesion is type & WS reaction)

* Henoch Schonlein purpura. | i

* Arthus reaction,

Pathology » v4.0 ¢ Marrow 8.0 » 2022
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* Reoctive arthritis,
* PSEN, Poly arteritis nodosa. (PAND.
Formadion of immune complex takes approximately 5-1 daus.
immune complex deposition ¢
* most paﬂ'\ogenic immune complexes are small to ‘
medium-sized which usually have excess of rm"dgens. :
* Imtrune complexes are usml\g deposited in organs which ;
have a high fiteration rate like Hidneas or the joints, :
* Immune complex-mediated inflammadion and tissue injury s
takes approximadely 10-1# daus. it e
immune complex disease- A I
Type 1l Hypersensitivity Reactions et :

Neutrophil lysosomal enzymos

Immmoomph:-uuﬂlmlnmmﬂﬁlmi',wi:"rﬁ““:".‘ ' '
tasue Inju T M :
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0

Type IV hypersensitivity reactions ~ o0028.8

AKA cell mediated HS reaction/delajed type HS reaction,

Exomples !

* @ronuoma. formadion

* Tuberculin test.

* Lepromin test,

¢ Contact dermadtitis,

* Sareoidosis.

* multiple sclerosis,

* Rheumatoid arthritis : Type 4 > type 2.

* Hypersensitivity pneumonitis : Both type 3 and type 4 HS
reaction,

* Acute and chronic Sro&t rejection.

Hapemcxﬁe Sra&k rejection is due to fljpe a HS reaction.

Clinical scenarios 00:35:08

Q. R IS-year-old healthy girl with no major medical problems
notes blotchy areas of erythema. thot are pruritic over the

skin of her arms, legs, and trunk within an hour every time

she eats seafood, followed by diarrhea. These problems

5ca2793ec8§‘&?>85§8€1‘?5‘ﬁ03 hours, and then physical examination reveals

eoeds eARoY

no abnormal “ndungs which of the %l\owmg immunologic
abnormalities is she most likely to have?

A. Localized anaphﬂlaxis.

. Cel\-mediated hgpersens'rhv‘rt&
C. Complement activation.

D. ngergmmag\obulinemia.

€. Immune complex deposition.

Q. Twelve hours after going on a. hike through dense SFoliaSe,
o. w-gew-dd man notices a slishﬂ5 raised and tender
irreqular reddish rash on one forearm that was not covered
by clothing, This rash gradually increases in intensity for &
days and then fades oway after two weeks. which of the
following Forms of immunologic hypersensitivity is most likely
demonstrated in this patient?

Pathology ¢ v4.0 » Marrow 6.0 ¢ 2022
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A. Type | hgpersem&ivﬁg.

6. Tﬂpe I hapersensi’cw‘r\'\lj.

C. Type M hypersensitivity,

D. Type WV hﬁpersensiﬁvit&

explanation * ngersensvtivita preumonitis occurs on exposure
to %lhge/ moldy 'ho.B/ bird poop ete.

Q. A 30-year-old woman has experienced myolgias for the
past 3 months. On physical examination she has 5/ motor
strength in all extremities. She has duliness o percussion ot
lung bases. A chest x-ray shows bilateral pleural effusions,
L,abom‘-torg studies show a. positive antinuclear an*cibodg_
test ot a titer of 1034 Her serum urea. nitrogen is 30 mg/
dL. A renal biopsy is performed and microscopic examination
shows a. granular pattem of immunofiuorescence staining
with antibody to complement component Cig. This pattern is
most typically produced as o consequence of which of the
following immunologic mechanisms?

A lge coa’dns mast cells.

8. Antiglomerular basement membrane an’dbodﬂ.

C Fh’dgen-anﬁboda complexes.

5%27' 88d5004861 1 3$3mphownes
€. Release of pros’faalandms.

explanation : SLe (Visceral component). Type Il reaction

Q. A 48-year-old man has had a. chronic cough with fever for
& months. On physical examination his temperature is 37.9°C.
A chest radiograph reveals a. ditfuse bilateral reticulonodular
pottern. A transbronchiol biopsy is performed and microscopic
examination shows $ocal areas of inflarmmadion containing
epithelioid macrophages, Langhans giant cells, and
lymphocytes. These findings are most typical for which of the
$ollowing immunologic responses?

A Type | hapersensi’d\ﬂ’cﬁ.

e. Type ! h}jpersensiﬁv&&

C. @roft versus host disease.
D. Polgclomj &-cell activokion,

€ Tgpe v hapersens‘n’cwd&. ™ gmmloma

Active space
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Q. R Q—}jeqr-old bO_lj has a sore throat. A throat culture grows
group A hernol3+ic Streptococcus. He receives antibiotic
therapy, However, 17 days later he develops dark-coloured
urine. Lo«boro&or\:j studies show 3+ blood on urinalysis. A renal
biopsy is performed, On immunoflucrescence staining the
biopsy shows granular deposition of 19& and complement
around glomerular capillary loops. which of the 32o|\owin3
inmune hgpersensmv&g mechanisms is most likely responsible
for this pattem of Andings?

A ‘T‘ape L
8. Tape \N
C. Type . PSEN

D.Tgpe |2

bnvssprasanth7@gmail.com
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Major histocompatibility complex (MHC)

it is A/%/A Human leucocyte antigen (HLAD,
The gene is located on Chromosome bp

00:01:26

ko o s b A 4 i

O ot tpes: milmii
MHC \ nee, o 4 o ‘
MHC e
MHC 1 : encoded by Heod shoek
protein (HSP), Complement proteins,

properdin. it may have a role in autoimmune diseases.

HLA | HLA W
* Present on all nucleated cells Present only on antigen
§ platelets. presenting cells (APCs - &
cells, Nbroblasts, dendritic
cells).
* encoded by A, &, C. BncodedbgDP,DQ,DE.
* Presents the antigen to COB*+ Presenks'c’nean’dsenfo COA+
Ty TI
* Role in grat rejection. Role in-&VHD.
* Structure : Structure :
Ba microglobulin is present. Peptide binding cleft is
Peptide binding cle®t between ol and Bi.
between au and 03,
B, a,

Role of MHC

. 00:10:20

Po&ernrtg ’ceshng

Prediction of incidence of autoimmune d\sordews.

Patholagy « va.0 » Marrow 6,0 » 2024
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HLA BAT: nnkglosins 5pond51'rﬁs.
HLA DR 3, DR4 : Diabetes meliitus,
HLA DQA, DB : Celiac disease.
HLA BS, 85I ¢ Behcet's disease.
ﬂhH‘YOPOk)Slj ‘cestins.
HLA Makching in Organ 4ransplantation and @one marrow/
stem cell transplantadion.
most important HLA which needs to be ’f}jped. : HLA-DR.
All & loci match only in case of identical twins.
HLA A, &, DR ¢ Should de%n&elfj madeh with each other
OR>8>0).
All the loci have a alleles each.
Madehing is expressed as 18/13 for all loci or /b Sor HLA A,

8, DR.
HLA matehing is not done for : Cornea, Liver, Heart, Lung
’cmnSpIan’c.
Grafts and Graft reactions 00:17:28

* lsogroft : Between identical twins.

* Autograft : From one part of one’s own body o another.

* Allograft : Between genetically ditterent individuals but
same species,

* Xenogroft : Between different species.

* Orthoptic Srcx?{' * §roft is placed in the same anatomic

location as the donor.
* Heterotopic groft : Different anatomic location $rom the

donor.
Groft reactions
&raft rejection &raft vs Host disease (GvHD)
Host is immunocompetent, Host is immunosuppressed.
Host cells ottack graf cells, aroft celis attack host cells.
g Seen in bone marrow
’(mnsphnta’cion,

Pathology ¢ v4.0 » Marrow 6.0 + 2022




Mechanism of graft rejection ~ 00:23:50

example * hidne5 transplantation.

4 NS
Direct pathway Indirect pathiway
J )
Donor APC attacks host immune Hos’cnPcsmgserheirmume
355{-3;“ response
A RS
Host APC-MHC.  Activate & cells
/ \' Cloass 1\ $
& Immnunoglobuling
MHC | MHC I COA+ 3
% Jd: activation Oirectly
CO8T CO4+T & damage
| | tubules
3"‘#3“'5*9& 5"*’“3?5*8& lF'I/_Y bnvssprasanw'f@gma"-com
Destroy IFN-Y. Cytokine Complement
tubules and NE i} activadion.

endothelium. 1 Cytokines. Tubular injury

Hyperacute graft rejection 00:29:00

Occurs within minutes of transplantodion. wyperacute
Due to preformed antibodies'seen in:  "U|°0__ lood vessel

AR

Previous pregnancy, ": . —
ABO § Rh incompatibility, & » Yorcantoer
Previous blood tronsfusion.  Alcantigen biood™ specific
i anti
Previous transplantation. FOROMGN o
Kis atype hgpersensiti\fr'ca reaction. ' %
Gross o.ppeamnee of H.‘dneﬂ f oomplmnt activation,
anosed, mottled, Slaccid, endothelial damage,
03 s inflammadion and
thrombbosis
mic.rosoopical\g : AL
* Fibrinoid necrosis.
* microthrombi.

* Neutrophilic infiltrote.

Prevention : Donor specmc anhbod5 test should be done.

Pathology « v4.0 * Marrow 6.0 » 2022

HLA and Graft
Rejection

Active space

173



174 General
Pathology

21

Acute graft rejection

~ fcute cellular rejection
mediated bg COA+ or COB
T cells.

Type v hgpersenstﬂvlkg

reoction.

Responsive o nereasing
dose of imMuNosuppressive
m.tss.

Miemscopi'c appearance !
* Tubulointerstitial
pattemn:
Tubulitis
Destruction of tubules
+ in%amm{'ora cells In
tubules.
mononuclear
in%mm’cor}j inftrate.
* Vasculor pattern :
endothelitis

e e S A58k

e e o WIS PN .. SO —— NI

00:36:35

Aeute humoral rejection
Mediated by newly synthesized
antibodies.
it causes endothelial damage §
complement activation.

Type I or W hgpersensitwi&&

No response to increasing dose of
immMunosuppressive ch'uas.
Treatment ! & cell dapleﬁng agents,

m\cmscopbc appearance !
* Fibrinold necrosis in vessels,

* Deposition of CAd in peritubular
capillaries. (Complement breaxdoun |
product).

bnv%anggﬁgﬁ 'g%rr;nacute
ral rejection.

00:44:20

Chronic rejection '

It is the m/c type of graft rejection,

It occurs within months to years of transplantadion.

