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PRECISION MEDICINE

Case scenavio :

* a.7kg male baby, full term, normal vaginal delivery, exclusively breastbed,

* Born of Non coNsaNgUINEoUS MarTioge.

* Presented on day 4 with excessive lethargy, RS : 40 mS/ dL.

* Doy b: Seieures, hﬂpoglgcem\a without ketonurio.

Critical sample
* C-peptide: .74 ng/ mL.
° RBS: A4 mg/ daL.
* Serum insulin : 13.2 mw/mL.
& Thgroid, cortisol, gH : Nlormal

Diagnosis : Conoenitol hyperinsulinemia. (ngerinwhnem\c ngerglﬂcemia/ HIWD.

managemen’c:
* Diozoxide storted : No response.

* genetic anodgsis done : He%eroz%Ous Lor ABCLB mutotion cousing ditSuse

and focal lesions in pancreas.

* RBCCLB mutadion is unresponsive to pharmacological treatment and requires

pancrea’cec’comﬂ.
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2 - Clinical Genetics

Active space ----- Precision medicine 00:04:50

Definition :

U Tod\or'mg o% medical treodment to the individual characteristics of each
podient.

¢ To c\ass\\‘—ﬂ individuals into sub-populations.

* Preventative or therapeutic interventions con then be concentroted on
those who will benefit, sparing expense and side efects For those who will
not.

* Treodments targeted to the needs of individual patients on the basis of
9eneﬁc, biomarker, pheno’cgpic, or p33chosociod characteristics.

Personalized medicine V& Precision medicine *
Personalized medicine :
* Approach to patients thok considers their genetic make-up but with
odtention to their preferences, beliets, oftitudes, knowledge and social
context.

Precision medicine
* model for health care delivery thot relies heavily on genomic dota, analytics,
and. informodion.

poth terms being used \n’cerchangeab\g.

evolution :
The
epidemic
of malaria The
Launch of the Human epidemic of
Genome Project (HGP)- ) ‘ _ COVID-19
I investigation of basic First GWAS published
Discovery of DNA  genome physiology VEGF-A recognised Physical activity and
2700 BC structure and as imp I ioal nutrition basic targets
G function therapeutic target  HapMap Project of disease prevention

Understanding of
genetic code starts-DNA
sequencing

1550 BC  500-400 BC = 1950s 1980s 1990 1991 1993 1994 2002 2005 2016 2019 2020 Future

Impentation of

) s personalised medicine
& . 'ﬁ& ars FDA approves l
as a scien! term s e me Tz ed
HER-2 gene Liquid Biopsy test Accurate arget
linically relevant diagnostic tools | therapy
CYP2D6 }

GG6PD deficiency
{ CYP450 1
‘“"“V Biomarkers’ era \
“personalised” Isolation and
medicine cloning of VEGF-A
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Process of precision medicine Active space

Deep phenotyping of patients

Medical history
| Lifestyle

Physical examination

Basic laboratory

Imaging

Asthmo

Big data

Track 1 Preprocessing
N g0 e
A
\ 4
Track 2 Diagnostic and

> ; ——
prognostic models

Y
Track 3 Predicting treatment |
e response e

Precision Medicine -

Dissemination and
communication

Polgmorph'\sms dictate effect of inhalotional corticosteroids.

Reference
Medical history and 9]
physical examination
Lifestyle [
Basic laboratory tests [11-14]
Imaging NA
Functional diagnostics 9

Immunology/histology

Omics

18]

[16]

Disease

Asthma

Atopic eczema

Severe asthma
NA

Asthma

Asthma

Asthma

Applying precision medicine to asthma

Variable

Age and onset of disease

Cat exposure and genetics

Eosinophil counts
NA

Lung function and exhaled NO

Cytokine levels

ADRB2

Diagnostic and/or prognostic model

Within-subject response to montelukast is superior to fiuticasone in childhood asthma in younger children and children with a shorter
disease duration

Filaggrin I f-function main ions (501x and ) and cat p at birth interact in their effects on the development of
early-life eczema

