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Cell-cell communication

Neurocrine (neurotransmitters)
Endocrine (hormones)
Paracrine (cytokines)

Autocrine (various)



Hormones

* Proteins / peptides
— Preprohormone (ER, GA, secretion granules)

e Steroids
— Cholesterol

* Amines
— Tyrosine



Endocrine regulation

Negative feedback
Positive feedback

Production (endocrine gland)
Transport (binding proteins in plasma)
Target tissue (receptors on cells)



Endocrine glands

hypothalamus

pineal gland

ituitary gland
?hvpﬂp ysis)

57.Lparathyroid gland
thyroid gland

thymus

adrenal gland

pancreas

Endocrine
System
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Endocrine disorders

Physiology &

Overproduction

Insufficiency
Resistance



Hypothalamus

* Neural regulation of the autonomic nervous
system - adrenal medulla

* Production of ADH and oxytocin

* Regulation of the pituitary




Hypothalamus

e Liberins

— CRH (ACTH), TRH (TSH), GHRH (GH), GnRH (LH,
FSH), Salsolinol (PRL)

* Statins
— Somatostatin (GH), Dopamine (PRL)



Hypothalamus

Hypothalamic - pituitary axis

Control of the production and release of
pituitary hormones

Pulse secretion

Specific membrane receptors
Second messenger
Autoregulation
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— ACTH, TSH, FSH, LH, PRL, GH, MSH
— Endocrine regulation
* Posterior pituitary
— Neurohypophysis
— ADH, Oxytocin
— Neural regulation of hormone release






Hypopituitarism

General
Selective

Infections, infarctions, cysts, tumors, injuries,
ilatrogenic, Sheehan syndrome

Fertility, Growth ...
Therapy - supplementation



GH disorders

* GH overproduction

— Gigantism
* Before puberty

— Acromegaly
» After puberty
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ADH disorders

* ADH insufficiency

— Diabetes insipidus
* Polydipsia, polyuria

* Overproduction ADH

— Syndrome of IADH
* Hypoosmolarity of plasma, hyponatriemia, oliguria



Adrenal glands

e Cortex
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(a) Adrenal glands and kidneys, anterior view

— Zona glomerulosa (mineralocorticoids)

— Zona fasciculata (glucocorticoids)

— Zona reticularis (androgens)

e Medulla

— catecholamines

Giucocortj coids
(e.g., cortisol) Adrenal
Mineralocorticoids gland

(e.g., aldosterone) / Cortex

Sex steroids
(e.g., testosterone)

Epinephrine
: : Medulla /
Norepinephtrine ;




Short term

Hypothalamus

(Nerve impulses

Spinal cord

Preganglionic
sympathetic
fibers

Adrenal
medulla

3 Pe m-tm
stress response

1. Increased heart rate

2. Increased blood pressure

3. Liver converts glycogen to glucose
and releases glucose to blood

4. Dilation of bronchioles

5. Changes in blood flow patterns
leading to increased alertness,
decreased digestive system activity,
and reduced urine output

6. Increased metabolic rate

Catecholamines
(epinephrine
and norepinephrine)

S

Stress More prolonged

CRH (corticotropin-
releasing hormone)

/—_— Corticotrope cells of
anterior pituitary To target in blood

— Adrenal
cortex

Mineralocorticoids Glucocorticoids

Long-term stress response

1. Retention of sodium and 1. Proteins and fats
water by kidneys converted to glucose
2. Increased blood volume or broken down for
and blood pressure energy
2. Increased blood sugar
3. Suppression of immune
system



Cholesterol —Hethyl group
Major Pathways in Steroid Biosynthesis
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Disorders of the adrenal glands

* |nsufficiency

— Primary — Addison’s disease

e Autoimmune, tuberculosis, hemorrhage (Waterhouse-
Friderichsen syndrome in meningococcal infections)

— Secondary — pituitary disorders, discontinuation of
glucocorticoid therapy



Addison's disease

* Aldosterone insufficiency

— Hypotension, hyponatremia, hyperkalemia
e Skin pigmentation

— Pro-Opio-Melanoma-Cortico-Tropin

 ACTH increased (dif-dg secondary adrenal
insufficiency)



Conn's disease

* Primary hyperaldosteronism

— Mostly unilateral endocrine active tumor

— Hypertension
— Hypernatremia
— Hypokalemia



Cushing's syndrome

* Hypercortisolism

— Primary
* Adrenal adenoma
— Secondary
* Cushing's disease - overproduction of ACTH

e Ectopic production - lung ca
* |atrogenic



Cushing's syndrome

Central obesity
Hypertension
Osteoporosis
Reduced growth
Mental changes

Hirsutism, acne, oligomenorrhea



Thyroid gland — physiology

* Actions of the thyroid
— Controls body temperature
— How body burns calories
— Controls how fast food moves through digestive tract
— Muscle strength

* Thyroid hormones
— T4-thyroxine
— T3-triiodothyronine
— Calcitonin



Specifics

odine is rare
Ubiquitary receptors

Highly potent action
Very common disorders

— 5% women
— 0,5% men
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Thyroid gland

