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CKD PANDEMIC...

«-> C

CONSENSUS

nature reviews nephrology

Consensus statement

https: fdol orgNOY038/421581-022-00820-6

* Check for updates

Chronickidney disease and the

global public health agenda:

aninternational consensus

Anna Francis’, Meera N. Harhay™, Albert C. M. Ong®*, muunmmow“ Au:.mooru:O’ Agnes B. Fogo®,

Anne Hradsk “‘Dwomo..mo" Sunlu - Anlf" "‘wlmﬂ- Heoma Ulasi® ™,
Vivekanand Jha® "% american of Nephrology P Renal &
of Nephrology*
Abstract Sections
Early detection is a key strategy to prevent kidney disease, its Introduction
progression and related complications, but numerous studies Methads
show that awareness of kidney disease at the population level is low. = o8 growing
T herefore, increasing knowledge and implementing sustainable global problem
solutions for early detection of kidney disease are public health Koy discases have multiple
priorities. Economic and epidemiological data underscore why kidney | adverse consequences
disease should be placed on the global public health agenda — kidney The moral case for kidney
disease prevalence is increasing globally and it is now the seventh ook prioriization
leading risk factor for mortality worldwide. Moreover, demographic Expected impact of placing
trends, the obesity epLd emL-I: and the sequelae ?[ climate change are D e
all likely to increase kidney disease prevalence further, with serious

for
implications for survival, quality of lifeand health care spending o
worldwide. Importantly, the burden of kidney disease is highest Conclusion

among historically disadvantaged populations that often have limited
access to optimal kidney disease therapies, which greatly contributes
to current socioeconomic disparities in health outcomes. This joint
statement from the International Society of Nephrology, European
Renal Association and American Society of Nephrology, supported

by three other regional nephrology societies, advocates for the
inclusion of kidney disease in the current WHO statement on major
non-communicable disease drivers of premature mortality.

Chronic Kidney Disease and the Global Public
Health Agenda: An International Consensus

Kidney Disease...

--.. is a growing global problem

850 million people are estimated
to have CKD worldwide

33 OA:' increase in global prevalence
of CKD between 1990 & 2017

5 4 million people will receive
KRT by 2030

The moral case for kidney health
prioritization

ﬂ $ Kidney diseases disproportionately

affect the poor and disadvantaged,
globally and within each country.

Number of people with kidney

disease increasing rapidly in LICs

and LMICs, who are the least able
I to access Kidney care.

Grand challenges for kidney health

1. Improved access to care &

2. Better prevention -

3. Developing, testing

and scaling up novel ._/
balanced models of care

4. Greater awareness ._/
and education

... has multiple adverse consequences

cause of global death and
disability secondary to CKD
by 2040

risk factor for death

of YLL in 2040 will be
attributable to CKD

Impact of placing kidney disease in the WHO
list of priority NCD conditions

Early disease detection and a life
course approach leading to
prevention and/or decrease in
CKD progression

@)
S
Will help to advance new
modalities to prevent
.o

development of kidney failure
and Kidney complications

5. Addressing social
— determinants of kidney health

6. Increased funding for
@ research and development

7. International

& cooperation and

coordination

\_. 8. Greater engagement

with patient communities

CKD, chronic iddney discase; KAT, kidney roplacemaent thorapy: YLL: yoars of ke lost; LICs, low-income; LMICs., lower-mueddio-ncome
Countres, YWHO. Workd Hoealth Organation: NCD. Aon-cOormmunicabd Jaeaies

Francis, A, Hadhwagy, MUN., Ong, AC M. ot al. Choopic kidoay
diggasa and the global pUblic halth agenda: an nternatongl

consensys. Mat Rov Nephrold 2024).

