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Endocrine system

* network of specialized endocrine glands in
the body that make the hormones

* CAVE many more organs/tissues produce
hormones

 discrete clusters of cells

. grougs of hormone-producing cells are found in organs
that have other functions, such as the pancreas,
ovary, placenta, and testis

« DNES cells (diffuse neuro-endocrine system,
fcl><|jmerly APUD) in the gut, heart, kidney, liver,
skin, ...

* Amine Precursor Uptake

* for high uptake of amine precursors including 5-
?B/glg)&()ytryptophan (5-HTP) and dihydroxyphenylalanine

* Decarboxylase

 for high content of the enzyme amino acid _
decarboxylase (for conversion of precursors to amines)

Male Female

o Pineal gland
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Survival of an organism Is predicated upon
the ability of:

* (1) to maintain homeostasis

« = stable internal environment as a response to fluctuations
in external or internal conditions

* (2) and to carry out important life-history functions,
such as
- growth and maturation
* reproduction
« repair, healing, remodeling
* (migration in some species)
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Neuro-endocrine-immune (NEI) network

* Neuro-endocrine-immune interactions
involve multi-directional crosstalk that :
is mediated by extrinsic Environment
(environmental, social factors) and
intrinsic (resistance/tolerance to
disease, homeostasis and allostatic
load, reproductive status, behaviour)
factors Homeostasis/

. . . . o Behavior
 First-order interactions involve Allostasis Immune

« (1) direct interactions between the System
nervous and immune systems

* e.g. sympathetic innervation of immune :
tissue A -
* activation of microglia or specific nuclei in N

brain from cytokines -
* (2) endocrine-immune interactions Nervous Endocrine
* e.g. hormonal regulation of immunity ’ Syswm . syStem

* cytokine/ chemokine activation of -
endocrine cells) Resistance/ [

\ v ‘..‘ -
. (3) classic interactions between the Tolerance to T ~ RepEndariion

nervous and endocrine systems Disease

* e.g. activation and modulation of
hypothalamic-pituitary units
* neuromodulation by hormones

* (4) second-order interactions involve all Social Factors
three systems interacting to produce a
physiological effect(s)

Horm Behav. 2017. Neuroendocrine-immune circuits, phenotypes, and interactions.
Ashley NT, Demas GE.
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Mechanisms of endocrine diseases

(1) hormone deficiency

hereditary
* genetic defect

acquired - destruction process in the gland

* infection

* infarction

* compression by tumour
* autoimmunity

* type II or IV hypersensitivity mostly — cellular or antibody cytotoxicity

(2) hormone excess

autotopic - in the very same gland

* tumours (adenomas)

* immunopathologic (type V hypersensitivity — stimulatory anti-receptor 1g)

ectopic - elsewhere
* tumours

exogenous (iatrogenic) - therapeutic use

(3) hormone resistance

abnormal hormone/molecule

antibodies against hormone or receptor

receptor defect
post-receptor defect

Fernale
pituitary gland
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thyroid gland
ACTH Y .

PRL

adrenal glands
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o kidneys
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ovaries
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CHRONOBIOLOGY
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Homeostasis — feedback regulation — hierarchy

Endocrine System Subdivisions
Neuroendocrine

Hypothalamus

Nonapeptides l Releasing hormone(s)

Nonapeptide
Hormone(s)

\4

Pituitary

1 Tropic hormone(s)

Endocrine gland(s)

l Hormone(s)

Target organ(s)

Target organ(s)

;

S

‘

Endocrine (only)

Endocrine gland(s)

l Hormone(s)

Target organ(s)

‘
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HypOthaI AIMUS -integration of signals form different parts of CNS

H
Temporal loEe/

Hypothalamus

Nuclei of the Hypothalamus

Paraventricular Lateral Dorsal
hypothalamic
area
Posterior
Preopti hypothalamic
ucleu: area
Anterior

Ventromedial
nucleus
Supra-optic
nucleus
\ / Mammillary
; [ y
Optic nerve / L )
Optic chiasm . / Posterior A
pituitary '
Anterior / | /
pituitary ) /
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Biological rhythm

S

most processes in the body has some cyclic character, however, the length of
the biological cycle is various
« circadian rhythm
* production of hormones throughout the day and regulation of respective processes
« ultradian - shorter than 24 hrs.
* e.g. appetite/satiety cycles, respiration adjustment, ...
« infradian - longer than 24 hrs.
* |unar, seasonal, ...
‘Principal biological rhythm - circadian - is generated autonomously by inner
biological clock"
* nucleus suprachiasmaticus (SCN) in hypothalamus
. gIC?Nndula pinealis in pituitary - guiding the production of melatonin in cooperation with

* nucleus paraventricularis (PVN) in hypothalamus
* releasing hormones
* tractus hypothalamo-hypophysialis (oxytocin and ADH)
* orexins
mediators influenced by periodical activity of biological clock direct the activity
of peripheral endocrine glands and other organs incl.
« awakeners/sleep
« alertness
- feeding and energy homeostasis
« reproduction
« immune functions and repair
« growth
+ ect.

synchronization depends on external cues via sensory receptors and cognition
« dark/light signals from retina (and also skin)
« food intake - nutrient levels
+ temperature - season
* less important in man
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Circadian clock systems

* Circadian clock systems are present in all cells and organs and their
timing is determined by a transcriptional-translational feedback
loop of circadian genes which form proteins

. the key genes involved are CRY1, CRY2, PER1, 2, and 3, BMAL, and CLOCK

CLOCK and BMAL1 form cytoplasmlc heterodlmers WhICh once W|th|n the nucleus start
the transcription of clock genes (PER1, PER1, PER3, CRY1 and CRY2)

* gene transcription is switched off by negative feedback of PER:CRY heterodimers which
inhibit the action of the CLOCK/BMAL1 heterodimers

* this cycle lasts approx. 24 hrs
* Individual cellular clocks are synchronized by the central body clock
(situated in the suprachiasmatic nucleus), which communicates with
them through humoral and neural signals including melatonin

* The circadian system controls both
« the circadian period, i.e., the length of the intrinsic clock
« the circadian phase, i.e., the clock timing
* An important determinant of the circadian system is light exposure

* in most humans, the circadian ]Perlod is slightly longer than 24 hrs and without
reglglar resetting it tends to drift, leading to progressively later bedtimes and
wake times
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Light Is the most powerful external cue
synchronising the circadian rhythm

. Ii%ht perception includes 3 types of retinal ol T L 1
photoreceptors: N b d 3
- classical cones and rods
« and specialised retinal ganglion cells (RGCs) b holeny

producing a photopigment melanopsin
« this controls the production of melatonin

nnnnnnnnnnnnnnnn

Entrainment Me
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Light
oo ____typothalamus Spinal cord
Pregangli
fibres
pB-Adrenergic Intermediolateral
ATP __receptor NA cell column
yoroy 8 —
CAMP Postganglionic
4\\_ / res
synthesis

g
@
gz‘!: =
!2% i
5 5
@
m e



Circadian rhythm

12:00
9:00 P.M. M'dnight
Melatonin
Secretion Starts

2:00 A.M.,
Deepest Sleep

7:00 P.M. 4:30 AM.
Highest Body Lowest Body
Temperature Temperature
6:30 P.M.
Highest Blood
Pressure - .
Circadian
6 P.M. (‘_ Rhythms 6 A.M.
IR i Humans
5:00 P.M. 6:45AM.