Eosinophil counts in peripheral blood and/or lavage are for to anti-IL-5

No data available

Children with asthma respond in a different way to ICS and LTRA using FEVs as a clinical end-point. High NO levels and decreased
lung function are i of a better to

Patients with asthma and high pretreatment levels of serum periostin (surrogate marker of Th2 ir ion) had greater i

in lung function with the monaclonal anti-IL-13 antibody lebrikizumnab than did patients with low periostin levels

Substitution at position 16 (rs1042713) in ADRB2 is i with 1 and of B The
use of a LABA as an "add-on is i with i nisk of asthma ion in children carrying one or two A

alleles at rs1042713

Medical Genetics * v1.0 - Marrow SS Medicine
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4 - Clinical Genetics

Evolving precision medicine

» Patlems with data

‘‘‘‘‘‘‘‘ i s |
/l\ ,RVR\ /n /l\ P'W“s'r mdei e

[ Dtagno@hc/prognomc groups wnth outcomes |

U

pMAReRee T

Processing/ model building

ﬁ ﬁ ﬁ Individual patients with oulcomes“ % :l

2

Doma:‘ns : Patients Clinical sample collection Muiti-omics data collection

i e

serum  tissues

»E & »

urine feces

‘6 A ) e
LIIINON ¢ Clinical data Lifestyle & environment Multi-omics data

Analysis Integrated data

Applications 00:09:44

Poediotric ep'\lepsies :
nmore thon half of all epilepsies have genetic bosges and single gene defects in

ion channels or neurotransmitter recep‘cors hove been associoted with several
inherited forms of ep\leps&

Medical Genetics * v1.0 < Marrow SS Medicine



Precision Medicine =

Goals :
® Seizure control.
° petter r\eurode\/elopmen’cal outcome.

Cose |:
* 3year old bob, 3 born of non coNsaNguUINeous mayrioge.
* Chief complaints of seizures from past a.S years
* Developmental dela5
* No ¥ami\5 history
* examination findings : No dysmorphism, no focal deficit, hypotonia.

Sem'\olo% :
* First seizure ot 6 month %l\owing vaccination, hemiclonic.
* Later, seizures were afebrile and myoclonic.

\n\/es’dga’cions :
° ££G: generalized spike wave.
°* MRl : No structural odonormoJ'\’rg.

Diagnosis : Dravet syndrome (SCNIR).

Drovet sgwdrome :
SCNIA ¢
* Loss—of-function of the protein — Reduced activity of inhibitory
interneurons — Increase of cortical excitability.
* Truncation mutations and missense varionts in the vol’cage sensor or pore

region ore more liHeIg to couse a severe pheno’rﬂpe.

Treodment :
Sodium channel blockers :
* Carbamozepine, oxcarbomozepine, pheng’coin.
* Some cases of Dravet have paradoxically increased seizure Wequencg to
the sodium channel blockers.
* H‘\Sher expression in 'mh'\b'\’corg bipolox as compared to exc\’ca‘corg pgmmidod
neurons, effect of sodium channel blockers on 'mh'\bi’corﬂ interneurons
outweighs the eflect on exc'\’coecorﬂ newrons — decrease in inhibition —

Increase of seizures.

Medical Genetics * v1.0 « Marrow SS Medicine




Clinical Genetics

S’c‘\r'\pen’co\ :
° GPeRergic eflect of stiripentol compensates Lor the decreased ac’d\/'\’rB of

\nh‘\b\’corg interneurons.

Fenfluromine :
. Sero’cor\erg'\c eflects but the exact anti-convulsive mechanism has not been

elucidoted 39&.

Cose 4
His’corg :
* byear old b05 I born ‘o NON-CONSANQUINEOUS MAITIa0e.
* Chief complaint of infantile spasms since |
month of life.
* Development delo%.

Shagreen patches Ash leaf spot

* No seizures in ¥ami\5.

On exominadion :
* psh leaf macule, CNS normal.
* mother hos agh leaf macules.

