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Thyroid Anatomy

ÅTwo lobes (left, right) 

ÅIsthmus: thin band of tissue between lobes

ÅSometimes pyramidal lobe above isthmus



Thyroid Anatomy

ÅBlood supply: superiorand inferior thyroid arteries

ÅSuperior thyroid: 1st branch external carotid artery

ÅInferior thyroid: Thyrocervical trunk (off subclavian)



Thyroid Embryology

ÅForms from floor of pharynx (epithelial cells)

Wikipedia/Public Domain

24-28 Day Old Embryo



Thyroid Embryology

ÅDescends into neck

ÅInitially maintains connection to tongue
ÅThyroglossal duct

ÅDisappears later in development

ÅTwo remnants of duct in child/adult
ÅForamen cecum in tongue

ÅPyramidal lobe of thyroid



Foramen Cecum

Foramen Cecum
(end of median sulcus)



Thyroglossal Duct Cyst

ÅPersistent remnant of thyroglossal duct

ÅMidline neck mass ; usually painless

ÅUsually discovered in childhood

ÅClassically, move up with swallowing or tongue 
protrusion

ÅMay contain thyroid cells

Klaus D. Peter, Gummersbach, Germany



Ectopic Thyroid 

ÅFunctioning thyroid tissue outside of gland

ÅMost common location is base of tongue

ÅPresents as a mass in the tongue
ÅCommonly detected during increased demand for hormones

ÅPuberty and pregnancy

ÅMay be the only functioning thyroid tissue
ÅMay under-produce thyroid hormone Ą hypothyroidism

Åᴻ 43( Ą growth of ectopic tissue



Thyroid Histology

Å4ÈÙÒÏÉÄ ÇÌÁÎÄ ÃÏÎÔÁÉÎÓ ȰÆÏÌÌÉÃÌÅÓȱ

ÅFilled with colloid (protein material)

ÅSingle layer of epithelial cells lines each follicle
ÅȰ&ÏÌÌÉÃÕÌÁÒ ÃÅÌÌÓȱ

ÅHormone synthesized by follicular cells

Uwe Gille/Wikipedia



Thyroid Hormones

ÅContain the element iodine

ÅIodized salt
ÅTable salt (NaCl) mixed with small minute amount of iodine

ÅDone in many countries to prevent iodine deficiency

ÅAdded tosalt in US in 1924



Thyroid Hormones

ÅTwo hormones: T3 and T4 

ÅSynthesized from tyrosine and iodine

Triiodothyronine (T3) Thyroxine (T4)

Tyrosine



Thyroglobulin

ÅLarge protein 

ÅProduced by thyroid follicular cells

ÅContains numerous tyrosine molecules

Thyroglobulin

Tyrosine Tyrosine Tyrosine
Tyrosine

Tyrosine



Iodine

ÅIodine = I (chemical element, atomic number 53)

ÅIodide = iodine bound to another atom
ÅȰ)ÏÄÉÄÅ ÓÁÌÔȱ ×ÉÔÈ ÎÅÇÁÔÉÖÅ ÃÈÁÒÇÅ ɉ)-)

ÅPotassium iodide = KI

ÅPlasma iodine exists as iodide salt

ÅFor thyroid hormone, iodide in our diet needs to be:
ÅTaken up by follicular cells

ÅOxidized to I2ɉÕÎÄÅÒÇÏ Ȱoxidation ȱɊ

Å!ÄÄÅÄ ÔÏ ÏÒÇÁÎÉÃȾÃÁÒÂÏÎ ÓÔÒÕÃÔÕÒÅÓ ɉȰorganification ȱɊ
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(MIT)

Diiodotyrosine
(DIT)

Tyrosine
Thyroid Peroxidase

(TPO)

Iodine (I2)

+
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Hormone Synthesis
Coupling Reactions
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TPO
Thyroid Peroxidase

ÅMultifunctional enzyme

ÅCatalyzes:
ÅOxidation of iodide

ÅOrganification of iodine into MIT/DIT

ÅCoupling of MIT/DIT into T3/T4

ÅTPO antibodies common in autoimmune thyroid 
disease



Hormone Synthesis
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Thyroid Hormones

ÅT4 is major hormone produced by thyroid gland
Å>90% of thyroid hormone produced is T4

ÅT3 more potent hormone

Å4τ ÉÓ Á ȰÐÒÏÈÏÒÍÏÎÅȱ ÆÏÒ 4σ

Åυȭ ÄÅÉÏÄÉÎÁÓÅconverts T4 Ą T3 

ÅMost conversion occurs in peripheral tissues

Triiodothyronine (T3)
Thyroxine (T4)

υȭ-deiodinase

Iodine



Hyperthyroid Medications

ÅPropylthiouracil (PTU)
Å)ÎÈÉÂÉÔÓ 40/ȡ ᴽ 4σȾ4τ ÆÒÏÍ ÔÈÙÒÏÉÄ ÇÌÁÎÄ

Å)ÎÈÉÂÉÔÓ υȭ-ÄÅÉÏÄÉÎÁÓÅȡ ᴽ 4τ ÔÏ 4σ ÃÏÎÖÅÒÓÉÏÎ ÐÅÒÉÐÈÅÒÁÌÌÙ

ÅMethimazole
ÅInhibits TPO

ÅPropranolol
ÅBeta blocker

Å7ÅÁË ÉÎÈÉÂÉÔÏÒ ÏÆ υȭ-deiodinase

ÅExcellent drug in thyrotoxicosis

ÅBlocks catecholaminesand T4-T3 conversion

PTU and Methimazole are both 
ȰÔÈÉÏÁÍÉÄÅÓȱ



Wolff-ChaikoffEffect

ÅExcessive iodide in diet could lead to hyperthyroidism

ÅThyroid protects itself via Wolff -Chaikoff Effect

ÅOrganification ÉÎÈÉÂÉÔÅÄ ÂÙ ᴻ ÉÏÄÉÄÅ
ÅLess synthesis of MIT/DIT



Amiodarone

ÅClass III antiarrhythmic drug

ÅCommonly used in atrial fibrillation

ÅContains iodine

ÅCan cause hypothyroidism via excess iodine
ÅWolff-Chaikoff Effect



Amiodarone

ÅMimics T4
ÅInhibits υȭ-deiodinase

Åᴽ4σ Ąᴻ43( ÆÒÏÍ ÐÉÔÕÉÔÁÒÙ ÇÌÁÎÄ

ÅTSH rises after start of therapy then normalizes



Radioactive Iodine

ÅI131 is an isotope of iodine
ÅHas 53 protons like elemental iodine

ÅExtra neutrons

ÅEmits radiation (ɼ-decay)

ÅExposure Ą radioactive iodine in thyroid gland
ÅCompetes with elemental iodine for uptake

ÅWill concentrate in thyroid gland

ÅSmall dose: Used for imaging (I123)

ÅLarge dose: Destroys thyroid tissue
ÅUsed as therapy for hyperthyroidism



TBG
Thyroxine-Binding Globulin

ÅMost plasma thyroid hormone is T4

ÅThyroid hormones poorly soluble in water

ÅMost T4 is bound to TBG
ÅSome with transthyretin and albumin

ÅTBG present in small amount but has high affinity

ÅTBG produced in liver

ÅKey point:
ÅLess TBG Ą less available T4/T3 to tissues

TBG-T4Ą T4  



TBG
Thyroxine-Binding Globulin

ÅEstrogen raises TBG levels
ÅModifies TBG molecules

ÅSlows clearance from plasma

ÅPregnancy, OCP users

ÅWill raise total T4 levels

ÅLiver failure lowers TBG levels
ÅLess production of protein

ÅCan lower total T4 levels



TBG
Thyroxine-Binding Globulin

Rise in TBG

More bound T4

Less free T4

ᴻ43( 

4ÏÔÁÌ 4τ

ᴻ &ÒÅÅ 4τ ɉÂÁÃË ÔÏ ÎÏÒÍÁÌɊ

ᴽ43( ɉÂÁÃË ÔÏ ÎÏÒÍÁÌɊ



Thyroid Hormone Receptor

ÅFamily of nuclear receptors 

ÅHormone-activated transcription factors 

ÅModulate gene expression



Effects of Thyroid Hormone

ÅMajor regulator of metabolic activity and growth

ÅGlucose, lipid metabolism

ÅCardiac function

ÅBone growth

ÅCNS development



Thyroid Hormone
Metabolic Effects

Åᴻ  #ÁÒÂÏÈÙÄÒÁÔÅ -ÅÔÁÂÏÌÉÓÍ
Åᴻ glycogenolysis, gluconeogenesis

Åᴻ  &ÁÔ -ÅÔÁÂÏÌÉÓÍ
Åᴻ ÌÉÐÏÌÙÓÉÓ

Åᴽ ÃÏÎÃÅÎÔÒÁÔÉÏÎÓ ÏÆ ÃÈÏÌÅÓÔÅÒÏÌȟ ÔÒÉÇÌÙÃÅÒÉÄÅÓ

Åᴻ ÌÏ×ȤÄÅÎÓÉÔÙ ÌÉÐÏÐÒÏÔÅÉÎ ÒÅÃÅÐÔÏÒÓ ÉÎ ÌÉÖÅÒ ɉᴽ ,$,Ɋ

Åᴻ ÃÈÏÌÅÓÔÅÒÏÌ ÓÅÃÒÅÔÉÏÎ ÉÎ ÂÉÌÅ

ÅHypothyroid patients:  ÃÈÏÌÅÓÔÅÒÏÌ

ÅHyperthyroid patients: hyperglycemia



Thyroid Hormone
Metabolic Effects

Åᴻ  ÂÁÓÁÌ ÍÅÔÁÂÏÌÉÃ ÒÁÔÅ
ÅBasal rate of energy use per time

ÅAmount of energy burned if you slept all day

Åᴻ  .ÁȾ+ !40ÁÓÅ ÐÕÍÐÓ
ÅMore pumps = more ATP consumed

Åᴻ ÏØÙÇÅÎ ÄÅÍÁÎÄ ÔÏ ÒÅÐÌÅÎÉÓÈ !40

Åᴻ ÒÅÓÐÉÒÁÔÏÒÙ ÒÁÔÅ

Åᴻ ÂÏÄÙ ÔÅÍÐÅÒÁÔÕÒÅ

ÅHyperthyroid patients: weight loss

McDonough AA, et al. Thyroid hormone coordinately regulates Na+ -K+-ATPase alpha- and beta-subunit 
mRNA levels in kidney. Am J Physiol.1988 Feb;254(2 Pt 1):C323-9.

http://www.ncbi.nlm.nih.gov/pubmed/2831727


Thyroid Hormone
Cardiac Effects

Åᴻ  #/Ⱦ(2Ⱦ36ȾÃÏÎÔÒÁÃÔÉÌÉÔÙ

Åᴻ  ɼ1 receptors in heart

ÅHyperthyroid patients: Tachycardia



Thyroid Hormone
CNS and Bone effects

ÅTH required for normal bone growth/CNS maturation

ÅChildhood hypothyroidism Ą cretinism
ÅStunted growth

ÅMental retardation

ÅCauses
ÅIodine deficiency (3rd world)