Greatest Cardiovascular

Efficiency and Muscle Strength Pressure Rise

3:30 P.M. 7:30 AM.

Fastest Reaction Melatonin

Time Secretion Stops
2:30 P.M.

10:00 A.M.
Highest Alertness

Best Coordination

12:00
Noon

Sharpest Blood

corticoids

autonomic
nervous system

CS '$~SffgfL”

food

activity
body temp
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,,Molecular clock*

* inner biological rhythmicity is caused by negative and positive feedbacks
between transcription of clock genes (CGs), their translation, postransl.
modification and degradation

* their products - proteins — then serve as transcription factors of other
hundreds of genes (CCGSs) in n. suprachiasmaticus and peripherally

« they synchronize the body according to external environment

¢ h y pOth a I a m U S Central and basal forebrain molecular circadian clock
« clock genes (CGS) A Suprachiasmatic nucleus
Clock

- AVP
PER/CRY Hypothalamus | ___

BMAL1/CLOCK

BMalil (M0p3), BMal2 Light Glutamate

Perl, Per2 (Period) {::j@:(> o,
Retino-hypothalamic tract

Cryl, Cry2 (Cryptochrome)

Central circadian
clock

Melatonin
=) | Pineal gland | —

Rev - Erb-a
CK1€ CK10 (caseinkinase) B Ventral tegmental* Nucleus Accumbens
» clock-controlled genes (CCGs) . (O Dopamine
° Per 3 Cry2.CIock. » Per1
* AVP (arginin VaSOpreSin) Substantia Nigra* Caudate-Putamen

* Dbp (D-element binding ) Boparmine
. 9 Per1, Per2, TIM
* peripheral organs @
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Seasonal clocks - analogy with circadian clocks

Spring to summer

evidence for the existence of
self-sustained circannual
oscillators

* migratory restlessness

« hibernation

« seasonal moulting

« seasonal breeding

Summer
phenotype

Photoperiod

Melatonin

cAMP

Clock gene
Coincidence

Seasonal
transcriptome

PT thyrotroph
cell

Seasonal
biology

Autumn to winter

o
SIT\

a

Winter
phenotype

Current Biology
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Molecular mechanisms of circadian rhythm

a Circadian timing system

Brain targets

« RMTg
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o VTA
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Lymph @ 8 U

node
Brown
adipose

tissue

Heart

Feeding schedule

Spleen
Pancreas
Adrenal gland
Kidney

Uterus

White
adipose
tissue

Exercise o Muscle
\\// | f‘ Bone marrow

| 1= ,"l':i/broblars‘t‘\‘

b Mammalian molecular clock

Auxiliary loop Clock-regulated

pathways:

* Neurogenesis

— e Cortical development

* Neurotransmission

p A2 - ¢ Synaptic homeostasis
=X ®oR o Inyﬂammation

* Neuronal metabolism

* Mitochondrial function

 Redox signalling

e Oxidative stress

¢ Blood-brain barrier
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amplitudes vary
between tissues
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a | The circadian timing system synchronizes clocks across the entire body to
adapt and optimize physiology to changes in our environment. Lith is received
by specialized melanopsin-producing photoreceptive retinal ganglion cells
(ipRGCs) in the eye. These ipRGCs project throu%h the retinohypothalamic tract
to the suprachiasmatic nucleus (SCN), among other brain regions. The SCN
relays timing information to other areas of the brain via direct projections (dark
green boxes) and indirect projections (light green boxes). Humoral signals and
the peripheral nervous system (that is, the sympathetic nervous system (SNS)
and parasympathetic nervous system (PNS)) convey information from the SCN
to orchestrate peripheral clocks. Feeding schedules and exercise can also
entrain central and peripheral clocks. Circadian rhythms are key regulators of
thermogenesis, immune function, metabolism, reproduction and stem cell
development. b | The mammalian molecular clock is composed of
transcriptional and translational feedback loops that oscillate with a near-24-
hour cycle. The positive loop is driven by the heterodimerization of either
circadian locomotor output cycles protein kaput (CLOCK) or neuronal PAS
domain-containing protein 2 (NPAS2) with brain and muscle ARNT-like 1
(BMAL1) in the nucleus. The resulting heterodimers bind to enhancer boxes (E-
boxes) in gene promoters to regulate the transcription of clock-controlled genes
CCGs), including those encoding period (PER) proteins and cryptochrome
CRY) proteins. PER and CRY proteins accumulate in the cytoplasm during the
circadian cycle, eventually dimerizing and shuttling to the nucleus to inhibit
their own transcription, thus closing the negative-feedback loop. The auxiliary
loop includes the nuclear retinoic acid receptor-related orphan receptors (RORa
and RORB) and REV-ERBs (REV-ERBa and REV-ERBf), which are also
transcriptionally regulated by CLOCK-BMAL1 heterodimers. REV-ERBa (REV in
the figure) and RORa repress and activate the transcription of Bmall,
respectively, by inhibiting and activating the ROR or REV-ERB response
elements (RREs). CLOCK-BMAL1 complexes also control the expression of
nicotinamide phosphoribosyltransferase (NAMPT), which is the rate-limiting
enzyme of NAD* biosynthesis from nicotinamide (NAM). NAM is modified by
NAMPT to produce nicotinamide mononucleotide (NMN), which in turn is
converted to NAD* by several adenyltransferases. Thus, NAMPT oscillations
control circadian fluctuations in NAD* levels, which in turn modulate sirtuin 1
gSIRTl) activity and signallin%. High levels of NAD* promote SIRT1 activation.

IRT1 interacts directly with CLOCK-BMAL1 to deacetylate BMAL1 and inhibit
CLOCK-driven transcription. Between tissues and cell types, CCGs and other
molecular and cellular rhythms may be expressed with different acrophases
(phase of peak expression), amplitudes and even periodicities. ArcN, arcuate
nucleus; DmH, dorsomedial hypothalamus; DR, dorsal raphe; IGL,
intergeniculate leaflet; LC, locus coeruleus; LH, lateral hypothalamus; LHb,
lateral habenula; MA, medial amygdala; mPOA, medial preoptic area; NAc,
nucleus accumbens; PVN, paraventricular nucleus of the hypothalamus; PVT,
paraventricular nucleus of the thalamus; RMTg, rostromedial tegmental
nucleus; Sptm, septum; SPZ, subparaventricular zone; VLPO, ventrolateral
preoptic nucleus; VTA, ventral tegmental area.