It may be cell medioted (T}jpe v hﬂpersensiﬁvi{g) or
antibody medioted (Tgpe 1))

microscopical\g :

Pathology ¢ v4.0 « Marrow 8.0 « 2022
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Rejection
. Tt‘cmsphr\r\- Slomemlopa{hg.
* Duplication of glomerular basement membrane.
* Interstitial fbrosis, ;
* glomerular sclerosis, ;
* Tubular cximphg. :
-.'\q‘ A\ G SV
- ’ w . ’ ¢
&lonmﬂus—h%anmiorﬂ cells Interstitial Abrosis and tubulor ;
within the capillary loops otrophy, (trichrome stair, :
(glomerulitis), accumulation of contrasted with the normal Kidney, -
mesangial madrix, § duplication of  Artery-prominent arteriosclerosis j
ca.pilw}j basement membrane. :
Graft vs host disease (GVHD) 00:49:33 -
&VHD is a complication of hematopoietic stem cell
'tmnsPlcmta&ion.
i is A/K/A Runts disease in animals. -
T}jPe W hgpersensi’d\fdg reaction. 5ca2793ec88d500486113130 ,
Acute gVHD Chronic §VHD "
< 100 days durakion. 7 100 days duradion. :
Orgons offected : Organs ofSected : .
SKin : excoriodion. Skin ¢ Scleroderma.
aiT : mucosal ulceration — a\T : Strictures, !
Diarrhoeo. Liver : Cirrhosis. :
Liver : Jaundice, ;

Y linked gra$t rejection :
A/k/h sex linked groft rejection (Bichwald simser efSect.
it occurs when mole gives graft to o. female.
(Y ehromosome contains UTY gene — encodes for enzyme

histone demthulase : minor histocompatibility antiger.

Pathology * v4.0 » Marraw 6.0 » 2022

Active space

175



176 General
Pathology

aoeds sAgoy

Complications of transplants ~~~ oo:s5:24
. Infections :
cmv is the m/¢ ?ol\owing ’tmn:-',plontochon : Ouwls eye
inclusions.

B polyoma. virus infection : Decoy cells,

3. &raft rejection,

3, QVHD.

4. Increased risk of malignancy ¢
Squamous cell carcinoma. (M/C) : HPV associated.
Kaposi's sarcoma. : HHV-8 associated.
Non~-HodgKin's lymphoma. : 88V associated.
Post-transplant lymphoproliferative disorder :
€8V associated (Poor prognosis).

MCQSs +
Q. A patient has to receive livertransplant $rom his brother,
who is not his twins. On HLAYping, HLA matched are the A, &
ond DR8I locus. These siblings are considered as
A. Motched, unreloted donors
8. mismaiched, reloted donors
C. madched, related donors
D. mismadched, unreloted donors
5ca2793ec88d500486113130
Q. Which of the ‘f‘ollouuing statements about Sro.?—t vs host
disease is least correct?
A. Occurs when host is immunocompromised,
©. Occurs when donor cells are immunocompromised.
C. Is also colled RUNT disease.
D. A common cause is stem cell transplantation.

Q. Acute humoral renal transplant rejection is characterized
by the following except:

A. Presence of anti donor antibodies.

B. Mecxoﬁz'mg vaseulitis.

C. Interstitiol and tubular mononuclear cell infiitrate.

D. Reute cortical necrosis.
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Q. Most commonly involved organs in Sro&t versus host
disease are all except

A qut

8. Liver

C. SKin

D. hidne5

Q A 3s year old female with CRF receives a cadaveric renal
transplant. One month later, she experienced increasing
creatinine and urea. levels and a renal biopsy was performed,
She was treated with steroids and her renal function
improved, which of the $ol\ouuin3 changes was most likely
seen in the biopsy specimen before steroid therapy was
initiated?

A Interstitial infiltration by CO3+ lymphocytes and tubular
epithelial damage.

8. extensive Nbrosis of interstitium and glomerli with marked
ﬁ\idﬁenhs blood vessels.

C. Fibrinoid necrosis of renal arterioles and thrombi.

O. Glomerular deposition of serum amyloid associoted protein.

Q. A 20 year old patient who had undergone o. renal

transplant presented with fever and d The j
hmw examination from o b?\;g!;se;ns g\égi?.?éer(\: Bdlsoot%.4 SOTISIS0 :
what is the most likely diagnosis? '
A rT\Bcobo.cterium
8. B4 polyoma. virus
C. Herpes infection
0. Cmv

owls eye inclusions s
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IMMUNODEFICIENCY DISORDERS

\mmunodeﬂ\c\encg disorders

R B
A l
Prh'rTrB Secondarg
d J
Innate Adaptive

Secondary irmnunode%cteneg couses

* HIV.

* Cancer.

. chemo’therapg.

* malnutrition (Most common secondary couse).

ndapl-we \wmn&g disorders

l ! J

Defect in Defect in Sl.jS‘teﬁ'\iC- diseases §

l}jmphoc}j-te &ﬂ?gaecamwwe 55ndromes

maturation. activation.

Defect in lymphocyte maturation 00:03:30

eruton’s agammaglobulinemia. :
X linked recessive.
Seen in bOHS > Siris.

Pothogenesis
Due to 8TH gene (Bruton tyrosine Kinase ) defect —>
Defective maturadion of & cell lymphoeytes —> Decreased
madure & cells and plasma cells = Defective humoral

§ imnunity,

g T cells are normal = Cell medioted lmrmn'\’cg is intact.

H‘ns’rologg :
Hypoplastic / absent germinal centers,
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Clinical presentation

Usually manifests after & months of age.

Recurrent sino-pulmonary infections / infections with
enterovirus or Giardio.

Diagnos‘as :

Flow CM‘

Presence/absence of surface g can be seen.

In bruton’s agammagiobulinemia. = Absence of surface g,

DiGeorge syndrome *

Aiso known as 3aq Il deletion syndrome / Velocardiofaciol
defects.

Defect : Deletion of aaq Il > defect in TBX | gene >
defective development of 3 § 4" pharyngeal pouches >
Defective development of thymus § parathyroid gland >
Defective T cell development and Hypocalcemia.
mMnemonic : CATCH aa
Cleft lip and palate.
Abnormal facies.

T cell defect, thymic hypoplasiac
Cardiae abnormality (MC defect : TOP).
HHPOCNCAemia.

3aq Il deletion.

5ca2793ec88d500486113130

51D (Severe Combined Immuno De%c'xencg) :
Defect in & cell, T cell and N cell.

Pokhogenesis

a modes of inheritance :

* X -linked recessive : (MC).

males >>> females.

Mutadion in common Y chain of cytokine receptors —>

Reduced synthesis of IL 3, 4, 7, Il and IS,

Decreased production of :

L LA > Since responsible or isotype switehing ¢
Decreased production of immunoglobulins.

3. L7 > Decreosed levels of T cell lymphocytes.

Pathology « v4.0  Marrow 6.0 » 2022
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3. 1US ~* Defect in NI cells.

* Autosomal recessive ! De“ciencg of Adenosine deaminase
(DA > Aecumulation of toxic metabolites > Destruction of
B cells , T cells and N cells,

Clinical presentation ¢

Can present with any kind of infection. ( viral / protozoal /
fungal /bacterial ). ‘

Candidial infection / diaper rashes can be seen.

Treatment :
First disease 10 be treated with gene *thero.pg
Hemadopoeitic stem cell transplan'codcion.

Defect in lymphocyte activation o 00708

Hyper Igm %ndrom :
Increased production of igr.
Decreased m?clagag&ﬁooﬁasnsm
X Linked Recessive; disorder.

Males>>> females (more commor.

COA0L

@ |nr!er¢mtlon
& eell T cel

Plaswx cel\ production
l.am prjn;du.chon

. !
[ H
¥ defect in COAO L/CD‘{O% WA o

De“clencg in | il
9% A & [xodu.c&iqh 1!

Po:thoSenesis :

most common defect in hgpeir !3m | D40 L delect.

g a™ most common defect in hyper iam ' CDAO defect.
g Therefore, defect in class w:itqhinﬁ
Clinicol Feotures + AR oy
* Increased production of 13mw il bl
Autoimmune thrombocytopenia, '"; i
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Autoimmune hemolytic anemia.
Autoimmune neutropenio.

* Decreased the level of 1g &, A, &
Inereased risk of sir\opulmomrg infections.

Common variable imnode%c&encﬂ '
i is a diagnosis of exclusion.
Poed'\ogenesis : Mutation in the BAFF gene.

o ———mature & cell——— plagma. cell
ocor | T
BTH gene

BAFF gene
' required

l

|§ BAFF gene
defective

i

& cell increased l plo.sm o bﬁvssprasanth?@gmail.com

Germinal centre Decreased g

hjperplasia

isoloted Ig A deficiency *

Most common primary immuno de%ciencg disorder.
Decreased production of ig A &, &,

Clinicol presentodion

increased risk of sinopulmonary infection.

Increase the risk of anaphylactic reaction (can present in a
person underqgoing blood transfusion $or the first time).

Wiscott Aldrich syndrome 00:24:58

X linked Recessive disorder.
more cormmon in moles »>7 females.
Pathogenes‘us ' WASP gene defect on chromosome XP 11,a.

Active space

Pathology ¢ v4.0 * Marrow 6.0 « 2022




182 General
Pathology

22

Clinical Triad :

¢ Bczema.

* Thrombocytopenio. (Decreased platelets, small sized
platelets),

* Imtuno deficiency due to defective T cell development.

Decreased 1, increased Igf and normal 9%,

mMnemonic ¢ WAITER

wiseott, WASP gene defect.

Aldrich,

Immunodeficiency,

T cell deficiency, Thromboeytopenia

gczema.

Recurrent infections.

Ataxia telangiectasia 00:28:19

Autosomal recessive disorder.
Incidence : Male = female .

Pccthoaenes'\s :
Defect in ATM gene:on chromosome Il (WT gene for RRksEprasanth7@gmail.com
fumor is also present on chromosome I b

Normal ATmM gene acts o. DNA repair sensor and activates PS3

_'A’» any ONA damnge occurs,

Defective ATM gene does not activate PS3 and may cause :
* Rtoxio. ’celangiec’casia.

’ mahgmncﬂ

* Premodure aging,

* Neurodegenerative disorders.

Clinicol scenarios

Q. A mole infant is born ot term. No congenital anomalies are
noted on examination, A year loter he has failure to thrive
and hos been getting one bacterial pneumonia after another
with both Hemophilus influenzae and Streptococcus
prieumoniae cultured from his sputum. which of the following
diseases is he most likely to have?

A. Digeorge syndrome.

©. Selective I9A de%ciencg.

Pathology = v4.0 « Marrow 6.0 » 20'22
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C. epstein-Barr virus (88Vv) infection,
. Reute leukemio.

£ X~ linked aao.nmglobwinemia,

Digeorge syndrome is a. birth defect with abnormal facies §
cleft lip and palate,

Selective lof deficiency will not manifest after o year §
doesn't produce the symptoms mentioned here.

Q. A'S year old boy and his 4 year old brother have had

recurrent pneumonia, meningoencephalitis, sinusitis, otitis, §

diarrhea since in?-oncg. Bacterial § viral agents have been

implicated, as well as Preumocystis, Cryptosporidium §

Siawdia, Laboratory studies shouw serum lg& 47 mg/dL, 198 S

mo/dL, and lgm mg/dL. Normal numbers of & and T cells

are present. These children are most lk615 to have a :
rutadion involving a. gene encodirg for whichsﬁztﬁéquﬁgﬂpﬁﬁ e :
A NRDPH oxidase. 4
8. wiskott-Aldrich syndrome protein,

C. Cytokine receptor comamon gamma. chain.

D.CDA0 L.

€ Complement C | inhibitor,

Explanation :

o @71 mg/dl could suggest hyper igm syndrome.

CDAO L is the mC defect here.

NADPH oxidose de%ciencﬂ couses granulomatous disease.
wiskott-Aldrich syndrome protein will have a history of
gczema, small sized plotelets ete.

