U'NG DUNG SINH HQC PHAN TU
TRONG CAC BENH LY NOI TIET

PGS. TS DO PU'C MINH
TRUNG TAM Y SINH HOC PHAN TU’

Center for Molecular Biomedicine
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« DAl CUONG VE HE THONG NOI TIET TRONG CO THE

- CAC ROI LOAN PHAN TU’ ANH HU'ONG BEN CHU'C NANG CUA
HE NOI TIET

« MOT SO MINH HOA
« KET LUAN



=’MUC TIEU

 HIEU PU'O'C CO CHE HOAT DONG HE NOI TIET

« HIEU PUQ'C VAI TRO SINH HOC PHAN TU’ TRONG CAC ROI
LOAN NAY

» SU’DUNG CONG CU SINH HOC PHAN TU’ PHU HOP CHO TUNG
LOAI BENH LY
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~’HORMONES

* L3 c4c phan t&r dan truyén tin hiéu dugc san xuat ti cac tuyén noi
ti€t va phéng thich vao hé tuan hoan chung dé diéu hoa hoat dong
sinh ly ciia co thé

» M6i loai hormon sé c6 cac thu thé nhat dinh trén cac té bao dich

e Khai niEm hormon mo réng:
* Autocrine
* Paracrine
* Endocrine
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Long Short
feadback feedback
loop loop

Fast
feedback

Externalintermal
environmenial
signals

¥

Central nernvous
system

v

Electric or chemical
transmission

¥
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¥

I Heleasing hormones (ng) I

¥

Adenohypophysis
S

v

Anterior pituitary
hormmones (g
¥
Target glands
2
¥

| Ultimate hormone (ug-mg) I

¥

Hormonal response
I I

Hypothalamus 4 — Axonal transport

OAT PONG CUA HORMON

¥

I Oxytocin, vasoprassin I

¥

I Meurohypophysis I

¥

I Release I
Uterine
contraction b‘u;a,ter
Lactation B
(oxytocin) (vasoprassin)

Center for Molecular Biomedicine

William textbook of Endocrinology, 2013
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OAT PONG CUA HORMON anzt

Regulation of signaling: endocrine

Source: gland Distribution: bloodstream Non-target organ
* No contribution to * Universal — almost * Metabolism
specificity of target * Importance of dilution

* Synthesis/secretion
[ eml®) =

Target cell

* Receptor: source of specificity
* Responsiveness:
Number of receptors .
Downstream pathways
Other ligands
Metabolism of ligand/receptor
All often regulated by ligand

William textbook of Endocrinology, 2013



J0AT DONG CUA HORMON

Regulation of signaling: paracrine

Source: adjacent cell Target cell
e Major determinant of target * Receptor:
» Synthesis/secretion Specificity and sensitivity
Diffusion barrier
Determinant of gradient
. * Induced inhibitory pathways,

ligands, and binding proteins

Distribution: matrix

Diffusion distance .
Binding proteins: BMP, IGF
Proteases

Matrix components

William textbook of Endocrinology, 2013

Center for Molecular Biomedicine
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=’PHAN LOAI HORMONES

e Dua vao cau tric phéan tur:
« Dan xuat aminoacid: dopamine, catecholamine, thyroxin
* Phan t& neuropeptid nhé: GnRH, TRH,
* Protein: insulin, PTH
» Steroid: cortisol, estrogen
« Dan xuat vitamin: retinoid, vitamin D

 Duwa vao vi tritac dong
* Khong vao té€ bao: polypeptide, prostaglandin
* TAc dong bén trong té bao: thyroxin, corticoid



EXTRACELLULAR
FLUID

pinephm

ﬂ»adrenerglc

Ras-MAPK pathway
(see Figure 14-17)

o When the insulin receptor
binds insulin, the activated

@ IRS-1 activates Pl 3-kinase, € PIP; binds a protein

which catalyzes the addition

ylates
the IRS-1 protein. IRS-1 can
lead to recruitment of GRB2,
activating the Ras pathway.

of a phosphate group to the
membrane lipid PIP,, thereby
converting it to PIP,. PTEN

can convert PIP, back to PIP,.

kinase called Akt, which is
activated by other protein
kinases.

@ Akt catalyzes phorphorylation
of key proteins, leading to an
increase in glycogen synthase
activity and recruitment of the
glucose transporter, GLUT4, to
the membrane

Binding of steroid
hormone to receptor

Translocation of
steroid-receptor complex

Center for Molecular Biomedicine



e TAng trudng
* Duy tri can bang ndi moi
e Sinh san
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Target hormone

Harrison Endocrinology, 2010



= SINH BENH HOC CAC BENH NOI TIET

* Tang san hormones: cac khoi u tuyén yén, can giap...

e Suy giam hormones: khong tao dugc hormone do bat thuong gen,
phéa huy cac tuyén do tw mién, phau thuat, nhiém trung...