Coordination of signals from central and peripheral ,,clocks*
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Disturbances of circadian rhythmicity

* Qaetiology/causes

« mutations in clock genes

* interindividual variability

* chorotype “owls” vs. “larks”

* aging
« external factors

* shift work
jet lag
exposure to light during evening and night
social factors Rl
infection - sleeping sickness (Trypanozoma brucei)
« psychiatric and neurological diseases

* depression

* neurodegenerative
« obesity and abnormal food intake

« blindness (total without light perception)

* preserved circadian rhythm .
* perception of light by skin resp. subcutaneous fat cells? r s /

* ~50% subjects suffer from non-24-hour sleep-wake TLw e
disorder (N24SWD, ,free-running"“) _ ﬁ PN @ ugar
[l Gambian or ’ 29" s
West African form Amgsol-a, e}

¢* consequences
(D]
[ ]
ot

- T2DM, cardiovascular diseases,
immunopathology, cancer
M Rhodesian or

* a concept of chrono-pharmacology East African form
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Anatomy and histology of adrenals

’ﬁ Adrenal gland

Kidney
Adrenal
¢/ cortex
8 | Adrenal
7 B/ medulla

Zona
glomerulosa

2N ., Zona A
fasciculata| |

Zona
reticularis

Connective

tissue

capsule

; .'. -Adrenal

cortex

-Adrenal

medulla
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Cortisol profile & regulation

Circadian regulation
f_____,_..Su*ess:

Anterior lobe

yd
e / ’ﬁf Emotional stress
o
CRH
4

Physical stress

Hypoglycemia
Cold exposure

N

Cortisol

Adrenal cortex

ACTH

of pituitary gland

CORTISOL

hGH

HORMOHE COHCEHTRATION
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12h00 18h00 00hOD 06h00 12h00

CORTISOL CO-CH, OH

HO OH
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Major steroid biosynthetic pathways

Adrenal steroidogenesis pathway

Cholesterol Mineralocorticolds
Glucocorticoids
P450scc
StAR protein Sex hormones
Dehydroepiandrosterone sulfate
17a-hydroxylase 17,20 Lyase Dehydroﬁ 178-HSD
Pregnenolone === 17-OH pregnenolone == - 4rosterone ™ Androstenediol
36-HSD I l3|s-Hso l 33-HSD la[mso
17a-hydroxylase 17,20 Lyase 17p-HSD

17-OH progesterone === Androstenedione === Testosterone

Progesterone
21-Hydroxylase l lZ1-Hydroxylase I Aromatase 'Aromatase
Deoxycorticosterone 11-Deoxycortisol Estrons B On e o
11B-Hydroxylase l l 11B-Hydroxylase
Corticosterone Cortisol

18-Hydroxylase l
18-OH corticosterone
18-Oxidase l

Aldosterone
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Glucocorticoid (GC) receptor

GCs have receptor (GR) existing in two isoforms

H 1)
| ]
H-N-| [ ] -C-0H
H Interacts with other DMA Hormone
transcnption factors  binding binding
——
Glucocorticoid
receptor (GR) .
° \

cytoplasmic (cGR)
membrane bound (mGR)

therefore, GCs have several modes of action

(1) genomic — mediated by cytosolic receptors (cGR) upon binding to
GC responsive elements (GRES)

(22 fast non-genomic — mediated by cGR, mGR and non-specific
effects by interaction with other proteins and cell membranes

receptor activation

cGR has 3 domains: N-terminal transactivation domain / DNA-binding
domain / ligand-binding domain
following synthesis GRs are located in the cytoplasm in the complexes
with molecular chaperons

* Hsp-70 - newly synthesized, helps further folding of the nascent GR

* Hsp-90 - helps to full maturation and achieving hormone-activavable state
GR/Hsp (+ other proteins) complexes

* protect GRs from degradation by proteasome

* increase affinity of GRs for GCs (~100x)

* blocking action of other proteins (e.g. MAPK) bound to complex
upon binding of GC in cytoplasm — conformational changes and
release from inhibitory complexes with Hsp — translocation to nucleus
and homodimerisation

binding to hormone responsive elements (HRES)

short specific sequences of DNA located in promoters
phosphorylation

induction of transcription

binding to HRE facilitate binding of TF to TATA box
* complex hormone-receptor - HRE thus function as an enhancer
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GC action — genomic effects

cGCR

| §

Genomic mechanisms

Transcription

{ crel

Ly

—

cGCR

=
I" [ P65 ( p5(-J/' Tran tion
NO BINDING

Tra ption "
1

CEE

)

%8 site |

|

IV

NO BINDING

| | AP1 site j

(A% genomic effects — via cGR - majority of metabolic
effects are achieved by genomic effects
« GC responsive genes represent ~ 20% of all coding genes,
indispensable for life
* GR knock-out animals are not viable!!
- effects:

* (1) transactivation = binding to GREs

* short specific sequences of DNA located in promoters — gene
transcription [I]
* (2) trans-repression = binding to negative GRE (nGRE} [II] or
interaction with other TF [III] or their coactivators [IV

* repression of transcription or blocking action of other TF on gene
transcription (such as AP-1, NFkB, %

« the whole sequence of events following binding of GCs to
cGRs takes at least 20-30min - late effects compared to the
action of peptide hormones or to non-genomic action of GCs

- affinity of steroid receptors (for GC, aldosterone, estradiol) is
not specific!!

* e.g. GCs bind avidly to MR in brain, not in kidney though
(degraded, see further)

(B) non-genomic effects - evident in many of anti-
inflammatory and immunosuppressive effects

« nonspecific interactions with the cell membrane

« specific interactions with cytosolic GRs (cGRs)

« or membrane-bound GRs (mGRS)
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Steroid hormone receptor signalling

hormone 0 signalling pathways

steroid hormone
receptor 10 “
\( +
heat shDr_k M|tnger'| Activated
protein Protein Kinase
curEQulamrs
o
iHlt [ m:r:m b
proteasome 0 1 1

?G

GR act as hormone dependent nuclear
transcription factor

upon entering the cell by passive diffusion, the
hormone (H) binds the receptor[1], which is
subsequently released from heat shock proteins
[2], and translocates to the nucleus [3]

there, the receptor dimerizes { , binds specific
sequences in the DNA [5], cal 'Hormone
Responsive Elements or HREs, and recruits a
number of co-regulators [7] that facilitate gene
transcription

this latter step can be modulated by certain
cellular signaling pathways [10] or receptor
antagonists (like tamOX|fen [11])

subsequent gene transcription [8] represents a
genomic effect of GC

?é:’]clon is terminated by proteasomal degradation
other, non-genomic effects are mediated through
putative membrane-bound receptors [6]
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Metabolic effects of GC —increased turnover of free
and stored substrates (i.e. lipids and proteins)