Cutokine receptor common gamma. chain is X linked
recessive,

Complement C I inhibitor seen in hereditary angioneurotic
edemoas.

Q- An Il month old infant has had upper and lower

respiratory tract infections olmost continuously since the
time of birth, with organisms including Pneumocystis jiroveei §
Pseudomonas aeruginosa. identified. The baby also has
orophar5nseal candidiasis. The bab5 succumbs to o
cg‘con'\egojoxﬂms preumonitis, At mﬁcopsg, the &h‘tjws is

Active space
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rm.rl-sedl"j hgpop\as‘ric ond lymph nodes khroughou& the body
are small, with absent germinal centers on microscopic
examination. which of the %l\owing mechanisms is most likely
to explain these Andings?

A. Adenosine deaminose de%mencg.

©. Failure of & cell maturakion to plasma. cells,

C. Human immunodeficiency virus infection.

O. Autoantibodies to both T and & lgmphocg’ces.

& Failure ot development of 3™ and 4" pharyngeal pouches.

explanation :

Adenosine deaminase deficiency is seen in AR , SCID.
Failure of development of 3 and 4™ pharyngeal pouches
seen in Digeorge syndrome .

Q. A neonate bom at term developed tetany soon after birth.
On physical examination the infant has o heart murmur.
Laboratory studies show a. serurn calcium of 6.3 mg/dL.,
edwocordioamph5 reveals amembranous intraventricular
septal defect. Within the next yeay; this infant has bouts

of Pneumocystis jiroveci pneumonia, Aspergillus fumigatus
pneumonia, and parainfluenza. virus and herpes simplex virus
upper respiratory infections. which of the Following
abnormalities most fikely explains the development of

4his infant’s %ndings?

A. Abnormal wiskott-Aldrich syndrome protein.
. aag-chromosome deletion.

C. Reduction in CD4 l}jﬁ\phoca{es.

. Defect in NADPH oxidose.

€ Failure of & cell maturodion into plasma. cells.

The symptoms are Sugges’cwe ot Digeorge syndrome.

&
bnvsspra?ntw@gmail.com
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AMYLOIDOSIS

Introduction

o ey e, et e e A S i i

00:01:10

Pathologic proteinaceous extraceliular hn:jahne eosinophilic
substance deposited in various tissue and organs.
misfolded protein.

Hyaline : Pink substances,

Physical nodure :
In electron microseopy, appear as non branching Rbrils of
indefinite length with 7.5-10 nm diameter.

In X-ray erystallogrophy (or infrared spec’cmscopg) :

Cross beta. pleated sheet structure (this is responsible for

apple-green birefringence under polarized fens).
Structure of Amujoid Makeriol

Fibril composed of
Pair Rlaments
B-Pleated sheet

bnvssprasanth7@gmail.com ;" &
nrrvjloid in electron  j€ ¥
microscop‘j with |
7.5-10 nm diameter Tl

Best stain : Congo red,
Chemicol nodure :
Consists of
. nrngloid protein : 95%
* P protein : 5% (depends on the disease condition)

Pathology » v4.0 » Marrow 6.0 ¢ 2022
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Classification of Amyloidosis

generalised,
> Familial.
I Localised amyloid and its protein :
* Medullary carcinoma. of thyroid !
Amyloid seen is Acal (95% amyloid protein § S%
caleitonin proteiry),
* Prion disease
Apr (95% amyloid protein § $% prion proteir.
* Type & Diabetes mellitus :
Amyloid islet associated pancreatic polypeptide (RIAPP).
* Alzheimer’s disease :
Adeta. (part of neuritic plaque).

Classification E Localised,

a. Gereralised : multiple organ involved.

* Primary amyloidosis :
most common type of amyloidosis.
Seen in light chain disorders like multiple myeloma.
AL (amyjoid § light chain called lambda. light chains
commoniy deposited).
In nm, accumulation o immunoglobuling hence light
chain are precipitated,
most common cause of death : Cardiac failure.

. Secondarg mnﬂloidosis '
Riso called reactive systemic amyloidosis.

5ca2793ec88d500486113130  C°F csfted -

Chronic m%\cEmmo&orH Chron'\r}neoplasms '
conditions Hodgkin's lymphoma.
Rheumatoid arthritis(mcc). Renal cell carcinoma.
§ BD.
g T8,
eronchiectosis,

Pathology * v4.0 « Marrow 6.0 » 2022
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23 Amyloidosis

Chronic inflammation,
!
Cytokines : IL-l, IL-b released,

!

Act on liver.

V .
Produce serum amyloid associated protetmvsmpdsanth7@gmail.com '
| , .

AR produced.

most common couse of death : Renal failure.

3. Amyloid seen in chronic renal failure (CRF/ long term
hemodingsis :
UNCOMMOoN
Dialysis membranes (D) fiters out the unwanted
substances out.
earlier the oM did not Qiter out 8a microglobulin , hence it
accumulated leading to A8 m amyloid formadion.
Deposited in joints, tendons, median nerve leading to
Carpal tunnel s_ljndvrome.

4. Senile/ Cardioc amyloidosis :
ATTR (ransthyretin) .
In aged/ cardiac patients normol transthyretin is
deposited,

Familial amyloidosis 00:18:08

Familial am‘ljloid(os;is,
|

{ T
(Famitiad mediterronean fever. ( Famiilai:amgb\d!)l& g
lﬂf-\/ Apyrin polbneuromthg.- §
e R D J e PSR UGN U RN B PR 11 14151 ﬂTTﬂ. wﬂ.h mu.‘:nn.t.
trmthgrem J

k'e_.q

e FT] ST iy sare s s
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in I-s'dneg B
extrocellulor ¢ pink.

5062793&088(!%04861 1 STBQ‘WLA; with Pinld,;s’n

mokerial that is amg\oidu
Eosinopwihc hgahne pink ¢
Can be sclerosis/fNbrin/

hgadine ' 50 0 difSerentiate

Dksease / condi’don 7 T5pe o$ amgtond
Prmo.rg amglmdosis AL
Secondarg amgloidosis AR
Familial Mmediterranean | AR/Apyrin
fever
Familial amyloidotic — ATTR (mutont
polyneuropothy &rans’chgreﬁn)
Senile/ cardioc amyloidosis | ATTR
CRF/ long term dialysis Abetoam
Prion disease Apr
Diabetes mellitus AIAPP
medul\arg co Hﬁ}jroid Acal
Alzheimer’s disease Rbeto.
Diagnosis :
Biopsy®») site :
1¥ localised : Bx taken form that localised tissue.
\$ generolised : &x _> Abdomen fak b
pad aspirate (besP. Abdomen fat
> Rectal (not best as [~ Pad > rectal
painful § invasive). | 7 gingival.
- &ingjival (uSqu\}j —
macroglossia. seer)
Bx is H § £ stained

nm!jloid glomeruli
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23 Amyloidosis 189

Amyloid Congo red is used.

Stains used ¢

* Conqo red (Besb.
Congo red gives Salmon pink
colour but under polarised lens
apple-green birefringence seen.

. Ppg:
Appear rmgenm colour.
* Methy| violet/ erystal violet : metachromadic sotin.
* Thioflovin S —shows Immunofluorescence.
* Thioflavin T —
Gross stain @
Paint the cut surface of the organ with Lugol’s iodine.
\
Giving a mhogm_tj brown color .
y
Add. sulphuric acid (H.S0).
|
J J
Tums blue Remadns brown
y !
Amyloid present. No Amyloid,
Organ involvement of amyloid 00:28:46
&ross :
Any orgon with amgloidosis. ik Organomsalg with waxy
oppearance.
Or 9ans :
* tidney (Most common organ aftected ).
Attects : glomeruli,

Tubules,
mesangium (earliest to involve),
sca270FebBiABRA N85 ed with nephrotic syndrome. |
* Liver |
earliest part ofSected is space of Disse,
Produces pressure odrophy of hepatocytes eirrhosis,

Active space
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* Heart:
earliest part affected is subendocardium,
Can lead to ¢
nrrhg&hn'n.
Heart Fallure.
Restrictive cardionvjopa&h&
Normal ATTR deposited.
* SKin: bnvssprasanth7@gmail.com
Pinch Purpura.
. SPIeen :
Spleen contains follicles and in between follicles
sinuses are there. |
. a appearances J .
(5030 spleen : ) (Lardncewsspleem
¥ follicles/white pulp are ¥ sinuses /red pulp
oftected > produce offected = Large
whitish nodules looking like geographical map like
sogo Srains. areas
i ¥,
Sago spleen
Important MCQ’s 00:35:12

* most common biopsy site : Abdomen Fat Pad .

* pest stain for amyloid : Congo Red.

* &ross stain for amyloid : Lugol’s lodine § Suiphuric Acid,
* mC. organ affected : Kidney,

* mMC. cause of death in Primary amyloidesis : Cardiace

failure.

* mC. couse of deoth in secondar5 amgloidosis : Renal

failure.

Pathology * v4.0 » Marrow 6.0 » 2022



* Liver : part af{ected earliest > Space of disse.
* Spleen: appearance * Sago spleen § Lardaceous
sPIeen.

Q ?Jderla diabetic on hemodialgsis. which amjloid is liHe[lj to
be deposited?
A. AR
8. Abeto.
C. T\*mxsthgre’cin.
O. Beta a microglobulin.

bnvssprasanth7@gmail.com

Q. A SS year old man has developed progressive renal
failure for the past s Years. microscopic examination of a.
renal biopsy shows extensive glomerular and vaseular
deposition of pink amorphous material on He staining, This
materiol demonstrates apple-green birei‘-rmaenoe under
polarized light after Congo red staining. Immunohistochemical
staining of these deposits is positive for lambda. light chaiirs.
which of the $ollowing conditions is most likely to be present
in this man?

A. Rheumadoid arthritis .

8. Tuberculosis.

C. %stemic lupus erfj’c?wemakos‘xs.

O. multiple mgeloma.

€. Alzheimer disease.

Q. A4S year old women developed o khﬂroid swel\'ma.
The microscopic image from the swelling is shoun, Whad
type o amyloid deposits are seen in this condition?
A AL. B P A T A TN
6. ATTR.
C. Acal.
O. F\pgrin.

Pathology = v4.0 » Marrow 6.0 ¢ 2022
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Q. A LD Year old woman hos developed c.ripplins arthritis

over the past a0 Years. On ph}jS'\cal examination the
arthritis primarily involves her hands and feet, with
marked joint deformities characterized by uinar

deviation and swan-neck deformities of her fingers. She
has an irregular heart rote. Laboro&ora studies show that
her rheumatoid factor titer is markedly elevated, but

her antinuclear an&ibodﬂ test is negative. A rectal biopsg
shows submucosal deposition of pink amorphous material
that stains positively with Congo red. which of the Following
precursor proteins most likely gave rise to these deposits?

A. Serum amgloid—-associo.’ced protein.

®. Lambda. immunoglobulin fight chains (AL).
C. Transthyretin (ATTR);

O. Amyloid precursor protein B8).

& Beta-a-microglobulin (38am in CRF).

5ca2793ec88d500486113130
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RBC : INTRODUCTION AND
HYPOPROLIFERATIVE ANEMIA

RBC introduction :

€a2793ec88d500486113130

Normal size of an RBC ¢+ -8 Um,

To identify it the RBCs are macroceytic, microeytic or
normal, the size of an RBC is compared with the nucleus
of lymphocyte.