* Dé khang hormones: bat thuong thu thé cac hormones, con
dudng tin hiéu



Trudce khi quan,
dudi thanh quan
15-20 gram

2 thuy: 2x2x4
cm, chia thanh
cac tiéu thuy.
Tiéu thuy: chira
cac nang giap
hinh cau 200 pm




Nang giap: don vi cau tric cua tuyén giap, L6t béi té bao nang cé
hinh dang tuy vao mirc dé hoat dong

Chtra
nhiéu
mach
mau -2
phu
hop vOI
tuyén
noi tiét.




Chtra té€ bao than kinh ndi tiét (té€ bao C) = calcitonin, cé lién quan
dén qua trinh chuyén héa calci




Thyroglobulin

cular Biomedicine

DIT

DIT

DIT

Téi hdp thu



*SUY GIAP BAM SINH

Common disorders detected
in NBS Vietham

Glucose-6-
phosphate
dehydrogenase
(G6PD)
deficiency
;Zg:reg;ean[ltal Congenital

hyperplasia hypothyroisim

— — —

Center for Molecular Biomedicine



SUY GIAP BAM SINH

= Nhiéu nguyén nhén

- Bam sinh khoéng cé tuyén giap

- Khuyét tat di truyén thi€u cdc bom Na-l, bom Pendrin,..
" Lam sang:

- Cham phat trién tAm than — van déng

- Chis6 1Q thap

= Can lam sang: /TSH N3 N4

Center for Molecular Biomedicine
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Tam soat so’ sinh bang gen

Test Results: NEGATIVE

Center for Molecular Biomedicine

Gene Result Zygosity Classification
Duox2 Congenital Hypothyroidism (CH) NM_014080.4:c.1428C>A (p. Heterozygous VUus
Asnd76Llys)
GiB2 Non-syndromic Hearing Loss NM_004004.5:c.109G>A (p. Heterozygous Vus
Val37lle)
MMACHC Methylmalonic Acidemia and NM_015506.2:c.82G>T (p.Val28Leu) | Heterozygous VUS
Homocystinuria, cblC Type
SMN1 Spinal Muscular Atrophy (SMA) Copy number 2
All (other) diseases Negative
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A
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Tam soat so’ sinh bang gen

GENE VARIANT ZYGOSITY VARIANT CLASSIFICATION
G6PD c.1388C>A (p.Arg463His) hemizygous PATHOGEMIC

IL36RN c.115+6T=C (Intronic) heterozygous PATHOGENIC

COG6 c.851CT (p.Ala284Val) heterozygous Uncertain Significance
CSFZRB c.674G>A (p.Arg225His) heterozygous Uncertain Significance

ERCC3 c.2285A>GC (p.His762Arg) heterozygous Uncertain Signiﬁcanca



GAN KET HORMON GIAP & MO PiCH

@

A 3 3 A A A A A A A 0 TH PEIC A A 0 0 I 0 A 0 2 0 0 30 0 0 A0 0 A 0 A 0 20 30 ) )
. i
$ 8888508909590 0880 23008062823 NI GSSSH0208088688608082 800808800888
Cytoplasm Transmembrane
transporter

Nucleus

Figure 1 | Overview of thyroid hormone action. T, enters the cell via thyroid hormone
transporters, or is generated locally by cytoplasmic deiodinases (not shown). In the
nucleus T, binds to THR-containing dimers, which bind to genomic TREs to regulate
gene transcription. Abbreviations: RXR, retinoic acid receptor; THR, thyroid hormone

Center for Molecular Biomedicine

receptor; TRE, thyroid-hormone responsive element. Doi: 10.1038/nrendo.2014.143
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dot bién di hop tir ¢.938T>C (p.Met313Thr) trén exon 10 ciia gen THRB




RTHB

Y
Increased levels of circulating
thyroid hormones and TSH

Y v Y v Y v

Thyroid Ear Retina Nervous system
[}
%G
.‘
Impaired neural
Abnormal development
Impaired negative cochlea Affected Abnormal cerebellum
feedback Goitre development colour vision Tachycardia and cortical layering