Hyoid bone

Thyroid cartilage
Pyramidal lobe

Thyroid gland
Isthmus
Trachea




Anatomy
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Hyoid bone

External carotid artery Thyrohyoid membrane

i 3 Thyroid cartilage (lamina)
Superior thyroid
artery and vein

Median
cricothyroid ligament

Common carotid artery Cricothyroid muscles

Cricoid cartilage
Internal jugular vein
Pyramidal

lobe
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Isthmus

Middle thyroid vein
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Development

Mouth cavity

Thyroid
~ gland

Pharyngeal Foramen Tongue

cavity cecum
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Aberrant and normal
locations of thyroid tissue

Lingual

Intralingual

Thyroglossal tract

Sublingual

Thyroglossal cyst

Prelaryngeal
Normal
Intratracheal
g
Substernal

Lingual thyroid Scintigram; lingual thyroid



Thyroid gland
e




Thyroid gland

(a) The thyroid gland is a butterfly-
shaped gland, located just
below the larynx.

S

Thyroid -
follicle
Capsule of
connective
S ,., tissue
C cells secrete — " . / oy Capillary

calcitonin.

Follicular cells secrete ’ N v
thyroid hormone. —_——— glycoprotein.



\Va TSH-
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‘, / ) pituitary
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TSH TSH TSH
low or normal increased

Thyroid mass Thyroid mass normal
diminished Thyroid mass increased

i

Thyroid follicle Thyroid follicle hvroid follicl
cells flat cells cuboidal Thyroid follicle
cells columnar,

colloid diminished




TSH receptor

Gene expression on

@© Elsevier 2005




Extracellular

Cell membrane

Intracellutar

TSH receptor

N/
e TSH

Gq-protein TSH-R 0“ Gs-protein

' % 7N

GDP GTP GDP

Phospholipase Adenylate
C cycase
PIP,
cAMP
PKA

Stumulation of thyroid hormone
synthesis and release
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lodine intake

150 ug — daily intake of iodine
125 ug — taken up by the thyroid gland

lodine in the soil — region dependent
lodide supplementation of salt



T4:T3 15:1

TBG

Peripheral conversion

T4 receptor... T3:T4 15:1
5mg T4 per gland

Inflammation and trauma lead to
thyreotoxicosis



Receptors
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Action

Increase of number and size of mitochondria
Synthesis of respiratory chain enzymes

Na+ K+ ATPase

Uncloupling proteins

Increase in resting metabolic activity



Hyperthyroidism

Symptoms

Common

Anxiety and irritability (~ >90%)

Tachycardia (~ 100%)

Palpitations (~ 90%)

Tremor (~ 95%)

Increased perspiration and heat
intolerance (~ 90%)

Goiter (~ 100%)

Fatigability (~ 80%)

Warm moist skin (~ 95%)

Weakness (~ 70%)

Increased appetite and weight loss (~ 85%)

Less common

Dyspnoea (~ 65%)

Atrial fibrillation (~ 10%)

Increased bowel frequency (™~
30%)

Onycholysis (~ <5%)

Anorexia (~ 10%)

‘Liver palms’ (~ 5%)

Weight gain (~ <5%)

Heart failure (~ 5%)

Oligomenorrhea (~ 25%)

Rare

Pruritus (~ <1%)

Periodic paralysis (~ <1%)




Hyperthyroidism

 Emotional symptoms
— Nervousness
— Restlessness
— Anxiety
— Irritability
— Sleeplessness or insomnia
— Exhaustion



Nervousness,
excitability, | Less than
restlessness, % in Graves
emotional disease
lability,

insomina

Less perspiration
than in Graves disease

Patient usually 40
vears or older
No ophthalmopathy

Less muscle wasting
than in Graves disease

Nodular goiter

Less skin warmth
than in Graves disease

Marked shortness
of breath

Marked tachycardia, atrial
fibrillation common,
heart failure common

Less breast enlargement
or gynecomastia than
in Graves disease

Less tremor than

Weight loss less in Graves discase

than in Graves
disease No finger clubbing
or nail changes

Very rapid pulse
Less muscular weakness
than in Graves disease

Palms less moist No pretibial myxedema

than in Graves disease

Patient usually
postmenopausal

Ankle edema / <
(heart failure)

Basal Blood tests:
metabolic  Decreased TSH
rate Increased free 1_’?