Tissue/organ

Physiologic effects

Effects of overproduction

Liver

Thepatic gluconeogenesis (T Glc)

(stimulation of key enzymes - pyruvate carboxylase, PEPCK,
G6Pase)

impaired glucose tolerance/diabetes mellitus

hepatic lipogenesis (T FA and VLDL)

(stimulation of key enzymes acetyl-CoA-carboxylase and FA
synthase)

steatosis/steatohepatitis

Adipose tissue

Tlipolysis in subcutaneous fat (T FFA)
(activation of HSL and inhibition of LPL)

insulin resistance in the muscle (competition
of FFA with Glc for oxidation)

dGlc uptake
(down-regulation of IRS, inhibition of PI3K, Glut4 translocation)

insulin resistance by interference with insulin
post-receptor signalling

Tadipocyte differentiation in visceral fat

(expression of GR and 11BHSD1 different in adipose and visceral
fat)

truncal (abdominal) obesity, metabolic
syndrome

Skeletal muscle

{ Glc uptake
(down-regulation of IRS, inhibition of PI3K, Glut4 translocation)

insulin resistance by interference with insulin
post-receptor signalling

Tproteolysis, | proteosynthesis (T AA)

(counteracting effect of IGFs, activation of ubiquitin-mediated
degradation, induction of myostatin and glutamine synthase)

muscle atrophy, weakness, steroid myopathy

Pancreas

(B cells)

J insulin secretion
(suppression of GLUT2 and K+ channel, apoptosis)

impaired glucose tolerance/diabetes mellitus
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Peripheral modulation of GC availability

peripheral tissue-specific modulation of cortisol availability by enzymes
catalysing interconversions of active and inactive forms of GCs

(a) 118 hydroxysteroid dehydrogenase type 1 (118HSD1)

act as a reductase regenerating cortisol from cortisone — T intracellular cortisol
concentration
* mainly in liver and adipose tissue

* expression of 11BHSD1 is higher in visceral than subcutaneous fat! — visceral fat is therefore more
flexible pool of energy substrate

« often co-localises with GR (e.g. in liver and adipose tissue) and thus locally amplifies a S =
the GC action s cos®

* 11BHSD1 overexpressing mice develop obesity, while 11BHSD1 knock-out mice are protected 3,3 ;
from overeating-induced obesity 5 A800° /_\
* liver and fat-tissue specific inhibitors of 11BHSD1 could be used for treatment of metabolic © co Coitisone. <1 BHSD1 Cortasol
syndrome and obesity : Z
. pathology associated with 11BHSD1 Coettup) NADP( )
Cushing syndrome - higher expression of 11BHSD1 in visceral fat - normally first source of —
substrate, but higher suppression with GC, while enhanced GC action leads to lipolytsis in adipose Cortisone HBPD -
tissue, the fat cumulates in visceral . \"'}”'?9
* congenital deficiency of 11BHSD1 (apparent cortison reductase deficiency) — compensatory over- - S
activation of HPA axis — adrenal androgen excess, oligomenorhea, hirsutism in women b Cortisy, Coiia
* overexpression of 11BHSD1 in subcutaneous tissue (congenital or acquired) leads to "
lipodystrophy e
* 11BHSD1 plays a role in the pathogenesis of polycystic ovary syndrome 11BHSD2 f Aldosterone
* regulation: starvation, cortisol, other hormones —> > Cortisol Cortisone <
(b) 118 hydroxysteroid dehydrogenase type 2 (11BHSD2) AL ‘f\
« act as a dehydrogenase degrading cortisol to cortisone — { intracellular cortisol - ‘ Aldosterone
concentration cortiso! \\ '\/Nucleua i j‘_,//

* mainly in kidney I

. b?/ degrading cortisol 11BHSD2 enables tissue-specific preferential action of e
dosterone on MR even though concentration of plasma cortisol >>> aldosterone

. pathology associated with 11BHSD2

congenital deficiency of 11BHSD2 (apparent mineralocorticoid excess) — monogenic form
hyperten5|on

. PHSDZ is expressed in placenta (maintains lower cortisol in fetal circulation than in maternal) -

cient action contributes to pregnancy pathologies (preeclampsia, IUGR, ...) and possibly to
fetal metabolic programming
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Summary — availability of GCs

Stress =P ? & Feedback response from tissues

CNS
¢ ACTH

Adrenal gland

¢ Blood
7 11B-HSDI1
CBG/F or albumin/F €®»F | __ 5 X E—» |
+ <t+-- @ 4+—
E 11B-HSD2
Liver A Kidney
11B-HSDI
I 4

E
5-B THE ‘SaandS f THF e b
\ / Pancreas Adipose

11B-HSDI
Urine F «4——— F
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GC action on immunity

Glucocorticoid

Genomic mechanisms

Nongenomic mechanisms

5

Plasma
membrane
(/
‘.
3

Cytosol
v
N mGCR-mediated nonspecific
O o @ nongenomic m nongenomic m
C © I

r 0 cGCR-mediatad
o] nangenomic m .
|

é : cGCR-mediated '

Nucleus

genomic m

\ A 4

Antiinflammatory,
immunomodulatory
and other (including
unwanted adverse)

effects

suggested to be mediated via:

« genomic effects [I]

* transactivation and transrepression of many
immunoproteins

* non-genomic effects

* cGR by sequestering proteins [II]
* e.g. kinases (MAPK) — blockade of action
* mGR [III] - multi-protein complexes with other
membrane receptors — blockade of action
* e.g. growth factors
* alternatively, induction of apoptosis
* direct interactions of GC with cellular
membranes [IV] — intercalation into membrane
— stabilisation
* inhibition of Na/Ca exchange
* increase of proton leak in mitochondria — less ATP

« LATP-dependent processes in immune
system (cytokinesis, migration,
phagocytosis, antigen processing and
presentation, Ig synthesis, cytotoxicity, ...)
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GCs and immune system

Glucocorticoid effects on primary and secondary immune cells

Monocytes /

| Number of circulating cells (| myelopoiesis, | release)

macrophages
| Expression of MHC class II molecules and Fc receptors
| Synthesis of pro-inflammatory cytokines (e.g. IL-1, -2, -
6, TNFa) and prostaglandins

T cells | Number of circulating cells (redistribution effects)

| Production and action of IL-2 (most important)