Figure 4 | Overview of tissues and homeostatic functions affected in RTHp. Patients with mutations in THRB can present
with different phenotypes that affect a number of tissues and functions. These effects include increased levels of
circulating thyroid hormones, goitre, impaired negative feedback of the HPT axis, affected vision and hearing, heart defects
and abnormal neuronal development. Abbreviations: HPT, hypothalamic—pituitary—thyroid; RTHp, resistance to thyroid

hormone 3; TRH, thyrotropin-releasing hormone.
Doi: 10.1038/nrendo.2014.143



HOI CHUNG MEN2A

Simoes-Costa. Development reviews,
2015

Neural plate

Neural plate Border

Notochord
Premigratory
neural crest

- Epidermis

Delaminating
neural crest

Migratory
neural crest

e’

Center for Molecular Biomedicine

Non-neural
ectoderm



RET activated by various point mutations in MTC
And by rearrangements in multiple tumor types

Wild-type
RET

Ligand-dependent
activation

Extracellular
mutation
C634R

Intracellular
mutation

Medullary thyroid cancer

|

|

Oncogenic fusion
KIF5B-RET
CCDC6-RET

Papillary thyroid cancer
Lung cancer
Colorectal cancer
Breast cancer
Myelofibrosis/CMML

Constitutive
dimerization &
cytosolic localization

Ligand-independent
dimerization &
activation

Ligand-independent
activation as dimers &
monomers

Mulligan. Nat Rev Ca, 2014



Gen sinh ung vs Gen rc ché khoi u

Hoat hoa 1 alen 1a du Dé (e ché chirc nang cua
dé kich hoat gen wrc ché khoi u ca 2
gen sinh ung alen déu phai bi bat hoat

Dot bien hot spots Cac dot bién phan tan



HOI CHUNG MEN2A

LHD

Shte memao

=

Tk a

Center for Molecular Biomedicine

%% TM&

Mutation carrier

Doi: 10.32895/UMP.MPR.5.2.3




ADRENOCORTICAL HORMONE BIOSYNTHESIS

CHOLESTEROL (27C)
— + | AcTH |
l Side chain cleavage | g

iy i
PREGNENOLONE | — | 17 a-OH PREGNENOLONE | T"/ DHEA (19C) \
l | ahsp | g l | spuso | g l T
PROGESTERONE —=5 [17a.0H PROGESTERONE | —| 'ANDROSTENEDIONE (19C)
/ l\ 21 a-hydroxylase \ / 'l" 21 a-hydroxylase i\\
DEOXYCORTICOSTERONE 11-DEOXYCORTISOL
| [rremeroyase | |, [ 11 eormoase |
CORTICOSTERONE CORTISOL

o | 7 Y

18-OH CORTICOSTERONE

| Aidosterone syntnase |l | 11 pnyoronyiase | Major Secretory Products from

X3L¥0D TYNINAY

_ DHEA - Dehydroepiandroﬂemne

S~ the Adrenal Gland
\ ALDOSTERONE /




@ CONGENITAL
ADRENAL
HYPERPLASIA
4= Key Points
v Pathology —
v Autosomal recessive

v Disorders of steroidogenesis
due to deficient enzymes.

v Buildup of hormones
roximal to deficient enzyme:

ACTH, poss. androgens.

¥ Classic (severe) vs.
Nonclassic (mild)

Newborn screening for classic
CAH due to 21alpha-
Hydroxylase deficiency.

v Assess levels of 170HF.

Zona glomerulosa
+/ Mineralocorticoids -
Aldosterone (Salt)

Zona fasciculata

+ Glucocorticoids - Cortisol
(Sugar)

(+ Some androgens)

Zona reticularis

«/ Androgens - DHEA , A4 (Sex) /cori o2

(+ Some Glucocort.)

Organs Affected/

Salt \‘g\’

Enzyme Hormana & K& Profils |[Wasting? Clinical Presentation _7
21a-hydroxylase Adrenal glands Classic: Classic: Adrenal crisis. Dehydration, hypoglycemia, i.‘.\
(CYP21A2) ' YES at hyperkalemia, hyponatremia. Can be fatal. 2
90-95% of CAH T170HE 21'6‘?0)()(60!‘“5!’.?', 2-3 weeks 46,XXambiguou5genitalia, 46, XYtyplcalgemtalla