Joint global CONSensus Statement by

®ASN (_ERA OISN

Infographic by-
Denisse Arellanc
* @deniise_am
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C ( CURRENT OPTIONS.. 0:

Dialysis and Transplant Limitations

« Non-physiological « Scarcity
« Jethered = Immunosuppression
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MODALITIES X

& > C ( NEWOPTIONS.. O:

Wearable/Implantable (Bio)Artificial Kidney or Dialysis

Ramada et al. Nat Rov Nephrol 19, 481-490 (2023)




o X HEMODIALYSIS '~ PRINCIPLES

-> C NOT ENOUGH ...REABDORPTION-SECRECTION-METABOLIC ACTIVITY

Principles of Membrane Solute Removal

Flaccador ot @l Chn Nutr. 2021 Apr.40(4) 1644-1668
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Filtration in Kidney

Tubule
Glomarulus Hordo Solecing
~500,000-1,000,000 per kidney Duct
Generate ~150L of fitrate per day

Seloctively reabsorts ~55% of most solutes
Roabsorts ~99% of ilered waber

Most reabsorption ocours in the prosimal tubede




Proximal tubule functional characterization

* Cell viability

* Glucose reabsorption

* Regulated Kidney Injury Molecule 1 expression

* Glutathione synthesis

* Ammoniagenesis

* Vitamin D biotransformation (cytochrome P450)
* Polarized transporter expression

* Organic anionic secretion

* Organic cationic secretion






TECHNOLOGICAL IMPLEMANTATIONSX

-> C QUALITY OF LIFE-TECHNICAL PROBLEMS OF DIALYSIS TREATMENT- METABOLIC FUNCTIONS... 9 :

Current LLandscape — Implantable (Bio)Artificial Kidneys

Amerncan -;’;Ufh-O'{ of ,
TRANSPLANTATION

Povrett of al_(University of Alabama, Bymingham) ASN Kidney Week 2019 Uzarsk et g/ (Myomatnx Medical)




LIMITED DIALYSIS X .C " PROTEINS BOUND DIFFICULT

€>C o:
Our Goal - Irnplantable Bioartificial Kidney (1IBAK)




@ LOSS OF CAK NO COMPENSATION

C 100.000 EUROS/PATIENT/YEAR-400 LTS WATER AND PLASTICS....NOT ENVIROMENTAL FRIENDLY..... 9 :

Engineering Approach — Mars Rover Example
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o 60 LITERS BLOOD/HOUR X FILTRATION... REABSORPTION-PROTEIN X
BOUND TOXINS

«-> C STEP BY STEP PROGRESS...... 9 :

Watertall Design Process for Medtech Development
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Patient Preterences = User Needs

Patient Preference Trade-Offs for Next-Generation Kidney
Replacement Therapies CJAS N
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Integrated Device - IBAK Prototype

Chen ot al ASN Kidney Week 2021



Implantable Bioartificial Kidney (IBAK)




o Anatomy X Physiology ¢ Ultrafiltration

«<-> C Electrolytes-Metabolic control-Immunoregulation... 9 :

(Init1al) Target Specttications = Design Input

« Package size of 500-750 ml Anatomy
= Urea clearance of 20-30 ml/min Hemofilter
= Fluid excretion of 2-3 liters/day Urine
= Salt removal
- Sodium: 100-200 mmol/day
- Potassium: 100 mmol/day Bioreactor

- Bicarbonate: 50-100 mmol/day



Isolation & purification of primary cells
from human kidney

, tubules

tubules

aSMA, CD34,




X LIVING CELLS FROM PROXIMAL TUBULEX POLYMERIC HOLLOW FIBER MEBRANES % +

«-> C (COMPLETE TREATMENT- BETTER QUALITY OF LIFE..... ) 0:

Pioneering Renal Cell Therapy

H. David Humes, MD
University of Michigan, USA




Biohybrid Strategy to Recapitulate Kidney Architecture

BUILD
G'-O"ERULUS‘> what we cannot
GROW PRECISELY
—— ‘> GROW
what we cannot

BUILD PRECISELY




Engineering a Biohybrid Device = Design Process




Natural Hemofilter

KU Medicel Center

Col Tisswe Res 379, 245-254 (20200
Coky Allas of Histology, 1992,
Erfandsen and Magney
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Artificial Hemofilter
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demiconductor Nanotechnology




Silicon Nanopore Membranes (SNM)

b —— X
¥ ¥

L —

el T T

« High Molecular Selectivity
« Low Fluidic Resistance

Biodeeipn Laborstory, UCSF « Batch Manufacturing



SNM vs Hollow Fiber Membrane

{.nmpore .

