
Immunity protection from infectious pathogens including hostreactions

against cancers tissue transplant selfantigens

Innate Adaptive Acquired

Ist lineof defence 2nd line of defence

always present since birth developed duringlifetime by experience
activated only on exposure to

antigen
no lag phase immediate action Lag time ofresponse
Receptors of innate immunity Receptors recognize organism
recognize broad molecular patterns specific antigens
shared by several pathogens Tcell receptors Tcr
PAMP's pathogenassociated Bcell receptors Ber
molecular patterns
eg TLR 4 receptor recognizes

IS of gram ve bacteria

flagellin
SsRNA

These receptors aka Pattern

Recognition Receptors PRR's narrow specificity unlimited

diversity
PRR's have a broad specificity genesforthesereceptors are

but limited diversity generatedbysomatic recombinationon
Prr are encoded in germ primary lymphoidorgans
line DNA
No memory memory present



Components of Innate Immunity
Anatomical physiological barriers

askin with acidic pH due to lacticacid other fatty acids in sebum

b mucous membranes

c AcidicpHof stomach
d Antimicrobial peptides in blood mucous secretions

eg 2 p defensing hepcidins cathecidines

e Lysozyme other hydrolytic enzymes in tears saliva
mucous secretions

F Commensal Flora provide colonisation resistance

Monocytesstissuemadhadffmanker
CD14

Neutrophilsseosinophists
makes CD666

NK cells marker CD16 CD56

Mast cells
Dendritic cells

NKT cells

88 T cells

Complement system Implant proteins several negulaptoggin
I C Iq C28 CIS CI complex Cagnes
C2 C9

Most abundant complement protein 03

generally synthesized in liver



Immunity
u

Innate Acquired Adaptive
present by birth developed later on exposure to

antigensduring lifetime

non specific specific
no memory memory present

EpithelialBarriers skin GIT I
PlasmaProteins CRP u v

cells Neutrophils Macrophages Btymphocyte ImfggtDendritic cells Complements humoral

PatternRecognition Receptors produceAb

Pattern Recognition Receptors present on plasmamembrane cytoplasm endosome

recognize specificpatterns on surfaceof microbes
If present on plasma membrane it detectsextracellular organisms
If present in cytoplasm it detects intracellular organisms
If present on endosome it detects the ingested microbes



w

PRA
u s

Toll like receptor c Lectin Receptor

ear
Rig like Receptor Nod like Receptor

TLR RR NLR

10TLRshave been located on plasma present incytoplasm present in
identified membrane detect viruses cytoplasm

locatedon plasma detect fungal stimulate the detects

membrane endosomes
glycans production of Necrotic debris

detect gram tve
antiviral cytokines O Jontransport

gram ve bacteria D diabetes

mellitus

NOD like Receptor
presence of N o D

activation of
toaspase

1

production If IL s

inflammasome can beg
inflammation

involvedwith NLR fever



Natural killer Nk Cell they can kill cells withoutpriorsensitization
usually produced by a large granular lymphocyte
constitutes s 10 ofcirculating blood lymphocytes
Not a B cell or a T cell
No Bcell or T cell receptor

called
NULL CELL

Not MHC restricted

Function

u v

Innate Adaptive
it can directlykillthevirus it can lead to Ab

infected cell or tumor cells dependent cellmediated

cytotoxicity Abcc

Markersformkc
CD 16

CD56 hole is still not understood

µ

binds to Fe fragment ofIgG
NK

case É 79ft
Killingoftargetcellby
releasing toxins perforins

which leadstorelease of
granzyme



NK Cell
has

u r

Activating Receptors Inhibitory Receptors

NKG2D

CD54 0596
Cytokines ProducedByNk cell

t s prevent killingofselfcells

ILY by Nk cells

activation of macrophages
to form epitheloid cells

Cytokines Responsible For Proliferation of Nk cells
IL 2
IL 15

Dendritic Cells cells with numerous fine cytoplasmic process resembling
DC dendrites important Apes

gyp

IDC Interdigitating most imp Apes for initiating tcell
responsebelow epithelial lining interstitiaofall tissues

