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STATING THE PROBLEM

World Population

Projected world population until 2100
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Source: United Nations Department of Economic and Social Affairs,
Population Division, World Population Prospects: The 2015 Revision
Produced by: United Nations Department of Public Information

Ageing Population

Projected global population aged 60 years or over
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AGING RATE IS GREATER IN LESS DEVELPED REGIONS

1. Population over 60 by region 2. Population over 80 by region
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Source: Population Division of the Department of Economic and Social Affairs of the United Nations Secretariat, World Population Prospects:

Source: World Population Prospects: The 2004 Revision Population Database, UN Department of Economic and Social Affairs
The 2008 Revision; http://esa.un.org/unpp, accessed 13 May 2010
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AGING IN THE WORLD

Ageing and Health #yearsahead

Percentage aged
60 years or older:
I 30% or more
B 10 to <30%
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Ageing and Health #yearsahead

Speed of population ageing
Time for percentage of population over age 60 to double

S =
=&
=2
5 3
23
g <
N ~ S =
T & & g5
Rt Sl e e el st i s i i st e ot i s il e Bl
1850 1900 1950 2000 2050

i@, World Health
W # ¥ Organization

——————




AGING AND CHRONIC DISEASES

10 Common Chronic Conditions for Adults 65+

£l @ 80% ® 0 0 0 8%
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Hypertension High Cholesterol Arthritis Ischglmic Heart Diabetes
High Blood P isease

(e loo OressurE) 47% 31% (or Coronary Heart 27%
58 /0 Disease)

29%

O

Chronic Kidney Heart Failure

Disease 0
18% 14%

Source: Centers for Medicare

Alzheimer’s Disease Chronic Obstructive
and Dementia Pulmonary Disease

11% 11%

nce State/County Table: All Fee-for-Service

Depression

14%

& Medicaid Services, Chronic Conditions Prevalel Beneficiaries, 2015

ncoa.org

National Council on Aging © 2017 National Council on Aging, Inc. All rights reserved. Unauthorized use prohibited.
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Distribution of YLL for ten main causes, by sex in Brazil

Order Men % Women %

1 Homicide & violence 11,3 Ischemic Heart dis. 10,9
2 Ischemic heart dis. 10,1 Stroke 10,7
3 Transit accident 7,2 Diabetes mellitus 6,3
4 Stroke 7,0 Lung infections 4,9
5 Lung infections 3,9 Breast cancer 3,5
6 Diabetes mellitus 3,3 Hypertension 3,2
. gLrhrzlfms alcohol & 31 COPD 27
8 COPD 2,3 Transit accident 2,4

HIV/AIDS 2,2 Uterine cancer 2,3

10 [Hypertension 2,1 Lung cancer 1,9




Distribution of YLD for ten main causes, by sex in Brazil

Order Men % Women %
1  |Alcohol abuse & dep. 9,6 Depression 22,3
2 |Depression 8,3 Bipolar disease 4,9
3 |Bipolar disease 6,4 AIzhelmer &other 4,7

dementias
4  |Diabetes mellitus 6,0 Diabetes mellitus 4,2
5 |COPD 51 COPD 4,0
6  |Asthma 3,6 Asthma 3,5
7  |Ischemic heart dis. 3,1 Ischemic heart dis. 3,4
8 AIzhelm.er & other 2,7 Osteoarthritis 2,6
dementias
9  [Schizophrenia 2,2 Alcohol abuse & dep. 1,7
10 |Epilepsy 2,1 Anemia by iron deficiency 1,7




WHY DO WE NEED MORE
SCIENCE AND TECHNOLOGY IN
THE HEALTH SECTOR?

IMPRECISION MEDICINE

For every person they do help (blue), the ten highest-grossing drugs in the
United States fail to improve the conditions of between 3 and 24 people (red).

1. ABILIFY (aripiprazole) 2. NEXIUM (esomeprazole)

Schizophrenia Heartburn
" JITIIIILLLL,
e JITIIIIELLL,

3. HUMIRA (adalimumab) 4. CRESTOR (rosuvastatin)

Arthritis High cholesterol

e ALIIIXITLL,

5. CYMBALTA (duloxetine) 6. ADVAIR DISKUS (fluticasone propionate) 7. ENBREL (etanercept)
Depression Asthma Psoriasis

JIIRITIIIILILLL T,
JII N IIIIIIIIINI,
8. REMICADE (infliximab) 9. COPAXONE (glatiramer acetate) 10. NEULASTA (pegfilgrastim)

Crohn's disease Multiple sclerosis Neutropenia

f AILLISIIIILIIL]
Pt AILIIIIMELELL,

Based on published number needed to treat (NNT) figures. For a full list of references, see Supplementary Information at go.nature.com/4dr78f.