Granulocytes

1 Number of circulating neutrophils

| Number of eosinophile and basophile granulocytes

Endothelial | Vessel permeability
cells

| Expression of adhesion molecules

| Production of IL-1 and prostaglandins
Fibroblasts | Proliferation

| Production of fibronectin and prostaglandins

Production of
p—

RN R N
Y Y

Platelet- Nitric
activating oxide
factor

Inflammatory response

Phosphatidyl choline
Phospholipase RSy

Y

Arachidonic acid

Cyclooxygenase

Prostaglandins

Thromboxanes

——> Vasodilation

_ Permeability

~ Leukocyte trapping

Lipooxygenase

Leukotrienes

—p

Neutrophil function
Phagocytosis

Bacterial killing

[N Inhibition by Cortisol
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Disorders of adrenal gland

* hyper-corticalism

* usually selective
* primary vs. secondary

« Cushing syndrome
« Conn syndrome
« adrenal hyperandrogenism
* DHEA producing adrenal adenoma
* hypo-corticalism
* usually generalised
« Addison syndrome

* dissociation of adrenal function

« abnormality of steroid biosynthesis

 if serious — CAH (congenital
adrenal hyperplasia)

esmmmm== 21 hydroxylase
Cholesterol essw== 11 beta hydroxylase

17 alpha hydroxylase

- 3 beta hydroxylase
17,20

170
Pregnenolone =——=+ 17-OH-Pregnenoclone > DHEA

38 13'3 -1-32
1

17,20
Progesterone

oL
» 17-OH-Progesterone ——i- Androstenedione

|21 ‘21 17BR

Deoxycorticosterone 11-deoxycortisol Testosterone
_lﬂa ‘ 11 B S5aR
Corticosterone Cortisol Dihydrotestosterone
l 18
Aldosterone NI



Glucocorticoid excess: Cushing’s syndrome

* Etiology

primary

* GC overproduction by adrenal tumor (adenoma or carcinoma)

* adrenal hyperplasia

* GC overproduction by ectopic tissue (embryonic origin, commonly ovary or testes)

secondary

* ACTH-producing pituitary tumor (Cushing’s disease)

* excess CRH from the hypothalamic tumor

* extra-hypophyseal/ectopic ACTH or CRH production
* typically mediastinum (i.e. small cell lung carcinoma)

* |low CBG
iatrogenic

ACTH Independent
latrogenic Cushing's
syndrome

Exogenous
steroid

Adrenal tumor

ACTH Dependent
Cushing's disease
pituitary adenoma

i

Ectopic ACTH

€ mmmmnmnnn-

Thinning of hair F—
Red cheeks :
Buffolo hump = == Moon face

-
Supraclavicular—

fot pod ’> Increcsed body

ond facial hoir

Bronze skin

— Weight goin

* Purple strice

Thin extremities

Pandulous abdomen
with muscle
atroph
Y Ecchymosis

resulting from
easy bruising

Thin skin and e

subcutoneous

tissue ™ Slow wound

healing
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Mineralocorticoid regulation

| Angiu-lanlﬁ'rl I

®

|  Angiotensin |

®

-,

| Angiotensinogen |

Angictensin
camnanting
enzyme

Famn
.

Blood
prEssung
r&es

- T~

e s
».‘H_‘_Sall re1enl|¢n_._r__,

Blood

pressure
falls

adrenals

A |
| I
[ |
I 1
| |
| |
I |
angiotensine II!
K+ \
|
|
|
I
4

ALDOSTERONE--

3 Na+*
intersticium cells of distal tubule lumen
and collecting duct
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Hyperaldosteronism

* increased secretion of
aldosterone

* etiology

« primary hyperaldosteronism
* unilateral adenoma (Conn's disease)
* 70%, benign tumor
* bilateral adrenal hyperplasia
« secondary hyperaldosteronism
* T RAAS
« T ACTH
« tertiary hyperaldosteronism

* decreased aldosterone clearance -
liver disease

Primary aldosteronism

/;)@

;\ T Aldosterone* \,_J

*Initiating event

Secondary aldosteronism

==

T Na+ 1 Renin®

7\—] /\j i
;\ T Aldosterone \._J

*Initiating event
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Adrenocortical insufficiency - etiology

destructive process usually affecting all zones of the cortex

« decreased production of cortisol, aldosterone and adrenal androgens
* adrenal insufficiency occurs when at least 90% of the adrenal cortex has been destroyed
* prior to that can be latent and manifest in stress
* (1) primary generalized (Addison's disease)
« chronic or acute manifestation (Addison’s crisis)

- T ACTH

. causes
* autoimmune destruction (type II hs) - gradual destruction of the adrenal cortex
* TBC

* necrosis (Waterhouse-Friderichsen syndrome)
* acute adrenal insufficiency due to massive haemorrhage into the adrenal gland, more often bilateral, caused by meningococcus infection
* rare: congenital, haemochromatosis, adrenalectomy, X-linked adrenoleukodystrophy (X-ALD), amyloid, thrombosis, ...

* (2) primary in dissociation of adrenal function
« see further
* (3) secondary to inadequate secretion of ACTH
* hypopituitarism
* Sheehan's syndrome
* after severe postpartum hemorrhagic or infectious shock, ischemic damage to the pituitary

* symptoms
« weakness (TK)
« anorexia, hypotension ({Na)
- nausea, diarrhea or constipation (TCa)
« vomiting (hypoglycemia)
« abdominal pain (lymphocytosis)
« weight loss
 hyperpigmentation (POMC — MSH — melanocytes)
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Addison's disease

Pro-opiomelanocortin (POMC)

&
§ 6 7
B-Lipotropin
-MSH: - - y-Lipotropin B-Endorphin
o-MSH CLIP
(1-13) (18-39) i ‘L
B-MSH | y-Endorphin
o-Endorphin
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Congenital adrenal hyperpIaS|a (CAH)

Cholesterol

Cholesterol
desmolase

Pregnenolone

Progesterone

|

21-hydroxylase

\ 17-0H pregnenolone J

3B-hydroxysteroid dehydrogenase

[ 17-0H progesterone ‘

| 1-deoxycorticosterone ‘

11B-hydroxylase

Corticosterone

Aldosterane
synthase

Aldosterone

|

1-deoxycortisol ‘

|

Cortisol

17a = 17-alpha-hydroxylase

| Dehydroepiandrosterone

Androstenedione

Testosterone

17,20 = 17 20-lyase

frequency 1/8000 - 10000 new-borns - postnatal
screenmg

a group of inherited disease that impair cortisol
synthesis, with compensatory increases in ACTH
leading to hyperplastic adrenals
spectrum of enzymatic deficiencies ranges from mild
to complete and from a single activity to several
activities
steroid 21-hydroxylase deficiency (210HD)
accounts for over 90% of CAH cases
much rarer
11-Beta hydroxylase deficiency
17a-hydroxylase deficiency
3-Beta-hydroxysteroid dehydrogenase deficiency
congenital lipoid adrenal hyperplasia
p450 oxidoreductase deficiency
abnormalities of primary and secondary sex
differentiation
for 21-hydroxylase deficiency:

females will most likely have ambiguous or atypical
external genitalia (masculinization or virilization),
aIthou?h they are genetically female and will have
normal internal reproductive organs