immature IDC with epidermis Langerhans cell

Foliculas DC in germinal centres of lymphoid follicles
in spleen lymph nodes

act as aeservois for HIV in AIDS



Arthus Reaction Local Immune Complex Disease
Localarea oftissue necrosis usually in the skin resulting fromacute immune comple

vasculitis

t
fibaenoid necrosis

thrombosis

t
ischaemic injury



B Lymphocyte
constitute 1s 20 ofcirculating blood lymphocytes
provide humoral immunity against extracellular microbes

lymphocyte matures in the bone marrow

sitesof B lymphocytes cortexof lymph node

Peyer's patches in 41T
white pulpofspleen

Markers

CD 20 CALLA Common ALL antigen

CD 19 20 21 22 23

Ig 2 CD79a

IgB CD79b

Pan B cellmarker CD19
ReceptorforEBV on B cells CD 21

B Cell Receptor IgM or IgD Ab

Fi EB
B lymphocyte

IgM

Y IgD



Mechanismof Activation of B Lymphocytes

v u

Tcell independentpathway Tcelldependentpathway
activated if theantigen is a LPs activated when the antigen is

lipopolysaccharide a protein

BlymphActivates Btlymphocyte
1

formation of plasma cells Igm IgD
1

production of IgM Ift I I
IIF n g IgG Ig A IgE

formation by
classswitching

IgM Millionaire's Ab due to highest molecular weight of its
pentameric structure



T lymphocyte
responsible for cell mediated intracellular immunity
constitute 60 70 of circulating blood lymphocytes

CD4 CD8 2 1
decreased in HIV
increased in Sarcoidosis

T lymphocytes mature in the thymus

sitesof T lymphocytes paracortex of lymph nodes
PAL peri arteriolarsheetsof spleen
intrapithelial lymphocytes

Marked CD 1 2 4 5,7 8

Pan T cell marker

T cell Receptors

v u

Faint in as 1 cells
88

present in si T cells

polypeptide provides protection

Mae restricted againstthose microbes

that try to enter
through the epithelial
barriers



Types of 7 cells

v u

Helper T cell Tm Cytotoxic T cell Te
called CDHt t cell called CD St T cell

MHC II restricted Mncs restricted

firstlineofdefense in the body 2nd lineof defence
Functions Iunctions

helpstheBcells to produce Ab's
activationofmacrophages

directly kills the cell by peafown

granzyme mechanism

Types of TheCells

v u v

III produced
I THI

e s
IFN 8 v u

32 12 If I say Éeingaiment

helps inactivationof increases helps production of neutrophils
production

ofeosinophils
activation

macrophages
macrophages of Ige of

µ
activation

macrophages

ng I helps in fight

IgGAb ofmacrophages of
mast against extracellul

celts microbes
helps in fightagainst

help in fighting helminthic infectionsintracellularmicrobes



Maturationof T cell
MTCR

T cell

s
effect

d
mMg M edge

effect

To
moggy c

memory

MaturationofB cells Igm
y BORI IgD

t

t

u s

effector B
cells B cells

Plasmacells

memory

Exteggellulaggm.s
MAC II antigen phagocytosed

by Apc

f.mn Itigen
is presented

Intracellular

antigen MHC I Bodycell Eying



CMI
od

yes TCR recognizes the Ag fragment
presented by MHC II on the

surface ofcd4
costimulation
by IL 2

É
ME

866g memory
Th

M Scd8
To TCR recognizes Ag fragment

displayed by Mme I on

surfaces of
i any body cell
cancer cell
tissue transplant

co stimulationby IL 2
Effector v

MH

Iggy
10dg

Memory Te L



AMI
BcellinternalizesAg

Bei yoooo Ag
byrecenter

ay timemediated
endocytosis

Digestion display of
Agfragment

É s i m

costimulated by
IL 2 4 6

A
effector

B cel
Memory
B cell



HS Rx II AbmediatedHypersensitivity Reactions
exaggerated immune response II cellmediated

pre sensitized immune state I modificationofType II
injurious consequences in the sensitized host following subsequent
contact

exogenous antigen

Type I HS Rx Anaphylactic Hs
Examples Any kind of atopy allergy anaphylaxis

fatopy
naturally

Bronchial asthma occurring familial
Casoni's Test doneforhyatiddisease HS

Drug reaction

Hay fever
Pk reaction Prausnitz Kastner Rx
Theobald Smith phenomenon



Pkreaction serum from an allergic person is injected intradeamally
into a non allergic individual later when the apt allergen is injected
at the same time a wheal flare reaction is developed at the site
Mechanism