ÅThyroid dysgenesis

ÅInborn errors of hormone synthesis (dyshormonogenesis)

ÅTPO most common



Thyroid Hormone
CNS and Bone effects

ÅMost common treatable cause of mental retardation

ÅMost babies appear normal
ÅMaternal T3/T4 crosses placenta

ÅNewborn screening programs 
ÅMeasure T4 or TSH from heel-stick blood specimens



Thyroid Hormone
CNS and Bone effects

ÅMental retardation

ÅCoarse facial features

ÅShort stature

ÅUmbilical hernia

ÅEnlarged tongue

Wellcome Images/Wikipedia



Thyroid Hormone Regulation

ÅTSH (thyrotropin) released by anterior pituitary

ÅBinds to receptors on follicular cells

ÅActivates cAMP/PKA 2nd messenger system

Åᴻ  4σȾ4τ ÒÅÌÅÁÓÅ
Åᴻ ÒÁÔÅ ÏÆ ÐÒÏÔÅÏÌÙÓÉÓ ÏÆ ÔÈÙÒÏÇÌÏÂÕÌÉÎ

ÅLeads to rapid release of more T3/T4

ÅAlso stimulates thyroid cell growth, TG synthesis



Thyroid Hormone Regulation

ÅSerum T4/T3 level sensed by hypothalamus

ÅReleases thyroid releasing hormone (TRH)

Mikael Häggström/Wikipedia



Pregnancy

ÅMultiple effects on thyroid hormone production
ÅRise in total plasma T4/T3 levels

ÅRise in TBG levels (estrogen)

ÅhCGstimulates thyroid (same alpha unit as TSH)

ÅRaises free T4 Ą lower TSH

TBG
Total T4

Free T4

Weeks of Pregnancy

TSH



Thyroid Panel

ÅFour standard measurements to assess thyroid



Calcitonin

ÅHormone produced by thyroid

ÅSynthesized by parafollicular cells (C-cells)

Andrea Mazza/Wikipedia

C cell



Calcitonin

ÅLowers serum calcium 
ÅSuppresses resorption of bone; inhibits osteoclasts

ÅInhibits renal reabsorption of calcium, phosphorus

ÅIncreased calcium in urine

ÅProbably minor role in calcium handling in humans

ÅUsed as pharmacologic therapy for hypercalcemia



Thyroid Disorders
Jason Ryan, MD, MPH



Thyroid Disorders

Thyroid Disorders

Hyperthyroid Hypothyroid Thyroiditis



Hypothyroidism

ÅMetabolism SLOWS DOWN

ÅLethargy, fatigue

ÅWeakness; dyspnea on exertion

ÅCold intolerance

ÅWeight gain with loss of appetite

ÅConstipation

ÅHyporeflexia

ÅDry, cool skin

ÅCoarse, brittle hair

ÅBradycardia



Hyperlipidemia

ÅClassic feature of hypothyroidism

Åᴻ  ÔÏÔÁÌ ÃÈÏÌÅÓÔÅÒÏÌ

Åᴻ  ,$, ÃÈÏÌÅÓÔÅÒÏÌ

ÅPrimary mechanism:  ,$, ÒÅÃÅÐÔÏÒ ÄÅÎÓÉÔÙ
ÅT3 upregulates LDL receptor gene activation



Myxedema
Thyroid dermopathy

ÅNon-pitting edema of the skin from hypothyroidism

ÅHyaluronic acid deposits in dermis

ÅDraws water out Ą swelling

ÅUsually facial/periorbital swelling

ÅPretibial myxedema
ÅSpecial form of myxedema over shin

Å3ÅÅÎ ÉÎ 'ÒÁÖÅȭÓ ÄÉÓÅÁÓÅ ɉÈÙÐÅÒÔÈÙÒÏÉÄÉÓÍɊ

ÅMyxedema coma = coma from hypothyroidism



Myxedema
Thyroid dermopathy

Herbert L. Fred, MD and Hendrik A. van Dijk



Hypothyroid Myopathy

ÅMuscle symptoms common in hypothyroid

ÅWeakness, cramps, myalgias

Åᴻ  ÓÅÒÕÍ creatine kinase (CK) common (up to 90%)

Wikipedia/Public Domain



Hyponatremia

ÅHypothyroidism is a well-ÄÅÓÃÒÉÂÅÄ ÃÁÕÓÅ ᴽ.Á

ÅHigh levels of ADH (SIADH)

ÅMay lead to confusion



Thyroid Replacement

ÅLevothyroxine (Synthroid): synthetic T4

ÅLiothyronine (Cytomel): synthetic T3

ÅLevothyroxine preferred
ÅT3 absorbed from intestines rapidly

ÅCan cause mild hyperthyroidism symptoms

ÅTachycardia, tremor

ÅAlso, T4 converted to T3

ÅTitrate dose until TSH is normal



Hyperthyroidism

ÅMetabolism SPEEDS UP

ÅHyperactivity

ÅHeat intolerance

ÅWeight loss with increased appetite

ÅDiarrhea

ÅHyperreflexia

ÅWarm, moist skin

ÅFine hair

ÅTachycardia (atrial fibrillation)



Thyroid Storm

ÅLife-threatening hyperthyroidism (thyrotoxicosis)

ÅUsually precipitated by acute event 
ÅPatient with pre-existing hyperthyroid disease

Å'ÒÁÖÅȭÓ ÏÒ ÔÏØÉÃ ÍÕÌÔÉÎÏÄÕÌÁÒ ÇÏÉÔÅÒ

ÅSurgery, trauma, infection

ÅMassive catecholamine surge

ÅFever, delirium

ÅTachycardia with death from arrhythmia

ÅHyperglycemia (catecholamines/thyroid hormone)

ÅHypercalcemia (bone turnover)



Goiter

ÅEnlarged thyroid

ÅHigh TSH, inability to produce T3/T4

Å4ÈÙÒÏÉÄ ÓÔÉÍÕÌÁÔÉÎÇ ÁÎÔÉÂÏÄÉÅÓ ɉ'ÒÁÖÅȭÓɊ

Wikipedia/Public Domain



Lab Findings

ÅBest initial test is TSH

TSH



Lab Findings

ÅMost disorders are primary disease
ÅDisorder of the thyroid gland

ÅTSH is opposite thyroid hormone 

Å(ÙÐÏÔÈÙÒÏÉÄÉÓÍ Ѐ ᴻ 43( ×ÉÔÈ ÌÏ× 4σȾ4τ

Å(ÙÐÅÒÔÈÙÒÏÉÄÉÓÍ Ѐ ᴽ 43( ×ÉÔÈ ÈÉÇÈ 4σȾ4τ



Lab Findings

ÅCentral hyper/hypo thyroid disease
ÅLow TSH and low T3/T4; High TSH and high T3/T4

ÅRare disorders of the pituitary, hypothalamus

ÅUsually hypothalamic-pituitary tumors 

ÅTumors block secretion TRH/TSH (hypothyroidism)

ÅRarely a TSHomacan secrete TSH (hyperthyroidism)

ÅPituitary resistance to thyroid hormone (hyperthyroidism)



Reverse T3

ÅIsomer of T3 also derived from T4

Triiodothyronine (T3)

Thyroxine (T4)

Reverse T3



Reverse T3

ÅLevel usually parallels T4
ÅLow T4 Ą Low rT3

ÅOne special use: Euthyroid sick syndrome
ÅCritically ill patients Ą low TSH Ą Low T3/T4

ÅCan look like central hypothyroidism

ÅrT3 rises in critical illness (impaired clearance)

ÅCritically ill patient with low TSH/T4/T3
ÅCheck rT3

ÅLow Ą central hypothyroidism

ÅHigh Ą sick euthyroid syndrome



Hyperthyroidism

Å'ÒÁÖÅȭÓ ÄÉÓÅÁÓÅ (#1 cause)

ÅToxic multinodular goiter

ÅAmiodarone

ÅIodine load

ÅEarly thyroiditis



'ÒÁÖÅȭÓ $ÉÓÅÁÓÅ

ÅAutoimmune disease

ÅThyroid stimulating antibodies produced

ÅSymptoms of hyperthyroidism occur



'ÒÁÖÅȭÓ $ÉÓÅÁÓÅ

ÅExophthalmos (bulging eyes)
ÅProptosis (protrusion of eye) and periorbital edema

ÅUsually no ocular symptoms

ÅPretibial myxedema (shins)

ÅT-cell lymphocyte activation of fibroblasts  

ÅFibroblasts contain TSH receptor

ÅStimulation Ą secretion of glycosaminoglycans
ÅHydrophilic substances, mostly hyaluronic acid

ÅDraws in water Ą swelling



'ÒÁÖÅȭÓ $ÉÓÅÁÓÅ

Jonathan Trobe, M.D./Wikipedia

Herbert L. Fred, MD and Hendrik A. van Dijk



'ÒÁÖÅȭÓ $ÉÓÅÁÓÅ

ÅDiagnosis:
ÅUsually hyperthyroid labs plus exophthalmos

ÅCan measure TSH receptor antibodies 

ÅȰ4ÈÙÒÏÉÄ ÓÔÉÍÕÌÁÔÉÎÇ ÉÍÍÕÎÏÇÌÏÂÕÌÉÎÓȱ

ÅTreatment
ÅSymptoms: beta blockers, thionamides

ÅDrugs often started in preparation for definitive therapy

ÅRadioactive iodine ablation or surgery



Thionamides

ÅMethimazole
ÅInhibits thyroid peroxidase (TPO)

ÅOrganification of iodine

ÅCoupling of MIT/DIT

ÅPropylthiouracil (PTU)
ÅInhibits TPO

Å!ÌÓÏ ÉÎÈÉÂÉÔÓ υȭ-deiodinase

ÅBlunts peripheral conversion T4ĄT3



Thionamides

ÅSkin rash (common)

ÅAgranulocytosis
ÅRare drop in WBC

ÅMay present as fever, infection after starting drug

ÅWBC improves with stopping drug

ÅAplastic anemia cases reported

ÅHepatotoxicity 



Thionamides

ÅMethimazole: teratogen
ÅAssociated with congenital malformations 

ÅEspecially 1st trimester

ÅPTU often used during early pregnancy



Thyroid Storm
Treatment

ÅPropranolol
ÅBeta blocker

ÅBlocks T4 Ą T3 conversion

ÅThionamides(PTU, Methimazole)

ÅSSKI (saturated solution of potassiumiodide)
ÅIodide load Ą shuts down T4 production

ÅWolff-Chaikoff effect

ÅSteroids
ÅReduce T4 Ą T3 conversion

ÅSuppress auto-immune damage

ÅTreat possible concomitant adrenal insufficiency



'ÒÁÖÅȭÓ /ÐÈÔÈÁÌÍÏÐÁÔÈÙ

ÅSometimes worsens despite treating hyperthyroidism

ÅCan cause irritation, excessive tearing , pain

ÅSymptoms often worse by cold air, wind, bright lights

ÅSevere inflammation treatments:
ÅSteroids

ÅRadiation

ÅSurgery

Jonathan Trobe, M.D./Wikipedia



Toxic Adenomas

ÅNodules in thyroid that function independently
ÅUsually contain mutated TSH receptor