Life span of REC ¢ 130 days.

RECs do not have nucleus and has a. central I/3™ palior.
Biconcave shape of RBS is maintained by the protein
spectrin.

RBCs originate from Haemopoietic Stem Cells (HSC) which
develop into the Common Myeloid Progenitor (CMP) cells.
HSC => CMP = Proerg&\roblast = &aﬁ5 pormoblast
(basophilic normoblast) = Intermediate normoblast
(polychromatic normoblast) => Late normoblast
(orthochromic normoblast) > Reticulocyte > RBC
formed,

Proer oblast
Rec |@asophiic) | g @
series_| (Polychromadic) f—oiﬂg normoblast
Int. normoblost @
(orthochromic) Lote normoblost @

........ iyl ) SN
Reticulo ©
REC

Basophillic appears blue, polychromic normoblast will be
both pinkish and bluish, and late normoblast is pinkish
color (orthochromic),

As we move along from proerythroblast (argest celD,
the cell size decreases and nuclear size also decreases,
At the stage of reticulocyte, the REC has no nucleus.
Reticulocyte is the first cell which is non-nucleated and
takes 1-3, do.gs 10 mature into an RBC.

Hemoglobin production starts ot the stage of

Pathology * v4.0 ¢« Marrow 6.0 ¢ 2022
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.

proer}j’chrobtas& and can ont5 be seen on electron
microseopy,

* In intermediote normoblast, the hemoglobin is visible

{‘\'\roush o hgh& microscope.

Reticulocyte 00:11:09

It is the immediote precursor of RBC and the I* precursor
with no nucleus. '
Normal retic count is ¢ 0.5-1.5%.

Special stain used to view o reticwocgte ¢ Suprovital stain.

erilliant cresgl blue. New me’:hglene blue
(best stain for retic).

Suprovital stain stains the I'Ning state or living structure
of a cell (in this case RNS).
Basic steps : Sample-on glass slide > Add. stain —>
Incubode for 30 mins = Count the reticulocytes on smear.
Because it stains living structures, the slide has 1o be
amlgzed on time and never deiaged,

The blue flaments in the A '\ X
reticulocytes are the RNA, ie, w T
there is o reticulum . i@ ”7f.%
hence named as reticulocyte. * @ a

Another blue stain to be remembered is Prussian Blue or
Pear| Stain done for hemosiderin or iron.

T Retic count : Reticulocytosis,

| Retic count : Reticulocytopenia.

Causes of Reticulocutosis | Causes of Reticulocytopenia
Acute § chronie blood loss | Bone marrow suppression

Hemolgﬂc anemio. nplasﬂc anemio.

Response to treatment in megalubhs’dc anemia,
ron or vw.e»m anemio

VPRSI SABSL ST . —
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Corrected reticulocyte count :
Retic count with degree of anemia. taken into consideration.
CorrgRRehREHISSRPtLA Btic % X Potienk Wb
Normal Hb for that age
Also note thad, Het = Hb % x 3.

Reticulocyte Production Index (CIDE

RP\ : Corrected P.eﬁw!ocg%e Count
Modurotion time.

Normal maturation time is -3 dags.

Packed cell volume and maduration time are related as such

PCV mMaduration Time
4S | doy

3s 1S doys

as a doys

IS a.s days

25 RBC - Introduction 205
and
Hypoproliferative
Anemias

These numbers are important to find the RPI-For a given PCV.

Qe’dculoci.jm onao peripheml smear :
Polychromasia. (pinkish bluish hue) on a peripheral smear is

uSual15 are’cicwocg’ce.
- - - Ovo - _Cw @ bl L4
:..ga ® o et oo‘é"o.
) o
o o ©° % @ <
o o O e qu - >
O;oo ® Ce 003
@ Q g, o
W » - ] =
-® Q.oo. e © -
< 2o C® @o,a, .20 04°:
° o - € 0% ce®, o
o e © 8o o o e
i, % 20 QC)Q pls]
& 28 e &
¢, .. & o "%
RBC Indices 00:27:45
* MCv:

mean Corpuscular Volume, signifies the size/volume of
¥he R&C. Normal value : 83-9  (8o-100 D

mMmeV = PCV/RBC count,

MCH :

mean Corpuscular Hemoglobin. It is the average volume
of Hb in o single RBC.

MCH = Hb/RBC count,

Normal MCH = 87-33 po

Pathology © v4.0 » Marrow 6.0 « 2022

Active space



206 Hematology - 25
RBC Disorders

* MCHC * Mean Corpuscular Hermgbbh Concentration
bn\wssprasalnth7@gma}'lt.aéo?’r\:er o%* SRR 2 as’wen Wharsar paﬁ‘ed

red cells.
MCHC = MCH/MCv,
Normal MCHC * 33-37gm/dl..
Raised MCHC is seen in Hered‘rtarg spl'\emcakos‘s,
becouse of water loss, and concentration of more Hb in
smaller spherical R8C.
Normal MCHC is seen in megalobbshc onemio. due to &
de“ciem!j.

L] m [
Red Cell Distribution width. Normal ROW : LS — 4.5%.
Indicates the co-efficient of variation of red cell size or

degmeo?misocg&os‘ns.
ROW helps to ditferentiate iron de-ﬂciencﬂ anemio. from
thalassemio. micmcgﬁcanemia.isseenhbo-lhoﬁfﬁwem
wbnde%ciencgmemnmwrased.
Thalassemia : RDW normal,

&

Anemia. Based on MCV :
mCv
I
J: l l
mkrmalic=<ao¥l. Normocytic mouoca’ticwsoo&.
(mnemonic : SITR) (8o-100 1) (mnemonic : LHME)
* Sideroblastic . Hemolfj-hc anemia, * Liver dsease
anemio. * Aplastic anemia 'de
'lrmde%c‘-enw:j * Renol disease * megaloblastic
anemia * Anemia of chronic anemia.
* Thalassemio diseases '%Moxicrkuas
* Anemia. of
chronic diseases
Anemia. based on MCH :
§ . ngoc?romic anemio.: £ a1 Po:
E *  Normochromic anemla=a1—aap3

Variation in red cell size: misocgj&os's.
Variotion in red cell shape ! Pokiocﬁ*osis.
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Anemias

Decreased Hb/red cell mass/hematoerit,

25 RBC - Introduction 207
and

Hypoproliferative
) 005 1 07 Anemias

Anemias
! J J l
Hemolytic  Reute and Hapoproh&‘-em’cwe Ue%ciencﬂ
aremio.  chronic blood onemias, Anemias

loss ' l
Aplastic Vit 12 ;
anemia. deﬁ\cienc}j :
anemia :
> PRCA (Pure red :
cell aplasio) j

L3 mgeloPh’chisic Anemia
ngopmli?emﬁ\le anemios

Aplostic anemia.:

* Generalized bone marrow suppression seen. Decreased

Hb, TLC, platelet counts § reticulocytes.
* Causes : Inherited or acqguired,

a. Acquired causes are more common like drugs,
chemicals, viruses (Parvo Virus 819, HIV, Hep &,C).

b. Inherited couses : Fanconi's anemio. — DNA repair
defect, Diamond Schachman Syndrome, dyskeratosis

congenita. (short telomeres).

* Clinical presentation : Pallor, fatigue, increased

infections, bleeding tendencies,

* Spleen is never involved in aplastic anemia, therefore

splenomegaly is never seen.

* Lob tests: ng&openu ond re’dca.doca’copenia seen,

on per‘pl'\eral smeoy mrrrxoc5’cic normochromic anemio

with pancgtoPenia.
Next s‘cep :

Active space

&MA Bone marrow aspiration) 1 Ory tap is seen because

there are few cells in the bone.
* Therefore, I0C : Bone marrow biopsy,
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Increased Yot ond decreosed cellularity is seen (space that

cells used to occupy is now replaced by fod).
Bone marrow biopsy : J ‘
showing increased $ot ’

and reduced cells, X .

X
N

Also note that fot noiu.\roj\g increases with increase in age.
Normal cel\ulark\'}j in bone marrow = I00-age ot potient.

Couses of dry tap on bone marrow aspiration Gdoc is biops@ =
\ Aplasﬁc anemio.

a. mgelo%rosis

3, Hajr5 cell leukemio.

4, AML-M.

S pIRIoR SIS fngria,
Treatment :

Stem cell kamp\an’cai:'\on.
em-CSF.

Severe a.plasl:ic anemio. :

Criteria. for severe oplastic anemia. :
* em cellularity < as%.
* Any a of the following *
a. Plotelet count is < 30,000/HL.
b. Corrected reticulocyte count < 1%.
e, Absoluke Newtrophil Count (ANCD < SOO/JL.

Veqj Severe aplas"cic anemia.
Al albove criteria but ANC < 00/ L.

Pure Red Cell Aplasia | 01:06:39

Reduced erythroid precursors, Hb § retic count.

w

Couses *

Inherited : Diamond Blackfan syndrome.

Acquired ¢ Parvovirus 19, thymoma, large. granular
lymphoeytic leukemia, certain & cell disorders.

Pathology * v4.0 » Marmw 6.0 « 2022




In Parvovirus 819, the erythroid ? .
erythroid precursors seen. ’ ~ '

(g Sl

nyebphﬂw\s\c Anemia. -
Anemia. caused by o space occupying lesion of the bone
marrow like metastokic cancer, any granulomatous lesion of
the bone. |
%cpro%\eh{*hesepahen{sare’ceoxdmpshapedalso colled
s dacrgocgies.

The smear will show a leucoerg’cm)blasﬁc blood picture

(mmature cells appear in blood because of no space in the
bone).

Q. A bS-year-old female is diagnosed with pure red cell aplasio.
and a. mediastinal mass. which of the following con be the
m«ﬂﬂ couse? bnvssprasanth7@gmail.com

£, Thgmoma.

8. Non Hodeh‘m l}jmphom

R erond—xogencm

D. &erm cell tumour.

Q \den‘h?-ﬂ the cells marked in the given image
A Lgnphocg'ces.
8. monocgtes.

C. eosinophils.

. Basophils.

* pA-38-4L-,0-3
* A-38-4,C-,0-3
* A-3,8-4,C-30-1
* p-3,6-,C-40-3

Q. Which of the ?o\\owins eonditions will have the least
chances of o. dry tap on bone marrow aspiration?
A Ha.‘rg cell leukemio.

8. Follicular lymphomo.

C. AmL~mT,

D. mgebdpjsphshc sgndrome.

Pathology » v4.0 » Marrow 6.0 » 2022
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Q A SQ—Beo.r-old woman with o history of chronic Kidnea
disease comes to the physician for a. 3-month history of easy
fatiquability. Physical examination sm%m%mm% "
Her haemoglobin concentration is 8.9 g/dL, mean corpuscular
volume is 86 P, and serum ferritin is 110 ng/mL. Treatment
with ergﬂwroPoie’m is bequn. A peripheral blood smear is
obtained one week after ireatment. A photomicrograph of
the smear after specialized staining is shown. The prominent
colour of the intracellular structure in some of the cells is most
likely the result of staining which of the following?