Ag
CEpollen

Ape

presentationofAg to Tell

ActivationOfIna cell
It 4 II g IL 17

increasedincreased increased

synthesis synthesis
mucous

TE ofeosinophils
production

1 cross linking

exposure
sicy

Polymerizationof
I t onrepeat IgE on mast

receptor cell



mast cell activation
granules of mast cell

µ y

d

I
Histamine Proteases

release of mediators Chemotactic factors

Phospholipase A2 gets
activated

production of
atrachidonic

acid metabolites prostaglandins

leukotrienes

synthesisof plateletactivating
factor PAF

Phases of Type I HS Rx

u

Immediate Phase Late Phase

occurs in minutes occurs in 2 24 has

Change Changes

vasodilation fibrosis
increased vascularpermeability depositionof inflammatory
increased mucous production cells

epithelial damage



mostimpcell Mast cell
stainformastcell Toluidine blue

Imp cell in Late phase Eosinophils

Most imp Ab IgE
most imp cytokine I 4 4 32 5

Earliest mediator released Histamine



endogenous Ag occurring on cell surface

Type II HS Rx antibody mediated Cytotoxic

Examples My Myasthenia gravis
Blood Blood transfusion Rx
Group grave's disease Good Pasteur Syndrome Granulocytopenia

Is ITP Immune hemolytic anemia
R Rheumatic fever
H Hyperacute graft Rejection
Positive Pernicious Anemia Pemphigus vulgaris

Mechanism

sonization Phagocytosis

Inflammation complement Activation

Antibody dependent cell mediated cytotoxicity Abcc

Opsonization Phagocytosis occurs when Iga is produced
IgG oneofthe most potent opsonins

IgG cell

t
cell becomes very tasty for macrophages due to IgG opsonin

Macrophage
twill eat the cell
t

HS Rx
Associated disorders hemolytic disease ofnew born

blood transfusion aeactionI
Drug reaction



Inflammation Complement Activation

occurs when Ab is bound to Ecm or basement membrane

Ab
GoodPasteurSyndromeComplement

activation glomerulonephritis

graft rejection
Neutrophil chemotaxis

t
Tissue injury

DCC nocomplement activation or tissue injury
Ah are produced against cell surface receptors

Grave's disease AntiTSHreceptor Ab

my ya y yep

Recently been classified as Type V Hs Rx



y occurs in circulation exogenous endogenous Ag
Type III HS Rx Immune complex Mediated

Examples s serum sickness shickTest sign t th
H Henoch Schonlein Purpura

hematological typeII

A Arthur's Rx
R Reactive arthritis
P Post streptococcus glomerulonephritis Psan

Poly arteritis Nodosa PAN
membranous nephropathy

Mason maytake about 10 in days forthe wholeprocess

AgtAb

S 7days

mostpathogenic ICs

small to mediumsized

usually have Agexcess
Ic are generally deposited

in thoseorgansthat have a

in vessel high filtrationrateEg
A

1 wall
kidney joints

complement activation



t

p mediated by interaction of 7h2 Coat Tc CDst

Type II Hs Rx Cell mediated Hs Delayed Type Hs
Example granuloma formation

tuberculin test

lepromin test
contact dermatitis

Sarcoidosis

Multiple sclerosis

Rheumatoid arthritis bothTypeIV Type II
2

Hypersensitivity pneumonitis bothTypeIV Type II
Acute chronicgraft rejection



MHC major Histocompatibility complex

aka HLA human leucocyte antigen

gene on shortarm of chromosome 6 bp
Function small peptide moleculesthat present theantigen to antigen specificT cells

u v u

class I Class II Class III
t recently discovered

Gene Loci encodedby heat

Bg Bg Bg Bg 3 shockproteins

complement proteins

LEE LEER properdin

role in auto
immune disorders

HLA I HLA I
Present on all nucleatedcells Present only on APIs Bcells

Platelets fibroblasts dendritic cells
Gene loci A B C gene lot DP DQ DR
Presents Agto CD8t T lymph.o Presents Ag CD47 T lympho