« males will not have ambiguous genitalia

* both genders can experience other symptoms such as
early onset of puberty, fast body growth and premature
completion of growth leading to short stature, if they ﬁ‘tl
not diagnosed and treated in early life NI
MED



Adrenal medulla

(a)  Sympathetic Paragangliomas () FemsymphtheticPaagangliomas * paragangliOmaS form
- | oy in nerve tissue in the
3 adrenal glands and
near certain blood
vessels and nerves

* paragangliomas that
form in the adrenal
glands are called

Retroperitoneal
Sympathetic Nerve
Fibers

T, s pheochromocytomas

* paragangliomas may
pe benign or malignhant
cancer

Sympathetic Nerve
Fibers in Pelvic Organs

Urinary Bladder
Paraganglioma
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THE THYROID
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Anatomy and histology of the thyroid, HPT axis

—(—( _ TRH \ Hypothalamus

‘ ' Pituitary

/d /

\es) Liver, Muscle

:>| Bpne
Liver
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hysiology of thyroid gland

/
. 1 Follicles
;;ﬁ:ﬁ?ﬂdal secreting thyroxin
7
2 Blood
vessels and loose
connective tissus
Full thyroid follicle thyroid follicle
1 Follicles 1 Follicles
secrating secreting
thyroxine thyroxine
1b Collcid 1a Cuboidal
epithelium
32 Parafollicular
C-cells secreting
calcitonin
1a Cuboidal
epithelium 1 Follicles
secreting thyroxine
1b Colloid 2 Blood

vessels and loose
connective tissue

Connective
tissue capsule
Thyroid
follicle

Colloid in
follicle
cavities

-C cell
- part of the APUD system (calcitonin)

- can give rise to medullary carcinoma
- no clin. consequences of deficiency/removal
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Hormone synthesis by follicular cell

I
V4
=

[ /<4
I _~O»—->; | ( A, H,0, l
- N

§/ ¢ Thyroglobulin “Peroxidase

= 58 precursor (T} + |lodinatson

%l g i’ i——‘> —p () — - T @NG

& ‘\ = ; s Peroxdase coupling

8¢ er Golgl \i

-
\
MIT, DIT
-
N

R\ NIT

) DIT
T,: S‘m',u'r‘.x()n T‘l. > \\ ~ ”/_/—\__J 4——_!.‘
T, T Pinocytosis ~T,

4 Proteases jioid

droplet

thyroglobulin Thyroid Thyroid
peroxidase peroxidase

tyrosine diiodotyrosine thyroxine

EI @ﬁr @ bﬁ ‘j '@g}ﬁ

upon nutritional iodide intake in thyrocytes
by the sodium-iodide symporter (NIS), it is
transported into the follicular lumen
fabrication of thyroid hormones is conducted
by the enzyme thyroid peroxidase (TPO), an
integral membrane protein present in the
apical (colloid-facing) plasma membrane of
thyroid epithelial cells

« TPO catalyzes two sequential reactions:

* jodination of tyrosines on thyroglobulin (also known
as "organification of iodide") resultong in formation
of mono- and diiodotyrosines

* synthesis of thyroxine (T4) or triiodothyronine (T3)
from two iodotyrosines

* a molecule of thyroglobulin contains 134 tyrosines,
although only a handful of these are actually used to
synthesize T4 and T3

after pinocytosis of TG into thyrocytes, it
fuses with lysosomes, becomes hydrolysed
by proteases and T4, T3 diffuse into the
cytoplasm and then are released into the
bloodstream where they quickly bind to
carrier proteins for transport to target cells

« TBG - thyroid binding globulin (produced in liver)
MUNI
MED



Hormone synthesis by follicular cell - detall

Follicle colloid

Thyroglobulin

.v‘“i
Endoplasmic
ticulum

Thyroglobulin secretion e
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The sodium-iodide symporter

H2N
Proposed structure of the Masl symporter Na*/K*
showing 13 membrane spanning domains NIS ATPase
and 3 extracellular glycosylation sites, v |- \?égggl

NS~

'Basolateral |

lodide ion Sodium ion
WER & .
zymporkers ,!\
K "'. High extracelular M a+

Laow intracellular Ma+
maintained by
sodium pumps

¥ I

Out of cel into colloid Out of zel via Ma pumpz

T hyroid follicle
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Secretion of thyroid hormones

* upon stimulation by TSH, droplets of iodinated thyroglobulin return to

the follicular cell by endocyt05|s

« the droplets fuse with lysosomes, forming an endosome
* proteases from the lysosomes breakdown peptide bonds between the

iodinated residues and thyroglobulin molecules to yield T3, T4, MIT and

DIT

* free T3 and T4 cross the cell membrane and are discharged into the

capillaries
« T4 limitedly de-iodinated

* 99.9% bound to TBG (75%), transthyretin (15%) and albumin (10%)

« T3 free fraction 0.3%

* MIT and DIT are liberated into the cytoplasm, the iodines are removed
by a deiodinases (selenium-dependent enzymes), and they and the

tyrosines are reused

* free fraction of T4 and T3 is metabolically active, while bound fraction

is a ‘reserve’

- peripheral de-iodination (e.g. liver, kidneys, placenta, .

/W\

N

[ Y o ]
0 T 0
( ) (
KIDNEY BRAIN LIVER
THYROID GLAND MYOCARDIUM SKIN
NG SKELETAL MUSCLE BRAIN
g Vs Y, BROWN FAT TISSUE § PLACENTA

Thyroglobulin
I I
” HUQDQ
Thyroglobulin
|gd|r?atlon I I Lumen

Tight
|uncnon

4
i

F’roteolysus, \

i
"\ =
Delodlnatlon VA
/"// { l// \‘“'.§~
8 lodide = ’;f I —
34

pump
Secretion Blood
@ O .«
Thyroglobulin  Colloid Ribosomes Lysosomes
precursers in  droplets
secretory
vesicles
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Control of the T3/T4 production — HPT axis

Major Regulatory Step
TSH Release

* hypothalamus:
« TRH
TRH e somatostatin * &

Pl tuita ry. Thoid  teinzing Folicle:

T3 * stimulating harmaone gtimulating
TSH * binding of TSH to TSH-R
. stimulates:
:‘eg:;"’ek * synthesis of the iodide
cedbac transporter
Control . thyroligd peroxidase
lTa, 13 * synthesis of thyroglobulin
* rate of endocytosis of
+ : colloid
lodinase
Target Tissues B SRR ENJE ° therld autoregu|ation
A3 | * jodide uptake and
transport
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Peripheral modulation of T4 and T3 levels

e activity: T3 10x >> T4 > rT3

* enzymatic conversion by deiodinases
 activation (by D1 and D2): T4 — T3
 inactivation (by D3):T4 — rT3 (—> T2)

