
 

Hashimoto's Thyroiditis Chronic lymphocytic
autoimmunediseaseleadingto gradualfailureofthyroid function
Age 45 65years
Lex Morecommon in women

Etiology stronggenetic predisposition supportedby
i concordanceofdisease in monozygotictwins
ii Presenceofcirculatingantithyroid antibodies in asymptomatic siblingsofHashimotopation
Association withotherautoimmune diseases

Associatedwith polymorphism in genes associated withimmuneregulationofTcellresponses
CTLA4gene PTPN22gene

Pathogenesis Autoantibodies against Thyraglobulin Thyroid peroxidase

Failureofselftolerance to Mechanismofthygocytedeath
thyroidantigens Tcellmediatedcelldeath costcytotoxic

T cells Type N hypersensitivity
Inductionof

thyroid
autoimmunity cytokinemediatedcelldeath proliferationof

causing productionofcirculating CDat T cell produces inF 8 whichactivate
autoantibodiesagainstthyroidantigens macrophages damage thymocytes

Progressive

destruction

of
Antibodydependentcell mediated cytotoxicity
Antthyroidantibodies bind to antigens on

thyrocytes thyroidepithelialcells thyrocytes Nkcellsinduce celldeath
replacementofthyroidparenchyma Type11hypersensitivity

bymononuclearcellinfiltrate
fibrosis



Gross diffuse symmetric enlargementofthyroid firmnodular gland
intactcapsule thyroidiswelldemarcated cutsurface is palegraytan shows

accentuationofnormallobulation

Meacopy Destructionofthyroidparenchyma Hurthle cellmetaplasia Lymphoplasmayticinfiltra
Densemononuclear inflammatory infiltrate inthyroidparenchyma
lymphoid follicleswith welldevelopedgerminal centres

atrophiedthyroidfolliclesappear smallerthannormal

Hurthlecellmetaplasia metaplasticresponseoffollicularepitheliumto injury
Huathlecells Askanazy oxyphilcellsor oncocytes abundanteosinophilic granularcytoplasm

prominentmitochondria ultrastructurally

Increasedfibrosis fibrosisdoesnotextend beyondcapsuleofthe gland

FNACshowsHeathle cellswith lymphocytes

Riskin Hashimotothyroiditis other autoimmune diseases

BcellnonHodgkinlymphomas Papillarycarcinomas

clinicalCourse painlessenlargementofthyroid in middle agedwoman
gradualhypothyroidism Transientthyrotoxicosiswithsecondaryreleaseofthyroidhormones

Hashitoxicosis
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Graves Disease akaBasedowdisease mostcommoncauseofhyperthyroidism
Triad Hyperthyroidism Exophthalmos Pretibialmyxedema

hyperthyroidismisduetodiffuse hyperplasiaofthyroid
exophthalmos isdueto infiltrative ophthalmopathy

pactibial myxedema isdueto localised infiltrative dermopathy

Age20 40years
Set Females Males

Etiology stronggenetic predisposition supportedby
i concordanceofdisease in monozygotictwins
i Presenceofcirculatingantithyroid antibodies in asymptomatic siblingsofHashimotopation
Association withotherautoimmune diseases

Associatedwith polymorphism in genes associated withimmuneregulationofTcellresponses
CTLAHgene PTPN22gene

Pathogenesis Autoimmune disease causedbyautoantibodies againstTSHreceptor
InductionofthyroidautoimmunityFailureofselftolerance to
causing productionofcirculatingthyroidantigens
autoantibodiesagainstthyroidantigens

Autoantibodies

Thyroidstimulating Ig IgG whichbindstoTSHreceptoron plasmamembrane
ofthyrocytes
theyact as agonists stimulatetheTSHreceptor increased releaseof
thyroidhormones

Thyroid growth stimulating Ig directed against TSHreceptor
causesproliferationofthyroid follicular epithelium diffuse hyperplasia

ofthyroidgland



TSH bindinginhibitor Ig AntiTSHreceptorAntibody preventsnormalbindingofTSH
to its receptor
Actionvaries

stimulation stimulatethyroidepithelialcells hyperthyroidism

Inhibition leading tohypothyroidism
Coexistenceofstimulation inhibition

Gross symmetricalenlargementofthyroid duetodiffuse hypertrophy hyperplasiaof
thyroid follicular epithelium

increasedweightofgland
Cutsection parenchyma is soft meaty likenormalmuscle

Microscopy

ChangesinThyroid Changesin ExtrathyroidalTissue
Epithelialcellsliningthyroidfollicles aretall generalisedlymphoidhyperplasia