ÉÉÉÉG
O

lymphocytes

lymophocytesCDSt T CD4 t T

majorrole in graft rejection major role in graft us host
disease LGUHD



HLA I HLA I

stop
4

22 Bs

B2 42 Bz
microglobulin 743

it

Role of MHC
can be used forpaternity testing
for predictingthe incidence autoimmune disorders

HLA B27 Ankylosing Spondylitis
HLADR3 DR4 Diabetes Mellitus

HLADQ2 DQ8 Celiac disease

HLA BS B51 Bechet's disease

anthropological testing

Organ transplantation HLA matching

HLA Matching typing
I II
A DP
B DQ
C DR most important HLA which needs to be typed
All 6 loci will match in 2 individuals only in identical twins
A B DR must match for transplantation
DR B A



every loci has 2 alleles

for matching score required 6 6
HLA alleles are co dominant

HLA matching is not donefor
cornea

liver HLA matching

heart not mandatory

bang



Grafts
Gatt between identical twins

autograft same body
allograft different individuals but same species

xenogaaft different species

Epic same anatomical location as the donor
Heterotopic different anatomical location

Graft Reaction

u v

graft Rejection GUND
host is immunocompetent host host is immunosuppressed

cells attack the graft graft attacks host cells

seen in bone marrow
Rate ofallograft rejection varies transplantation BMD

commonly

f tissue involved occurs due to presencejj gg
anceywdonoe

recipient of a large number of
Immunological memory lymphocytes in donor

organ
Vital grafts live grafts kidney heart etc expected to survive

perform physioligal functions in the recipient

Static grafts Non living structures bone artery etc which merely

provide a scaffolding on which new tissue is laid in the recipient



Graft Rejection
Egkidneytransplant

Mechanism

u r

DirectPathway IndirectPathway
Donor APCs start

system

host APCs triggerthe immune

attackingthe hostimmune response

o APC
MHC I mac I MHcI

B cellsEDIT Edit
Edit I

productionof
destroy

kidney
tubules activation I Ig's

nay

of IFN y activation
endothelium

Directly
damagProduction

of

IFN y

to tubules
cytokines complement

cytokines
activation

t
destroykidneytubules

endothelium



hyperacute

Types ofGraft Rejection atonic

Hyperacute graftRejection
occurs within minutes of transplantation inlessthan 48has
occurs

dntoyp.my
n
gannthoda

Preformedantibodies seendue to previous pregnancy

ABO RH incompatibility

previous blood transfusion

previous transplantation

GROSSI cyanosed mottled flaccid kidney

MICROSCOPICALLY endothelial damage

fibrinoid necrosis

microthrombi

Neutrophilie infiltrate



Gomer

Highcellularity

O Red RBCs microtherombi

PREVENTION Donor Specific Ab Test must be done



Acute Graft Rejection

u r

Acute HumoralRejection
mediated by Ab newlysynthesize

or CDSt T cells Ab endothelial damage

type II HS Rx complement activation

Type II or III Ms Rx
Is

responsive to increasingdose

of immunosuppressive drugs does notrespond to
immunosuppressants

Microscopically Tx B cell depleting
agents

PATTERN

VASCULAR
Microscopically

TUBILO INTERSTITIAL
PATTERN fibainoid necrosis

tubulitis endothelitis peritubular capillaries show
mononuclear inflammatory deposition of complement
infiltrate breakdown products Cadw

markerfor
acute humoral

rejection



Chronic graft Rejection
most common type
occurs in months years
can be cell mediated Type II Hs