Increased total
&";"’:&HV Undetectable TSH-receptor antibodies
(25%-30%) Decreased total and HDL chelesterol
2R Inreased sex hormone-binding globulin
:ncreasedeased esu'adioll {in ,mzn b:::x womeéw)
131] uptake nere osteocalcin and bone-specific
Elevated less alkaline phosphatase
than in Graves
disease (40%-
55%) localized
in functioning
adenoma

Laboratory findings
N




Causes of hyperthyroidism

Grave’s disease
A benign nodule on the thyroid
Thyroiditis

Taking too much of the synthetic thyroid
hormone
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Hyperfunctioning adenoma

e —————
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Remainder of gland

involution Adenoma-—hypermplasia



Hyperthyroidism DiffDg

Graves’ Disease

Toxic Multinodular Goiter

‘'oxic Adenoma

"hyroiditis

— silent (Hashimoto’s) — painless, often post partum

— subacute (de Quervain’s) — painful, post viral
— drug-induced — amiodarone, lithium, interferon

Thyrotoxicosis factitia
— Ingestion




Thyroid storm (crisis)

Sudden onset

-ever

Profuse diaphoresis

-lushed warm skin

Tachycardia

Weakness, lethargy and confusion
Coma

Nausea, vomiting, diarrhea




Treatment of hyperthyroidism

Causative

Radioactive iodine
— Supplementation

High-dose iodine — Wolff-Chaikoff effect
Beta-blockers

Antithyroid treatment
— Propylthiouracil (PTU)

Thyroidectomy



Grave’s disease

* Grave’s Basedow trias
— Goiter
— Exophtalmus
— Hyperthyroidism

e Autoimmune disease
— Anti-TSH receptor



Graves

e SHBG —amenorrhea
* Osteoporosis

Nervousness

Perspiration R
Excitability
P Restlessness
Facial flushing z : s
Emotional instabilit
Insomnia

Loss of weight

Palpable lymph nodes Exophthalmos

Goiter
{may have thrill and bruit

Palpitation, tachycardia

-

Shortness of breath

Breast enlargement
(Gynecomastia
in male}

Warm, velvety skin
Increased appetite

Muscle wasting
= Diarrhea {occasional)

Rapid pulse
pray Tremor

Warm and

moist palms Clubbing of fingers

(in some patients with
severe exophthalmos)

Oligomenorrhea
or amenorrhea

Muscular weakness,
fatigability

Localized myxedema



Testing for resiliency

Severe progressive ophthalmopathy



Skin

Shoulder muscle
atrophy

Temporal muscle
atrophy

| Eyelid lag

Increased rate

Increased cardiac output
(unless heart failure develops)

Usually little or no enlargement

Infiltrative
dermopathy
{pretibial

myxedema)




Diffuse goiter of moderate size

Diffuse enlargement and engorgement
of thyroid gland (broken line indicates
normal size of gland)

Diffuse hyperplasia

Suprasternal notch

Scintigram

Hyperplasia with lymphocytic infiltration



Goiter

Grade Definition
0 No palpable or visible goiter
I Palpable goiter
A Only palpable
B Palpable and visible with the neck
extended
2 Goiter visible with neck in normal position
3 Very large goiter visible from distance



Hypothyroidism




Hypothyroidism

Symptoms

Signs

Common

Fatigue (~ 90%)
Cold intolerance (~ 80%)

Depression (~ 70%)
Poor concentration (~ 65%)

Musculoskeletal aches and
pains (~ 25%)

Carpal tunnel syndrome (~
15%)

Dry, scaly skin (~ 90%)

Coarse, brittle thinning hair (™
60%)

Bradycardia (~ 40%)

Hair loss or dryness (~ 70%)

Anemia

Puffy eyes (~ 90%)

Less common

Constipation (~ 50%)
Hoarse voice (~ 40%)
Menorrhagia (~ 30%)

Edema (~ 30%)
Cerebellar signs*
Deafness™

Psychiatric*



Lethargy, memory impairment,
slow cerebration (psychoses
may occur)

Dry, brittle hair

Thick tongue, slow speech

Fdema of face
and eyelids

Deep, coarse voice

Cold intolerance

Enlarged heart,
poor heart sounds

Diminished
perspiration

Diastolic
hypertension
(frequently)

Coarse (follicular

keratosis), cool, dry
yellowish (carotenemia) [/
skin

Slow pulse

N

Menorrhagia
tamenorrhea
may occur late
in disease)

Weakness
Ascites

Reflexes, prolonged
recovery




Characteristic facies in hypothyroidism:
coarse features; thick lips; dry skin;
puffy eyelids; dull, lethargic expression;
coarse hair

Pudgy hands; chipped nails;
dry, wrinkled skin;
hyperkeratosis of elbow

Macroglossia, showing
dental impressions



Primary hypothyrodism

ic or pituitary origin)

Central hypothyroidism (hypothalam

A
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After radioactive iodine
to treat Graves disease
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Postpartum Destructive Isolated deficiency
pituitary pituitary of TSH (e.g.
infarction tumor lymphocyli(;

N > 4 hypophysitis)

Panhypopituitarism



Hypothyroidism

* Primary
— Thyroid gland
— Hashimoto’s disease
* Autoimmune thyroid destruction

— Creteinism
* Neonatal screening

* Secondary
— Pituitary gland



Hypothyroidism

* Treatment of hypothyroidism
— Causative
— Thyroid hormone replacement

— lodine
e Jod-Basedow effect
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Features of hypothyroidism and hyperthyroidism