morecrowded Myocardialhypertrophy ischaemia

Smallpapillae withoutfibrovascularcoreare foamed Ophthalmopathy

duetocrowdingofepithelial cells Deamopathy

Papillae project intolumenoffollicle encroach

onthecolloid
Colloid is pale withscallopedmargins
Lymphocyteinfiltration in interstitiumwithgerminal

centres

Clinical Features

Thyroidstorm tachyarrhythmia hyperpyrexia shock coma
Thyrotoxicosis

Diffusehyperplasia enlargement ofthyroid



Opthalmopathycausing exophthalmosabnormalprotrusionofeyeball
wide staringgaze lidlagdue tosympatheticoveractivity

Infiltrative dermopathy pretibialmyxedema commonlyseen inskinoverlyingtheshin

presentsasscalythickening indurationofdermisdueto depositionofGAG's lymphocytic

infiltration

RisksassociatedwithGraves Disease SLE Pernicious anaemia DiabetesType I

Addisondisease

LaboratoryFindings Elevated free Ty
Decreased TSH Increased uptakeof radioactive Iodine
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Goiter istheenlargementofthyroidglandwithout hyperthyroidism
Diffuse Nontoxic simple Goitre
diffuse enlargementofthyroid withoutanymodularity
microscopically consistsof largethyroidfolliclesdistendedwithcolloid akacolloidgoiter

Types
Endemic Sporadic lessfrequent

Whengoiter is present in 10 populationin AgePuberty youngadults

a given region Sx femalepreponderance
Causes Causes

Iodinedeficiency lowiodineinsoilwater food Hereditaryenzymaticdefects

seen in mountainousarea egHimalayas egdyshormonogenetic goiter
iodinedeficiency decreasedsynthesisof Ingestionofgoitrogens
thyroidhormone compensatory rise in Unknowncause

TSH hyperplasia goiter
Goitrogens substancewhoseingestioninterferes

withthyroidhormone synthesis

Eg Brassicaceae cruciferaceae family

cabbage cauliflower turnips

Cassavaroot containsthiocyanate
whichinhibitsI_transportinthyroid



Pathogenesis

IodineDeficiency Goitrogens

I synthesisofThyroid hormone

Compensatory ofserumTSH

Hypertrophy
hyperplasia

ofthyroidfollicularcells

Enlargement

ofgland

Diffuse nontoxic simple goitre TProductionofthyroidhormones

recurrentepisodes

ofhyperplasia Overcomes
hohmone

deficiency
involution

Multinodulas
goitre Euthyroid

Metabolic

state
in mostpatients

Hypoplasticphase

Morphology 2 phases Phaseofcolloidinvolution
I Hyperplastic Phase

Gross moderatediffusesymmetricalenlargementofgland
Microscopy Hyperplasiaofliningepitheliumofthyroidfollicles
theremaybeformationofpseudopapillae Sanderson's Polster whichprojectintothelumen

Varyingcolloidcontent

II PhaseofColloidInvolution ifthereis subsequentincrease indietaryiodine or ifdemandfor
thyroid hormonesdecreases thereis involution



Gross enlargedthyroid cutsurface brown glassy translucent

Microscopy flattenedfollicularepitheliallining

Abundant colloid

Clinical Course Majoritypatientsareenthyroid

Masseffects fromenlargedgland

LaboratoryFindings NormalserumT Ty SerumTSH is normal elevated



9587

MultinodularGoiter MNG
In longstanding simplegoiters recurrentepisodesofhyperplasia involutionproduce

a moreirregularenlargementofthyroid MNG
Canbesporadic orendemic
EvolutionofMNG multiple nodulesare formeddueto variationsamong follicular cells
intheirresponsetoexternalstimuliin longstandingsimplegoiter
Unevenfollicularhyperplasia somecellsproliferatetoproducenewfollicles

somefolliclesshowunevenaccumulationofcolloid
Ruptureoffolliclesmayproducecolloid cysts
Ruptureofvesselsmayproduce haemorrhagefollowedbyscarring sometimes calcification

Gross assymetric enlargementofthyroidwithmultiplenodulesofvarying size
Onelobeofthyroid maybemoreinvolved thantheother mayproducepressure
on midline structures liketrachea oesophagus

Onenodule may
become veryprominent appear as asolitarynodule

goitermaygrowbehindthesternum clavicles to produceintrathoracicplunginggoiter
Increasedweightofthyroid
Cut section showsmultipleirregular nodules containing varyingamountsofcolloid
Noduleswithlargeamountsofcolloid glistening reddishbrown