Ab mediated Type II HS

microscopically

Transplant glomeaulopathy duplicationof glomerular basement membrane

interstitial fibrosis glomerulosclerosis tubular atrophy

inflammatorycells

TUBULITIS

fibrinoid
necrosis

D



fr heard



GUMI complication of bone marrow transplantation BMT or

hemopoietic stem cell transplantantion
a ka Runt's disease in mice

Type N HS Rx

v u

Acute GVHD Chronic GVHD
duration 100days 100 days
Affected organs skin scleroderma

skin peeling excorication Git strictures

917 mucosal ulceration dearhoea Lives cirrhosis

Liver jaundice

Conditions required for avn reaction to occur
graft cells must contain immunocompetent T cells
Recipient should possess transplantation antigens that are absent
in the graft

Recipient may be immunologically suppressed thus cannot
mount immune response against the graft



Y Linked Graft Rejection Eichwald Slimser Effect
sax linked

occurs when a a gives a graft to a
temple

not vice versa

hasa gene UTI

encodes for
histone

demethylase
aka minor Hc

t
considered as a foreign substance

graft rejected



Complications of grafts Transplants
Infections

cytomegalovirus infection
CMU

I
owl'seyeinclusions

Bk Polyomavirus
deadlycells

Graft Rejection
GUND

Increased riskofmalignancies

Scc HPVassociated

Kaposi sarcoma HHV 8associated

NonHodgik'sLymphoma NHL EBU associated
Post transplant lymphoproliferative disordest

Clinical Immunosuppression
succesful transplant balance between recipient's immune

response donor's allograft pharmacologic immunosuppression

Immunosuppressant protocol induction

maintenance

Complications increased incidence of opportunistic infections
malignancies

Early infections bacterial viral fungal
Late infections CMU EBU HSV
Malignancies Squamouscell carcinoma mmmm



Viral Malignancies
HPU Ca cervix
HBV HCV Hec

HHV 8 Kaposi's sarcoma
EBV PTLD

Immunosuppressants

Drug Mechanism ofAction Adverse effects

Cyclosporine binds to cyclophilin Nephaotoxicity

CSA inhibits calcineurin IL 2 Tremor Hirsutism

synthesis Hypertension

Tacrolimus Binds to FkBP Nephaotoxicity Neurotoxicity

Fk506 inhibits calcineurin IL 2 Hypertension

synthesis 91Toxicity nausea diarrhea
Mycophenolate Antimetabolite

Inhibitsenzyme necessary for Gl toxicity
denovo purine synthesis

Thrombocytopenia
Poor woundSisolimus Inhibits lymphocyte effects healing

driven by IL 2 receptor
Increased serum cholesterol LDL

corticosteroids multiple actions Cushingoid state
Anti inflammatory Glucose intolerance

Inhibits lymphokine production osteoporosis

Azathioprine Antimetabolite Thrombocytopenia Neutropenia

InterfereswithDNARNAsynthesis Liver dysfunction

Belatacept 7 cell blocker Increased riskof bacterial
infection



Immunodeficiency Disorders

r u

PRIMARI SECONDARY

I
HIV

Cancer

Defect in chemotherapyTahiti t
Malnutrition

Defect In LymphocyteDefect in Lymphocyte Systemic Disease

Maturation Activation Function syndromes

BTK Bruton's agammaglobulinemia
typesIgM syndrome

Wescott AldrichsyndromeDigeorge syndrome
OVID Ataxia telangiectasia

SCID
Isolated IgA defAR XR



Bruton's Agammaglobulenemia
x linkedrecessive disorder male s s female

Pathogenesis due to BTK gene defect Brutontyrosine kinase

Pro B cell Mature Plasma
B cell cell

decrease in mature B cells plasma cells

defect in humoral immunity

Tcells are normal

ems intact

Histologyof Lymph Nodes Hypoplastic Absent germinal centres

clinicalPresentation

usually manifests after 6 months of age
recurrent sinopulmonary infections

enterovirus

giardia

Diagnosis Flow cytometry
presence absence of surfage Ig's



Digeorge Syndrome aka Keycédiofacial defects
del 22g 11 syndrome Tale

defect of Bx 1

t
defective development of 3rd 4th pharyngeal pouches

defective developmentof
thymus

Parathyroid

defective t
cell

development

Hypocalcemia

C cleft lip cleft palate
A Abnormal facies

T T cell defect thymic hypoplasia
C cardiac abnormalities usually Tetralogy of Fallot
H Hypocalcemia