Dry skin r
Puffiness of -/; '
the face \

Weight gain

Swelling around
the eyes

Tiredness and
lethargy

Bradycardia

Intolerant to cold

Sweating e

N

Palpitations /\ /

Weight loss \ ‘ }
]

l‘. ~N N
W Q\

Hypothyroidism

Hyperthyroidism
_

Lid retraction

Anxious look

— Goitre

Intolerant to

‘\/\ heat

| oZ»\

Hand tremor
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- 104
%103
£g
Eg’ Fever
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1 2 3 4 S5 & 7
Days

Pain
radiating
to ear

Thyroid gland visibly enlarged {more on one side)

lender
pretracheal

Ihyroid
gland
tender,
palpable

131 (radioactive
iodine) uptake

s very low
L Block by
T Thyroglobulin inflammation
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Diffuse infiltration of thvroid stroma



Hashimoto’s disease

2 7~ ™ T, T '\‘;" >y Y
Thyroid
epithelium l ‘T CJ ‘J‘ ‘l CJ

l T-cell sensitization to thyroid antigens

Helper T-cell
Plasma
, cell
CD4+ |
CDB". Ti1 cell Anti-thyroid
\ Cytotoxic %? antnbodles
. T-cell }/?P
FasL
Fas

‘ Activated
' macrophages

oo/ al@

T-cell-mediated Fc receptor
cytotoxicity
X Antibody-dependent
Thyrocyte injury cell-mediated cytotoxicity

© Elsevier 2005



Pathogenesis

* An autoimmune phenomenon — presentation

determined by ratio of antibodies

-+

TSH
Receptor

. Thyroglobulin Ab

J

V\.

Thyroid Stimulating
Ab (TSADb)

Thyroid Stimulation
Blocking Ab (TSBAb)

Thyroid peroxidase
Ab (anti TPO)

A Graves’ Disease

v

Autoimmune
Hypothyroidism
(Hashimoto’s)



Infant with only
mild stigmata
of congenital
hypothyroidism

R o e

Goitrous congenital
hypothyroidism (endemic,
: sp'o_ndic,_geneﬁt:)

Young child
with marked
stigmata

of untreated
congenital
hypothyroidism

F— Elderly
patient
7 with
'~ untreated
| congenital
i pO-
thyroidism




Nodular
goiters




e Nodules
— Hot

— Warm
— Cold

Diffuse colloid goiter

Nodular goiter; variation
in size and structure
of nodules

Long-standing nodular goiter with hemorrhages, 2# N:fg’
cyst formation, fibrosis, and calcification .87



Diagnostic Imaging

* Radioactive lodine Uptake
— guantitative uptake
— distribution of uptake
 Technetium-99 Pertechnetate Uptake
— Distinguishes high-uptake from low-uptake
— Faster scan — only 30 minutes
* Thyroid ultrasonography

— ldentifies nodules
— Doppler can distinguish high from low-uptake



| Malignant ol
Surgery L= Surgery
Fine-Needle Indeterminate : ;
: Radionuclide
Aspiration Biopsy Scanning

Warm
t | 33"‘9"' Hol

Follow — Follow

~{!nsuﬂiciemj]

. Sequence for the Evaluation of Patients with a Thyroid Nodule.

The resﬁlts of radionuclide scanning are expressed as “hol,” “warm,” or “cold” to
indicate the function of the nodule in relation to the normal thyroid tissue in the patient.

MAZZAFERRI




Veggas ¥
.

&

Wagetf

Benign Nodules (95%)

Carcinomas (5%)

Hyperplastic nodules (85%)
Adenomas (15%)
Cysts (<1%)

Papillary (81%)
Follicular and Huirthle-cell (14%)
Medullary (3%)
Anaplastic (2%)

Common Varieties of Thyroid Nodules.



Etiologic factors of nontoxic goiter

lodine deficiency
Nutritional

Thyrotropin (TSH) receptor dysfunction
TSH receptor mutations

Block of sodium-iodide symporter (NIS)
lodine
Thiocyanate (e.g., millet, cassava)
Perchlorate
NIS gene mutations

Pendrin dysfunction
Pendred syndrome

Inhibition of thyroid peroxidase (TPO)
Antithyroid drugs (e.g., propylthiouracil,

methimazole, carbimazole}

Thiourea
Phenols
Babassu coconut
TPO gene mutations

Inhibition of synthesis and function of thyroglobulin
Bacterial pollution {progoitrin activation)
Tg gene mutations

Inhibition of release of thyroid hormones
lodine (e.g., seaweed)

Reduced sensitivity to thyroid hormone
Mutations in the thyroid hormone receptor gene
Defects in thyroid hormone transmembrane

transporters

Defects in deiodinases

Thyroid follicular cells

Decreased /
inhibition of
anterior pituitary

Increased
thyrotropin

N

8/

). Perkins
MS, MFA

Hyperplasia
plus adenomas
£

T4 + T34—

Involution of gland
and adenomas

Hemorrhage,

t formation,
fibrosis,
calcification



Hashimoto thyroiditis

Thyroid peroxidase
and thyroglobulin

\ N‘(‘gens
1
L0 Antibodies

B cells in thyroid tissue and
extrathyroidal lymphoid tissues

Microscopy of Hashimoto Thyro
Mixture of hyperplastic and atrophic
follicles with diffuse lymphocytic
infiltration