Olderlesionsmayshow haemorrhage fibrosis calcification cystic change

Microscopy multiplenodulesofvaryingshapes sizes

Nodules consistoffolliclesofvaryingsizes distended withcolloid lined byflatcuboidalinactiveepi
Colloidcysts formedbyfusion ruptureof largecolloid filledfollicles
Somenodulesshowfollicularhyperplasia to produce pseudopapillaethatproject intofollicular lumen

stromashowsfibrosis dystrophic calcification presenceofhemosiderindeposits cholesterolgranulomas

indicateold haemorrhage



ClinicalCourse no exophthalmos pretibialmyxedema

usuallyasymptomatic presents as massinneck

largeMNGmaycausecompressionofmidlinestructures

airwayobstructionduetocompressionoftrachea

dysphagiaduetocompressionofoesophagus
venouscongestionofhead faceduetocompressionoflargevesselsinneck
hoarsenessofvoiceduetocompressionofrecurrent laryngealnerve
mostpatientsareenthyroid normal TuTSH

somemaydevelophyperthyroidism toxicMNG
Plummer syndrome

Diagnosis FNAC

Characteristic Noduleof a NodularGoiter Follicular Adenoma
Numberofnodules multiple single
Encapsulation poor good

structureoffollicleswithin variable uniform
the nodule

growthpatternin adjacent comparablegrowthpattern in Distintarchitecture inside

gland adjacent gland outsidethecapsule

Compressionofadjacentgland No compression seenoutsidethecapsule
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Thyroid Carcinomas
Major subtypes

i Papillarycarcinoma
follicularcellderived malignancies

ii Follicular carcinoma

Anaplastic undifferentiated carcinoma

iv Medullarycarcinoma non follicularcellderivedcancer
geneticfactors

Pathogenesis environmental factors

GeneticFactors
Mutations in 2 signallingpathways gainoffunctionmutation
Mitogenassociatedprotein MAP kinase pathway follicularcellderived

carcinoma
Phosphatidylinositol 3 kinase P1 3k AKT pathway

Medullarycarcinoma

PointmutationofRET

Bandggyny

Growthfactor
receptor

Papillarycarcinoma

gene Follicular anaplastic carcinomaIEBRAFpoint RASpointmutations
mutation P13kpointmutations amplificationsÑ3KL PTENpointmutations

PAX PPARGfusiongene

ERK
AKÉ

MAPkinase
PAYPPAR

genetranscription fusiongen
Terminal Nuclear

cellproliferation differentiation 1496NUCLEUS ofcells



Environmental Factors

Ionizingradiations

Deficiencyofdieteryiodine



Papillary Carcinoma ofThyroid
mostcommonthyroidcancer in children

mostoftenin womenof3040years
Age 25 50

Gross solitary or multifocal lesion

tumorsmaybe wellcircumscribed encapsulated or ill defined
Tumor graywhite firmtohard mayshowareasofcalcification fibrosis

cutsurfacemayshow papillaryfoci
Microscopy

complexbranchingpapillaewithdensecentral fibrovascularstalkcore
papillaeare coveredwithsingle multiple layersofuniformcuboidal columnasepithelialcells
Nuclearfeatures

Groundglass or Orphan Annieeyenuclei finelydispersedchromatin opticallyclear emptyappearance

Intranuclearinclusionsintranucleargrooves Pseudoinclusionsinvaginationsofcytoplasmintonucleus
PsammomaBodiesCalcospherites concentrically calcifiedstructures present withinthepapillary
coke

Spreadto regionalcervical lymph nodes vascularinvasion is uncommon

Histologicalvariants

C Follicularvariant G Tall cellvariant Citidiffusesclerosingvariant CivPapillarymicrocarcinoma

ClinicalCourse mostly presents as asymptomatic thyroidnodules massin cervicallymphnode

excellentprognosis



MedullaryCarcinoma ofThyroid neuroendocrinetumorsderivedfrom

parafollicularcells or c cellsofthyroid pointmutationin RETgene

theysecretecalcitonin like normal C cells
hypocalcemiahormoneTypes

Sporadic 70 peakincidence in 40s 50s

Familial 30 withwithoutassociationtoMENsyndrome2Aor2B

Gross sporadicsolitarynodule familialmulticentric bilateral

Tumorfirmpalegray infiltrative

Largerlesionsmay show areasofnecrosis haemorrhage theymay
extendthroughthecapsuleofthyroid

Microscopy

Tumorcells polygonal spindle shapedcellsarranged asnests trabecular evenformfollicles