HOW CAN WE IMPROVE THIS SCENARIO?

WE NEED BETTER DISEASE MODELS

WE NEED TO IMPROVE DRUG SCREENING

WE NEED AFFORDABLE PERSONALISED MEDICINE
WE NEED NEW THERAPIES FOR INCURABLE DISEASES

IS THIS ACHIEVABLE?



Apoptosis, senescence
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USING iPS FOR DISEASE MODELLING

PBMC Point mutation
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Karyotype analysis, RT-PCR, Flow
Cytometry, Genotype analysis,

First beating

Electrophysiology analysis,
MEA, patch clamp,

TRANSDUCTION spontaneous differentiation cells Immunofluorescence
l | | | | |
I I I I I |
D-12 DO D21- 30 D97 D120 D140
iPSC Cardiac
. IPSC characterization Cardiac differentiation characteriza
generation

tion



Embryoid Bodies (EB)

EB 2 days in suspension EB post differentiation




IPS DERIVED CARDIOMYOCYTES

Troponin T

20 um




CONTROL (iBM1.2) PAC1 CI9 PAC2 Cl11 iBM_CRISPR_Cl12
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ACTION POTENTIAL DURATION AFTER DIFFERENTITATION

Percentage of cells (%)
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BETTER DRUG SCREENING

RABBIT CANINE HUMAN

Compound Purkinje Fibre | Purkinje Fibre | hESC-VM Relative

(SCTION | 1opM (D False O |0.03uM B Sensitivity
Quinidine | 1.04M () | 1.04M (P | 03pM &P m
Cisapride (+ 0.01uM (#) m
Sotalol Least
Chromanol 2938 ‘ "
E-4031

Nifedipine @ Change in

APD,, >10%



BETTER DRUG SCREENING

Immune response
Contractility and conduction e ® 0

Transport and clearance

Absorption
~. e ’

'.' Aerosol
drug -

INTESTINAL Oral drug ..O

ORGANOID TRENDS in Cell Biology




PERSONALISED MEDICINE

THE OLD MODEL

Drug toxic but
beneficial

same prescription
Drug NOT toxic and

NOT beneficial
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Drug toxic but
NOT beneficial

Drug NOT toxic
and beneficial

THE NEW MODEL
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iPSC CLINICAL TRIAL
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PHASE 0.5 | Toxicity test PHASE 1.5 | Responder selection

Responsiveness
prediction

‘Non-responder’ cell @ A
‘Responder’ cell @

responder
marker

HIGH RATE - NO LOSING

Haruhisa lnoue et al. EMBO J. 2014;33:409-417 THE
EMBO

JOURNAL
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CELL THERAPIES FOR INCURABLE DISEASES i ;,..m.mv.
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The NEW ENGLAND JOURNAL of MEDICINE l‘l"l')

Neovascular
damage to RPE \
and underlying  \
‘ Bruch's membrane o\,

‘ BRIEF REPORT

Autologous Induced Stem-Cell-Derived
Retinal Cells for Macular Degeneration b

n engl j med 376;11 nejm.org March 16, 2017
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Human iPS cell-derived dopaminergic neurons hlr“sé‘ﬂih";'“;:"m

function in a primate Parkinson’s disease model

Tetsuhiro Kikuchi!, Asuka Morizane!, Daisuke Doi!, Hiroaki Magotani!, Hirotaka Onoe?, Takuya HayashiZ, Hiroshi Mizuma?,
Sayuki Takara?, Ryosuke Takahashi®, Haruhisa Inoue®, Satoshi Morita®, Michio Yamamoto®, Keisuke Okita®, Masato Nakagawa®,
Malin Parmar’ & Jun Takahashil-8

592 | NATURE | VOL 548 31 AUGUST 2017
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Clinical trial to start in 2019 in Japan
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Score improvement (%)
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Marina Corral Sperce Springer Nature



GENE THERAPIES FOR INCURABLE DISEASES

The NEW ENGLAND JOURNAL of MEDICINE

BRIEF REPORT

Gene Therapy in a Patient
with Sickle Cell Disease

M ENGL ] MED 3769 MNEJM.ORG MARCH 2, 2017

e NEW ENGLAND
JOURNAL o MEDICINE

ESTABLISHED IN 1812 APRIL 19, 2018 VOL. 378 NO. 16

Gene Therapy in Patients with Transfusion-Dependent
B-Thalassemia

GENE EDITING WITH CRISPR

CRISPR-Cas9 gene editing is helping to tackle sickle-cell disease in two ways.