Thyroid peroxidase and thyroglobulin antibody
concentrations can be measured in serum

Riedel thyroiditis

Enlarged

Displacement
thyroid gland

and/or
compression of
trachea and
esonhacus

Microscopy of Riedel Thyroiditis
Macrophage and eosinophilic
infiltration with atrophy of follicles
{arrows) and marked diffuse fibrosis



Papillary TC

Two different parts of tumor with prominent
papillary projections

May have multiple foci
Usually presents as a solitary
nonfunctioning nodule

Rarely to skeleton
I(;"“ TN
R
k__» A OY A
T

Very rarely to brain

Metastasizes: chiefly to regional
lymph nodes (cervical and mediastinal)

Carnndary 1o liinae imiliarvy enread)



Follicular TC

Primary tumor Metastasis

Usually presents as a solitary
nonfunctioning nodule

Hematogenous spread
to lung and bone

Rare neck lymph node involvement



Medullary TC

Cervical
lymph nodes
are usually
involved

Liver Kidney

»

Less common sites of metastasis

W

Lung
(discrete nodules)
-

-

Most common sites of metastasis



Anaplastic TC

Compression and invasion of trachea



MTS to the thyroid

4. Head and neck
malignancy

2. Lung

3. Breast

1. Kidney

5. Gastrointestinal
tract (colon,

esophagus,

stomach)

6. Melanoma




Calcium



Skeleton (99%)

Totl body L —

el Intracellular (l%)

calcium ( '-2'(8) \
Extracellular (0.1%)

Plsma
~ 2.5 mmolfl
Controlled by: lonized Ca?* - 14
Vimmin Dand PTH|®|  (45%) /8"“"" C‘\
Anions e.g
pronems bicarbonate
(45%) phosphate,

laceate



Ca’* channel

Hormone

G Protein

Endoplasmic
reticulum

IP; w— CT= - |ca®

+ Calmodulin

o

PKC

I

Phosphorylation of
calmodulin-dependent PKs

7N

TlEnzyme
activity

thene

transcripoon



Calcium

ECF
1000 mg
(8.8-10.6 mg/dl)

Formation
280 mg /day
L Bone |
fo——=J)|
= : 1000 9
280 mg/day

175 mg/day




G.l. tract

Vitamin D
enhances
absorption of
calcium and
phosphate:
Gastro- \
intestinal ;

secretions
required for /Succus
this action / / entericus.

I
Il
\

A2
Stool
Normal excretion
on average diet
CaZ*—500-700 mg/24 h
P;—— 200-600 mg/24 h
Deposition of
Ca2+and P;
promoted
by alkaline pH,
stress, anabolic
hormones, and
local tissue
concentration

Y-‘ .

B L)

rlption of
ation
Xyl

|
S

X Culat'\O_“:/

AllalinS ® ©
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£ | |Osteoclastic
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& | «activity in s
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Q7 .l
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e €
el )il

Key

and H2PC)4AI _)
@ = Hydroxyapatite

PTH

Calcium

excretion
controlled
by serum
threshold

&
-4 PTH
B inhibits
reabsorption
of Pi

€ = Calcium ions (Ca?+)
@ = Phosphate ions (HPO,2-

Kidney

PTH enhances
resorption
(secondary action)

Resorption of calcium and
phosphate stimulated by PTH

/A

7Y

Bone salts deposited as hydroxyapatite

in proteinaceous bone matrix

Urine

Normal excretion

on average diet
Ca2*=25-300 mg/24 h
Pi=500-1,100 mg/24 h



Diet
1400 rnglday]

= o

Phosphate

Absorbed
1100 mg/day |

=

q
Al

500 mg/day

Feces

Reabsorbed
6100 mg/day

500 mg

— (2.5-4.5 mg/d

Formation
210 mg/day

Bone

R

ion

210 mg/day

g/

Filtered
7000 mg/day




Gut

Absorptiont
Bone gt ok
/\ v
Osteolysist Extracellular Reabsorptiont
PTH
> PTH
Calcium +
l 2=
2 Phesphate
Resorpdont Bxcritiont
PTH FTH
™\ 1.25(0H),D ))
Synergistic effect
Bone ey
Hormone Effect Congol

PTH t Caleium I phosphate et

Vimamin D tCalcium {phosphate | Phosphate

tPTH




Luminal surface Basolateral

surface
C
Brush border
(_ /\
Catt Active uptake and
2 it
ca Na* @ extrusion of Ca’* ions
C U
Kaz
Ca?t —(—D -=d @ Transcellular transport
2 ._.(- T a?”
+ 3 3
Ca Ca CaF O O @ Endocytosis and exocytosi:
C = of Ca**.CaBP complex
( / C32.
“channel
(_




Structural features of the Ca?* receptor

P Protein kinase C phosphoryhtion sites
x Location of inactivating mutations of the receptor
* Location of activating mutations of the receptor