Sebaceous adenoma Astrocytoma

Semio\o% : \ni’dod\ﬂ infontile spasms, loker complex partial seizures, not
responding 1o anti-epileptic drugs.

eEG ! ngsarrg’chm\a.

MR : Cortical tubers, Subeper\dﬂmod nodules.

Diagnosis * Tuberous sclerosis (TC), TSCA.

Tuberous sclerosis :
mMmTOR *
* mutotions in TSCI and TSCA —> mMTOR overactivity — Occurrence of tumors.
* Potients with TSCA mutadions are more \\Ke\5 o develop epilepsy,
* Treadment : MTOR inhibitor everolimus e&lﬁ}ec’d\/e\g reduces subependymol
giant-cell astrocytoma. volume and seizure frequency,

Medical Genetics « v1.0 - Marrow SS Medicine



Precision Medicine

Growth factors,
W o€ Homones, Active space -----

Cytokines, etc.

PROSTFEIBCRPICLROLETNGERAURRRVRONR RSP RSP NPT RN DIV R IV ORI RSN TN IV NINEROEPTROPOIPORRY

(LTI T T2 TR 22T sdse 113 * 9 #os sésbbaed ] 9 L
LY294002,
SRS Wortmannin,
PX-566,
NVP-BKM120,
XL147,
GDC-0941
KRX-041,
GSK-690693
Rapamycin,
Everolimus,
Temsirolimus,
NVP-BEZ235, Ridaforolimus
BGT226,
GDC-0980,
L—— PF-04691502,
GSK2126458,
XL765
Pathway Diagram Keys

—— Direct inhibitory Modification

Direct 5t 1 4
Precision medicine in ped'\oecric ep'\leps‘\es :
SUPPLEMENTATION/RESTRICTION MODIFICATION OF SIGNALING
OF SUBSTRATES PATHWAYS POTENTIAL THERAPIES

L]

KCMTY, KONYZ  Gol x\\;,r,, m-,‘
- B coion o womun
‘ SLC2A1 Ketogenic diet - . €2  CACNAIA GoF  FTXATO
@ stceas  Creatine
@ SLC35A2  CGolactose - e
@ ALDH7AY  Pyridoxine Gob  Ketamine
. Lof LT0/GoR
PNPO Pyridoxal 5 :
& phosphate (P5P) - Rapamycin
' ivative: POTENTIAL THERAPEUTIC
@ e Pyridoxine o PSP derivatives OTHER
& Fowr Folinic acid & scna STP/CBD/FFA
@ wmocs c-PMP - @& rconry LEV/CLB
' COKLS Ganaxolone
a ™P Cetliponase alfa ' STXBP1 LEV
@ TRPMS  Magnesium sulfate - @ swcear VPA + LTG
W @ PrRT2 Na blockers
@ o s Na blockers

Medical Genetics * v1.0 - Marrow SS Medicine



8 Clinical Genetics

Retinitis p‘\smen’cosa i

Retinitis Pigmentosa Inheritance patterns

RP Inheritance pattem

Simplex

. Autosomal dominant

Autosomal recessive

X-linked

ARRP Genes

Unknown
USH2A
EYS
CERKL
CRB1
PDEBA
PDEEB
RPESS
ABCA4
CNGA1
SAG
Other (s1% each)

| I ]

Leber’s Congenital Amawurosis Lew :

XLRP Genes

PEEEEERER

Unknown

RPGR

RP2

OFD1

Unknown
RHO
PRPF31

RP1

PRPF8

SAG
IMPDH1
GUCA1B
SEMA4A
KLHL7
NR2E3

SN RN P200
Other (<1% each)

. He’cerogenews group of eve disease with mos’d5 outosomal recessive.

* Clinical features : Mﬂs’cagmus, se\/ere\ﬂ decreased visual acu'\’cﬂ in early

\n?ancg and complete blindness by the 2-4" decade of life

° RPeLS ossocioted LCA : De%c\encg of retinoid isomerohﬂdrolase ot the retinal

epi’che\ium result in rod cone dgs’crophg.