Polysulfone} Silicon

SN

- - T

‘E Hodhows e
b 5 e
0‘5 spacing £
Hm o — )
e |
{mery !
o 1 2
9 A
it Use Ghaooss B W
Hyd'rde Peimeatsbty ahn B o
: 200600 10-30
e  No Pumps |

Bodesion Ladorstory, UCSF —— -
hiips www mdoy. com 207 T-03TS 11107767



SNM Hemofilter: Device Refinement

« Parallel SNM configuration
Low blood flow resistance
Eliminates blood pumps
Perfusion-pressure blood flow

Moyer ot of ASN Kidney Week 2018




SNM Bioreactor: Device Construction

« Analogous to hemofilter 1x10° cells/cm?
SNM for immunoprotection
Primary human renal tubule cells
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SNM Hemofilter: 3 Day Implantation

Moyer of. of ASN Kadney Week 2018
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o Home X  Recent Tabs ¢ | Option A

& - (C' [ Youcan type something here..

Device Performance — 3 Day Implantation

5 nm SNM and LLC-PK1 cells
Hemofilter output: 4 ul/min
Bioreactor reabsorption: 93%
Cell viability: 95%

Chen et. al ASN Kidney Week 2021




Biocompatible Coatings

Journal of Bromaderials Apphcations. 2018, 34(2) 297312
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Filtration Etficiency: Slit vs Cylindrical Pore
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Sleving Coefficient (S)

SINM Selectivity

TNF-a
IFN-v
IL-1p

SERRE

O & « » B @

Time (hr)

« 809% reduction in cytokine passage
« 100% passage of glucose and insulin
« No passage of albumin or antibodies Sci Rep 6, 23679 (2016)
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C You can type something here...

What is a ‘kidney organoid’?

“A multicellular unit in vitro containing nephron-like
epithelial structures with podocyte and tubular segments”

non-PKD organoids gene edited PKD
s

proximal tubule/phase

384 well

[ X X4



@ Home X  Recent Tabs ¢ | Option A

& - (C' [ Youcan type something here..

Creating human stem cells and organoids from
urine samples for personalized medicine

We have been able to isolate somatic cells from urine and/or blood
from patients with kidney diseases and turn these cells into stem cells.

e O .22 R

12pM RPMI
Bt sanawxch CHIR B27 "
"m‘ 1 1 T - mwmm
(20) a1 a3 a4 5 (d21)
Urine derived cells Induced pluripotent stem cells Kidney organoid
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® ° Home X

C You can type something here...

Self-Assembly and Tight Juncthion Formation of Bscengineered Human
HKidney Proximal Tubuwle on a Chip

Parture Modicirse MNMerart acved Waewswmt 91T



C You can type something here...

Bioengineered human kidney peritubular
Uigrast] et al, JASH, 2015 microvascular network
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o Home X

C You can type something here...

Human Kidney Human Kidney Organoid
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Ideal System
, * Orthogonal differentiation

« Disease

+ + Applicable for high
throughput organoid

| generation

! +» Readily usable in injury
' models

i

i
modeling . * Adaptable for suspension
Pathway ID culture + other systems
[ R—— : » Applicable to other organs
development :

1

High throughput
compound testing

'
I
I
|
|
» Reproducible '
'
I
|
|
'

Transplant



C You can type something here... 9 :

' Endothelializing kidney organoids

Control Vascularized
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C You can type something here...

Endothelialization enables glomerulus-like formation
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[nnovation, Regulation, and the FDA

Ve

“We are failing, as a scientific community and y \
as a nation, to adequately deliver the promise é

of science to diagnose, treat, prevent, or cure
disease... We must invest in new methods,
assays, standards, and models that will help
speed the development, review, and
approval of medical products that patients
need and can rely on.”

- J/k

NEJM, 2010



ARTIFICIAL
KIDNEY :

A Light at
the End of
QDI EWEE
Tunnel
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