A. Ribosomal RNA, rn
& _-__.:‘m:‘_’-)“ -
8. &olgi apparatus £ %:f:
C. mitochondria. ® O &
D. Nuclear remnant. @0 O
¥ e % |
€ Lysosomes. .
L

Q.An le-aear-old male presented to the OPD with gum bleeding,
Fever For the past a months. &eneral examination showed pallor
and the systemic examination was unremarkable. Laboratory
examination revealed Hb level : 3 gm/d, TLC ¢ 1S00, Platelets
ISO00. Further examinadion shows a.low reticulocyte count, and
bone marrow examination revealed %"o&’cﬂ streaks and absent
megakaryocytes but no immature cells. wWhat is the likely
diagnosis?

A. Acquired aplastic anemia.

8. PNH

C. mgelodgsplastic syndrome. O Tuberculosis.

aceds eagoy
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PERIPHERAL SMEAR EXAMINATION

Peripheral smear 00:02:48

e e i i e e b R 2 il

A drop of blood is put on o glass slide. Another glass slide
(spreader) is put ok 20-4S degrees on the first slide and

blood is spread to produce a{onsueshapedmm
has 3 parts : Head, body and tail.

Paﬂso?apexiphemlsrmarr

T

J/ \I’ Tail Shaped

Staining peripheral smear :

Romanowsky stain is most conmony used.

Common Romanowsky stains : Leishmarn, Giemsa, Wright and
Jenner. ‘

Components : Methylene blug. (basic dye), eosin ¥ (acidic

component).

Supravital stains : erilliant exvesgl blue and new me’ch}jlene
blue (best) are used 4o stain reticulocytes.

h.bmaa.lperphemlsweaﬁ
¥ u!wn ’w,‘p P oveiipe P E
'3, reatsc o5 e “'5

RBCs

"f ey Newtrophil
i w"’ Platelet

Active space

aiy oyt o0 U8 Te s * ot ’
’ﬁ-q:' ﬁf '}‘:}F‘];a\d’;t’g' i
R SR A

§
a6, ®

ot s,

.‘

RBCs * Small cells with pallor in central 1/3, Size of RECs
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RBC Disorders 26

are compared with nucleus of a. lymphoeyte (-8 microns), 1§
smaller = microcytic and larger —» macrocytic.

E-osmophul
Neutrophils : 3-S lobes. Few small Smnules in cg’coplasm
a lobes : Pseudo pelger huet cells seen in mgebdgsPlasﬂc
sﬂndrome
>S lobes : Hyper segmented neutrophil seen in megaloblastic
anemia. (vit 813, folic acid deficiencyp.

L,Hmphoc‘t_),{'es : NO Srmes in cg’coplasm

monoc‘tj’ces\:&i‘g cell with Kidneg shaped nucleus. No granules
in c&’coplasm

gosinophils ¢ Brick red granules in cytoplasm, Bilobed nucleus.
Increases in odlersic reaction

Gasophils : Purplish gramles. obscure the entire nucleus.

§ RBC abnormalities on peripheral smear 00:09:52

§ microcytic hgpochrOM|c (meyv <8o 5D :

’ Small RBCS With 71/3 central pallor.
5 1 Sideroblastic anemiaj ‘ﬁ,‘}@‘ﬁ‘?‘?ﬂ““"ﬂ-‘
I+ \ron de&abencg anemio,

Pathiology * v4.0 » Marrow B0 » 2022




T Thalassemio.
A : Anemio. of chronic disease.

The irmge shows anlsoc5+osls
(variokion in size) and percil cell.
Hish ROW), low MCV and low MCH.

rmcrocgﬁc(mcvwooﬂ)*

6[(33&‘, oval cell with no central pallor.

L : Liver disease. %‘;}3‘.:3 foa ng‘?é;;‘-':'rsi

§81 Mo roicton, oS B0 g

o LA i |

" N ? L " _‘-c.‘aa '5‘-',"_’,

m : Megoloblastic anemia. o %ﬁg ‘,9%:::% K %%ugé:oé‘i
i 1T H Vbt Wil LW B O

(vit &_/folote deficiency. v} 2w 2 % 2% %9

; : h l-\‘ e (',ooe"‘o%.p" \=§
¢+ Cuptotoxic drugs. b ety
hiﬂf" oo SN F |
bnvssprasanth7@gmail.com
Pencil cells ¢
* Iron deficiency anemia.

gite cells : r 6
* &bPD deficiency, ‘ pite del\s ‘
9 0.
B L
O: o o)
O - g

sPherocg’cew

Smoall cells (spheﬁc.aD with no central pallor.

* Hereditary spherocytosis. e a®o"ab0 7 g %0
. : L P L)
* Autoimmune hemolytic anemia. oy § 59" | 0o
e ‘0.0 s 80
(most common cause). o ogge o¢ 8"
Tl g ¢9% 00 e
* Blood transfusion reactions. g, % 08 % 0% 4
o0 0% e @
. g 0,0 4} 0
i e © . 2200 g0%0,
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3BC Disorders

Burr celis/echinocytes |

RBCs with blunt progections.
¢ Chronic renal fallure.
¢ uremio.

¢ Liver diseose

Spur cell / acanthocytes !

RBCS with sharp prq‘)ec’dom.
. nbe’tahpopro&e\nem\a.

Sickle cells ¢
* gSickle cell anemio.

bnvssprasanth7@gmail.com

Target cells/codocytes !

Looks like o. target.
* Thalassemia (most commor.
* Liver diseose.

* iron de%c‘nencg anemio.

Schistioeytes (elmet) cells : h
Fragmented red cells. o
* mieroangiopothic hemolytic ¥
Anemio. t HUS, TTP and DIC. 5, <& oe ™
* Prosthetic cardioc valves. .
mechanical disruption of R&CS, *.

aseds aARdY

-
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Smear
Examination

Tear drop cells/dacrocytes :
* myelofbrosis.
. mbelodgsplashc sgndrome.
. mae\ophthlsm anemio.
. Leuﬂoerg&mblas’tkc blood
picture.

Heinz bodies
Seen on new me{hg‘ene blue stain. |
Denotured hen'\oglobh

* &bPD deficiency,

Howell Joly bodies ¢ GRS
Remnant of nucleus. t & ‘ ﬂ
* Asplenia. O "
* megploblastic anemio. / > % / : ")‘j

* Thaolossemio.

Pappenheimer bodies : :
multiple, composed of iron. :
* Sideroblastic anemio. :

Cobot ring :

Figure of 8/ring configuration. Formed by microtubules.
* megaloblastic anemia. (Vit 13/Folote deficiency.
* Tholassemio.

L JLAPE L
ﬁ d Bt g
4 Ll i b 2
:

5ca2793ec88d500486113130 Pathology ¢ v4.0 Marrow 6.0 « 2022



Rouleaux Formation

Stack of coin appearance.
* Multiple myeloma. (conditions with high €50/ blood
vscos’&g).

Polgc\'rormsia '

Neither pink nor purple.
* Hemolytic anemia. (Reticulocutes).

Basophilic stippling * R ——
Bluish colored dots. p 0% . %
3 types b
* Fine : Seen in megaloblastic
anemio, thalassemio.
* Coorse: sSeenin
sideroblastic anemio.

S'comatocgi'es :
slit like spoce in RBCs.
¢ Heredi‘tarﬂ s’con\o&oc3+osis.

WBC changes 00:19:44

H‘tjpersesmn’ced neutrophils : 7S lobes.
* megoloblastic anemia. due la/Solote deficiency,

Bilobed neutrophils.

m}jebdlﬁsp\as’dc sgndrome.

Toxic granules Neutrophil with coarse granules, separate
§ nuclel,
g * Sepsis.

Dohle bodies : Patches of dilated endoplasmic reticulum.
. Seps‘\s.

5ca2793ecB88d500486113130 Pathology ¢ v4.0 » Marrow 6.0 * 2022
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i : Examination
A infections :
microflaria :
bnvssprasanth7@gmail.com ;
7 - »

uMﬂﬁ

Clinical case discussions 00:30:38

Q. AIT year old male presented with fatigue
Lab tests : Hb - 9gnvi

* mev - k14

* MCH - a0pg

* MCHC - I gm/dl

* RBC count - 3.9 x 106/ul

* wee ~ Looo/L

Active space
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bnvssprasanth7@gmail.com

* PLC - 35 lakhs i qaﬂ“"fy"&pﬂé e
s 8 1 ;
¢ w PO 934
l ion 777 g 6390 90n »
"m )“.".! ’ d .g%t‘j ® .. ‘
O o b Ne ]
S-S TRC
" (s ] s O Opn £

Hb, MCV, MCH, MCHC, RBC counts are low,

wec and platelet counts are normal.

Peripheral smear shows mieroeytosis, hypochromia. and
nnisocgiﬂsts

Impression ¢ Iron de%iencg anemio.

Confirm by iron profile : Serum iron, serum ferritin, total iron
blnding capagi’qj.

Start on iron {hempvd. monitor treatment bg reticu!ocgfe
count,

Q. RS year old male, with history of weakness since few
months

* Hb- laam/dl

* mcv-10s 8

. Re’dculocgte count < 1%

* wec -1000/ul

* Ple - 90,000/ul

Impression 77

Hb, re’cwoc:jke count, WeC, platelet counts are low.
meV is high.
Impression Pancgropen\o.
gvoluote the couse.
* Aplastic anemio.
* Leukemio.
* Paroxysmal nocturnal hemogjobinuria. (reticulocyte count
is high).
* Megoaloblastic anemia. due to ia deficiency,

Pathology # v4.0 « Marrow 6.0 2022



26 Peripheral
Smear
Examination

Q. A 33 yeor oid female, vegtarian present with fatique

Hb - 19mﬁ
TLC - 1300/uL
PLC - | lakh
meV - 1338

MCH - 38 P9
MCHC - 39 gm/dl

Impression ?

Hb, TLC, plotelet count are low.

mCV is h‘gh.

MCH and MCHC are normal.

Peripheral smear shows macro wmoc3+es with
h5persegmen¥ed neutrophils.

Impression : Megaloblastic anemia. due to &ia deficiency,

5ca2793ec88d500486113130
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MICROCYTIC HYPOCHROMIC
ANAEMIA

mMmnemonice ¢ SITA.
Siderooblastic anoemio.
Iron deficiency anaemia.
Thalassemio.
Anaemio. of chronie disorders.

Iron deficiency anaemia (IDA) ST O0iot4g

most common of the nutritional deficiencies. |
Daily requirement : I0-aomilligrams/day,
Rich source *

ron ——> Hoem form.

In the Haem form : 80% is in haemoglobin.

a0% is in enzymes or others.
iron is seen in Fe?” (Berrous) § Fe* (Ferric) form.
Iron absorbed from duodenum as Fea+ form on\5.

most common site of iron absorption : Duodenum.
Storage form of Iron :

I Ferrikin, .

a. Hoemosiderin,

Transportafion $orm of iron ¢ Transferrin.

Causesof IDA = = 00:06:41

* Decreosed Intoke !
Pwer’zg. i
LOW mioémﬂbmie status. i il [t

Pathology « va.0 ¢ Marrow 6.0 + 2022
5ca2793ec88d50048611313
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MICROCYTIC HYPOCHROMIC
ANAEMIA

mremonic ¢ 5ITA,
siderooblastic onoemio.

fron de.-i\ciencg oNoLmio.
Thalassemio.
Anoemio. of chronic disorders.