Treodment :

° usS FoR approved gene ’chempg Luoctumo.

. \mprox/ed visual outcomes in terms of improved visual acm’rﬂ ond hgh’c

sensitivity threshold a years post infusion, with stadic course beljoncL

* Subretinal injection ofter \I'\‘(re(‘,’comg in each eye.

Medical Genetics * v1.0 « Marrow SS Medicine



Precision Medicine - 9

Human gene therapy for RPE65-associated Leber’s congenital amaurosis

£00 800 0a0¢ 2000008 048 2 00% 2000000
Rinsamm EE RSB SIS hn o i SVEST RO
TR T B IR I
NI

Bt ot baod i b 004y
:b_l}' "dlp [T

Subretinal injection after vitrectomy

working

amﬂm
\
=Y,

Luxturna gene therapy

Horking RPEES protein v/

> Improved photoreceptor function v/

Improved vision! v/

viral vector
Luscturmod

mMarfon syndrome :
° AD, connective tissue disorder.

U Pod‘nogemc vorionts in Fenll gene
* portic root dilotion : Losartan v/s Atenolol.
° PHN s’cudﬂ : No difSerence in the rote of aortic dilodion.

Atenolol :
° PDRBI vorionts
* ADRBI-rsIBOIASS CC > C&/6E types.
* Better response to atenolol.
Losortan : CYPACI vovrionts.
No ditference in response.

Medical Genetics * v1.0 « Marrow SS Medicine
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Cystic fbrosis :
AR. varionts in CFTR gene.
Subcoteqory Functional effect example voriont

| No functional protein GS4ax

I TradSicking defect Fsosdel

il Defective requlotion &SSID

\% Decreosed conductance RITH

% Reduced synthesis 3130+ >A

Vi Reduced stability Q413X
Targe‘ced ’chemp5 :

(] > 00°

4 OA8® A& :oo°
: / g =0
:‘ sasns /«‘\ =

H I

: [ / /7 Read through

H k] / agents (Ataluren)

£ K

h
Gene transfer ageny

Impact of CFTR modulator use on outcomes in people with severe cystic fbrosis
lung diseose
* Fevi % predicted : 710% absolute increase.
* SS% reduction in exocerbations.
* Increase in weight and quality of lite.
* 10% (absolute) over placebo in forced expiratory volume in | s (FevD % pre-
dicted and a. S5% reduction in the frequency of pulmonary exacerboadtions.
* VA treadment also resulted in an increase in we'\gh‘c ond resp'\ra’corg—relo@ced
quality of life.

Oncoloag :
Introduction of tyrosine Kinase inhibitor imiodinib in chronic myeloic leukemia, as

mono’chempg can lead o long las’c'mg molecular remission.

Medical Genetics * v1.0 - Marrow SS Medicine
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Precision Medicine

Inhibitor &xomp\e molecular 8><ample &xample paedioecr'\c
torget biomarkers theropeutics tumors
ALK mutodion/Susion
_ Neuroblastoma
ALK NTRKI/a/2 Susion Crizotinib
ambrgonod sarcomos
ROSI fusion

PTCHI mutoadtion
1900 SUFU mutoadions Vismodegjib mMedulloblastomo.
&LIl amplification
BRCAI/A mutation

Olaparib
PARPI SLUSRI-FLI fusion EWing Sarcomo
Qucapour'\b
AT mutodion
multikinase FLT2 mutodion or
Sorofenib AmML
inhibitors internal tondem

Fabrg’s disease :
Cose :
* Tyears bog) born to NON-CONSANQUINEOUS couple.
* Symptomatic from G years of age with skin lesions, acroparesthesios,
hﬂpo—h\dros\s.
* Normal Vision and hearing, without seizures/neurclogicol deficits.
* Similar findings in the elder brother.
Diagnosis : Fodor5 Disease .