Acellularamyloid deposits inthestroma derivedfromalteredcalcitoninpolypeptides

Ccellhyperplasia seen in surroundingthyroidoffamilialmedullarycancers notseeninsporadiclesions

Immunohistochemistry calcitonincanbedemonstratedwithincytoplasmoftumorcells
Electronmicroscopy shows membranebound electrondensegranules

clinicalCase

SporadicCase FamilialCase
Paraneoplastic syndrome in few Tumormarkers Calcitonin CEA

Diarrhoeaduetovasoactiveintestinalpeptide presentswithsymptoms localisedtothyroid
Cushingsyndromedueto ACTH

presentsasmassintheneck

Tumormarkers Calcitonin

Carcinoembryonic antigenCEA
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Neuroblastictumorstumorsofsympathetic ganglia adrenalmedulladerivedfromprimordialneural

crestcells

Neuroblastoma most common extracranial childhood solidtumor

mostly sporadic familial 1 2

germline mutations in anaplasticlymphomakinase ALK gene in familialneuroblastoma

mostcommon malignanttumorofinfancy
Gross
Site mostlyoccurin adrenalmedulla
othersites paravertebral regionofabdomen

posterior mediastinum

neck brain

Sizevariesfromminute nodules to largetumorsweighing1kg
Majority aresilent regress spontaneously

Maybesharplydemarcatedbyafibrouspseudocapsule of infiltrate surrounding structures
Cutsection soft gray tan
Microscopy

Tumorcellsare arrangedin solidsheets

tumorcells aresmall primitivecontainingdarknuclei scant cytoplasm poorlydefined

cellborders

Mitoticactivity Karyoehexis pleomorphism maybeprominent

Background showsfaintlyeosinophilic fibrillarymaterial neuropil whichrepresents neuritic

processesofprimitive neuroblasts
Homer Wright Pseudorosettes tumorcells concentricallyarrangedaboutacentralspacefilled

withneuropil

Immunohistochemistry neuron specificenolasepositive



Electronmicroscopy showssmallmembraneboundcatecholamine containing secretorygranules in cytoplasm

Maturation seenin sometumours

characterizedbypresenceofSchwannian stroma composedoforganisedfasidesofneuritic processes
matureSchwanncells fibroblasts

Ganglioneuroblastoma primitiveneuroblastsadmixedwithganglioncells

Ganglioneuroma morematurethanganglioneuroblastomawithlargercellsresemblingmatureganglioncells

SpreadofTumor localinfiltration lymphnodespread bloodspread

ClinicalCourse

childrenbelow 2 yearsofage presentas largeabdominalmass fever weightloss
olderchildren symptomsofmetastases bonepain respiratorysymptoms

Laboratory Findings
Raisedwinelevelsofmetabolitesofcatecholamines Vanillylmandelicaciduma Homovanillicacid HVA

Raisedlevelofblood catecholamines

Prognosis children 18months excellentprognosis

Amplificationof NMYConcogene highriskcategory
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Pheochromocytoma neoplasms composedofchromaffin cells
tumorcellssynthesize releasecatecholamine

Ruleof10s
10 ofpheochromocytoma are extra adrenalParagangliomas occurinorgansofZuckerand carotidbody

10 ofsporadicadrenalpheochromocytomaarebilateral

10 ofadrenalpheochromocytoma metastasize aremalignant

10 ofadrenalpheochromocytoma are notassociated with hypertension
Etiologygermline mutation in oneofthegenes RET NFI VHL succinatedehydrogenas

complexsubunitgenes SDHB SDHC SDHD

Gross variable size

Weight 1 4000g ang 100g
Largetumors arewell demarcated mayproduce a lobular pattern

Cutsurface yellowtansmall shownecrosis haemorrhage large
When fleshtumortissue is incubated in potassium dichromate solution tumor

turnsdark brown in colour dueto oxidationofstoredcatecholamines

Chromaffin reaction

Microscopy

Zellballenpattern polygonaltospindle shaped chromaffincells orchiefcells clusteredwithsustentacal

cellsintosmallnests or alveoli zellballen separatedbya richvascular network

finegranularappearanceofcytoplasm dueto presenceofcatecholamine granules bestdemonstrated
withsilverstains

round ovalnuclei with stippled salt pepper chromatin

Electron microscopyshowsmembrane bound electrondense secretory granules

Neuroendocrine markers chromogranin synaptophysin arepositive in chiefcells

Spread definitive diagnosisofmalignancy in pheochromocytoma metastases



ClinicalCourse

Hypertension in90 cases paroxysmalepisodes abruptprecipitous elevation in BP withtachycardia

palpitations headache sweating tremor

inducedbysudden releaseofcatecholamines
Complicationscatecholaminecardiomyopathy ventricular arrhythmias