ÅDo not respond to TSH 

ÅOne nodule: Toxic adenoma 

ÅMultiple: Toxic multinodular goiter

ÅFindings:
ÅPalpable nodule

ÅHyperthyroidism symptoms/labs

ÅTreatment: Radioactive iodine or surgery



Radioactive Iodine Uptake

ÅImportant test for thyroid nodules

ÅAdministration of I131 (lower dose than ablation)

ÅContraindicated in pregnancy/breast feeding

ÅȰ(ÏÔȱ ÎÏÄÕÌÅ
ÅTakes up I131

ÅNot-cancerous

ÅȰ#ÏÌÄȱ ÎÏÄÕÌÅ
ÅChance of cancer (~5%)

ÅOften biopsied (Fine-needle aspiration)



Jod-Basedow Phenomenon

ÅIodine -induced hyperthyroidism

ÅOften occurs in regions of iodine deficiency
ÅIntroduction of iodine Ą hyperthyroidism

ÅOften occurs in patients with toxic adenomas
ÅDrugs administered with high iodine content

ÅExpectorants (potassium iodide)

ÅCT contrast dye

ÅAmiodarone



Amiodarone

ÅTwo types of hyperthyroidism

ÅType I
ÅOccurs in patients with pre -existing thyroid disease

Å'ÒÁÖÅȭÓ ÏÒ -ÕÌÔÉ-nodular goiter

ÅAmiodarone provides iodine Ą excess hormone production

ÅType II
ÅDestructive thyroiditis 

Å%ØÃÅÓÓ ÒÅÌÅÁÓÅ 4τȾ 4σ ɉÎÏ ᴻ ÈÏÒÍÏÎÅ ÓÙÎÔÈÅÓÉÓɊ

ÅDirect toxic effect of drug

ÅCan occur in patients without pre -existing thyroid illness



Hypothyroidism

ÅIodine deficiency

ÅIodine excess

ÅCongenital hypothyroidism

ÅAmiodarone

ÅThyroiditis
Å(ÁÓÈÉÍÏÔÏȭÓ ɉΠρ ÃÁÕÓÅ ×ÈÅÎ ÄÉÅÔÁÒÙ ÉÏÄÉÎÅ ÉÓ ÓÕÆÆÉÃÉÅÎÔɊ

ÅSubacute

Å2ÉÅÄÅÌȭÓ



Iodine Deficiency

ÅȰ%ÎÄÅÍÉÃ ÇÏÉÔÅÒȱ
ÅGoiter in region  with widespread iodine deficiency

ÅCommon in mountainous areas (iodine depleted by run-off)

ÅConstant elevation of TSH Ą enlarged thyroid

Wellcome Images



Iodine Excess

ÅExcessive iodide in diet could lead to hyperthyroidism

ÅThyroid protects itself via Wolff -Chaikoff Effect

ÅOrganification ÉÎÈÉÂÉÔÅÄ ÂÙ ᴻ ÉÏÄÉÄÅ
ÅLess synthesis of MIT/DIT

ÅChronic, high iodine intake Ą goiter/hypothyroidism



Iodine

Iodine

Deficiency

Hypothyroidism
Goiter

Excess

Hypothyroidism
Wolff-Chaikoff

Hyperthyroidism

Load



Goitrogens

ÅSubstances that inhibit thyroid hormone production

ÅMost common is iodine

ÅLithium (inhibits release of thyroid hormone)

ÅCertain foods (cassava and millet)



Amiodarone

ÅCan cause hypothyroidism

ÅExcess iodine ĄWolff-ChaikoffEffect
ÅSuppression of thyroid hormone synthesis

Å.ÏÒÍÁÌ ÐÁÔÉÅÎÔÓ ȰÅÓÃÁÐÅȱ ÉÎ ÆÅ× ×ÅÅËÓ

ÅPre-existing subclinical thyroid disease ĄȰÆÁÉÌÕÒÅ ÔÏ ÅÓÃÁÐÅȱ

ÅAlso mimics T4
ÅInhibits υȭ-diodinase



Amiodarone

Amiodarone

Iodine Excess
Inhibits

υȭ-diodinase

Hypothyroidism
Wolff-Chaikoff

Hypothyroidism
ᴽ4τĄT3

Hypothyroidism

Iodine Load Thyroiditis

Hyperthyroidism

Always check TSH 
before starting 

amiodarone



Congenital Hypothyroidism

ÅTH required for normal bone growth/CNS maturation

ÅChildhood hypothyroidism Ą cretinism
ÅStunted growth

ÅMental retardation

ÅCauses
ÅIodine deficiency (3rd world)

ÅThyroid dysgenesis

ÅInborn errors of hormone synthesis (dyshormonogenesis)

ÅTPO most common



Thyroid Hormone
CNS and Bone effects

ÅMost common treatable cause of mental retardation

ÅNewborn screening programs 
ÅMeasure T4 or TSH from heel-stick blood specimens



Thyroid Hormone
CNS and Bone effects

ÅMental retardation

ÅCoarse facial features

ÅShort stature

ÅUmbilical hernia

ÅEnlarged tongue

Wellcome Images/Wikipedia



Iatrogenic Hypothyroidism

ÅThyroid surgery
Å/ÆÔÅÎ ÄÏÎÅ ÆÏÒ 'ÒÁÖÅȭÓ ÏÒ ÍÁÌÉÇÎÁÎÃÙ

ÅRadioiodine therapy
ÅI131 administered orally as solution or capsule

ÅBeta-emissions Ą tissue damage

ÅAblation of thyroid function over weeks

Å$ÏÎÅ ÆÏÒ 'ÒÁÖÅȭÓ ÏÒ ÍÁÌÉÇÎÁÎÃÙ

ÅNeck radiation
Å(ÏÄÇËÉÎȭÓ ÌÙÍÐÈÏÍÁ

ÅHead and neck cancer



(ÁÓÈÉÍÏÔÏȭÓ 4ÈÙÒÏÉÄÉÔÉÓ
Chronic Autoimmune Thyroiditis

ÅMost common cause of hypothyroidism (non-diet)

ÅLymphocytes infiltrate thyroid gland
ÅAutoimmune disorder (T-cell attack thyroid; B cell activation)

ÅHLA-DR3, HLA-DR5 and others 



(ÁÓÈÉÍÏÔÏȭÓ 4ÈÙÒÏÉÄÉÔÉÓ
Chronic Autoimmune Thyroiditis

ÅAntibodies produced
ÅAnti-TPO

ÅAnti-thyroglobulin

ÅHistology: 
ÅMassive lymphocytic infiltrate (germinal centers)

ÅHurthle cells (enlarged eosinophilic follicular cells)



(ÁÓÈÉÍÏÔÏȭÓ 4ÈÙÒÏÉÄÉÔÉÓ
Chronic Autoimmune Thyroiditis

ÅPrimarily occurs in women

ÅEnlarged non-tender thyroid gland 

ÅGradual loss of thyroid function Ą symptoms

ÅSymptoms/labs of hypothyroidism

ÅTreatment: thyroid hormone replacement

ÅIncreased risk of Non Hodgkin B cell lymphoma



Subacute Thyroiditis
de 1ÕÅÒÖÁÉÎȭÓ/granulomatous thyroiditis

ÅGranulomatous inflammation of thyroid

ÅOccurs in young females

ÅTender , enlarged thyroid gland

ÅHyperthyroid Ą euthyroid Ą hypothyroid

ÅTreatment:
ÅAnti-inflammatories (aspirin, NSAIDs, steroids)

ÅThyroid symptoms usually mild (no treatment)

ÅUsually resolves in few weeks



2ÉÅÄÅÌȭÓ 4ÈÙÒÏÉÄÉÔÉÓ

ÅFibroblast activation/proliferation

ÅFibrous tissue (collagen) deposition in thyroid

ÅȰ2ÏÃË ÈÁÒÄȱ ÔÈÙÒÏÉÄ

ÅOften extends beyond the thyroid 
ÅParathyroid glands Ą hypoparathyroidism

ÅRecurrent laryngeal nerves Ą hoarseness

ÅTrachea compression Ą difficulty breathing

ÅAssociated with IgG4 plasma cells 
Å-ÁÙ ÂÅ ÁÎ Ȱ)Ç'τ-ÒÅÌÁÔÅÄ ÄÉÓÅÁÓÅȱ ɉÁÕÔÏÉÍÍÕÎÅ ÐÁÎÃÒÅÁÔÉÔÉÓɊ

ÅIgG4 plasma cells identified in biopsy specimens



Lymphocytic Thyroiditis
Painless Thyroiditis

Å6ÁÒÉÁÎÔ ÏÆ (ÁÓÈÉÍÏÔÏȭÓ

ÅLymphocytic infiltration of thyroid gland

ÅTransient hyperthyroidism
Å#ÁÎ ÌÏÏË ÌÉËÅ 'ÒÁÖÅȭÓ ×ÉÔÈÏÕÔ ÅÙÅȾÓËÉÎ ÆÉÎÄÉÎÇÓ

ÅSerum thyroid stimulating immunoglobulinsnot elevated

ÅFollowed sometimes by hypothyroidism
Å#ÁÎ ÌÏÏË ÌÉËÅ (ÁÓÈÉÍÏÔÏȭÓ

ÅUsually self-limited (weeks)



Thyroid Cancer
Jason Ryan, MD, MPH



General Principles

ÅThyroid cancer usually no hyper/hypo symptoms

ÅOften presents as nodule

ÅDifferential is benign adenoma versus cancer

ÅBiopsy done by fine needle aspiration 



Thyroid Imaging

ÅUltrasound
ÅSome characteristics suggest cancer

ÅBorders, vascularity, calcifications

Nevit Dilmen/Wikipedia



Radioactive Iodine Uptake

ÅSmall oral dose I131 given to patient

ÅScintillation camera Ą image of thyroid 

ÅNormal: diffuse, even uptake

Å$ÉÆÆÕÓÅ ÈÉÇÈ ÕÐÔÁËÅȡ 'ÒÁÖÅȭÓ

Å$ÉÆÆÕÓÅ ÌÏ× ÕÐÔÁËÅȡ (ÁÓÈÉÍÏÔÏȭÓ

ÅMultiple areas of high uptake: nodular goiter

Å3ÉÎÇÌÅ ȰÈÏÔȱ ÎÏÄÕÌÅȡ ÁÄÅÎÏÍÁ 

Å3ÉÎÇÌÅ ȰÃÏÌÄȱ ÎÏÄÕÌÅȡ 0ÏÓÓÉÂÌÅ ÃÁÎÃÅÒ
ÅMost cancers do not make hormone

ÅAbout 10% cold nodules are malignant

Myohan/Wikipedia



Follicular Adenoma

ÅCommon cause of thyroid nodules

ÅBenign proliferation of follicles

ÅNormal follicular tissue seen on biopsy

ÅCompletely surrounded by fibrous capsule

ÅFNA cannot distinguish between adenomas/cancer
ÅCannot see entire capsule

ÅFollicular carcinoma has similar histology by FNA

ÅFNA follicular pathology followed over time
ÅGrowth, suspicious new findings Ą surgery