Pharmaco\og\cod chaperones :
* missense varioants may cause protein misfolding, which might lead to
premature degrada’cion.
* Pharmacologicod chaperones moy interoct with the mutont enzyme and
prevent or delaﬂ its degmdoedon.
¢ ey mMigalastok used in Fabrg disease.

Medical Genetics * v1.0 - Marrow SS Medicine



12 | Clinical Genetics

O Migalastat
@ GL3

' h'Unswble AGAL
: Stable AGAL,
folded by
: Migalastat

Amenable GLA variants based on the in vitro assay

 (1-letter Code)  (3-letter Code)

S —

et oo | et
c.44C>G c.C44G | p{A15G)  p.(Alal5Gly)
c53T>G . cTs3G p(F18C)  p.(Phe1sCys)
¢.58G>C ¢.G58C 1 p.(A20P) | p.(Ala20Pro)
C.59C>A | cCS9A | p(AD) | p(Al20Asp)

|_c85T>6 | - c.TesG . pNV2G) | p{vai22Gly)

 c70T>Corc70T>A  ¢T70Corc.T70A | pW24R) | p(Tp2dArg)

| c70T>G . cT70G | pW24G) | p.(Tp24Gly)

; c.72G>Corc.72G>T = ¢.G72Corc.G72T ' p.(W24C) | p.(Trp24Cys)

| c95T>C ¢.T95C pL32P) p.(Leu32Pro)
97T  ceerT | pD3!Y) | p(Asp3sTyy

. c.98A>G c.A98G p.(D33G) p.(Asp33Gly)

Duchene museular dystrophy (OMD) :
Mudadions in DMD gene
* Largest human gene : 79 exons (3.3 Mb).
& H'\Sh mutodion rote.
* /3 cases : De novo mutadion.
* Large variodion of mutations.
* majority of patients : deletion (8% or duplication (1%, small mutodions
@om).
* 1% no mudations are found : Intronic location <0.5%/under—represented.

Medical Genetics * v1.0 - Marrow SS Medicine



Precision Medicine - 13

Mutations in DMD gene

@ Deletion of one or more exons (68%)

-

( TR e B )

® Duplication of one or more exons (11%)

Aok k RAoRkok Kk ok k kX
= 7S

® Small mutations (20% )

r-\l;nsense mutation (10%)
(TR 3679 )

. Small mutation within exon (insertion, deletion) (7%)

G R J

1 Exon not included in mRNA

Truncated
Dystrophin  p-Dystrophin

Stop Codon
Read Through

Dystrophin
Transcripts

Medical Genetics * v1.0 « Marrow SS Medicine



14 Clinical Genetics

Tourge’ced Jcherapg :
* Despite FDR approval evidence Lor c\'m'\cod\5 meom'\ng%d response is locking,.
® Cost exorbitent .

- ASO : :
Name Target exon Phase
Nucleic acid Size Route
Eteplirsen  PMO 25 W 51 Approved
Golodirsen PMO 25 v 53 Approved
Viltolarsen PMO 21 v 53 Approved
Casimersen PMO 25 v 45 Approval stage
Renadirsen ENA/2’RNA 18 SC 45 1
Pharmacogenomics 00:29:14

Core element of precision medicine.
Vorionts in pol5morph'\c oenes thot code for some of the cg’cochrome P4ASO (CYP)
enzymes are Known to influence the metobolism of certain o\rugs ore colled

pharmacogenes.

Definition :

The study of how an individual’s genomic profile influences their response to
medicodions is called pharmacogenomics (P, which is a core element of
precision medicine.

Dose selection based on genomic profiling

”
Y —

Poor metabolizer; requires a low dose

Intermediate metabolizer; requires normal dose

el

N Extensive metabolizer; requires a higher dose

Medical Genetics * v1.0 « Marrow SS Medicine



Precision Medicine

worfarin :
VKORCI Voriont : Lower ac’dv‘u’rg of drug ’carget

Longer time of drug action.

CYPACP variont @ Intermediote or poor metobolism.

Long plasma. retention of drug.

CYPAFA variont : Decreased Vitamin v metabolism.