Iron deficiency anaemia (IDA) 00:01:42

most common of the nutritional deficiencies.
Daily requirement : l0-aomilligrams/day,
Rich source ¢
iron ——> Haem form,

(mos’c@

~ Non Hoem Sorm.

In the Hoem form : 80% is in haemoslobin.

a0% is in enzymes or others.
Iron is seen in Fe™ (ferrous) 4 Fe* (Ferric) form.
iron obsorbed $rom duodenum os Fea+ form onll.j.

most common site of iron absorption : Duodenum.
Storage form of Iron :

I, Ferritin,

3. Hoemosiderin,

Transportation form of iron : Transferrin.

Causes of IDA 00:06:41

* Decreosed intoke ¢
Pwerkg.
Low socioeconomic stotus.

Pathology * v4.0 « Marrow 6.0 « 2022



| 27 Microcytic

Increosed demand ¢

Pubeﬂl.j.

Pregnanca.
Lactation,

Impaired absorption :
In certain malabsorption 55ndromes.
Vit 8ia deficiency causing worm ¢ Fish tape worm
@iphyliobothriasis).

*

Chronic blood loss :
&l/colon malignancy.

worm infestadion : Ancylostoma. duodenale ( hookwormy.

Factors :
Increasing iron absorption : Acidic pH , Vit. C /Ascorbic
acid, amino acids, citric acid.
Decreasing iron absorption : Alkoline pH, tanmnates ,
phytates, tea. (only have iron after 30 mins).

MechanjisnuefApgnaksarption 00:12:34

Haem iron direc’d5 enters as Fe™,
Non-Haem mosﬂ5 in form of Fe* and is
converted to Fe®',

duodenal npicad Bosolateral

ca{»oc'nrom & Duodenal border
en’cerocg’ce

Fe* FerroPor’con
Fe*" ;:Baw
omT- < C> Fe' < Transferrin
r Y l
moves 1o various
parts of bodg

Pathology * v4.0 » Marrow 6.0 » 2022

Hypochromic
Anaemia
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At the villi of duodenum,

duodenal
eytochrome &
FeM —“‘“'—-*w-m--._..,,_) Fe“’
-
via. Divalent metal Transporteri
©mT) receptor 5ca2793ec88d500486113130
W )
Fe®" enters the enterocyte
W

Some are stored as mucosal ferritin and some move
onto basolateral border

A
Fe® moves out of basoloteral border
Hephaseﬁn or
W eeru.lopla,Sm‘un
Fe?" > Fe*
J{ combines with

Transterrin

moved 4o Liver, Bone marrow

o&" elial cells j~

aords aAnoYy
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Hypochromic
Anaemia
F:elt —
Transberin
00mplex
Transferrin ¢
receptor

Endosome

: o |
ot Yhe bone harr ow, 5c§27939088d5004861 13130

In rythroid precursors, iron § porphyrin combines forming
hemogiobin.

Erythroid precursors have transferr in receptors to which
Fe™ - Transferrin complex binds and enters the enterocyte
§ into the endosomes.

In the enterocyte, Iron is stored in endosome having OMT-I
receptor which will again convert to Fe* and comes out.

DMT 1 is present in:
Plocenta.

macrophages.

E.ra’chroid precursors,

Transferrin (TF) 00:21:37

Transporting molecule for iron.

| TF can corhbine with & molecules of iron id.ecd\a.

But clinically I TF combines with on|5 a Fe molecules imp\gins
TransPerrin saturation (TS) = a/b x 100 = 334,

tarly erythroid precursors (EF) have more TF receptors
(TFR) but in lote €P, TFR sheds of¥.

Soluble TFR rotio (STFRE) : measure of erythroid activity of
bone marrow,

Fe

Fe
Fe

Active space

Fe
Fe
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Hepcidin (H) _00:25:39

Hep : Hepatoeytes, Cidin ¢ Inhibitor.

Produced bg liver.

Master requlator of iron.

Inhibits Fe absorption.

Increase in H, implies decrease in iron and vice versa.
mechanism ¢ ‘

H binds to Ferropori’cin and degmdes it

W

Fe not released

A\ 4

Decrease in serum iron

WV

microca‘cic hgpochromic anoemio.

H is an acute phase reactant, hence increased during
inflammadion.
Genes Regulating H
HFE
HIV

TMPRSS b ¢ Seen in Iron Re?ractorg \ron De%eiencg
Anaemio. (IRIDA).

} mMutation causes hemochromaodtosis bg iron overload.

bnvssprasanth7@gmail.com
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Hypochromic
Anaemia

E’» Clinical features _ 00162

usually seen in middle aged women.
* Pallor.
* Fatigue.
* Dyspnoea.
* Palpitation.
* Angular stomatitis , cheilitis, 1
" Ho’ﬂongchia 4 $poon shaped nadls). /
* PICA £ W/o child eating mud, clay.
* Plummer Vinson Syndrome or
Peterson Brown Kelly Syndrome.
* Triad:
* Fe de%ciencg anemio.
* gsophageal webs,
* atrophic glossitis.
\nvesﬁsahons :
1L CBC:
Hb low
R&C mass low
TLC normal .
Platelet count ideally normal but dlinically seen as
thrombocutosis/increased called as reactive thrombocytosis.

MCV, MCH, MCHC all are decreased.
RDW : Indicator of anisocytosis, ‘
Variodion in RBC size seen o increased.
a. Peripheral smear _ | i

* microeytic hypochromic R&C ¢ smaller cell and have

more than one third central pallor,

¢ Pencil cells, > Il

. Anisopoihi!oc}jtos,is, |

REC size is -8 microns and I8 comparahle |
to the size of nucleus of wal\ M,ﬂmphmwé{ |

Active space
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micrnmjﬂc hyjpochfomic
~ RBCS
—3 Reactive H'romboczjms;is

Pﬁ it '\J" N )
[} {', ;: {A\ 0(-) ao %0 .
°©o" p. %, 00 Q :
% 0O (% QQ O % q 5
Q 904 . ™0 a0 ‘
0 vV O e TGS T
3 (.!E) ,0 o ”0[’10 QO ‘ 3‘: small lymphocyte nucleus
1 o ? k' ] .
b, o @ O -
.a\ o s O ﬁﬁoj = ({Jﬂql*—? microcytic 'ngpochromk:
e . ge “P - O |
“ ‘t o.. f‘\o - . s PRy PV
Iron studies 00:41:22

expensive so can be skipped for patients in lower
social economic strato. and con start on Fe kherapa.
* Serum Fe decreased.

¢ cerum ferritin decreased :

Ferritin is the storage form. It is the sensitive test
and one of the earliest parameters to decreose.

* 3. TIBC : Binding capacity o iron to receptor.
Here, No Fe implaing increased S.TieC.

* TransPerrin Saduration (TS) : Decreases

* Free erythrocyte Protoporphyrin level : Increases.

* Bone marrow Fe : golden Standard Test.
Skain for iron hemosiderin in bone marrow is Prussian
blue or Pear! stain. Decrease in stainable iron.

It is not done as is painf}ul and invasive.

* STFRe assay to Log Ferritin rodio ¢
? 15 ¢ indicotor of FOA.

STFRe increases and Ferritin decreases in FOA,
* STFRC nssoo:j : Sensitive test.

5ca2793ec88d5q%ﬁg|aa?] 30,0 « Marrow 6.0 « 2022
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Hypochromic

Anasmi
Order of sen.c,eh\fwﬁ test : STFRe 05501 to Log Ferritin ratio » "

STFRe assmj ? S, Ferritin,

stages of anaemio. !
S’cage It Decrease in storage.

Decreose in Ferritin,
Stoge a : iron Deficient erythropoiesis.
Stage 3 : iron De%clencg Anaemio.
Peripherals Smear finding is seen stage 3.

Treatment : iron thempg
Monitoring is done with Retic count !
First indicator to increase.
Starts increasing in S o 7 days of iron therapy,

CBC peripherals smear done and started on iron
theropy = Then after o week ~> Investigation For iron
studies done and also retic count > 1f countincreoses
continue Fe ’mero.pg.

mcv

mentzer Index : .
R&C Count. :

713 : FOA

Aids in dﬁ%eren’cio&ing both.
<13 : Thalessemia

Anaemia Of Chronic Disease (AOCD) 00:51:22

| Couses |
l
i L ! J
| Crvonic Infection | | Chronie nflammation | | chronic Neoplasm || idiopathic |
B Y T I
| eronchioiks | | Rheumatoid frtrrits sie | | vodgpin's Lumphoma a

2
g

bnvssprasanth7@gmail.com
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aoseds eARoy

Padhogenesis !

[ Chroﬁic ih%c’don I

Release OF c?&ohines L= ,IL-b
(most important eytokine released is IL-6)

L Act on liver
I W
nerease Hepcidin an’cheSis \
Hepcidin ‘
[ 0
Degmdes Ferroportin | CFuU &r}jﬂﬁroid
Decreases RBC |
microcg’dc Hl:}pocromic Mormocﬁ’tic Normochromic
Anemio. Anaemio.
(more commonly seen
than MHA

\nves‘cisod'ion :

* Hb, TLC, Platelet count decreases.

* MCV MCH MCHC normal or decreased.

* Peripherals smear shows normocytic normochromic
anemia. sometimes as normocﬂ’dc hﬂpocromic
anemio.

* Iron profile :

Serum iron @ Decreoses.

Serum Ferritin : Increases as stores of Fe increased
and would not get released,

S.TIBC | Decreased as i is o MOASMFEH
Ferritin and is overloaded with Fe.

ek
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Hypochromic
Anaemia
* STFRC assay to Log Ferritin ratio ¢

<15 implies AOCD. 5ca2793ec88d500486 113130
S, Ferritin is high.
Treatment : Treat the cause.

Sideroblastic anaemia(SA) 005818

Opposite to iron profile study in FOA,

Sider is iron § Blastic is immature precursors,

Excessive iron in immadure precursors but cannot be utilised
by &P for Hb synthesis.

Causes

1
1

| —> enzyme De%clencg
s Genetic
L X linked SA

Alcohol

“——>fequired Anti T8 Drugs (\soniaztd)
Vitamin &l D@“CIGHCS
Pothogenesis *
Hb s}jnﬂ-\esls Pakhuna :
Succinyl Co A
ALA Sgn’d'\o«se( rote \umﬂ:ma)

h

ALA Production

ALA Dehgdrogenase |

W

Porphobilinogen production il

&y many reaetions i | | |

PAOKOPOrPHYFIN ¢ \m i i
(Occurs in mi'coc;ondrioo | Ihl' “‘ I g
: L
[Fechela&ose AL e

Heme
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I® defect in ALA SBnkhase/ ALA Dehydrogenase/

Ferrochelotase ¢
5ca2793ecB88d500486113130

No protoporphyrin formed but Fe accumulation
increases.

' No Hb is formed,

j Vit Bl is needed in Hb synthesis.

‘ Alcohoal is mitochondrial poison.

* pone marrow asPim’don '
Q‘mged Sideroblost ¢

mitochondria is located in perinuclear area and Fe keeps
acmmda&ing in the mitochondria.

more than S iron Smrwes in perinuclear location and
covering one third of nucleus is called as Ringed
Sideroblast,

Seen usin3 Prussian blue stain.