Andvoteredone, BReninfee) | Excess Androgen can ead £ carly pubarche + skeletal growth.
LCortisol & Aldosterone Non-Classic: | Non-Classic: Up to 50% enzyme activity. Early pubarche.
NO 46XX: hirsutism, menstrual irregularities w/possible infertility.
(enough Ald) | can look like PCOS. 46, XY often undiagnosed.
11b -hydroxylase Adrenal glands NO Usually Classic: High ACTH suppresses Renin-Ang-Aldosteorne
(CYP11B1) ’]‘1 1-deoxycortisol, DOC, 50 -> ECF volume expansion, Hypertension.
Androstenedione, Mild 170HP 46, XX virilization
J,Cortisol, Aldosterone, Non-classic: Very rare. Similar to NCAH
Renin, K+ 21 a-hydroxylase deficiency. Poss. hypertension.
’ P
17a-hydroxylase Adrenal glands + Gonads NO Hypertension. Corticosterone prevents adrenal crisis.
(CYP17) DOC, Corticosterone, Prog. 46 XY: ambiguous genitalia & undescended testes.
iCortisoI, Aldosterone, 170HF, .
DHEA & Androstenedione, 46, XX: Puberty failure (so no secondary sex development).
Renin, K+ |
3B-hydroxysteroid Adrenal glands + Gonads YES Infants: Look for adrenal crisis. ::-
dehydrogenase Type 2 ']‘DHE A. renin =
(HSD3B2) 46 XY: Poss. undervirilized (loss of T). Perineal hypospadia.

lCortisoI, Aldosterone, DOC,
11-deoxycortisol, 170HP
Progesterone,
Androstenedione

46, XX: Poss. virilization (inc. DHEA); Early pubarche
wlhirsutism, acne, & menstrual irregl.
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PAI THAO PUONG

Glucose
Endoplasmic
reticulum
Glucose
transporter
Nucleus { Blitase
Glucokinase

Glucose- G-phosphate

Mitochondrion
Glycolysm

% Intracellular
ﬁ = Ca®* stores

Insulln
contalnlng@. Ca2® ATE -sensitive
granules. . Voltage- dependent K+ channel
.. Ca?* channel
e o © O “‘

© Insulln

secreiion Ca2+

4007



PAI THAO PUONG PON GEN

* MODY: Maturity-onset diabetes of the young
* DOt bién 1 hoac nhiéu gen lién quan dén con duong san xuat insulin
e Cac dot bién thuong gap: HNF1A, GCK, HNF4A, NEUROD1...
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PAITHAO DPUONG TiP 1 =6

HLA-DR3/4

T HLA-DG3 Insulin tolerization el
. s y genetics GAD vaccination
Environmental factors X : ; ;
Microbiome intervention I1AA, GADA, |1A-2A
I Vitamin D autoantibodies

T cell markers
A
(neo)antigens

Stage 1-2

ER stress )
cytokines
chemokines

Antigen therapies
Immune therapies
Peptide hormone-based therapies

dendritic cell

Artificial pancreas

Islet transplantation
Stem cell-based therapies
Immune therapies

Antigen therapies
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PAI THAO PUO'NG TiP 1 anst

Diabetes Risk by HLA
DRB, DQA and DQB Haplotypes
DRE1

RISK DaAl DaB1
HIGH 0401,0405,0402 (DR4) 0301 0302
0301 (DR3) 0501 0201
0801 0401 0402
MODERATE 0401 0301 0301
0401 0301 0303
0403 0301 0302
0101 0101 0301
1601 0102 0302
LOW 1101 0501 0301
PROTECTIVE 1301 (DR2) 0102 0&02
0vo1 0201 0303

1401 0101 0503
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PONG GOP CUA YEU TO DI TRUYEN

Size of individual variant effect

Variant frequency

E
18]
E - . L] -
a Monogenic Oligogenic Polygenic
8 Extremely rare variants (<0.1%) Rare variants (>0.1% to <5%) with moderate Common variants (>5%)
c | with strong effects that typically effects and incomplete penetrance that with weak effects that don't
© produce disease in isolation commonly require at least a second hit to produce disease in isolation
g = (o] produgg digease
g oA 6,09 0023
C e o L] [ .' n .O
f— O ™ o * 0 o o (o)
o © Qo 0%
° . o, O :0. Oo
[o) O o L o l. On l. -
e O ° (o]

Number and effect size of contributing alleles



30' CHE SINH BENH PHU'C TAP CUA BTD TiP@E4
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Decreased
Incretin Effect

Decreased Insulin
Secretion

Increased
Lipolysis

Glucagon
Secretion

Increased
HGP

Decreased
Glucose ’
S Uptake
Neurotransmitter
Dysfunction De Fronzo et al, Diab care