22 del22911



SCID Severe Combined Immunodeficiency

defect in B cell Tcell Nkcell
Pathogenesis

inheritance

linkedrecessive morecommon
Twomodesof

Autosomal recessive lesscommon

Autosomal Recessive

t

p
p

Deficiencyof
Idenosine

Deaminase ADA

y

dm

cytokine receptors

of deoxyATP I
1

Accumulationoftoxic metabolites
reduced synthesis of 12 2,4 is is

v v v

Destruction of B T NK cells defect decreased decreased

in IL 4 227 IL IS
responsible

forisotype t
switching

wait

in
decreasted

levelof
T

g g

d

Nk cells
lymphocytes

production

µ
SCI



Clinically increased risk of viral protozoal fungal bacterial infections
usually Candida infections or diaper rash

first disease to be treated with gene therapy
Idealtreatment hematopoietic stem cell transplant



Hyper IgM Syndrome

increased level of IgM
absence ofclass switching decreased levelofIgG IgA IgE
x linked recessive mostly

Pathogenesis

EYEgg
ligand

ÉBcell interactionTell

1 no class switching

I
excessIgm

production of IgM less IgG IgA IgE

class switching

production
of IgG

IgA IgE

most commondefect CD402
2nd CD40



Clinically

v u

increased IgM decreased IgG A E
t

auto
immune

thrombocytopenia increased risk of sinopulmonary
hemolytic anemia infections

11 11 neutropenia

Common Variable Immunodeficiency Levin

diagnosis of exclusion

Pathogenesis mutation in BAFF gene

Pro B
can

BTK Bcell PAYE Pigma
decreased

plasma cells

t
decreased Ig's
increased B cells geaminal centre hyperplasia

Isolated IgA Deficiency
most common primary immunodeficiency disorder
reduced IgA Ig 92 IgG4

Clinically increased risk of sinopulmonary GI infections
increased risk of anaphylactic Rx



Wescott Aldrich Syndrome
X linked recessive disorder

Pathogenesis Lone defect on chromosome XP 12 23

helps in cytoskeleton development
defective

T cell development

Clinically Triad
D Eczema
Ii Thrombocytopenia small thrombocytes
Iii Immunodeficiency dueto defective 7 cell development

W Wiscott WASPgene defect
A Aldrich
I immunodeficiency TRIAD
T T cell defect thrombocytopenia

E Eczema

R reduced size number of platelets thrombocytes
recurrent infections

decreased IgM
increased Ig A
normal IgG



AtaxiaTelangiectasia
autosomalrecessive

Pathogenesis Defect in atmgene on chromosome 11

Normally DNArepairsensor

activatestps
doit

p53 is not activated

Ataxia
telangiectasia

Malignancies

Premature aging
Neurodegenerative disorders



Amyloidosis
i
pathologic

proteinaceous misfolded protein

extracellular

hyaline

eosinophilic substance

Physical NatureofAmyloid

u v

Electron microscopy X Ray Crystallography Infrared
non branching fibrils of spectroscopy

indefinite length crossBpleated sheet structure
7 s 10mm diameter I
electronmicroscopy responsible for apple green

birefringence of amyloid



Chemical Nature of Amyloid A P protein
Amyloid A protein as l

P protein s 1 depends onthe disease

Classification ofAmyloidosis

u v u

Inefficacy
organs

Generalised Familial

specific diseases

seen in multiple organs

Localized Amyloidosis

Medullaryfted
A cat

as t afford protein
sit calcitonin

Paige API Patprion

Type II diabetes mellitus AZIM islet associated pancreatic

polypeptide
Alzheimer's disease At



Generalized Amyloidosis

Primary Amyloidosis mostcommon type of amyloidosis
seenan lightchain disorders like multiple myeloma

At C lightchain
usually Lamda light chains are deposited

mostcommon cause ofdeath in primary amyloidosis Heart Failure

Secondary Amyloidosis aka Reactive systemic amyloidosis
seen in

u v

chronic inflammation conditions chronic neoplasms