Hb decreased.

TLC , platelet count normal.

MCV MCH MCHC decreased in MHA.
¥ Peripheml smear ¢

L. Poppenheimer bodies ¢ Iron in moture RBCS.
3. microc}jtic h5pochromic red Cells.

3, Cooarse basophllic s’clppllns.

aoeds eAnoy
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Hypochromic
Anaemia

b appenheimer hodies

* tron proflle !

Serum on increases,
Serum Feryitin inereases,

S. TeC decreases, j
TS increases. :
Treatment ¢ )
Phiebotomy, ]
Iron chelaters.
. s won| s Ferritin [ sTieC p/s Extro. f
iron Dec [Dec Ine Pencil cells ROW inc
de“cienca mentzer ‘
anaemia Index %13
Sideroblastic mbnvssmsaNhT@mml.coTnmSed sidero-
anaemia, blasts Coarse Ba~ |
sophlllc Stippling
Anaemio, of Dec  |incor Dec ESR inc '
chronic normal
diseose i
Thalassemia. |N N N N HbAR inc ,
mentzer
index <13 i
HbA3 Inc > 235 > Thalassemia trait. :
Scenario | :
Q. A I7year old mole presented with fotigue. Lab tests ws |
Hb: 9 Sm%. g
mev ¢ o7 8\, é
MCH ¢ &OPS.

MCHC ¢ 1o Srn/di. '
RBC count ¢ 2.9 X 106/HL. _ :

WBL ¢ LOOO/L.
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27

Answer : MH cells present s/0 FDA, Advise Fe studies.

Q. Which of the Following is used in the treatment of
sideroblastic anemia?
A. Vitamin &Ia.
8. Vitamin &b.
C. Vitamin 8.
D. Iron.

Q. Which of the $ol\owin3 is not involved in iron metabolism:
A. Hepcidin.
& Tmns&\}jreﬁn.
C. Transferrin.

bnvssprasanth7@gmail.com
D. Ceruloplasmin.

Scenario 4 ¢

Q. A 33 year old woman presents with d5$pha.3ia and
atrophic glossitis, The peripheral smear from this patient
is given below. which of the following lab findings is
consistent with her likely diagnosis?

Options | S.Ferritin | Tiec T:mtg;n
I High Normal High
a Normal Normal High
| 2 Low High Low
4 . High | Low Low

Pzathulody . vd.()"Mnrmw 6.0 « 2022
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Hypochromic
i ; . Anaemia
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Answer :

Pencil cells present. 5ca2793ec88d500486113130
MM are red cells present thrombocytosis present

in female

Dﬂsphasia ond amphic Siossi’c\s present. Suagestwe FOA

classical presentation of Plummer Vinson disease.’

Q. In iron deficiency anaemia, all of the following are
increased except
A, Transterrin saturation.

B. R&C pmﬁporphgin.
C. TeC.
D. Ferritin soluble recep’cors.
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MEGALOBLASTIC ANAEMIA

. megalobhshc anemia. (MA) is a {gpe of macrm.}jﬂc
anemia,
* Meqgalo =Large, blastic = Immature,

INDEX
* MA due to Vitamin 813 de%e\enc}j.
* MA due to Folate de%clenea.
* Pernicious anemio,

MA Due To Vitamin B12 Deficiency 00:00:48

Vitamin 813 (B13) *
* Also called as Cyanocobolamine.
* Water soluble (non toxie).
* Daily requirement is 3-3mceq,
* Source : Dairy products (milk), e, fish, meat (usually
deficient in vegetarian people).

mechanism of action :

Vvitamin 813, HAPTOCORRIN

&
(Dke{'arg intake) \ / (Produced by salivary gland)

@14 Hoptocorrin complex (BIaH)

Complex moves into duodenum and pancreatic
protease detach haptocorrin § 8a

NG N2
| Haptocorrin BIa

Intrinsic factor (1F)
(Produced by Parietal cells of
fundus)

AN

g 8la-IF complex

g moves into Terminal ileum
) I’

CUBULIN receptors absorbs ela
Transcobalamine a
Transported to other parts or blood

Pathology  v4.0 » Marrow 6.0 » 2022

Ernm 700 an0ACONADET 1190



28 Megaloblastic

Anaemia
* The site of maximum &ia absorption is Terminal ileumn.
* Transportation molecule is Transcobalamin 4.
{_,_,,,__d,s___"}
iD}:t:ea—;edmdfmra intake || Increased demand impaired absorption
.“:.,_M.-. i Presmmg * lleal resection
. Vegemrian diet * Lactation . Mcxlabsorpﬂon
' . Pubert-j 55ndrome
(coelioe
disease, tropical
sprue)
* Poancreatic
* Partial
Sas{rec‘romlj
* Pernicious
anemia. (IF
de?c‘-enc@
Biochemical reaction caiodgzed bg 83 :
I d=Uridyl mono phosphate (@UMP)
813 required
d-Thymidy| mono e (dTmP)
Bla d.e%ciencg
Thu:jmine san'thesis decreased
No nuclear\ maturation
Nuclear Cﬁ’mplcfs'mc n55ndron5
(No nuclear maturation occurs but cytoplasm motures)
rmhxo.h\én arrest
(No WeC, REC, Platelet maturation) g
-
g

Pancytopenia. Ineftective hematopoiesis and
en:j’thro;)oiesis in the bone marrow

Pathology ¢ v4.0 » Marrow 6,0 « 2022
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RBC Disorders 28
2F d«e%ciencg
. Homocysteine ——————————5 methionine
Homocysteine (nereases) methionine (decreoses)
Increased risk of
* ptherosclerosis
o RS HRRgail.com
. mgocardial infarction
B&la

3, me{-hgl malongl CoA —— Succ,ingi CoA.

* Suecinyl CoR is a. component of neuronal lipids and
myelin sheath, so s decrease couses neurologjical
complicaﬁons.

Clinical features :

* Pallor.

» Fa’cigue.

¢ Joundice,

. SP\enome30d5,

. Meurological complications like Sub Acute Combined
Degeneration of Spinal Cord.

\nVeshsa’cion :
* cec:
l. Decrease in hemogiobin, total count, plotelet count.
(Pancg&openia)
a Increase inmev (as large RBC) : 2100 femtolitres.
2 2, Increase in MCH os the5 appear h}jperchromic.
4 4, Normal MCHC (s size of RBC and hemoglobulin
S also increase).

* Peripheral smear (PS) :
In RBLCS -

Pathology e v4.0 « Marrow 6.0 « 2022
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Anaemia

I Macero ovmocﬂ{es '
* Large ovular RBC and macrocytic,
(sometimes no central pallor).
* earliest finding,
a. CRBOT rings
* Appear like either fgure of 8 or round
ring shaped formed by microtubules .
3, HOWELL JOLLY BODY * Remnant of nucleus formed
due to ine%cgi:‘gmg% Ié erythropoiesis.
4. Fine Basophilic stippling ¢ RBC appear to have fne
bluish dots .

In WECS : Hyper segmented neutrophils (S lobes) is seen

* Criteria for diagnosis * >S% neutrophils with S
or more lobes.
Single nem:mphll with & or more lobes.

.G

Maero ovdocﬂ’ces

'ngper sesmen’ced
neutrophil (8 lobes)

o
b

L

Hyper segmented neutrophil (8 lobes)

Active space
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b'o.; ’%(%;> Howell jolly bodies

* Bone marrow aspirate :

. erythroid hl.jperplasla.

a. Reversal of m : & ratio.

3. Shows large immature precursors of R8Cs, WeCs,
megaharljocﬂ&e.

4. Large ergh’oid precursor with sieve like
chromadin (hin chromoadin that have not modured)
colled megaloblas’c.

S. Giant' metamyelocytes and band forms.

b. Giant meSaKargocg’ces

* Biochemical in\les’ciga.’c'\ons :
I Vitamin 8la assoy.
. Serum Homocysteine levels.
3. Serum me{hlj\ malongl CoR.
4. Serum LDH (as inefective erythropoiesis).
S. Reticulocyte count (because there is general
bone marrow suppression of all lineages.

* Treatment :
o. Dietary intake of food rich in Vitamin Bia.
b. Supplementation with Vitamin @1a tablets
(Neurobion forte).
¢ Intramuseular vitamin 813 injections.

aoeds eARdY
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Anaemia

MA Due To Folate Deficlency Anemia =~ oo3401

* Derived from word Folia meaning green leafy
vegetables(spinach, broccold,

* Overcooking destroys folate.

brvssprasantYBERENIBSH folate de%cienca causes Neural Tube
Defect,

* Site of folate absorption ¢ Jejunum,

. De%iencg is seen in aleoholics.

* Neurological complications seen in@ld deficiency are
absent here as folake doesnt help in mylination. I¥
Bla de%\ciencg is treated with folate anemia. improves
as Folate helps in Thﬂmlne SBn{‘nesis but neurological
swwp%oms worsen.

Pernicious Anemia 00:37:09

* Type & Hypersensitivity Reaction (F\nﬁbodl.j medioted).
* Autoilmmune reaction.

. Paihosenes‘s :
Tgpe l-or blocHing an’cibodies
Blocks binding of 8la to IF
3 tupes of \ Type & Or ?‘mdins Antibodies
m_r?! ] >| Blocks Binding ot sla-IF Complex To

Cubulin Recep’tors In lleum

Type 3 or Anti Parietal cell antibodies
No IF synthesis , no 813 absorption

* Clinical features :
. Pallor.
a Fai:iswe.
3, 6965}5 tongue.
4. Prophic &jossitis, |
S. Increased risk of autoimmune clisdrders.
b Increased risk of Gostric Adenocarcinoma.
7. Fundic gland adrophy,

Active space
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Schilling’s Test 004116

* Not used nowadogs.
* Not for diagnosis but to dentify cause of @13, deficiency
anemia.
* Radio-labelled vitamin 813 administered and depend‘mg
on its exceretion in a4 hours,
> 8% ———3>Normal
4 8% ——>Vitamin 813 de?\cienca

Depend\na on couse

|

Radiolabeled 8la + IF administered

N

I excretion improves I excretion remains same

Pernicious anemio. nnlabsorpﬁon

EXTRA POINTS
* Site of masximum absorption of iron : Duodenum.
* Coarse basophilic stippling seen in Sideroblastic anemia.

*In m5e\odgsplasﬁc androme— ngosegmer&ed
neutrophil (Pseudo Pelger-Hueb) is seen

* Pancytopenia. is seen in

I, nplas’cic anemio. .

a. MA due +o 813 de%ciencg.

2. Leukemio.
Clinical scenario :

5ca2793ec88d500486113130

QA Ss—gear—-old man comes 1o the physician because of the
Balance problems, He follows a. vegon iet And does not eat
meoX, eqggs or dairy Physical examinadion shows pale oral
MUCoso. ond conjunctivae. Neurological examination shows
normaol sirens’ch in all extremities and decreased sense +o
vibrofion in his lower extremities bilo&eml\gj. A Peripheml blood
smeoy is shown. which of the ?ol\ow‘\ng
enzymes is most likely impaired ?
A, Suctinote deh!jdrogemse.

soeds aagoy

Pathology « v4.0 » Marrow 6.0 » 2022



R

28 Megaloblastic

Anaemia
6. ruvaece carbox lose.

oy V% Ty
D Dopammebe ahadroxg!ase .0 . a |
. ]

Answer : meﬂwglrm‘orgjl CoR. o

o oﬁ 0

% o

Q. A Si-year-old man has become increasingly Qa’ciatied for
the past 10 months, On physical examination there areno
abnormal findings. Laboratory studies show his Hab - 9.4, Het
- 319% , MCv -3 9, Platelet count - 244,000/ microliter; §
weC count 7590/ microliter. wWhich of the following
morphological findings is most likely to be present on
examination of his Peripheral blood smear? |

A Hypersegmented neutrophils,

8. Nucleated red blood cells.

C. Blasts with Auer bodies.

D. ngod'rom‘\c, microca’dc RBCs.

E SGhs&oca{—es.