27NNA
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POLYGENIC DISEASE

Disease type Mendelian h—ﬁtomp!ex

Genes
Frequency
Variant
Technology i GW@

Size of cohort | Family | se— | Populations
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NGHIEN CU'U GWAS DAl THAO PUONG

cases controls

Variant with i i i i

'L higher frequency 'b
in cases than

controls

v

|
! gl
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UONG

Sample collection
Physical exam,
questionnaire .
Peripheral
Clinical phenotypes: whole blood
Age, sex, BMI, diabetes, etc.
L
-
\ N Purification
Analyzer
m Clinical phenotypes: :
HbAtc, HDL, LDL, etc. Genormic; DA
\
I y
Sse26°8
POlygEﬂiC Genome-wide
Risk Score FoNoHRNg

L
553,

‘ it

SATGTTCGTACTGAA

.»- Genotype data
.| 665,539 SNPs
T (N=997)

Quality Control l

o2y cn ... Genotype data
7°3 " 379,428 SNPs

() sugrisincay  (N-957)
Minh Duc Do. J Cell Mol Med. 2024;28:€18526
https://doi.org/10.1111/jcmm.18526

<7 Genotype data
7,587,388 SNPs

GWAS PAITHAO P

Imputation l




) NGHIEN CU'U GWAS PAI THAO BUONG TiP 2 QNEK
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7 -

6 - 3

-logiolp)

1 2 3 4 S5 6 7 8 910 12 14 16 18 21

Chromosome
Minh Duc Do. J Cell Mol Med. 2024;28:€18526

https://doi.org/10.1111/jcmm.18526
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Minh Duc Do. J Cell Mol Med. 2024;28:€18526
https://doi.org/10.1111/jcmm.18526
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Risk Score Risk Score
Distribution Predictive Ability
30 - -
Cideaa High PRS
Controls —_—
X 20+
" 4
)
o 10-
0- Low PRS
25 00 25 0 20 40 60 80

Standardised PRS Age
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THANG DPIEM DI TRUYEN DA GEN

A  Asian B European C Mixed-Ancestral

4000 —— T2DM 120 — T2DM 1400 — T2DM
—— Controls —— Controls —— Controls
3500
100 1200
3000
1000
80
2500
%’ 2 2 800
C 2000 2 @ a
@ [7] []
Q o O 6o
1500
40
1000 400
20
500 200
0 0 0
-0.0040 -0.0038 -0.0036 -0.0034 -0.0032 -0.0030 -0.0028 -0.02 -0.01 0.00 0.01 -0.0005 0.0000 0.0005 00010 00015 0.0020 00025 0.0030

PRS PRS PRS

Minh Duc Do. J Cell Mol Med. 2024;28:€18526
https://doi.org/10.1111/jcmm.18526
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1.0

0.8

Sensitivity
o
(e}

o
N

0.2

0.0
0.0 0.2 0.4 0.6 0.8 1.0

1-Specificity
Minh Duc Do. J Cell Mol Med. 2024;28:€18526
https://doi.org/10.1111/jcmm.18526



Genetic susceptibility | Genetic factors &"
s Concordance in identical twins 50% | » Concordance in identical twins Cm
» Susceptibility gene on HLA region in BO%
chromosome 6 « Both parents diabetic 50% risk Center for Molecular Biomedicine
to the child

Environmental factor

» Viral infections

= Experimental induction
with chemicals

= Geographic and
seasonal variations

* ? Bovine milk proteins /

A. PATHOGENESIS OF TYPE 1 DIABETES MELLITUS B. PATHOGENESIS OF TYPE 2 DIABETES MELLITUS
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“KET LUAN

e Cac ing dung sinh hoc phan tir cang luc cang réng rai trong cac
bénh ly noi tiét
« Ung dung trong nhiéu bénh ly: tir don gen = da gen

 Hi€u biét va ap dung dugc nguyén tac ing dung cac phép thir di
truyén phu hop la quan trong trong thuc hanh lam sang
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20+

Frequency of patients

OR=1.07(1.05 - 1.09)
P=1.55x 10"
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S

P=266x 10°

-
=1
3

=]
=
3

o
%3

Probability of LWL trajectory group €
[=1 [=]
5 &

100 —
_p‘rar___-.
i
P vy
s ‘_}'(
Wil
/rf
/ — PRS;p;
= PRS,,
B
0 025 050 075  1.00
1-Specifity
—Model + PRS, 5
——Model + RS,
— Final Model
0 025 050 075 100

1-Specifity

Center for Molecular Biomedicine



Center for Molecular Biomedicine

| eSS 5
- Genotype array input Identify gezlome build | |
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