Thyroid Cancer

ÅPapillary

ÅFollicular

ÅMedullary

ÅAnaplastic



Papillary Carcinoma

ÅMost common form thyroid cancer (~80%)

ÅIncreased risk with prior radiation exposure
ÅChildhood chest radiation for mediastinal malignancy or acne

ÅSurvivors of atomic bomb detonation (Japan)

ÅNuclear power plant accidents (Chernobyl)

ÅPresents as thyroid nodule
ÅSometimes seen on chest/neck imaging (CT/MRI)

ÅDiagnosis made after fine needle aspiration (FNA)

ÅExcellent prognosis
ÅTreated with surgery plus radioactive iodine ablation



Papillary Carcinoma

KGH/Wikipedia



Papillary Carcinoma

ÅThree key pathology findings:
ÅPsammoma bodies

ÅNuclear grooves

Å/ÒÐÈÁÎ !ÎÎÉÅȭÓ %ÙÅ .ÕÃÌÅÉ

ÅDiagnosis made by nuclear findings



Psammoma Bodies

ÅCalcifications with an layered pattern

ÅSeen in other neoplasms but only papillary for thyroid

Wikipedia/Public Domain



Nuclear Grooves

KGH/Wikipedia



Orphan Annie's Eyes

ÅEmpty-appearing nuclei

William Creswell/ Flikr

KGH/Wikipedia

White clearing



Follicular Carcinoma

ÅSimilar to follicular adenoma

Å"ÒÅÁËÓ ÔÈÒÏÕÇÈ ɉȰinvadesȱɊ ÆÉÂÒÏÕÓ ÃÁÐÓÕÌÅ

ÅFNA cannot distinguish between adenomas/cancer

ÅFollicular pathology followed over time
ÅGrowth, suspicious new findings Ą surgery

Yale Rosen/Wikipedia



Follicular Carcinoma

ÅPossible hematogenous metastasis

ÅTreatment:
ÅThyroidectomy

ÅI131 to ablate any remaining tissue or metastasis



Medullary Carcinoma

ÅCancer of parafollicular cells (C cells)

ÅProduces calcitonin
ÅLowers serum calcium

ÅNormally minimal effect on calcium levels

ÅUsed for monitoring 

ÅAmyloid deposits in thyroid
ÅAmyloid = protein deposits

ÅCalcitonin = peptide

ÅAppearance of amyloid on biopsy



Medullary Carcinoma

Nephron/Wikipedia

-ÁÌÉÇÎÁÎÔ ÃÅÌÌÓȾ!ÍÙÌÏÉÄ ȰÓÔÒÏÍÁȱ



MEN Syndromes
Multiple Endocrine Neoplasia

ÅGene mutations that run in families

ÅCause multiple endocrine tumors

ÅMEN 2A and 2B associated with medullary carcinoma
ÅCaused by RET oncogene mutation

ÅSome patients have elective thyroidectomy



Anaplastic Carcinoma
Undifferentiated Carcinoma

ÅOccurs in elderly

ÅHighly malignant - invades local tissues
ÅDysphagia (esophagus)

ÅHoarseness (recurrent laryngeal nerve)

ÅDyspnea (trachea)

Å$ÏÎȭÔ ÃÏÎÆÕÓÅ ×ÉÔÈ 2ÉÅÄÅÌȭÓ ɉȰÒÏÃË ÈÁÒÄȱ ÔÈÙÒÏÉÄȾÙÏÕÎÇ pt)

ÅPoor prognosis

ÅPathology: Undifferentiated cells
ÅNo papilla, follicles, or amyloid



Adrenal Glands
Jason Ryan, MD, MPH



Adrenal Glands

ÅLocated above kidneys

ÅArteries: Suprarenal arteries
ÅLeft and right

ÅSuperior, inferior, middle

ÅVeins: 
ÅLeft adrenal Ą renal vein Ą IVC

ÅRight adrenal Ą IVC

Wikipedia /Public Domain



Cortex and Medulla

ÅCortex: Three groups of hormones
ÅMineralocorticoids (aldosterone)

ÅGlucocorticoids (cortisol)

ÅAndrogens (testosterone)

ÅDerived from mesoderm

ÅMedulla
ÅEpinephrine and norepinephrine

ÅSympathetic nervous system control

ÅDerived from neural crest

OpenStaxCollege/Wikipedia



Signal Transmission

Use with permission, KatzungBG, Basic and Clinical Pharmacology, 10th ed. New York, McGraw Hill, 2007



Mineralocorticoids

ÅMost important is aldosterone

ÅKey effects on kidney function

ÅRelease controlled by RAA system
ÅRenin-angiotensin -aldosterone

ÅIncrease Na+/Water resorption

ÅPromote K+/H + excretion

11-deoxycorticosteroneCorticosteroneAldosterone



Collecting Duct

ATP

Na+

K+

Lumen (Urine) Interstitium/Blood

H2O

K+

Na+

H+

Principal Cell

Intercalated Cell

Aldosterone
Aldosterone

Aldosterone



Adrenal Androgens

ÅSmall contribution to androgen production in males

Å~50% androgens for females

ÅClinical relevance: congenital adrenal hyperplasia
ÅOver/underproduction Ą abnormal sexual development

ÅProduction stimulated by ACTH (like cortisol)

Dehydroepiandrosterone
(DHEA)

AndrostenedioneTestosterone



Cortisol

ÅMajor glucocorticoid 

ÅSynthesized by adrenal cortex

ÅBinds to intracellular receptors (cytosol)
ÅGlucocorticoid receptor (GR)

ÅTranslocates to nucleus

ÅActivates/suppresses gene transcription

Cortisol



Pituitary -Adrenal Axis

ÅControls cortisol secretion

ÅHypothalamus: CRH
ÅCorticotropin releasing hormone

ÅParaventricular nucleus(PVN)

ÅAnterior pituitary: ACTH
ÅAdrenocorticotropic hormone

ÅActs on adrenal gland

ÅcAMP/PKA 2nd messenger

ÅAdrenal: Cortisol

Drosenbach/Wikipedia



Circadian Rhythms

ÅSerum cortisol highest early morning (about 6 AM)
Å10 to 20mcg/dL

ÅLowest one hour after sleep onset 
ÅLess than 5mcg/dL

ÅTesting rarely done with single blood test



Cortisol Binding Globulin 

ÅCortisol poorly soluble in plasma

ÅMost (>90%) serum cortisol bound to CBG

Å,ÅÖÅÌÓ ᴻ ÅÓÔÒÏÇÅÎ

Cortisol



Cortisol
Hormone Effects

ÅMaintains blood pressure
ÅEffects on vascular smooth muscle

ÅIncreases vascular sensitivity (ɻ1) to norepi/epi

Åᴽ./ ÍÅÄÉÁÔÅÄ ÖÁÓÏÄÉÌÁÔÉÏÎ

Åᴻ  ÃÏÒÔÉÓÏÌȡ ÈÙÐÅÒÔÅÎÓÉÏÎ ɉ#ÕÓÈÉÎÇȭÓ ÄÉÓÅÁÓÅɊ

ÅȢ  ÃÏÒÔÉÓÏÌȡ ÈÙÐÏÔÅÎÓÉÏÎ ɉÁÄÒÅÎÁÌ ÉÎÓÕÆÆÉÃÉÅÎÃÙɊ

Cortisol



Cortisol
Hormone Effects

ÅSuppresses immune system

ÅSequester lymphocytes in spleen/nodes
ÅReduce T and B cell levels in plasma

ÅBlock neutrophil migration
Å  ÐÅÒÉÐÈÅÒÁÌ ÎÅÕÔÒÏÐÈÉÌ ÃÏÕÎÔ

ÅMast cells: blocks histamine release

ÅȢ  ÅÏÓÉÎÏÐÈÉÌ ÃÏÕÎÔÓ

ÅBasis for steroids as immunosuppressive drug therapy

Cortisol



Cortisol

ÅInactivate NF-KB
ÅKey inflammatory transcription factor 

ÅMediates response to TNF-ɻ

ÅControls synthesis inflammatory mediators

ÅCOX-2, PLA2, Lipoxygenase

Cortisol



Corticosteroid Drugs

Cortisol

CortisonePrednisone Methylprednisolone

Triamcinolone
Betamethasone Hydrocortisone

Dexamethasone



Cortisol
Effects

ÅMore glucose produced by liver
Åᴻ ÓÙÎÔÈÅÓÉÓ ÏÆ ÇÌÕÃÏÓÅ φ-phosphatase, PEPCK

Åᴻ gluconeogenesis

ÅLess glucose taken up peripherally (muscle, fat)

ÅNet results:  ÓÅÒÕÍ ÇÌÕÃÏÓÅ

ÅMore glycogen storage in liver
Åᴻ ÓÙÎÔÈÅÓÉÓ ÏÆ glycogen synthase

Cortisol



Cortisol
Effects

ÅActivation of lipolysis in adipocytes
Åᴻ ÆÒÅÅ ÆÁÔÔÙ ÁÃÉÄÓ

Å  ÔÏÔÁÌ ÃÈÏÌÅÓÔÅÒÏÌȟ  ÔÒÉÇÌÙÃÅÒÉÄÅÓ

ÅStimulate adipocyte growth

ÅKey effect: fat deposition

Cortisol



Cortisol
Effects

ÅEnhanced effects of glucagon, epinephrine

ÅLeads to insulin resistance

ÅLong term steroid use: diabetes

Cortisol



Cortisol
Effects

ÅMuscle atrophy

ÅSkin effects
ÅBlunted epidermal cell division in skin

Åᴽ ÃÏÌÌÁÇÅÎȟ ÉÎÈÉÂÉÔÉÏÎ ÏÆ ÆÉÂÒÏÂÌÁÓÔÓ

ÅNet effects: Thin skin, easy bruising, striae

ÅBones: Inhibits osteoblasts
ÅSteroids Ą osteopenia and osteoporosis

Cortisol



Zones of the Adrenal Glands

Jpogi/Wikipedia /Public Domain



Zones of the Adrenal Glands



Pregnenolone Progesterone

11-deoxycorticosteroneCorticosteroneAldosterone

Cholesterol

Zona Glomerulosa

11-ɼhydroxylase

21-ɻhydroxylase

3-ɼhydroxysteroid
Dehydrogenase



Pregnenolone Progesterone
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+



Pregnenolone Progesterone

11-deoxycorticosteroneCorticosteroneAldosterone

Cholesterol

Zona Glomerulosa

11-ɼhydroxylase

21-ɻhydroxylase

3-ɼhydroxysteroid
Dehydrogenase

Aldosterone
Synthase

Angiotensin II

+

Desmolase

ACTH

+



Wikipedia /Public Domain



17-Hydroxypregnenolone 17-Hydroxyprogesterone

11-DeoxycortisolCortisol

Pregnenolone Progesterone

Zona Glomerulosa

Zona Fasciculata 17-ɻhydroxylase

21-ɻhydroxylase

11-ɼhydroxylase

3-ɼhydroxysteroid
Dehydrogenase



17-Hydroxypregnenolone 17-Hydroxyprogesterone

Zona Fasciculata

Zona Reticularis

Dehydroepiandrosterone
(DHEA)