Using a guide RNA, the Cas9 enzyme can
target and repair the faulty f-globin gene.

B-globin gene

‘ { Sickled red blood cells
PR
~ o

T replaced
with A
Incorrect Corrected
base Q0 base
p-globin %00

Gene repaired and normal ‘@ Normal red
red blood cells produced, t blood cells

Cas9 promotes the production of fetal
haemoglobin by breaking a gene that
encodes a repressor such as BCL11A,

BCL11A K_)
gene . —H—
BCL11A Fetal
haemoglobin

DMA damage and {
BIror-prone repair

Fetal haemoglobin
Production no longer blocked and
sickling of red blood cells prevented,




HOW TO DEAL WITH THE SHORTAGE OF ORGAN TRANSPLANTS

le Estimada e nimero de transplantes

t h e “ Waiting List ™ Transplants Donors** 8 =
realizados no Brasil em 2016
140,000
organ
shortage ™~
continues | ad .
%. 80,000 M Transplantes realizados
Each year, the number 8.0' 60,000 10000
of people on the o
ale . 3 40,000
waiting list continues 8
to be much larger than 2 20,000 5000
both the number of PO
donors and 0 5 'o,'
transplants, which »3?’ 0

grow slowly. Cérnea Rim Figado Coragdo Pulmdo Pancreas

Data from optn.transplant.hrsa.gov and OPTN/SRTR Annual Report. OPTN has current, in-depth startistics, Click *Fonte: Associacao Brasileira de Transplante de Orgaos




HEART TRANSPLANTS IN BRAZIL

Em ritmo de .
. 353
crescimento

Total de transplantes de coracdo

realizados no Brasil, por ano -

228
204

196 201 201

g 89

1985* 1997 1999 20 2003 2005 2007 2009 20Mm 2013 205 2007

* Primeiro ano dos registros anuais de transplantes da ABTO FOMTE ABTO



BIOENGINEERING ORGANS AND TISSUES

3D PRINTING

3| Mutti-
i © cartridge
. module

: 3D
—o printed
/ PCL (gray)
A: cell A (red)

il i e Closed chamber B: cell B (green)
S: sacrificial material



BIOENGINEERING ORGANS AND TISSUES




USING BIOREACTOR-ANIMALS AS A SOURCE

1. GENE EDIT THE EMBRYO
Delete Pdx1

2. GROW TO BLASTOCIST STAGE

4. IMPLANT THE CHIMERIC
EMBRYO

3. INJECT HUMAN iPS




5. ALLOW CHIMERIC
EMBRYO TO DEVELOP

10 Udie, resedruniern lnave reguidiur y perimssion
to allow the process to continue for six weeks.
Gestation in pigs normally lasts about four months.

Liver

Gallbladder

During development, } Stomach *
some of the human 5

Surrounding cells cells may infiltrate
signal to iPSCs other areas besides _ 6. HARVEST THE HUMAN
the pancreas, which
could sometimes be PA N C R EAS
undesirable.
Liver
iPSCs begin o desvelop Gallbladder
into pancreas cells Ventral pancreatic
pancreatic bud bud




Generation of Rat Pancreas in Mouse
by Interspecific Blastocyst Injection
of Pluripotent Stem Cells

Toshihiro Kobayashi,"* Tomoyuki Yamaguchi,* Sanaes Hamanaka,'-* Megumi Kato-ltoh,®? Yuji Yamazaki,'-*
Makoto Ibata,® Hideyuki Sato,'- Youn-Su Lee, = Jo-ichi Usui,'® A5, Knisaly,® Masumi Hirabayashi, =4

and Hiromitsu Nakauchi'-+*
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Mouse-like chimera Rat like chimera

S

Mouse-like chimera

HOST MOUSE
JBLASTOCYST//)

Pancreas derived
entirely from injected

rat iPS cells S
[ 73
7 L=y, .~/
Ffe=. =

Mouse-like chimera
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