H'\gher warfarin dose.

Inactive Hydroxyvitamin K,
Vitamin K ol S Vitamin K, dihydroquinone
ik VKORC1 ¥
Inactive Clotting Factors
VKORC1 Activated Clotting Factors
Warfarin Vitamin K, epoxide
CYP2C9
inactive Hydroxywarfarin

Three Ranges of Expected Maintenance COUMADIN Daliy Doses
Based on CYP2C9 and VKORC1 Genotypes'

VKORC1 CYP2C9
*1/41 *1/*2 *1/*3 *2/*2 *2/*3 *3/*3
GG 5-7 mg 5-7 mg 3-4 mg 3-4mg 3-4mg 0.5-2mg
AG 5-7 mg 3-4mg 3-4mg 34mg 052mg 0.5-2mg
AA 3-4 mg 3-4mg 05-2mg 0.5-2mg 05-2mg 0.5-2mg

Ranges are derived from multiple published clinical studies. VKORC1 -1639G>A
(rs9923231) variant is used in this table. Other co-inherited VKORC1 variants may
also be important determinants of warfarin dose.

Dosage and administrotion :

Potients with CyPaco *1/*3, *a/*a, *3/*3, and *3/*3 require more prolonged
time (>4 1o 4 weeks) to achieve maximum INR efSect for a. given dosage
regimen than patients without these CYP variants.

Medical Genetics « v1.0 « Marrow SS Medicine
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Clinical Genetics

Indian dota
The &SR Analysis has revealed thot CYPAFA v433m (MAF: 20.485%), VIKORCI 1639
& > B (MAF : 305%), CYPAC*3 (MAF : 9.935%, and CYPACI™*a (MAF : 4.575%) are

common in Indian popudoedon.

Goucher disease :
z\iglus’coec ’chempg ond CYPADL 8eno+5pe.

CYP2D6 metabolizer
Ultrarapid metabolizer

Normal metabolizer

status Eliglustat dosage
May not achieve adequate concentrations

84 mg twice daily

Intermediate metabolizer 84 mg twice daily

Poor metabolizer

84 mg once daily

Indeterminate metabolizer ~ Specific dosage cannot be recommended

Guideline Availabili :
Class Drug Gene Actionable Result e Therapeutfc 1
DPWG CPIC Recommendations
Atorvastatin SLCO1B1 - AD
Lipid lowering agents miAEinEs (Radl 2= 0) Y
Simvastatin SLCO1B1 carriers v v LD, AD,M
Citalopram CYP2C19 PM, UM v v LD (PM), AD (PM, UM)
Antidepressants Sertraline CYP2C19 PM, UM v ) LD (PM), AD (PM, UM)
§ . CYP2C19 PM, RM, UM - N LD (PM), AD (PM, RM, UM)
Amitriptyline CYP2D§ IM, PM, UM v v LD (IM, PM), AD (PM, UM)
Codeine CYP2Dé M, PM, UM v Vv AD (UM, PM), M (IM)
Analgesics AD (IM, PM, UM),
y _ , PM, .
Tramadol CYP2Dé M, PM, UM v 1D (IM, PM), LD (UM)
Anti-platelet Clopidogrel CYP2C19 IM, PM Vv v AD
VKORC1 VKORC1 ¢.-1639G > A v v LD?
Anticoagulant Warfarin CYP2C9 *2,%3,*5, %6, *8, *11 V v LD?
CYP2C region 1812777823 v LD
: s HLA-B HLA-B*15:02 detected - vV AD,M
Anticonvulsant Carbamazepine HLA-A HLA-A*31:01 detected ) v AD,M
Antibiotic Flucloxacillin HLA-B HLA-B*57:01 detected v = AD,M
chod\enges :

® gvidence Seneroedon ond bud\d‘mg experﬁse.

® pPofient involvement.

* Ccogt of new medicines.

. Legal ond ethical issues.

®* Heolth care provider expec’coec'\ons on earlier access of new medicines.
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