Androstenedione

Testosterone

3-ɼhydroxysteroid
Dehydrogenase

17, 20 lyase



Matthew Colo/Wikipedia



Ketoconazole

ÅAntifungal

ÅBlocks ergosterol synthesis in fungi

ÅPotent inhibitor of 17,20 lyase
Åᴽ ÁÎÄÒÏÓÔÅÎÅÄÉÏÎÅȾÔÅÓÔÏÓÔÅÒÏÎÅ

ÅKey side effect: gynecomastia

ÅAlso inhibits 17-alpha hydroxylase, desmolase
ÅBlocks cortisol synthesis

Å#ÁÎ ÂÅ ÕÓÅÄ ÔÏ ÔÒÅÁÔ #ÕÓÈÉÎÇȭÓ ÓÙÎÄÒÏÍÅ



Congenital
Adrenal Hyperplasia
Jason Ryan, MD, MPH



CAH
Congenital Adrenal Hyperplasia

ÅEnzyme deficiency syndrome

ÅLoss of one of the four enzymes for cortisol synthesis
Å21-ɻhydroxylase

Å11-ɼhydroxylase

Å17-ɻhydroxylase

Å3-ɼhydroxysteroid dehydrogenase



Matthew Colo/Wikipedia



CAH
Congenital Adrenal Hyperplasia

Cholesterol

Aldosterone Cortisol Androgens

ACTH



CAH
Congenital Adrenal Hyperplasia

ÅAll result in low cortisol

ÅStimulates ACTH release

Å#ÁÎ ÃÁÕÓÅ ᴻ ÐÒÏÄÕÃÔÉÏÎ ÏÆ ÏÔÈÅÒ ÈÏÒÍÏÎÅÓ
ÅMineralocorticoids

ÅAndrogens

ᴽ #ÏÒÔÉÓÏÌᴻ!#4(
Adrenal

Hyperplasia
ᴻ .ÏÎ-cortisol

hormone synthesis



Low Cortisol
Signs/Symptoms

ÅHypoglycemia

ÅNausea/vomiting



Aldosterone
Signs/Symptoms

ÅDeficiency
ÅNa loss Ąwater loss

ÅHypovolemia Ą shock

ÅHyperkalemia

Åᴻ ÒÅÎÉÎ

ÅExcess
ÅNa retention

ÅHypertension 

ÅHypokalemia

Åᴽ ÒÅÎÉÎ



Androgens
Signs/Symptoms

ÅDepend on chromosomal sex of child (XX/XY)

ÅExcess androgens
ÅFemale (XX): Ambiguous genitalia

ÅMale (XY): Precocious (early) puberty 

ÅAndrogen deficiency
ÅFemale (XX): Normal genitalia 

ÅMale (XY): Female or ambiguous genitalia 



Ambiguous Genitalia

ÅFemales (XX) with excess androgen exposure 

ÅMales (XY) with deficient androgen exposure

Diabetic fetopathy associated with bilateral adrenal hyperplasia and ambiguous genitalia: a case report.
Journal of Medical Case Reports. 2008;2 : 251. doi:10.1186/1752-1947-2-251

http://www.jmedicalcasereports.com/content/2/1/251


ACTH Effects

ÅHigh ACTH can case skin hyperpigmentation

ÅMelanocyte stimulating hormone (MSH) 
ÅCommon precursor protein in pituitary with ACTH

Åᴻ  ÍÅÌÁÎÉÎ ÓÙÎÔÈÅÓÉÓ

Proopiomelanocortin

ACTH MSH



21-ɻHydroxylase Deficiency

Cholesterol

Aldosterone Cortisol Androgens

ACTH



21-ɻHydroxylase Deficiency

Cholesterol

Aldosterone Cortisol Androgens

ᴻ !#4(



21-ɻHydroxylase Deficiency

ÅClassic cause of CAH (90% of CAH)

ÅLow cortisol symptoms 

ÅLow mineralocorticoid symptoms

ÅExcess androgen symptoms
ÅGirls (XX): ambiguous genitalia 

ÅBoys (XY): precocious puberty (early onset)

ÅVariable symptoms based on enzyme levels
ÅClassic form: 0 to 2% normal enzyme activity

ÅNon-classic forms: 20-50% normal enzyme activity



21-ɻHydroxylase Deficiency



11-ɼHydroxylase Deficiency

Cholesterol

Aldosterone

Cortisol

Androgens

11-
deoxycorticosterone

ᴻ !#4(



11-ɼHydroxylase Deficiency

ÅSimilar to 21-ɻhydroxylase deficiency
ÅLow cortisol symptoms 

ÅGirls: ambiguous genitalia

ÅBoys: precocious puberty

ÅOne exception:  ÍÉÎÅÒÁÌÏÃÏÒÔÉÃÏÉÄ ÁÃÔÉÖÉÔÙ
Åᴻ ρρ-deoxycorticosterone (weak mineralocorticoid)

ÅHypertension

ÅHypokalemia



17-ɻHydroxylase Deficiency

Cholesterol

Aldosterone Cortisol Androgens

ᴻ !#4(



17-ɻHydroxylase Deficiency

ÅCytochrome P450c17enzyme (CYP17A1) 

ÅFound in adrenal glands and gonads

ÅCatalyzes two reactions
Å17-hydroxylase

Å17,20-lyase



17-ɻHydroxylase Deficiency

ÅLow cortisol

Å%ØÃÅÓÓ ÍÉÎÅÒÁÌÏÃÏÒÔÉÃÏÉÄÓȡ (4.ȟ ᴽ++

ÅLow androgens
ÅCYP17A1 : adrenal gland and gonads



17-ɻHydroxylase Deficiency

ÅMales (XY): 
ÅFemale or ambiguous external genitalia 

ÅAbsent uterus/fallopian tubes (Sertoli cells ĄMIH)

ÅUndescended testes



17-ɻHydroxylase Deficiency

ÅFemales (XX):
ÅNormal at birth

ÅPrimary amenorrhea at puberty

ÅTheca cells lack of androgens Ą ᴽ ÅÓÔÒÁÄÉÏÌ

ÅOften diagnosed at puberty
ÅXX female fails to develop

ÅXY phenotypic female or male fails to develop

ÅHypertension, low K+ identified



3-ɼHydroxysteroid 
Dehydrogenase Deficiency

Cholesterol

Aldosterone Cortisol Androgens

ᴻ !#4(



Disorders of Sex Development

Ambiguous Genitalia

46, XX 46, XY

Excess Androgens
Often CAH

Lack of androgens
Synthesis/Effect

Rarely due to CAH



CAH Screening

ÅSome states screen with newborn blood testing

ÅMeasure level of  17-Hydroxyprogesterone
ÅElevated level in 21-ɻhydroxylase deficiency (most common)



CAH Treatment

ÅMany forms treated with glucocorticoids

ÅReplenishes cortisol

ÅLowers ACTH

ÅStops overproduction of other hormones

ÅCan also use mineralocorticoids (fludrocortisone)



Adrenal Disorders
Jason Ryan, MD, MPH



Adrenal Disorders

ÅExcess cortisol

ÅInsufficient cortisol

ÅExcess mineralocorticoids

ÅTumors



#ÕÓÈÉÎÇȭÓ 3ÙÎÄÒÏÍÅ

ÅSyndrome of clinical features due to excess cortisol

ÅMost common cause: corticosteroid medication
ÅOften prescribed for inflammatory conditions

Åi.e. daily prednisone for lupus

Å#ÕÓÈÉÎÇȭÓ disease: Pituitary ACTH-secreting tumor
Å/ÎÅ ÃÁÕÓÅ ÏÆ #ÕÓÈÉÎÇȭÓ ÓÙÎÄÒÏÍÅ



#ÕÓÈÉÎÇȭÓ 3ÙÎÄÒÏÍÅ
Excess Cortisol Effects

ÅHypertension

ÅHyperglycemia

ÅDiabetes (insulin resistance)

ÅImmune suppression
ÅRisk of infections, especially opportunistic



#ÕÓÈÉÎÇȭÓ 3ÙÎÄÒÏÍÅ
Excess Cortisol Effects

ÅCortisol alters GnRH release Ąᴽ &3(ȟ,(

ÅMenstrual irregularities in women
ÅAbnormal cycles (80%)

ÅOligomenorrhea(~30%)

ÅAmenorrhea (~30%)

ÅHirsutism of face in women

ÅMales: Erectile dysfunction



#ÕÓÈÉÎÇȭÓ 3ÙÎÄÒÏÍÅ
Excess Cortisol Effects

ÅStimulation of adipocytes Ą growth

ÅProgressive central obesity

ÅFace, neck, trunk, abdomen

ÅȰ-ÏÏÎ ÆÁÃÅȱ

Å"Buffalo hump" 
ÅFat mound at base of back of neck

Homini/ Flikr

SherryC1234



Skin Changes

ÅThinning of skin

ÅEasy bruising

ÅStriae: Stretch marks
ÅPurple lines on skin

ÅFragile skin stretches over trunk, breasts, abdomen

ÅThin skin cannot hide venous blood in dermis

ÅCommonly occur on sides and lower abdomen



#ÕÓÈÉÎÇȭÓ 3ÙÎÄÒÏÍÅ
Causes

ÅACTH-ÉÎÄÅÐÅÎÄÅÎÔ ɉᴽ!#4(Ɋ
ÅGlucocorticoid therapy

ÅAdrenal adenoma

ÅACTH-ÄÅÐÅÎÄÅÎÔ ɉᴻ!#4(Ɋ
Å#ÕÓÈÉÎÇȭÓ ÄÉÓÅÁÓÅ ɉÐÉÔÕÉÔÁÒÙ !#4( ÓÅÃÒÅÔÉÎÇ ÔÕÍÏÒɊ

ÅEctopic ACTH (small cell lung cancer)

Åᴻ!#4( Ą adrenal hyperplasia ĄᴻÃÏÒÔÉÓÏÌ



#ÕÓÈÉÎÇȭÓ 3ÙÎÄÒÏÍÅ
Causes

ÅSpecial note: skin hyperpigmentation
ÅCan occur in ACTH-ÄÅÐÅÎÄÅÎÔ #ÕÓÈÉÎÇȭÓ ÓÙÎÄÒÏÍÅ

Å#ÁÕÓÅÄ ÂÙ ᴻ !#4( ÎÏÔ ÃÏÒÔÉÓÏÌ

Åᴻ !#4( Ąᴻ -3( 

Wikipedia/Public Domain



#ÕÓÈÉÎÇȭÓ 3ÙÎÄÒÏÍÅ
Diagnosis

ÅMeasuring plasma cortisol difficult

ÅCircadian rhythm Ą high levels in AM

ÅMost cortisol bound to CBG

ÅCBG levels can affect serum measurement



#ÕÓÈÉÎÇȭÓ 3ÙÎÄÒÏÍÅ
Diagnosis

Å24-hour urine free cortisol
ÅIntegrates cortisol level over time

ÅSalivary cortisol
ÅNo cortisol binding globulin in saliva

ÅFree cortisol level measured at night (should be low)