* Glycosyltion sites

-

esssmsm——— N\

-

PTH secretion Basal
inhibited secretion

l

PTH secretion
samulated

g ol

COOH



Vitamin D



Sun

- TN
230-313nm
1 Sin

» Pre-vitamin D,

7-Dehydrocholesterol o
lHeat Vitamin D synthesis

@ ;
CH,\CH'O.(’\O-C{CH’ESC:E(H’ Sunlu}h‘
i
Diet
vitamin D; +D
tamin D3 +D, cﬁmo =
H
a4y |
HO (0] ‘

Viomino2__|

Yitamin D; @ +Transcaldferin

Liver l
9 Y
o Hydroxylation in the liver
25-(OH)D; 1
u, 15 days
[ s
HO” 0}
Kidney / \
5 ' Hydroxylation and
@[ oH ®@ OH by activation in the kidney | |
O, |
HO™ oM o 4 O
1,25-(OH),D4 2425-(OH),D,

t,, 0.25 days v, 15-40 days



Cell membrane

‘\__'
3

Co-activators/repressors

VDR JRXA

RNA polymerase
NGNS

¥

Sumulation/
suppression
of gene
trancription




Viamin D

\ Hematopoietic
/ stem cells \

Vimamin D Osteoclasts Macrophages
PTH

Osteoblasts on Ostecchists on bone Macrophages phagocytose
bone surface surface resorb old bone debris

l

Mesenchymal
stem ceolls = Ostecblasts
Quiescent bone surface
Osteobhses fill
Osteoid is mineralized cavity with ostecid Otshteobhsts RS
Q o at the resorption site
OOOOOOOEE -090009°




Parathyroid hormone

Parathyroid hormone and calcium homeostasis

Ca* release
“ Bone |
! PO, release
PTH
, { Ca’ reabsorption »82*
| ney =
PO, excretion (| m
25-hydroxy
vitamin D
1,25-dihydrony| = _E Ca'-absorption | |4Ca%
vitamin D PO, absorption |-»[1PO,"
J



® Osteolysis

e Differentianon of
osteoclasts

® Regulaton of osteoblasts
—> bone remodelling

® Bone resorption

Parathyroid hormone

Bone

Kidney
tubule
ATP

cAMP

* Reabsorption of Ca®*

* Inhibiton of phosphate
reabsorption

* Hydroxylagon of 25—(OH)
viamin D




Pre-pro-PTH (ribesomes) ‘

NH,— 3laa |
Signal sequence
Pro-PTH (Golgi) *
NHI—{ baa
PTH (secretory granules) + 4
NH,—{ m. wt 9,600
| 84
Cleavage within gland
or peripherally l I 1 I
| 28 34 84
Biolegically active C fragment sequence

Pre-sequence

|— COOH (l15aa)

|— COOH (90aa)

|— COOH (84aa)

6N
Pro-sequence ®@©®©®®®®®O®@@®Q 0000

Biclogically active sequence

C fragment sequence

14
@©®®@'©@@®©@@@'$©©'®®©@®®

Y EXE
6@9 0@6

@®®@©®®®®®®®®®@®®@®®@
84

RS2 TS COOTCTTTOT O R

(3

8

9660

X
\

-3l

Q@ o7 NH}



Parathyroid glands

* Parathyroid hormone
— An antagonist of calcitonin
— Increase in plasma Ca?*




Parathyroid glands

Left e R, " - Right
suporlo'r\ ' Mg e ] ; Inle%nal
thyroid " Pharyn: jugular

artery . R 3 vein
Thyroid ——_
artery
Left
parathyroid<
glands
paratﬁyrold
glands
Left
ro
artery Esophagus
Left
subclavian
artery




Organ  Action
Bone Inhibits bone breakdown by osteoclasts

[ ] [}
C a I C I to n I n Simulates bone formation by osteoblasts

Intestine  Inhibits caldum absorption
¥idney  Inhibits caldum reabsorption by the renal tubules

e Parafollicular C cells in the thyroid gland

* Unknown physiological functions
— Inhibits absorption from the gut
— Inhibits osteoclasts
— Inhibits food intake (satiety hormone?)

— Inhibits phosphate reabsorption s

* Procalcitonin
— Marker of sepsis




Pathology



Hypercalcemia

* Symptoms
— Renal (stones, polydipsia, polyuria)
— Bones (pain)
— Gut (constipation)
— Brain (depression, fatique, anorexia)
* Signs

— Hypertension, cognitive impairment, joint
swelling, bone deformities



Hypercalcemia

* Causes
— Primary (tertiary) hyperparathyroidism
— Malignancies (parathyroid hormone-related protein)

- H y p e rVita m i n OS i S D Mechanism Parathyroid hormone

. Hyperparathyroidism
I Re n a I fa | I u re Primary T or normal
Tertiary T

Malignancy (bony metastases 1

([ Th e ra py and tumours secreting

parathyroid hormone—related

peptide)
- Dl u ret | CS Multiple myeloma {
Bone diseases (rarely 4 or normal

hypercalcaemia occurs when a

- B i S p h OS p h O n ates patient with Paget's disease is

immobilised)
. . Familial hypocalciuric Mildly elevated or
- Ca ICItO n | n hypercalcaemia high-normal
Vitamin D toxicity 1
Certain drugs (lithium and {4 (but may be normal
thiazides) in lithium-induced

hypercalcaemia)