LaboratoryDiagnosis increasedurinary excretionoffreecatecholamines theirmetabolites



Multiple Endocrine Neoplasia MEN rareautosomaldominantsyndrom
characterizedbyhyperplasia formationofadenomas ormalignant tumours in multipleglands
MENsyndromeshouldbeconsidered in all patientswith 2 ormore endocrinetumours in
patients with solitarytumourswho reportotherendocrinetumours in theirfamily

Inactivatingmutations inMENI atumor suppressorgene onchromosome 11 causesMEN1synda

MEN2a 2b are causedbygainoffunctionmutations in RETprotooncogeneoncha 10
constitutive activationofmembraneassociatedtyrosine kinase RET which controlsthedevelopmen

ofcellsthatmigrate fromtheneuralcrest

lossoffunctionmutationofRETkinasecausesHirschsprung's Disease
MEN4 rare is associated with lossoffunctionmutations inCDNKIB gene onchr12
whichcodesfor proteinp27whichhastumorsuppressoractivity

MEN1 Weamer'sSyndrome

Pituitaryhyperparathyroidism

Pituitarytumours

Pancreaticneuroendocrinetumours egnonfunction insulinoma gastrinoma
Bronchial thymiccarcinoid

Apc pAdrenaltumours

Cutaneouslesions eglipomas collagenomas angiofibromas

MENZ akaMEN2a Sipple'sSyndrome

Primary hyperparathyroidism

pmMedullary carcinomaofthyroid
Pheochromocytoma



MEN3 akaMEN2b
Medullary carcinomaofthyroid occursearlier evenwithinfirstyearoflife
Marfanoidhabitus

Skeletalabnormalities egcraniosynostosis

Abnormaldentalenamel gAM
Multiplemucosalneuromas

MEN4
Primaryhyperparathyroidism

pPituitarytumours

Possibletumoursinadrenals reproductiveorgans kidneys
Possible pancreatic gastric bronchial cervicalneuroendocrine tumours



Thyrotoxicosis systemic syndromewithhypermetabolicstate causedbyexposureto
excessive levelsofthyroidhormone face73 74

Causes

I Associatedwith hyperthyroidism

Primaryhyperthyroidism Grave'sdisease

Toxicmultinodulargoiter
Toxicadenoma

Secondary hyperthyroidism TSHsecreting pituitaryadenoma

I Notassociated with hyperthyroidism
Granulomatous thyroiditis

GFSStrumaovarii
Factitious thyrotoxicosis

Causesof hyperthyroidism
Primaryhyperthyroidism abnormalthyroidstimulation Grave'sdisease

intrinsicdiseaseofthyroidgland ToxicMNG
Secondary hyperthyroidism TSHsecretingpituitaryadenoma

Clinical Manifestations
BMR softwarmmoistskin Heattolerance Sweating

cardiacoutput tachycardia palpitation arrhythmia cardiomegaly

finetremor hyperactivity anxiety insomnia lidretraction staringappearance

stoolfrequency diarrhoea osteopenia thyroidstorm

Laboratoryfindings serumTSH freeTy



Pituitary Adenomas
I Functional

a Lactotroph adenomas secreteprolactin

b somatotrophadenomas secretegrowthhormone

c corticotrophadenomas secrete ACTH

II Non functional produceonlymasseffects silenttumors



Cushing's Syndrome Hypercortisolism
Causes

ExogenousCauses administrationofexogenous glucocorticoids inallergic autoimmune diseases

EndogenousCauses

ACTHdependent

Primary hypersecretion ofACTHbypituitarydisease Cushing'sdisease
Secretion ofectopic ACTH bynonpituitary neoplasms

ACTHindependent Primary adrenocorticalneoplasms

Morphology

Pituitary Crooke hyalinechange homogenous paleappearanceofcytoplasmofACTHproducing
cellsin anterior pituitary
Adrenals Oneofthefollowing changes is seen
Corticalatrophy macronodular micronodular hyperplasia

diffuse hyperplasia functional adenoma carcinomaofadrenalcortex

ClinicalCourse weightgain duetohyperinsulinism from hyperglycemia

glucosuria polydipsia truncalobesities moonfacies buffalohump

hypertension muscleweakness decreasedmusclemass purpleabdominalstriae

osteoporosis increased riskofinfections
Laboratoryfindings Primaryhypercortisolism lowserum ACTH urinaryfreecortisol