Answer : kgpersesmn&ed neudrophils > Nucleated red blood
cells.

5ca2793ec88d500486113130

Active space
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HEMOLYTIC ANEMIA : PART 1

Hemolytic anemia 00:01:16

e e e e i e 5 e e e et e b

Caused b}j excessive destruction of R&Cs.

Hemg’dc anemia. con produce two ’c5f>e5 of defects !
* Intracorpuscular defects : Defect inside RBCs.
* extracorpuscular defects * Defect outside RBCs.

Intracorpuscular defects : either hereditary or acquired,

Hered&arg :
* Red cell membrane defects ! Hereditary spheroeytosis,
hereditary elliptocytosis.
* enzyme deficiencies : &bPD deficiency, pyruvate
Kinase de%ciencg, hexokinase de%cienc.ﬂ.
P * Hemoglobinopadhies : Sickle cell anemia, thalassemia.

Acquired
Paroxysmal nocturnal hemoglobinuria. (only acauired
intracorpuscular defect.

extracorpuscular defects : ither immune medioted or
non = immune medioted,

Immune mediated : Autoimmune hemolg'dc anemio.
Non immune medioted : Infections like malario.

Hemolysis can be intravascular or extravascular.

Intravascular hemolysis Extravascular hemolysis
§. Hemalysis occurs inside a. vessel Hemolusis oecurs outside o vessel
Emn& ¢ Liver, spleen
g Hepoi'omesalg or s.plenomeso.l are Hepatome, or splemmegalg are
usually absent J usually prggje%ﬁ
Serum Mprtoslobm is reduced Serum hap’tosbb\n s usually not
decreased
Hemogioblmio. and hemosiderinurio. are Hemoahbtmria and hemosiderinuria are
seen oabsent

Pathology ¢ v4.0 » Marrow 6.0 ¢ 2022
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‘ Anemia : Part !
General clinical features 001210

Triad :

'_ Palior.

L Jaundice.

usualiy, unconjugated bilirubin is increased,
Chronic hemolysis : Inereased risk of galistones (pismem
Sod\stmeﬁ.

sgenomego.g and Sal\skones ore seen in extrovoseular
hemolgs‘\s

general lab investigations : i :

Hemogiobin : Decreased,

¢ mCv, MCH and MCHC * usmlanormal

* Peripheral smear : Specific for anemin,

* Liver function tests : Deranged, mcreased bnhmbm

* Reticulocyte co count : Increased,

* Serum haptoglobin : Decreased (m’tmvascular i
hemolysio). i |

* Hemoglobinuria. (intravaseular he:no15s.ts>

* Hemosiderinurio (mtravoscular hermlﬂs,ns)

* Serum LDH ! Increased. |

I5c22793ec88d500486113130

Hereditary spherocytosis L | 00:17:02

% oF coses ¢ Autosomal dominant,
m=F

Pothogenesis :
Spectrin (contains olpha. and beta, cham') s reaponshbte Sor
biconcovie shope/stobility of RBCS,
membrane bound proteins !
* Ankyrin, band 4.3, band 3,
* Actin, band 4J and glyeophorin A,

Pathelogy * va.0 « Marrow .0 « 2023 ' —«I
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&Ucop\r'x‘)rin n Band 3

Band 4) ¢ j
;m oy

Actin Anlﬂgrln

mMutotion of any of these proteins

unstable R&C membrane
(oss)

!

RBC tries to have minimum surface : volume ratio 30

|

Sphere (o central palior)
l SPLEEN
sPherical R&Cs when pass ’chmu.sh
spleen tropped in splenic sinusoids

extravasculor hemolgsis

Life span of normal RBCs : 180 daﬁs.
Lite span of R&Cs in heredi’mrg Sphe\"OC{j’cOSiS 110 40 20 da5s,.

* Increase in MCHC is seen in herecl’rmr}j spherocgcosis. "
is due 1o loss of K+ and water due to dehgdm’cion.
* most important/common protein defective in hereditary

§ spherocytosis is arkyrin,
g * Protein defect not seen in heredi*cara spherocg&osis !
edgcophorin A
s it el %c5c327939c88d5(%§§ 61131 30
A
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* Spectrin mutations :
Common in hefedi’tar}j el\‘\ph)c.gkosis.
Produces most severe defects.
Clinical features :
Pallor, joundice, sPlenomesalg, increased risk o¥ 3al\s&ones.
Aplastic erisis : Seen with parvovirus 819 infection.
Hemolytic erisis ¢ Coused bg BBV Virus,
Lab tests :
* Hemoglobin : Decreased,
* TG platelet count Normal.
. mv,m=uma1\5mnnal0mvwnbe|w.
* MCHC : Increased.
* RDW : Increased.
* Reticulocyte count : Usually increased (it decreases in
aplastic orisie).
* Peripheral smear : f:;ao‘OOG owﬁ"o::
Presence of spheroeytes.  ~ 0 2‘30.0 ‘oo::u
(small R&Cs with no centrol .00. 4%, "o' ® %0
ot 5 oot el g
°.?, o o © 00:’ °°o o
06 ° . %00 g%
Other causes of spherocytes : Autoimmune hemolytic anemia.
(most common cause), burms, blood transfusion reactions.
Sereening test ¢ Osmotic fragility test.
ReCs of patient are suspended in increasing concentrations of
normal saline.
Principle : Normal R&Cs (biconcave) are isotonic with 0.9%
NaCl : RBCS swell and rupture i# suspended in increasing
concentrations of normal saline (Normally, starts ot 0.5% NaCl g
and completes by 0.3% NaL) é

Spherocytic ReCs are fragile. They burst quickly at must

lower concentration. The osmotic fragjlity curve shifts to
- 50327939088d5004861‘|31 30

right. ,
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29

Osmotic ?ms‘\hhj curve shifts
to the left in thalassemia.
nestro™ test is based on

'thls Pﬁm'\Pie. : i t‘T?-ﬁl!d;l_\ :
ot g

|
+

COn%rmod-ovB test Yor

hereditary spherocytosis !
&R binding test done by
Slow eytometry, Ocmohie Froalitty

Treatment *

Splenectomy (spherocytic RBCs stay but anemia. is corrected)
Peripheral smear ot splenectomy podients show Howell jolly
bodies.

G6PD deficiency 00:40:44

bnvssprasanth7@gmail.com
X-linked recessive inheritance. @

m>>> F

Pa&\osenes‘\s :
Hexose monophosphate shunt HMP shun®

alucose b NADP GOSH HO
phospha’ce

PD
b phos-pho—
Slucom’ce NADPH Y GSH H.0,
De%cienci.j of GbPD couses increase in h5drogen peroxide

G-laoa) in o cell.
HO,is & $ree radical —> Oxidotive stress in a. cell — RBC 15515.

Conditions causing hemolysis in G6PD deficiency *
* Chronic infections : Pneumonio.
* Drugs : Antimalarials (primaquine).
* Fova beans Gavismy.

GPD de%clencﬂ is more common in peoplé ot African and

Pathology * v4.0 » Marrow 6.0 » 2022



29 Hemolytic
Anemia : Part {

mediterranean descent.
&loPD de“e,iencg provides protection against plasmodium
féalnpmum.

Oxidative stress can lead to intravascular hemolyss, or it can
lead to eross linking of sulfhydryl groups in hemogjobin —
Denaturation of hemoglobin —> Heinz bodies.

When RBCS with Heinz bodies pass through spleen — Splenic
macrophages try to pluek these Heinz bodies — membrane
loss —> Bite cells —> extravascular hemolysis,

Clinical features

gpisodic pallor, joundice, hemoglobinuria. (only when there is
oxidaive stress).

Splenomegaly are galistones are features of chronic anemia.
are usually absent as hemolysis is episodic.

247

bnvssprasanth7@gmail.com

Lab hv&d‘\gahons :

* Hemoglobin ! Decreased.

* TG, platelet count Normal.

* MCV, MCH, MCHC ¢ Usually normoal.

* Reticulocyte count : Increased.

* Increase in urinary bilirubin,

* Peripheral smear : Bite cells or degmacytes and Heinz

bodies.
‘ Heniz Bodies
eite Cells New methylene Blue stain
| 4 W

‘Bi’ce Cells ' |
09 0.
“. /'yﬁ .
0: 0.4

b W

Active space

Heinz bodies are not seen on Romanowsky stain. Theg ore
seen on mpm\rrtai stains like craskal violet or new mehg!ene
blue.
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5ca2793ec88d500486113130

aseds aAROY

Other tests for &6PD deficiency ¢

X n‘\ethemoSiob\n reduction test.

a. GbPD enzyme 0SSy,

Hemolgshs oecurs more in older RBCs.

Treakment : Avoid oxidotive stress,

Paroxysmal nocturnal hemoglobinuria (PNH)  o00:57:26

Only acquired intracorpuscular defect.
Defect is ot the level of stem cells.

Pathogenesis *
Normally, PI& A (hosphadidy| inositol glycan A gene tha
55n’dwesizes &P\ anchored proteins :
* CDSS (DAF : Decay accelerating Sactor).
* €0 59 (MIRL : Membrane-inhibitor of reactive lysis).
¢ LB binding protein.
These &Pl anchored proteins decrease the activity of
complement (complement regulatory proteins).

In PNH, there is a. mutation in PI& A gene — Decreased
synthesis of &P1 anchored proteins (CD S5, CO S9, C8 binding
protein) — Increased complement activity — Complement
medioted hemo|53is — Intravasculor hemolgsis.
Complement also damages endothelium and leads 1o
thrombosis.

most common/important protein defective in PNH is CDSI
(mirL).

Clinical features :

* Pancg’copenia.

* Nocturnal hemogjobinuria. (seen in as% of cases) :
elood pH decreases in sleep and increases complement
activity,

* Thrombosis : Most common cause of disease reloted
deoth in PNH,
most commonlg it presents as hepatic vein thrombosis.
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Complications :
* fAcute mgelo%d leukemio.
» melodgsptashc W
. ﬂplashc anemio.
DIagNOSIS *
* Hemoglobin, TLC, platelet count decreased.
* Peripheral smear : ‘
uormocs:jhc nor mochromic anemio. + pancgcopenia.
" Qeﬁwlocgte count : Increased,
* Increased uncmjuga&ed bilirubin.
Other tests:
I Ham's test / acidified serum lysis test.

a.woselas‘skeet
&Ha»cgkwse{ricevmmﬁcossmwsweestmt

Treatment :
Stem cell ko.ns.plan’mhon : pest treadment.
eculizumob ¢ COnpiemn’c inhibitor,

5ca2793ec88d500486113130
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