Sarcoidosis +



Hyperparathyroidism

Primary (4/100000; women; age>45)
— Parathyroid glands

Secondary

— Kidneys

Tertiary

— From secondary — autonomy of the parathyroid
glands

Bone resorption



Type of
hyperparathyroidism

Primary

Secondary

Tertiary

Pathologies underlying hyperparathyroidism

Pathology

Autonomous production of excessive parathyroid hormone by an adenoma of a single parathyroid
gland (sporadic cases or as part of genetic syndromes such as MEN type 1 and 2a)

Multiple parathyroid gland hyperplasia (sporadic cases or as part of genetic syndromes such as
MEN type 1 and 2a)

Renal failure increasing serum phosphate concentration

Renal failure or vitamin D deficiency resulting in a deficiency in activated vitamin D, which
causes a compensatory increase in parathyroid hormone production to maintain serum calcium
concentration (calcium concentration is usually low or normal)

Autonomous hypersecretion of parathyroid hormone in some cases of persistent secondary
hyperparathyroidism, which results in hypercalcaemia and often hyperplasia of all four
parathyroid glands



Adenoma
(93% of cases)

High 1,25(OH),D promotes
absorption of Ca2+ from gut

TCa? filtered into tubule

exceeds its resorptive capacity
and results in hypercalciuria

2\,

25(OH)D normal

Renal tubule

Carcinoma

Hyperplasia
(1% of cases)

(6% of cases)

Parathyroid hormone (PTH)
elevated

Serum and
extracellular fluid

Serum Ca2+
increased;

fails to suppress
PTH secretion

Ca2+

Serum P; low
or normal

r1 ,25(0OH),D elevated

High PTH promotes Ca2+
reabsorption, inhibits P;
reabsorption. Also
promotes conversion of
25(OH)D to active
metabolite 1,25(0OH),D

PTH g

Caz-;’i Ca2+ Pi

High PTH
stimulates
osteoclastic
resorption of
bone (Ca2+, P;,
and matrix)

Compensatory
increase in
osteoblastic
activity with
variable rise in
serum alkaline -
phosphatase 5

f Urine
- Ca?* elevated

Variable reduction in bone density. In rare, severe cases, cysts and brown
tumors (due to osteitis fibrosa cystica) and subperiosteal resorption



Nephrocalcinosis

i e

“Salt and pepper” skull

MEN 1 with
parathyroid gland
hyperplasia and
multiple adenomas
(pituitary, thyroid,
pancreas, adrenals)

Calicum deposits
in blood vessels;
hypertension

“Codfishing”
of vertebrae



DirrerenTIAL D1AGNOSIS OF HYPERCALCEMIC STATES

- Serum| Serum |Serum | Serum Serum . .
Condition Cal* P. PTH [25(OH)D|1,25(OH),D Associated findings
, ) 80% Asymptomatic
Erlmary High N Nephrolithiasis
thyper'Fc)iara_ T N Orl or T N N or T Osteoporosis
yroidism Hypercalcemic sx
Cancer with History of primary
extensive T N l N l or N | tumor, destructive
bone or lesions on radiograph,
metastases bone scan
Multiple Abnormal serum or
urine protein electro-
mymegﬁgﬁ:nd T N or T J, N l or N horesis, abnormal
one radiographs
Humoral TPTHrP
hypercalcemia T N or l l N l or N | Solid malignancy
of |"r|a|igr|g(r|(:\},uI USUEI”}" evident
Sarcoidosis Hilar adenopathy
and other N N interstitial lung disease,
ranulomatous T o T l T elevated angiotensin-
iseases converting enzyme
Symptoms of hyper-
T N l N N thyroidism, elevated
serum thyroxine
Vitamin D 4 \rj}.:.: History of excessive
intoxication 'l'-'l g T N DI'T l VEI’}!’T N or T vitamin D intake
History of excessive
Milk—alkali calcium and alkali in-
d T N T l gestion, heavy use of
synerome or N Nor over-the-counter calci-
um-containing antacids
v i Multiple fractures,
~ 40 paralysis (children,
T N or T l N l or N [ adolescents,

Total body immobilization

patients with Paget
disease of bone)




Key
€ = Calcium (Ca2+)
= Phosphate (HPO3~)
= Hydroxyapatite

Parathyroids secondarily
stimulated by low serum :
Ca2+ and lack of negative —
feedback from 1,25(0OH),D A Hyperplasia of
all parathyroid
glands

Circulation

P; absorption
not impaired

Ca2+ bound in
gut by high P;

<

a V4 20
lqﬁ f— ?
& & \\|

| ' Depositon

U of Ca2+
and P;
normal or
enhanced: Compensatory
also in increase in
ectopic osteoblastic
sites activity with

variable rise of
serum alkaline
phosphatase

@ @ & -®

fractirec <~ Diminished bone density; osteitis fibrosa cystica .