secondaryhypercortisolism highserumACTH serumcortisol



Zollinger Ellison Syndrome
Triad Hypergastrinemia

Increasedacidproduction

Severepepticulcerdisease

Hypergastrinemia gastrinomas in smallintestine pancreas gastrin secretion acid

pepsin secretion

Fastingserumgastrin 1000pgmL
Increasedacidsecretion inactivationofpancreaticenzymes bilesalts
malabsorption diarrhoea

numberofparietal cells in stomach
PepticUlcers multiple recurrent



Detritus groupofmetabolicdisordershavingfeaturesofhyperglycemi
Normalfastingbloodglucose 70 120mg dL

Englycaemic Prediabetes Diabetes

Fastingglucose 100mgdL 100 126mgdL 126mg dl
OGTT 140mg dL 140 200mgdl 200mgdL
HbA2C 5 70 0 5.7 6.4 6.5

Prediabetes impairedglucose tolerance

GGtsFftes juvenileonsetDM Insulin Dependent DM DDM

Type 2 DiabetesMaturity onsetDM Non Insulin DependentDM NIDDM

genetic defectsofβ cellfunction Maturity onset diabetesof youngMODY
neonataldiabetes

Genetic defects in insulinaction

Exocrine pancreatic defects chronic pancreatitis haematochromatosis

Endocrinopathies Acromegaly Cushing syndrome hyperthyroidism

pheochromocytoma

Infections Cytomegalovirus coxsackieB virus

Drugs glucocorticoids thyroidhormone

Geneticsyndrome Downsyndrome Klinefelter syndrome Turnersyndrome

gestationaldiabetes mellitus

Cause Autoimmune disease pancreaticBcelldestruction
Absolute insulindeficiency

Idiopathic



PathogenesisofType 1 DM
Genetic Factors increased incidence intwinsofaffectedindividuals monozygotic dizygotictwins

HLADRS HLADRY orboth

polymorphism ingenecodinginsulin CTLA4 PTPN22genes CD25

Environmentalfactors

Viralinfectionsmaytriggerisletcelldestruction mumps rubella coxsackieB cytomegalovirus

Mechanism

Releaseofhiddenorsequesteredantigens activatesautoreactiveTcells
Molecularmimicryvirusesproduceproteinsthatmimic βcellantigens

Sharingofantigenepitopes firstinfection predisposingvirus duringearlylifemightpersistinBcells subsequent reinfection

witha relatedvirus precipitatingvirusthatsharesantigenicepitopesmayleadtoanimmuneresponseagainstBcells

Mechanism ofB cellDestruction autoimmune damagestartsmanyyearsbeforethe
disease becomes clinically evident hyperglycemia ketosisoccurafter 90 ofthe

Bcellshavebeendestroyed
Failureofselftolerance in T cells basicabnormality inType1DM
failureofselftolerancemaybedueto defectiveclonaldeletionofselfreactive Tcellsinthymus

defectsin functionsofregulatory Tcells
resistanceofeffector Tcellstosuppressionbyregulatorycells

Throughcytokines THIcellsmaydestroyβcellsbysecretingcytokinesincludingIFN 8 TNF

DirectlybycytotoxicTcells D8 CTLsmaydirectly killβcells
AutoantibodiesagainstBcellantigens egisletantigens Bcellenzymes antiinsulin antiGAD antiICA512



PathogenesisofType2 DM multifactorialdisease

Environmentalfactors sedentarylifestyle dietaryhabits obesity

geneticfactors monozygotictwins dizygotictwins lifetimeriskinanoffspringifbothparentsare affected
diabetogenicgenespresent noevidenceofautoimmunebasis

MetabolicDefectsinType11DM Insulinresistance Bcelldysfunction
InsulinResistance decrease failureoftargetperipheral tissuestoinsulinaction

insulinresistance isfoundeveninsimpleobesitybutwithout hyperglycemia riskfor
diabetesincreases asBMI increases

distributionofbodyfathasan effect oninsulinsensitivity centralobesityabdominal

fat is more associatedwithinsulinresistancethan peripheral glutealsubcutaneous fat
Causesofinsulinresistanceinobesity nonesterifiedfreefattyacids adipokines chronicinflammation

in adipose tissue activationofPPAR8
i ExcessofFreeFattyAcids FFAs inverserelationbetweenfastingplasmaFFAs insulin sensitivity

excesscirculatingFFAs deposited astriglycerides in liver muscle levelofintracellulartriglycer
excessintracellularFFAs fattyacidoxidation accumulationofcytoplasmictoxicintermediatessuchas
diacylglycerol DAG ceramide insulinsignalling gluconeogenesis insulin normally

inhibitshepaticgluconeogenesis

ii Adipokines adiposetissueactsas afunctionalendocrineorgan secretes varietyofproteinsinto
systemiccirculation calledadipokines