#ÕÓÈÉÎÇȭÓ 3ÙÎÄÒÏÍÅ
Diagnosis

ÅLow dose dexamethasone suppression test
ÅρÍÇ ÄÅØÁÍÅÔÈÁÓÏÎÅ ɉȰÌÏ× ÄÏÓÅȱɊ ÁÄÍÉÎÉÓÔÅÒÅÄ ÁÔ ÂÅÄÔÉÍÅ

ÅSuppresses normal pituitary ACTH release

ÅMorning blood test

ÅCortisol level should be low (suppressed)

ÅCortisol ÒÅÍÁÉÎÓ ÈÉÇÈ ÉÎ #ÕÓÈÉÎÇȭÓ ÓÙÎÄÒÏÍÅ

ÅAdenomas, tumors do not suppress cortisol production



#ÕÓÈÉÎÇȭÓ 3ÙÎÄÒÏÍÅ
Diagnosis

Å3ÔÅÐ ρȡ %ÓÔÁÂÌÉÓÈ #ÕÓÈÉÎÇȭÓ ÓÙÎÄÒÏÍÅ 

ÅStep 2: Establish cause

ÅKey test is serum ACTH level



High Dose Dexamethasone

ÅLow dose testing (1mg)
ÅUsed to establish diagnosis ÏÆ #ÕÓÈÉÎÇȭÓ ÓÙÎÄÒÏÍÅ

ÅHigh dose dexamethasone test (8mg)
ÅDifferentiate causes ÏÆ ÈÉÇÈ !#4( #ÕÓÈÉÎÇȭÓ ÓÙÎÄÒÏÍÅ

Å7ÉÌÌ ÓÕÐÐÒÅÓÓ ÃÏÒÔÉÓÏÌ ÉÎ ÐÉÔÕÉÔÁÒÙ ÁÄÅÎÏÍÁÓ ɉᴻ ÓÅÔ ÐÏÉÎÔɊ

ÅWill not suppress cortisol from ACTH tumors

AM Cortisol After Dexamethasone



#ÕÓÈÉÎÇȭÓ 3ÙÎÄÒÏÍÅ
Treatment

ÅSurgery
ÅRemoval of adenoma (adrenal gland, pituitary)

ÅRemoval of lung tumor

ÅKetoconazole



Ketoconazole

ÅAntifungal

ÅBlocks ergosterol synthesis in fungi

ÅAlso blocks 1 st step in cortisol synthesis
ÅDesmolase(side chain cleavage)

Å#ÁÎ ÂÅ ÕÓÅÄ ÔÏ ÔÒÅÁÔ #ÕÓÈÉÎÇȭÓ ÓÙÎÄÒÏÍÅ

ÅAlso potent inhibitor androgen synthesis
ÅKey side effect: gynecomastia

PregnenoloneCholesterol

Desmolase

Cortisol



Adrenal Insufficiency

ÅInsufficient cortisol production

ÅPrimary ÁÄÒÅÎÁÌ ÉÎÓÕÆÆÉÃÉÅÎÃÙ ɉ!ÄÄÉÓÏÎȭÓ ÄÉÓÅÁÓÅɊ
ÅFailure of adrenal gland

ÅCortisol and aldosterone will be low

ÅACTH will be high

ÅSecondary adrenal insufficiency
ÅFailure of pituitary ACTH release

ÅOnly cortisol will be low



Adrenal Insufficiency
Symptoms

ÅLoss of cortisol
ÅWeakness, fatigue

ÅWeight loss

ÅPostural hypotension

ÅNausea, abdominal pain, diarrhea

ÅHypoglycemia

ÅLoss of aldosterone
ÅPotassium retention Ą hyperkalemia

ÅH+ retention Ą acidosis

ÅSodium loss in urine Ą hypovolemia



ACTH Effects

ÅACTH is high in primary adrenal insufficiency

ÅThis leads to skin hyperpigmentation

ÅMelanocyte stimulating hormone (MSH) shares 
common precursor protein in pituitary with ACTH

Åᴻ  ÍÅÌÁÎÉÎ ÓÙÎÔÈÅÓÉÓ

Proopiomelanocortin

ACTH MSH



!ÄÄÉÓÏÎȭÓ (ÙÐÅÒÐÉÇÍÅÎÔÁÔÉÏÎ 

ÅGeneralized hyperpigmentation

ÅMost obvious in sun-exposed areas
ÅFace, neck, backs of hands

ÅAlso areas of friction/pressure 
ÅElbows, knees, knuckles,

ÅMay occur is palmar creases

ÅClassic scenario:
ÅGI symptoms (nausea, pain)

ÅDarkening skin

Wikipedia/Public Domain



Adrenal Crisis

ÅAcute adrenal insufficiency

ÅAbrupt loss of cortisol and aldosterone

ÅMain manifestation is shock

ÅHypoglycemia

ÅOther symptoms: nausea, vomiting, fatigue, confusion

Å/ÆÔÅÎ ×ÈÅÎ ÁÃÕÔÅ ᴻ ÁÄÒÅÎÁÌ ÆÕÎÃÔÉÏÎ ÃÁÎÎÏÔ ÂÅ ÍÅÔ
ÅInfection, surgery, trauma in patient with adrenal insufficiency

ÅPatients on chronic steroids 

ÅȰ3ÔÒÅÓÓ ÄÏÓÅ ÓÔÅÒÏÉÄÓȱ ÆÏÒ ÐÒÅÖÅÎÔÉÏÎ



!ÄÄÉÓÏÎȭÓ $ÉÓÅÁÓÅ
Common Causes

ÅAutoimmune adrenalitis
ÅAntibody and cell-mediated disorder

ÅAntibodies to 21-hydroxylase commonly seen

ÅAtrophy of adrenal gland

ÅLoss of cortex

ÅMedulla is spared

ÅInfections 
ÅTuberculosis

ÅFungal (histoplasmosis, cryptococcus)

ÅCMV

ÅRare: tumor metastasis especially lung



Metastasis from Lung Cancer

ÅAdrenals
ÅUsually found on imaging without symptoms

ÅBrain
ÅHeadache, neuro deficits, seizures

ÅBone
ÅPathologic fractures

ÅLiver 
ÅHepatomegaly, jaundice



Waterhouse-Friderichsen 
Syndrome
ÅRare cause of acute adrenal insufficiency

ÅCaused by acute hemorrhage into adrenal glands

ÅAssociated with meningococcemia

ÅClinical scenario
ÅPatient with bacterial meningitis

ÅAcute onset of shock

Xishan01/Wikipedia



2o Adrenal Insufficiency

ÅMost common cause: glucocorticoid therapy 

ÅChronic suppression ACTH release

ÅLeads to adrenal atrophy over time

ÅSudden discontinuation Ą hypoadrenalism



2o Adrenal Insufficiency

Å"ÁÓÉÓ ÆÏÒ Ȱ×ÅÁÎÉÎÇȱ ÏÆÆ ÓÔÅÒÏÉÄÓ
ÅSlow discontinuation over time

Å"ÁÓÉÓ ÆÏÒ ȰÓÔÒÅÓÓ ÄÏÓÅ ÓÔÅÒÏÉÄÓȱ
ÅPatients on chronic steroids with infection, trauma, surgery

ÅRisk of adrenal crisis

ÅHigh dose of glucocorticoids administered 



2o Adrenal Insufficiency
Important Points

ÅNo skin findings
ÅACTH is not elevated

ÅNo hyperkalemia
ÅAldosterone not effected



Adrenal Insufficiency
Diagnostic Tests

Å8 AM serum cortisol 
ÅLevels should be highest at this time

ÅLow level indicates disease

ÅSerum ACTH
ÅHigh ACTH with low cortisol = primary disease

ÅLow ACTH with low cortisol = secondary disease



Adrenal Insufficiency
Diagnostic Tests

Å!#4( ÓÔÉÍÕÌÁÔÉÏÎ ÔÅÓÔ ɉȰcosyntropinÓÔÉÍ ÔÅÓÔȱɊ
ÅExogenous ACTH administered

ÅCortisol should rise 30-60 minutes later

ÅFailure to rise = primary adrenal insufficiency

ÅNormal rise = secondary disorder



Primary Aldosteronism 
Mineralocorticoid Excess

ÅHypertension , classically at a young age

ÅHypokalemia
ÅWeakness, muscle cramps

ÅUnreliable finding Ąmany cases with normal K+

ÅMetabolic alkalosis



Primary Aldosteronism 
Most common causes

ÅBilateral idiopathic hyperaldosteronism (~60%)

ÅAldosterone-producing adenoma (~30%)
Å3ÏÍÅÔÉÍÅÓ ÃÁÌÌÅÄ #ÏÎÎȭÓ ÓÙÎÄÒÏÍÅ 



Primary Aldosteronism 
Diagnosis

ÅPlasma aldosterone concentration (PAC)

ÅPlasma renin activity (PRA)
ÅPlasma incubated 

ÅRenin cleaves angiotensinogen in plasma 

ÅAngiotensin I produced Ąmeasured by assay

ÅȢ  02! ÁÎÄ ᴻ 0!# Ѐ 0ÒÉÍÁÒÙ ÁÌÄÏÓÔÅÒÏÎÉÓÍ

Åᴻ  02! ÁÎÄ ᴻ 0!# Ѐ 3ÅÃÏÎÄÁÒÙ ÁÌÄÏÓÔÅÒÏÎÉÓÍ
ÅRenal artery stenosis, CHF, low volume



Primary Aldosteronism 
Diagnosis

ÅAbdominal imaging for adrenal nodules/tumors

ÅAdrenal vein sampling
ÅDifferentiates unilateral vs. bilateral disease

ÅMeasure PAC and PRA in each vein



Primary Aldosteronism 
Treatment

ÅSurgical adrenalectomy
ÅAdenomas

ÅUnilateral hyperplasia

ÅSpironolactone
ÅDrug of choice

ÅPotassium-sparing diuretic

ÅBlocks aldosterone effects



Licorice

ÅContains glycyrrhetinic acid (a steroid)
ÅWeak mineralocorticoid effect

ÅInhibits renal 11-beta-hydroxysteroid dehydrogenase

ÅLarge amounts ĄHypertension, hypokalemia

ÅPlasma aldosterone level low

Pikaluk/ Flikr

11-beta-hydroxysteroid
dehydrogenaseCortisol Cortisone

http://flickr.com/photos/91687216@N00


Pheochromocytoma

ÅCatecholamine-secreting tumor
ÅSecrete epinephrine, norepinephrine, dopamine

ÅChromaffin cells of adrenal medulla
ÅDerivatives of neural crest



Pheochromocytoma

ÅClinical presentation
ÅClassically episodic symptoms

ÅHypertension

ÅHeadaches

ÅPalpitations

ÅSweating

ÅPallor (pale skin)