Qlorsteoblast
@ © © ® O

Phosphate filtration blocked
by gi?)merular disease

PTH
secondarily
increased

e —————

® PTH inhibits
P; reabsorption
and promotes

® Ca?* reabsorption
but to no avail
because little filters
through glomerulus

/

Urine
CaZ*| Very
P low

Increased stimulation c N’aﬁ:’
of osteoclastic activity A/
by PTH: resorption of

Ca2+ and P;enhanced

by acidosis

/| Osteoclast

Subperiosteal
resorption

} Cyst formation

i

Fracture of
long bones

Radiograph shows sp&y
decalcification of skull
(“salt-and-pepper” skull)



Investigating hypercalcaemia

Hypercalcaemia

!

Measure serum PTH

J_‘_&

High or inappropriately normal Low
Measure urine calcium Investigations for underlying causes:

Malignancy secreting PTHrP (CT scan)
Bone metastasis (isotope bone scan)
Multiple myeloma (serum and urine

electrophoresis)
High or normal Low Sarcoidosis (CT scan and serum ACE)
l l Vitamin D intoxication (vitamin D level)
Presence of chronic Familial hypocalciuric
kidney failure? hypercalcaemia
No Yes
Primary Tertiary
hyperparathyroidism hyperparathyroidism




Hypocalcemia

* Symptoms & Signs
— Tetany, paresthesia, ECG changes
* Causes

— Hypoparathyroidism (inborn, post surgery), low
calcium intake, hypovitaminosis D, renal failure

* Therapy

— Calcium, vitamin D



Hypocalcemia

Laryngeal
spasm
(stridor)

Convulsions

,_

L

Electrocardiogram: prolonged Q-T interval

Choked disk



25(OH)D

Low 1,25(0OH),D impairs
absorption of CaZ+ from gut

Serum Ca2* below
renal threshold

25(OH)D normal

Postoperative
(more common)

Less commonly:
Autoimmune destruction

Abnormal parathyroid gland development
Abnormal regulation of PTH production,
secretion, or action

Serum Ca2+ low due
to decreased renal
tubular reabsorption,
reduced absorption
from gut, and reduced
bone resorption

1,25(0OH),D decreased

Absence or deficiency of
PTH causes diminished
reabsorption of Ca2*+,
excessive reabsorption
of P;, and decreased
conversion of 25(OH)D
to active 1,25(0OH),D

W

Alkaline
phosphatase
normal

Little osteo-
| Rate of osteo- clastic bone
| blastic bone resorption due
| formation to lack of
! decreased to

1 match rate of
| resorption

- ~

Bone density normal or slightly increased

i
i
|
I
;
| PTH stimulus
i
|
I



Primary defect

Hyperplasia of parathyroid
glands caused by low
serum Ca2+

25(0OH)D

Renal tubule cells and (usually) bone unresponsive to PTH

PTH secondarily
increased but still
ineffective on renal

tubular cells and bone

" Serumand
extracellular fluid
Serum P; high because
of increased renal
tubular reabsorption
(PTH effect
blocked)

Serum Ca2+ low
because of decreased

25(0OH)D normal ) tubular reabsorption
1 and Iovy intestinal
1,25(0H),D decreased / absorption of Ca2+
) PTH |
————————————————————————————————— »CaZt ( |
>p.
Ca2+ reabsorption decreased, ; i
P; reabsorption increased,
and conversion é)f 25(Olg)D ‘
to 1,25(0OH),D decrease ! Caz2+
because of eznd-organ W< D Caf+ K.i J
- ? 1 .
unresponsiveness to PTH SRS
Renal tubule
Elevated
PTH has
no effect
on bone
resorption
because of
end-organ
Osteoblastic ;:I'gﬁzgsons‘
Alkaline bone . (in most
phosphatase formation cases)
usually normal or
normal decreased }

Bones usually normal, rarely show resorptive changes



Hypovitaminosis D

Rickets

— Long bone malformation in children

Osteomalacia
— In adults
— ,soft bone” disease

Osteoporosis

Hypervitaminosis?




Osteoporosis

ncreased fracture risk
Decreased bone mineralization

Postmenopausal, glucocorticoids,
immobilization

Therapy
— Bisphosphonates

— Estrogen replacement
— Calcitonin



Risk FACTORS FOR OSTEOPOROSIS




CLINICAL MANIFESTATIONS OF OSTEOPOROSIS

Rib fractures common

Vertebral compression fractures cause continuous
(acute) or intermittent (chronic) back pain from
midthoracic to midlumbar region, occasionally
to lower lumbar region

Progressive thoracic kyphosis, or dowager’s
hump, with loss of height and abdominal
protrusion




Bone-lining cells Mineralized bone

Osteoclasts enzymatically
degrade bone matrix proteins

Osteocytic
lacunae

Quiescent phase

Bone remodeling cycle

Completed osteon Early resorptive phase

Osteoblasts migrate
into bone defect
and synthesize
collagen and matrix
proteins (osteoid)

Formative phase Late resorptive phase

<OHN A.CRAﬁ-MD

P Wlsass

Reversal phase
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