* tissue and organ specificity

H H H
T4 H ala e &t a
Type | delndlnas:/ Type | deiodinase Eb) ‘@k@@ @4 %%

Type Il deicdinase Type lll deipdinase a0 R i o 0

H-C-H @’@ > &g'@"&‘ @/@”
T3 é rT3 HOOC’E\NHZ H-C-H H-C-H H-C-H
Type |l delodinase* : HooCc-G~NHZ2 HODC-C-NHZ HOOC- G NH2
2 Type Il deiodinase* e “ 5 s

Thyroxine (T4) Tuiodothyronine  “Reverse 73"

13) [nactive)

*present in placenta T2
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Quantitatively

Circadian
Acute  hythm Severe
DsychOiS + l 7 stress
Cold Q
Hypothalamus —
+ M TRH
Corticosteroids
_Dopamme
! I . Eo! '! a E ! —
(Peripheral tissue
metabolism of
+1TSH T, 0T
Thyroid

el

(~80% T,4: 20% T,)

) +
Low lodide =—p

High lodide =
“Wolff-Chaikoff effect”

>99% of circulating T, & T, are protein-bound,
primarily to Thyroid-Binding-Globulin.

et

T
80% i 4 v’
M=) 1% 45% D3

—

Thyroid

Brain & Pituitary:

eripheral Tissues/

Other
degradative
pathways

15%

- \ Inactiv

Negative feedback
on TRH & TSH

T4 02 > T3 B

D2 catalyzes production of T3 for negative feedback
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Molecular basis of T3/T4 action

(1) genomic effects

« complexes thyroid
hormone/hormone-activated
nuclear receptors act as
transcription factors

* modulation of gene expression

* in contrast to steroid hormone
receptors, thyroid hormone
receptors bind DNA already in
the absence of hormone,
usually leading (in inactive

state) to transcriptional
repression

(2) fast immediate effects
« mitochondria?
« plasma membrane

Trans porter

f
\
/-—(@

7_403 Nucleus
0 ® 0
4 \ /

D1/D2 ’
g N
@) RXR \ et e
e Y NYANYIRY
03 7 DNA
"-—\—-" > v(\ ) ’.(\ mn
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Thyroid hormone receptors

* encoded by two genes, designated
alpha and beta

. further, the primary transcript for ~ Beceptor  Transactivation g Ligandibinding and dimerization
each gene can be alternatively Tupe " i '
spliced, generating 4 different alpha al Hot I | | COOH
and beta receptor isoforms): a-1, a- a2 I | ]
2, p-1 and -2 B1 — — |
* different forms of thyroid receptors
have patterns of exp»:'ession thpat vary b2 |1 15H2? 51'4

by tissue and by developmental stage

* THR bind to a short, repetitive
sequences of DNA called thyroid or
T3 response elements (TREs)

° T3 b|nd to a TRE as monomers, as - = =aLLTC AL LT A--~- - --ALTCAMMHEA T A--~- - --ALFTC AN T A- - -
homodimers or as heterodimer’s W|th ---TECALCTMMMHTCCALT--- ---TECALCTMMMHTCCALT--- ---TCCALTHMMHTCCALT---
the retinoid X receptor (RXR) b oricirmer Hu:umuII:u:Iirner Heterodirmer

i
* the heterodimer affords the highest [ EI,E it/ FxA
affinity binding - the major functional Al 5/ R=R
form of the receptor

« change from co-repressor complex
binding (T3 absence) to co-activator
complex binding (T3 presence)
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T3 action on gene transcription

RXR [ |l
receptor TR
(for 9-cis-— —receptor
retinoic B 3 (for
acid) trilodothyronine)
Dlmerlzatlon
9-cis-
Retlr]glc E L Triiodothyronine
aci

| | | iy
Hormone— Genetlc
response transcription

element - mRNA
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Physiologic effects of T3/T4

* (1) development

« profound effects on the terminal stages of brain
differentiation, including synaptogenesis, growth
of dendrites and axons, myelination and
neuronal migration (esp. in the fetal period)

« the net effect of ﬁregnancy IS an increased
demand on the thyroid gland

* in the normal individuals, this does not appear to
represent much of a load to the thyroid gland, but in
females with subclinical hypothyroidism, the extra
demands of pregnancy can precipitate clinical disease

* (2) growth
« T3 is a critical determinant of postnatal linear
bone growth and mineralisation
« growth-retardation observed in thyroid deficiency

* the growth-promoting effect of thyroid hormones is
int(ijm%cely intertwined with that of growth hormone
and IGF

* (3) reproduction

(o= =p

CRETINISM
AGES:
CHRONOLOGICAL 48 38
BONE A 5 YEARS
MENTAL A 4 I
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Mexican axolotl (Ambystoma mexicanum) — T3
effects and regeneration

L
"éx-'?"""f:
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Physiologic effects of T3/T4

* (4) metabolism

* increase in basal metabolic rate and thermoregulation

* increase body heat production from increased 02
consumption and rate of ATP hydrolysis

* lipid metabolism
* fat mobilization — increased concentrations of FFA in
plasma
* oxidation of FFA
* plasma concentrations of
cholesterol and triglycerides
are inversely correlated with thyroid hormone levels

* hypothyroidism - combined dyslipidaemia _
I(\‘IR(FpLeI;tngcherldem|a, hypercholesterolemia),

« carbohydrate metabolism

* stimulate almost all aspects of carbohydrate metabolism,
including enhancement of insulin-dependent entry of
glucose into cells (via GLUT4) and increased
gluconeogenesis and glycogenolysis to generate free
glucose

+ hyperthyroidism - worsening of DM
compensation or T2DM

« protein metabolism
* (5) other effects
« cardiovascular, CNS, immune systém, ...

Substrates ADP + P Heat Vital functions

QT, T ATP consumption |

co o}
, + Hy Heat ATP Vital needs

‘} ATP synthesis
Heat] "TNQ
<&
| ;4 ATP synthesis efficiency |

Lipogenesis

Lip

(Lipophagy,
lipases)

[-Oxidation

Bile acid
synthesi

olysis

—

up{3\42— o R

5
%
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)
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&
IS
S
]
&
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HoT CoLD

DISEASES OF THE THYROID GLAND
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Thyroid function assessment

* morning urine - ioduria
* serum
« hormones
* TSH, T4, T3, fT4, fT3, rT3
« antibodies

* anti-thyroglobulin (anti-TG), anti-
thyroid peroxidase antibodies (anti-TPO)

« calculated indexes
e fT4/fT3, fT3/rT3

* thyroid ultrasound

* Thyroid scintigramms (marker 99Tc)

* radionuclide thyroid scan - iodine * A) normal thyroid |
(123I) or pertechnatate (Tc-99) = t%rtahvteﬁy%sigalgeb'egiﬁuse ncreased uptake
« detection of nodules and to assess « C) Plummers disease (TMNG, toxic
thyro|d function multin_odular gOitFE)
_ _ _ « D) toxic adenoma
* fine needle aspiration - E) thyroiditis
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Goliter

abnormal enlargement of the thyroid
gland that is not associated with
iInflammation or cancer

presence of a goiter does not necessarily

mean that the thyroid gland is

malfunctioning

« gland that is producing too much hormone
?hyperthyroi ism)

 too little hormone (hypothyroidism)

« or the correct amount of hormone
(euthyroidism)

presence of goiter indicates there is a

condition present which is causing the

thyroid to grow abnormally

JORECIRC IR SRCO!