Prohyperglycemic adipokines resistingretinalbindingproteinRBP4

Antihyperglycemic adipokines leptin adiponectin

a Inflammation excessFFAs glucose releaseofproinflammatorycytokines insulinresistance

Bcelldysfunction
excessFFAs within macrophages Bcells activationofinflammasome releaseofcytokine IL 1β

secretionofadditionalproinflammatory cytokines insulinresistance



BcellDysfunctioninadequateinsulin secretionby pancreatic Bcells relativeinsulin deficiency
pancreaticBcells initiallyrespondtolongtermdemandsofperipheralinsulinresistance byundergoing
compensatory Bcellhyperplasia leadingtohypersecretionofinsulin

atsomepoint Bcells exhausttheircapacitytoadapt normalbloodsugarcannotbemaintained

i impaired glucosetolerance EarlystageofBcellFailure
insulinsecretiondecreases leadingtohyperglycemia diabetesdevelops LatestageofBcellFailure
Molecular MechanismsofBcelldysfunction
Excess FFAs decreasedinsulinsignalling lipotoxicity

chronichyperglycemia glucotoxicity

abnormalincretioneffect secretionofhormonesthatincreaseinsulinrelease GIPGLP 1
directtoxicitybyamyloiddeposits inislets

PathogenesisofComplicationsofDiabetes
glycemiccontrol is assessedbyestimationofglycosylated hemoglobin Hbasc
chronichyperglycemia secondarymultiple organdamage kidneys eyes nervesbloodvessels

FormationofAdvancedGlycationEndProducts AGES nonenzymaticglycosylationofproteins
glucose proteins n at

atnschiff.gg Is
DIREYTACTIONIBindingtotRA.GEReceptor

releasesofproinflammatorycytokin
Crosslinkingwith

extracellular

matrixproteins productionofreactiveoxygenspecies

procoagulantactivity

With
collagen

typeI with
collagen

type IV AGEmodified proliferationofvascular

in large vessels in basement membrane basementmembrane smoothmuscle

Typed plasma cells synthesisof
elasticity protein Ecm

extravasationof
Atherogenesis

Bastmentmembatane

Endothelialinjury fluid thickening



ActivationofProteinkinaseC Pkc intracellular hyperglycemia stimulatessynthesisofdiacylglycerolDAG

from glycolytic intermediates DAGactivatesintracellularPKC consequences

productionofproangiogenicmolecules likevascularendothelialgrowthfactor VEGF neovascularization characterist

ofdiabeticretinopathy
productionofprofibrogenic factors egTGFβ increasedproductionof ECM basementmembrane material

productionofplasminogenactivatorinhibitorPAI 1 reducesfibrinolysis favours vascularocclusion dueto
atherosclerotic plaque thrombusformation

Disturbance inPolyol Pathways sometissuesdonotrequireinsulinforglucose
transport egnerves lenses kidneys bloodvessels

persistent hyperglycemia intracellularglucoseinthesetissues glucose metabolis

by aldose reductase tosorbitol convertedtofructose
utilizes NADPH as a cofactor NADPH is alsoneededfor regeneration of
reduced glutathione GSH whichprotectsagainstinjurybyfree radicals
decrease inGSH increasedcellsusceptibility tooxidativestress

Morphology
Pancreas lesionsofpancreas arenotdiagnostic
Reduced number sizeofislets
Infiltration ofislets insulitis mainlyby T lymphocytes predominant in type1 DM
amyloid deposition withinislets

increase inthenumber sizeofisletsmaybeseen in nondiabetic newbornsof
diabeticmothers as a hyperplastic response tomaternalhyperglycemia

Bloodvessels

Hyalinearteriolesclerosis related tothedurationofdiabetes levelofBP
characterizedbyamorphous hyalinethickeningofwallofarterioleswhichmaynarrowthelumen

ofvessels



Diabeticmicroangiopathy diffusethickeningofbasementmembrane mostlyseenin capillariesofskin
skeletalmuscle retina renalglomeruli renalmedulla

capillaries becomeleakier toplasma proteinsthannormal

microangiopathy resultsin diabeticnephropathy retinopathy neuropathy

Clinical Features ClassicalTriad Polydipsia Polyphagia Polyuria

Type 1 DM classicaltriad ketoacidosis in severecases

intheinitial 1 or 2years exogenousinsulinrequirementmaybeminimal later its
requirement suddenly increases