Pheochromocytoma
Diagnosis

ÅSerum catecholamine levels not routinely used
ÅLevels fluctuate

ÅSome metabolism intratumoral

ÅBreakdown products of catecholaminesmeasured
ÅUsually via 24 hour urine collection



Pheochromocytoma
Diagnosis

Dopamine

MAO

COMT
MAO

COMT

Homovanillic
Acid 
(HVA)

Monoamine Oxidase (MAO)
Catechol-O-methyltransferase (COMT)



Pheochromocytoma
Diagnosis

Norepinephrine

Epinephrine

Dihydroxymandelic
Acid

Vanillylmandelic 
acid (VMA)

Normetanephrine

Metanephrine

MAO

COMT
MAO

COMT

COMT

MAO

MAO



Pheochromocytoma
Diagnosis

ÅMetanephrines often measured for diagnosis
ÅMetanephrineand normetanephrine

Å24hour urine collection or plasma

ÅOlder test: 24 hour collection of VMA



Pheochromocytoma
Treatment

ÅDefinitive therapy: Surgery

ÅPre-operative management:
ÅPhenoxybenzamine (irreversible ɻblocker)

ÅNon-selective beta blockers (propranolol)



Paraganglioma

ÅCatecholamine-secreting tumor

ÅArise from sympathetic ganglia (extraadrenal)

ÅSimilar clinical presentation to pheochromocytoma



Neuroblastoma

ÅTumor of primitive sympathetic ganglion cells
ÅAlso derived from  neural crest cells

ÅCan arise anywhere in sympathetic nervous system
ÅAdrenal gland most common (40 percent)

ÅAbdominal (25 percent)

ÅThoracic (15 percent)

ÅAlmost always occurs in children
Å3rd most common childhood cancer (leukemia, brain tumors)

ÅMost common extracranial tumor



Neuroblastoma

ÅSymptoms related to tumor mass effect
ÅCommonly present as abdominal pain

ÅCan synthesize catecholamines
ÅRarely cause symptoms like pheochromocytoma

ÅUrinary HVA/VMA levels used for diagnosis

ÅRare feature: Opsoclonus-myoclonus-ataxia (OMA) 
ÅRare paraneoplastic syndrome

ÅRapid eye movements, rhythmic jerking, ataxia 

ÅHalf of OMA patients have a neuroblastoma



Neuroblastoma

ÅDiverse range of disease progression

ÅKey risk factor: Age at diagnosis
ÅInfants with disseminated disease often cured

ÅChildren over 18 months often die despite therapy

ÅYounger age = better prognosis

ÅN-myc
ÅProto-oncogene

ÅAmplified/overexpressed in some tumors

ÅAssociated with poor prognosis



MIBG
Metaiodobenzylguanidine

ÅChemical analog of norepinephrine 

ÅDiagnosis of pheochromocytoma & neuroblastoma

ÅConcentrated in sympathetic tissues 

ÅLabeled with radioactive iodine (I131)

ÅWill concentrate in tumors Ą emit radiation

ÅSpecial note: thyroid gland must be protected 
ÅSimultaneous administration of potassium iodide

ÅNon-radioactive iodine 

ÅWill be taken up by thyroid instead

131

MIBG

Norepinephrine



Adrenal Adenomas

ÅOften discovered on abdominal imaging
ÅȰ!ÄÒÅÎÁÌ incidentalomaȱ

ÅConcern for malignancy and/or functioning adenoma



Adrenal Adenomas

ÅMay secrete cortisol or aldosterone

ÅCommon functional tests
Å24 hour urine metanephrines (pheochromocytoma)

Åςτ ÈÏÕÒ ÕÒÉÎÅ ÆÒÅÅ ÃÏÒÔÉÓÏÌ ɉ#ÕÓÈÉÎÇȭÓɊ

Å,Ï× ÄÏÓÅ ÄÅØÁÍÅÔÈÁÓÏÎÅ ÓÕÐÐÒÅÓÓÉÏÎ ɉ#ÕÓÈÉÎÇȭÓɊ

ÅSerum PRA/aldosterone (aldosteronism)

ÅOften followed for growth over time (non-functional)

ÅLarge (>5cm) often removed



Endocrine Pancreas
Jason Ryan, MD, MPH



Pancreatic Islets
Islets of Langerhans

ÅMillions of islets found in pancreatic tissue

ÅEndocrine portion of pancreas

ÅBeta cells: Insulin 
ÅMost abundant cell type

ÅCentrally located

ÅAlpha cells: Glucagon

ÅDelta cells: Somatostatin

ÅAlpha/delta cells: Outer islet

Polarlys/Wikipedia



Insulin

ÅProtein hormone

ÅSynthesized by beta cells

ÅSynthesized as preproinsulin
ÅMade by ribosomes of rough endoplasmic reticulum

ÅPreproinsulin cleaved toproinsulin
ÅTransported to Golgi apparatus 

ÅPackaged into secretory granules 
ÅProinsulin cleaved to insulin and C-peptide in granules



Insulin Structure

ÅAlpha chain

ÅBeta chain

ÅDisulfide bridges

ÅC-peptide
ÅȰ#ÏÎÎÅÃÔÉÎÇȱ ÐÅÐÔÉÄÅ

ÅLong half-life

ÅIndicator insulin production
Zapyon/Wikipedia

C-peptide

ɻchain

ɼchain



Insulin Release

Prisonblues/Wikipedia

Glucokinase

GLUT-2 and Glucokinase
Both in liver/pancreas



Insulin Release

ÅProduced in response to: glucose, amino acids

Glucose

Wikipedia/Public Domain

Amino Acid



Insulin Release

ÅProduction inhibited by epinephrine
ÅBeta-ς ÒÅÃÅÐÔÏÒÓȡ ᴻ ÉÎÓÕÌÉÎ

ÅAlpha-ς ÒÅÃÅÐÔÏÒÓȡ ᴽ ÉÎÓÕÌÉÎ ÒÅÌÅÁÓÅ

ÅAlpha effect is dominant effect in pancreas

ÅFight or flight response Ąᴻ ÐÌÁÓÍÁ ÇÌÕÃÏÓÅ



Glucokinase

ÅBeta cell enzyme

Å1st step of glycolysis

ÅFound in liver and pancreas

ÅInduced by insulin

ÅInsulin promotes transcription

ÅHigh Km (rate varies with glucose)

ÅHigh Vm (can convert lots of glucose)

Glucose

Glucose-6-phosphate

ATP

ADP



GLUT-2 Transporter

ÅBidirectional glucose transporter

ÅFound in liver, kidney, beta cells
ÅLiver, kidney: Gluconeogenesis

ÅBeta cells: Glucose in/out based on plasma levels

ÅAlso found in intestine, other tissues 



Insulin Release
Key Points

ÅGlucose into beta cells via GLUT-2

ÅGlucose ĄG-6P via glucokinase

ÅATP produced ĄClosure of K+ channels

ÅDepolarization

ÅVoltage-gated calcium channels open

ÅCalcium Ą insulin release from vesicles



Insulin Receptor
Insulin

Step 1: Insulin Binding
!ÃÔÉÖÁÔÅÓ Ȱ4ÙÒÏÓÉÎÅ +ÉÎÁÓÅȱ ÄÏÍÁÉÎÓ

within receptor complex
Ȱ4ÙÒÏÓÉÎÅ +ÉÎÁÓÅ 2ÅÃÅÐÔÏÒȱ

ɼ

ɻ

Tetramer
Two ɻunits
Two ɼunits

Disulfide bonds



Insulin Receptor

Ty Ty Ty Ty

P P

Step 2: Tyrosine Phosphorylation
Receptor phosphorylates itself
Ȱ!ÕÔÏÐÈÏÓÐÈÏÒÙÌÁÔÉÏÎȱ

Tyrosine



Insulin Receptor

Ty Ty

P P

Step 3: Binds Substrates
IRS: Insulin receptor substrate

IRS-1, IRS-2, etc.
Mediate downstream effects

IRS-1



Insulin Receptor

Ty Ty

P P

Step 4: Downstream Signaling
Option 1: PIK3 Pathway

Option 2: RAS/MAP Kinase Pathway

IRS-1 IRS-1



PIK3 Pathway
Phosphatidylinositol 3ɀkinase Pathway

ÅIntracellular lipid kinases 

Å0ÈÏÓÐÈÏÒÙÌÁÔÅ σȭ-hydroxyl group of phospholipids
ÅForms PIP3 from PIP2

Phosphatidylinositol



PIK3 Pathway
Phosphatidylinositol 3ɀkinase Pathway

ÅCatalyzes many intracellular processes
ÅGlycogen formation

ÅFatty acid synthesis

ÅGLUT-4 glucose transporter 

GLUT
4

[Glucose]

[Glucose]



GLUT-4 Transporter

ÅStored in vesicles in cells, especially muscle

ÅInsulin ĄPIK3 pathway ĄGLUT-4 Activation

ÅMajor mechanism for increased glucose uptake

ÅImportant muscle/fat

ÅInsulin exposure ĄGLUT-4 on surface

GLUT
4

[Glucose]

[Glucose]



RAS/MAP Kinase Pathway

ÅInsulin receptor can activate RAS
ÅG protein

ÅRAS can activate many growth pathways
ÅRaf

ÅMEK (mitogen-activated extracellular kinase)

ÅMAP (mitogen-activated protein)

ÅModify cell growth and gene expression



Insulin Receptor
Key Points

ÅTetramer of ɻ/ɼsubunits with disulfide bridges
Åɻ: extracellular

Åɼ: transmembrane

ÅInsulin binding Ą tyrosine kinase activity

ÅAutophosphorylation of tyrosine residues

ÅPIK3 Pathway ĄGLUT-4 glucose transporter

ÅRAS/MAP Kinase Pathway: growth/gene transcription



Insulin Dependent Organs

ÅMuscle and fat
ÅUse GLUT-4 for glucose uptake

ÅDepend on insulin (no insulin = no GLUT-4)

GLUT
4

[Glucose]

[Glucose]



Insulin Independent Organs

ÅBrain and RBCs
ÅUse GLUT-1 for glucose uptake

ÅNot dependent on insulin

ÅTakes up glucose when available

ÅRBCs: No mitochondria (depend on glycolysis)

ÅBrain: No fatty acid metabolism (glucose/ketones)

ÅLiver, kidney, intestines
ÅAlso insulin independent (GLUT-2)

ÅOther organs: nerves, lens



Insulin Effects

ÅGlucose uptake (skeletal muscle, adipose tissue)

ÅGlycogen synthesis
ÅActivates glycogen synthase

ÅInhibits glycogen phosphorylase

ÅInhibits gluconeogenesis
Åᴻ &ÒÕÃÔÏÓÅ-2,6-bisphosphate levels

ÅInhibit Fructose 1,6 bisphosphatase1



Insulin Effects

ÅFatty acid synthesis
ÅActivates acetyl-CoA carboxylase

ÅInhibits hormone sensitive lipase 

ÅProtein synthesis 
ÅStimulates entry of amino acids into cells Ą protein synthesis