Types of goiter

gdam.com

* simple (non-toxic, euthyroid)
 causes
* endemic

Mormal Thyroid

Thyroid
cartilage

Thyroid

Trachea

* caused by a deficiency of iodine in the diet (inland and highland areas of all continents)

* sporadic

* “strumigens” in the diet (e.g. cabbage, soybeans, peanuts, peaches, strawberries, spinach, and

radishes)
« usually diffuse form

* toxic (hyperthyroidism, thyrotoxicosis)
« nodular or diffuse form
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Endemic goiter

* remote, inland, mountain regions all over
the world

« affects almost 13% of population

« another 30% are in a risk of a manifest deficit
* Himalayas - Pakistan, India and Nepal, China
* Thailand and Vietnam, Indonesia
* New Zealand
* South America - Andes
* Central Africa

* jodine prophylaxis !!!
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Cretinism

* develops due to pre- and/or postnatal iodine and thus
T3/T4 deficiency

* (A) neurological form

* mental retardation, deafness, spastic palsy

* prenatal deficiency of T3 (critical esp. between 12th - 18th week of
gestation)
« (B) myxoedema form
. grave growth retardation, face malformation, myxoedema,
ypogonadisms, sterility

* postnatal deficiency of T3
* other etiological factors considered incl. toxins

© MARY EVANS PICTURE LI
MEV-10068602 - agefotostock

=5
me



Global data on 1odine status

a lodine status — general population

¢ Mandatory iodization

M Excess iodine

O Insufficient iodine O Sufficient iodine |

b lodine status - pregnancy

| O No mandatory iedization [0 Mandatory iodization |

Fig. 3| Global iodine statuz and mandatory zalt iodization. a | World map showing
global iodine status from general population studies based on the latest data (2017)
from the lodine Global Network!®. lodine status is defined as insufficient, sufficient or
excessive. Countries in white represent no data available. b | World map showing global
iodine status of pregnant women from studies based on the latest data (2017) from
the lodine Global Network!®. e | World map showing countries that have mandatory salt
iodization. This figure was created using Tableau software version 10.3.

Taylor, P., Albrecht, D., Scholz, A. et al. Global epidemiology of hyperthyroidism and hypothyroidism. Nat Rev Endocrinol 14, 301-316 (2018)

| H Excess iodine

O Insufficient iodine [ Sufficient iodine |
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Thyroid endocrinopathies — functional aspects
* Hyperthyroidism (thyrotoxicosis) ¢ Hypothyroidism

« common in iodine-replete
populations
* Graves’ disease (toxic diffuse goitre)
* younger adults
* autoimmune

« common in iodine-deplete
populations

* toxic multi-nodular goitre (Plummer’s
disease)

* older adults
* toxic adenoma

* rare
* thyroiditis
* de Quervaine - acute (following

respiratory infection, painful, self-
limiting course of hyperthyroidism

* post-partum

* primary and/or metastatic follicular
carcinoma

* TSH-producing tumour of the pituitary

* drug-induced
* amiodarone, lithium, INF-y, anti-viral

« autoimmune thyroiditis (Hashimoto)

* for both autoimmune - Graves and
Hashimoto - predominance of women,
middle age

hypothalamic or pituitary - rare

drug-induced
* amiodarone, lithium, INF-y, anti-viral

HYPERTHYROIDISM

Intolerance to Heat
Fine, Straight Hair
>

Bulging Eyes

- Facial Flushing

— Enlarged Thyroid
Tachycardia

1 Systolic BP

A Breast Enlargement

Weight Loss
1 Diarrhea Muscle Wasting

Menstrual Changes
(Amenorrhea)

Localized Edema
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Toxlic goiter

* nodular (Plummer’s
disease)

« autonomous function of one
or more thyroid adenomas in
a part of the gland

diffuse (Graves-Basedow’s

disease)

« stimulation by anti-TSH
antibodies (type V hs) [LATS
= long-acting thyroid
stimulators]




Grave’s disease

* hyperthyroidism +

* infiltrative ophthalmopathy

« ~1/2 od the cases, independent
on hyperthyroidism

 involves periorbital connective
tissue, ocular muscles and fat

* infiltrative dermopathy
« ~1/5 of cases
 pretibial myxedema

4 13 and T4

Clinical presentation
of hyperthyroidism

Ophthalmopathy
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Ophthalmopathy

Normal Anatomy

Horeonts secton of the sl

Advanced Graves' Ophthalmopathy

Protrusion of the eyeballs caused by increased water coment of retro-ocular
orbital tissues; assoclated with thyrodd disease, usually hyperthyrosdism
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Hypothyroidism

* often results of
(auto)immune destruction of
the thyroid

« typically Hashimoto thyroiditis

* usually transitory
hyperthyroidism in acute
phase, then cessation of
function

* predominance of women,
middle age

(Coarse & Scaly)

HYPOTHYROIDISM

Intolerance to Cold

Receding Hairline
Facial & Eyelid Edema
Dull-Blank Expression
Extreme Fatigue

Thick Tongue -
Slow Speech

Hair Loss
/\pathy

Lethargy

rDry Skin Anorexia

Brittle Nails
, & Hair

Muscle Aches
& Weakness

Constipation Menstrual Disturbances

Late Clinical Manifestations

Subnormal Temp

Bradycardia

Weight Gain
4L0C

Thickened Skin
Cardiac Complications
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A. During Hashimoto's thyroiditis, self-reactive CD4*
T lymphocytes recruit B cells and CD8* T cells into
the thyroid. Disease progression leads to the death
of thyroid cells and hypothyroidism. Both
autoantibodies and thyroid-specific cytotoxic T
lymphocytes (CTLs) have been proposed to be
responsible for autoimmune thyrocyte depletion.

b Graves' disease

BN -
@

Nature Reviews | Immunology

B. In Graves' disease, activated CD4* T cells
induce B cells to secrete thyroid-stimulating
immunoglobulins (TSI) against the thyroid-
stimulating hormone receptor (TSHR),
resulting in unrestrained thyroid hormone
production and hyperthyroidism.
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