Consequencesofinsulin deficiency catabolism

Carbohydratemetabolism

diminishedglucosetransport intomusclecells adiposetissue

reductionofstoredglycogen in liver muscleduetoglycogenolysis furtheraggravates hyperglycemia

whenhyperglycemia exceedsrenalthresholdlevel glycosuria osmoticdiuresis polyuria

waterlossthroughurine hyperosmolarityduetohypoglycemia depletionofintracellularwater
stimulates asmoreceptorsofthirstcentersofbrain polydipsia

Protein fatMetabolism catabolism ofproteins fats negative energy balance polyphagia

catabolic effectsofinsulincause a paradoxical lossofweight muscle weakness

Diabeticketoacidosis

Diuresis dehydrationmarkedinsulindeficiency epinephrine release secretionofglucagon to
decreasedperipheralutilizationofglucose gluconeogenesis severehyperglycemia 500700mgd
osmoticdiuresis dehydration

Activationofketogenic machinery insulindeficiency stimulateslipoproteinlipase breaksdownfat
stores FFAs FFAsareesterifiedtofattyacylcoenzyme Ain liver in mitochondriaof
livescelle fattyacylCoA isoxidized toketonebodiesacetoaceticacid βhydroxybutyricacid
whenrateofproductionofketonebodiesexceedstherateofutilizationbyperipheraltissues Ketonemia Ketonus

ifexcretionofketonebodiesinwineis compromisedbydehydration systemicmetabolic ketoacidosis



IDM usuallyoccurs above40years frequently inobeseindividuals

Presentationpolyuria polydipsia unexplained weakness weightloss ketoacidosis isinfrequent

Type 1 DM Type 2 DM

Ageofonset childhood adolescence Adult alsoseeninchildhood

weight Normal weight loss Majority are obese

Insulinlevels Progressive decrease Increasedearly decrease late

Circulatingislet Detected antiinsulin antiGAD Notfound
autoantibodies anti ICA512

Diabetic Ketoacidosis Develops in absenceofinsulin Nonketotic hyperosmolascoma

therapy

HLA association MajorlinkagetoMHCclassI No HLA association

II genesHLA DR3 DR4

NonHLAgenes Polymorphisms in CTLAY Diabetogenic obesity related

PTPV22 genes
Modeofdevelopment Autoimmune Multifactorial
Mechanism Breakdowninselftoleranceto Insulinresistancein peripheral

islet autoantigens tissues Bcelldysfunction
Insulitis InflammatoryinfiltrateofTcells Noinsulitis amyloiddeposition in

macrophages in islets islets
Bcelldepletion Moderate to severe Mild



Complications longtermcomplications ofdiabetes usuallydevelop is 20yearsafteronsetofhyperglycem
Diabetic Macrovascular Disease lesionsoflarge mediumsizedmusculararteries

Atherosclerosis increasedlevelsof PAI 1 in diabetics inhibits fibrinolysis favors formationof
atheroscleroticplaques

Myocardialinfarctionduetoatherosclerosis ofcoronary arteries

Gangreneoflowerextremities
Renalvascularinsufficiency

Cerebrovascularaccidents stroke

MicrovascularDisease Microangiopathy involvessmallvessels capillary dysfunction in

targetorgans
Diabetic nephropathy leading causeofendstage renaldisease different stages

i Microalbuminuria earliest manifestation Urinealbumin 30 300mgday
ii Nephropathy withmacroalbuminuria urinealbumin 300mgday
iii Endstagerenaldisease
Diabetic retinopathy lesion neovascularization causedbyhypoxia induced overexpression ofVEGFinretina

increasedriskforglaucoma cataractformation

Diabeticneuropathy involvingcentral peripheralnervoussystem

Distalsymmetric polyneuropathy affectsbothmotor sensoryfunctionoflower extremities latermayinvolve

theupperextremities leadingto glove stocking pattern

Autonomic neuropathy producesdisturbancesin bowel bladderfunction sometimes sexualimpotence

Diabetic mononeuropathy manifestsassuddenfootdrop wristdroporisolatedcranialnerve palsies

Diabetic Dyslipidemia increasedbloodleveloftriglycerides LDL decreasedlevelsofHDL
Increasedsusceptibility to Infections duetodefectiveneutrophilfunctions impaired cytokine productionbymacrophag

susceptibility to skininfections tuberculosis pneumonia pyelonephritis