ÅImportant for muscle growth

ÅKey side effect insulin therapy: weight gain



Hormone Sensitive Lipase

ÅRemoves fatty acids from TAG in adipocytes

ÅInhibited by insulin

ÅActivated by glucagon and epinephrine

Fatty Acid

Glycerol

Triacylglycerol

Hormone
Sensitive

Lipase

Liver



Insulin Effects

ÅNa+ retention 
ÅIncreases Na+ resorption in the nephron

ÅLowers potassium
ÅEnhanced activity of Na-K-ATPase pump in skeletal muscle

ÅInsulin plus glucose used in treatment of hyperkalemia

ÅInhibits glucagon release



Glucagon

ÅProtein hormone 

ÅSingle polypeptide chain

ÅSynthesized by alpha cells

ÅOpposes actions of insulin

ÅMain stimulus release: low plasma glucose



Glucagon

ÅIncreases liver (not muscle) glycogen breakdown
ÅRaises blood glucose level

ÅIncreases gluconeogenesis



Glucagon

ÅIncreases amino acid uptake in liver
ÅMore carbon skeletons for glucose via gluconeogenesis

ÅPlasma amino acid levels fall

ÅActivates lipolysis via hormone sensitive lipase



Glucagon Receptor

G-protein
Receptor

G-protein

2nd Messenger

LƳŀƎŜΥ ά!ŎǘƛǾŀǘƛƻƴ ŎȅŎƭŜ ƻŦ D-proteins by G-protein-ŎƻǳǇƭŜŘ ǊŜŎŜǇǘƻǊǎέ ōȅ {ǾŜƴ Jähnich

ÅG-protein receptor

ÅActivates adenylyl cyclase

ÅIncreases cAMP

ÅActivates protein kinase A (PKA)



Glucagon Receptor

ÅGlucagon receptors mostly in liver
ÅMany activated processes occur in liver

ÅBreakdown of glycogen to raise plasma glucose

ÅGluconeogenesis

ÅMost other tissues have lower density than liver

ÅNot found in skeletal muscle

Watanabe M, et al. Histologic distribution of insulin and glucagon receptors.
Brazilian Journal of Medical and Biological Research (1998) 31: 243-256



Hypoglycemia

ÅUnconscious patient with hypoglycemia

ÅTreatment:
Å#1: IV dextrose

Å#2: Intramuscular glucagon

ÅUseful when IV access cannot be established

ÅRaises plasma glucose level



Beta Blocker Overdose

ÅCauses bradycardia and hypotension

ÅDrug of choice: Glucagon
ÅActivates adenylyl cyclase

ÅDifferent site from beta-adrenergic agents

ÅRaises cAMP Ąᴻ ÍÙÏÃÙÔÅ ÃÁÌÃÉÕÍ

ÅSame mechanism as beta stimulation (via Gs proteins)



Insulinoma

ÅRare, pancreatic islet-cell tumor

ÅOccurs in adults (median age ~50 years)

ÅKey feature: fasting hypoglycemia
ÅInsulin levels remain elevated when fasting

ÅȰ.ÅÕÒÏÇÌÙÃÏÐÅÎÉÃ ÓÙÍÐÔÏÍÓȱ
ÅConfusion, odd behavior

ÅSympathetic activation from low glucose
ÅPalpitations, diaphoresis, tremor



Insulinoma

ÅDiagnosis: fasting insulin level

ÅAlso elevated
ÅC-peptide

ÅProinsulin

ÅNeed to exclude exogenous insulin administration



Fasting Hypoglycemia

ÅDifferential diagnosis
ÅExogenous insulin

ÅOral hypoglycemics (sulfonylureas Ąᴻ ÉÎÓÕÌÉÎ)

ÅInsulinoma



Glucagonoma

ÅRare pancreatic tumors

ÅExcess glucagon secretion

ÅLeads to glucose intolerance
ÅElevated fasting glucose levels

ÅRare to develop DKA (insulin function intact)



Glucagonoma

ÅWeight loss
ÅLiver gluconeogenesis

ÅConsumption of proteins/amino acids



Glucagonoma

ÅNecrolytic migratory erythema
ÅRed, blistering rash

ÅItchy, painful

ÅFluctuates in severity

ÅGenitals, buttocks, groin

ÅKey clinical scenario: new diabetes and rash



Glucagonoma

Å$ÉÁÇÎÏÓÉÓȡ ᴻ ÐÌÁÓÍÁ ÇÌÕÃÁÇÏÎ ÌÅÖÅÌ

ÅTreatment: somatostatin analogs (octreotide)
ÅInhibit glucagon secretion

ÅImproves symptoms



MEN Syndromes

ÅMultiple endocrine neoplasia

ÅRare inherited disorders

ÅNumerous endocrine tumors

ÅMEN Type 1: Insulinomas/ glucagonomas
Åσ 0ȭÓȡ 0ÉÔÕÉÔÁÒÙȟ 0ÁÒÁÔÈÙÒÏÉÄȟ ÁÎÄ 0ÁÎÃÒÅÁÓ

ÅMutations of MEN1 tumor suppressor gene



Diabetes
Jason Ryan, MD, MPH



Diabetes

ÅChronic disorder of elevated blood glucose levels

ÅCaused  by:
ÅInsufficient insulin

Å)ÎÓÕÆÆÉÃÉÅÎÔ ÒÅÓÐÏÎÓÅ ÔÏ ÉÎÓÕÌÉÎ ɉȰÉÎÓÕÌÉÎ ÒÅÓÉÓÔÁÎÃÅȱɊ

ÅBoth



Diabetes Symptoms

ÅOften asymptomatic
ÅȰ3ÉÌÅÎÔ ËÉÌÌÅÒȱ

ÅOften no symptoms until complications develop

ÅBasis for screening

ÅClassic hyperglycemia symptoms
ÅPolyuria (osmotic diuresis from glucose)

ÅPolydipsia (thirst to replace lost fluids)



Terminology

ÅDiabetes Mellitus
ÅMellitus = sweet

ÅCommon disorder of blood glucose

ÅDiabetes insipidus
ÅInsipid = lacking flavor

ÅRare disorder of low ADH activity

ÅBoth can cause polyuria, polydipsia

ÅCompletely different mechanisms



Diabetes Diagnosis

ÅSymptoms
ÅSymptoms plus glucose >200mg/dl = diabetes

ÅAsymptomatic
ÅFasting blood glucose level (no food for 8 hours)



Hemoglobin A1C

Å3ÍÁÌÌ ÆÒÁÃÔÉÏÎ ÏÆ ÈÅÍÏÇÌÏÂÉÎ ÉÓ ȰÇÌÙÃÁÔÅÄȱ
ÅGlucose combines with alpha/beta chains

ÅSubfractionHbA1c used in diabetes
ÅNon-enzymatic glycation of beta-chains

ÅOccurs at amino-terminal valines

NH2

Glucose



Hemoglobin A1C

ÅReflects average glucose over past 3 months
ÅNormal < 5.7%

ÅPre-diabetes: 5.7 to 6.4%

ÅDiabetes: >=6.5%

ÅSometimes used for diagnosis

ÅImportant for monitoring therapy
ÅHigher value = worse control of blood sugar



Glucose Tolerance Test

ÅOral glucose load administered

ÅPlasma glucose measured 1-3 hours later

ÅHigh glucose indicates diabetes 

ÅOften used to screen for gestational diabetes
ÅSome insulin resistance normal in pregnancy

ÅNeed to study response to glucose load for diagnosis



Type 1 Diabetes

ÅAutoimmune disorder

ÅType IV hypersensitivity reaction

ÅT-cell mediated destruction of beta cells
ÅInflammation of islets

ÅLymphocytes ÏÎ ÂÉÏÐÓÙ ɉȰ)ÎÓÕÌÉÔÉÓȱɊ

ÅDecreased number of beta cells

ÅLoss of insulin

ÅAssociated with HLA-DR3 and HLA-DR4

ÅAutoantibodies may be present 
ÅIslet-cell antibodies 

ÅInsulin antibodies 



Type 1 Diabetes

ÅMostly a childhood disorder
ÅBimodal distribution

ÅPeak at 4-6 years 

Å2nd peak 10 to 14 years of age

ÅOften presents with symptomatic hyperglycemia
ÅPolyuria

ÅPolydipsia

ÅGlucose in urine

ÅTreatment: Insulin

Wikipedia/Public Domain



Diabetic Ketoacidosis
DKA

ÅLife-threatening complication of diabetes

ÅMore common type 1

ÅCommon initial presentation type 1

ÅOften precipitated by infection/trauma

ÅCan occur when type 1 diabetic skips insulin therapy



Diabetic Ketoacidosis
DKA

ᴽ  )ÎÓÕÌÉÎ ᴻ %ÐÉÎÅÐÈÒÉÎÅ

 'ÌÕÃÏÓÅ
ᴻ ,ÉÐÏÌÙÓÉÓ

 +ÅÔÏÎÅÓ

Acidosis
(AG)

 ÐÌÁÓÍÁ ++

Polyuria

Dehydration

ᴽ ')
Motility

Abd Pain
Nausea

Vomiting

Urine Ketones
Urine Glucose

Fruity
Breath

ᴻ 'ÌÕÃÁÇÏÎ

 0ÈÏÓÐÈÁÔÅ



Diabetic Ketoacidosis
Clinical Presentation

ÅAbdominal pain/nausea/vomiting

ÅDehydration

ÅHyperglycemia

ÅHyperkalemia

ÅElevated plasma/urine ketones

ÅGlucose in urine

ÅAnion gap metabolic acidosis 
ÅKussmaul breathing : deep, labored breathing

ÅHyperventilation to blow off CO2 and raise pH

ÅFruity smell on breath



Diabetic Ketoacidosis
DKA

ÅLow insulin/high epinephrine

ÅHigh fatty acid utilization

ÅOxaloacetate depleted Ą TCA cycle stalls

Åᴻ  ÁÃÅÔÙÌ-CoA

ÅKetone production

Acetyl -CoA

CitrateOxaloacetate

Glucose

Fatty Acids

Ketones

Malate

NADH



Phosphate

ÅRisk of hypophosphatemia
ÅAcidosis Ą shifts phosphate to extracellular fluid

ÅPhosphaturia caused by osmotic diuresis

ÅLoss of ATP
ÅMuscle weakness (respiratory failure)

Å(ÅÁÒÔ ÆÁÉÌÕÒÅ ɉᴽ ÃÏÎÔÒÁÃÔÉÌÉÔÙɊ



Diabetic Ketoacidosis
Clinical Presentation

ÅArrhythmias (hyperkalemia)

ÅCerebral edema
ÅMechanism poorly understood

ÅCommon cause of death in children with DKA

_DJ_/Wikipedia
Pixabay/Public Domain



Mucormycosis

ÅFungal infection

ÅCaused by Rhizopus sp. and Mucor sp.

ÅClassically starts in sinuses

ÅSpreads to adjacent structures

ÅThrives in high glucose, ketoacidosis conditions

ÅClassic complication of DKA
ÅPatient with DKA

ÅFever, headache, eye pain

Image courtesy of Yale Rose/Flickr


