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MSC and MISC exosomes in Renal Disease

MESENCHYMAL STEM
CELLS (MSCs)

@

MAIN souncss KEV usss Differentiation

BONE ADIPOSE
MARROW TISSUE REGENER TION
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MSC kidney trials from ClinicalTrials.gov

NCT ID Indication Group
NCT04869761 @ CKD
NCT05362786 | CKD/DKD

Indication Detail
Chronic Kidney Disease
Diabetic Kidney Disease (NEPHSTROM extension/US)

NCT03321942 @ CKD
NCT05042206 | CKD

Chronic renal failure / renal interstitial fibrosis
Cellgram-CKD (safety)

NCT03460223  CKD

CKD/kidney failure (general)

NCT02585622 | DKD
NCT03288571  DKD

Type 2 diabetes with DKD (NEPHSTROM)
Diabetic nephropathy

NCT03673748 | Lupus Nephritis
NCT06485648  Lupus Nephritis

Active/refractory LN
Refractory LN

NCT02693366 | FSGS

Focal segmental glomerulosclerosis

NCT01275612 | AKI
NCT04194671 @ AKI

Cisplatin-induced AKI
General AKI

NCT03015623 = AKI/CRRT
NCT04445220 | AKI/CRRT

SBI-101 (MSC bioreactor) in patients requiring CRRT
COVID-19-related AKI on CRRT

EVs as the Primary Effectors of MSC Therapy
(=3
Extracellular
Vesicles harenocs
©°
00
Paracrine Maciophage
MSCs therapeutic @
effects T cell
=7
Fibroblast
Extracellular Vesicles (EVs) EV CARGO

EVs are secreted bi-lipid membrane vesicles

O

EXOSOMES MICROVESICLES APOPTOTIC
l l BODIES
O O v
o o O
T M
10nm 1000 nm

They have different but overlapping sizes
ranging from 10 nm to 1000 nm.

Diverse cargo: lipids, proteins,
nucleic acids, metabolites

® &> I %

Lipids Proteins Nucleic Metabolites
acids

Common to most EVs

EV type-specific

Specific to the secreting cell type
or the state/stimulation of
the secreting cell

NCT01429038  Transplant
NCT00752479 @ Transplant

Post-kidney transplant adjunct MSCs
Pre-transplant MSCs to induce tolerance

NCT00734396  Transplant

Subclinical rejection after kidney transplant

NCT03478215 | Transplant/DGF
NCT02492490  Transplant/DCD

MSC adjunct to reduce DGF/rejection
DCD kidney transplant adjunct (SVF-MSC)

NCT04388761 | Transplant
NCT02057965  Transplant

Allogeneic adipose-MSC intra-op adjunct
MSC therapy in renal recipients

Intracellular mode of interaction between EVs and target clls

EV
&

'
Endocytosi@

EV

@

Membrane fusion

These modes

are being challenged

1 Potential Clinical Applications

(D &

Diagnostics Therapeutics
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MSC-EVs Lead Therapeutic
EV Development

Most
Clinically
Tested
EV Type
20,000 Therapeutic
EV Publications
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MSC-conditioned medium tested on pig and mouse
models of reperfusion injury after myocardial ischenia

~f®

MSC-
CONDITIONED
MEDIUM

MSC exosomes/sSEVs: discovery

HEK CM did
not work

Conditioned Medium
Fractions

%”\ /
. oD |

<1000 kD
Inactive

>1000 kD
Active

Chemically Conditioned by
defined medium MSCs

1

Cells
removed

Elucidating the Secretion Proteome of Human
Embryonic Stem Cell-derived Mesenchymal
Stem Cells*s

St Kwan Szat, Dominiqes P. V. do Kiong1, Puwen Chai Laé, Edese Khia Way Tan§,
o Zhao, Keng Sum Yoo, Teck Yow Low, izhou Lian, Chuse Nang Loet,

B3

Molecular & Cellular Proteomics 6:1680-1680, 2007.

Pluripotent
Stem Cell

}

Mesenchymal
Stem/Stromal Cell

from M

IS/AAR (%)

Secretion of E:msomes

Exosome secreted by MSC reduces myocardial
ischemia/reperfusion injury
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Cardiovascular
/v disease
Disease Targets

O Neurological

\ disorders
—~6
* / MSC EVs

Kidney
disease

\ d 6 Respiratory
Immune disorders b \ 4 diseases

Musculoskeleleteral
disorders

Global Leadership in MSC-
Exosome Innovation

_Elo 2 Clarivate

100 GRANTED 2023 ISEV SPECIAL  HIGHLY CITED
PATENTS ACHIEVEMENT RESEARCHER
in 12 patent families AWARD (2021-2024)
in Stem Cell EVs
@ @ ®

1. ” Myocardial reperfusion injury

2

3,

ﬁ Psoriasis
" Liver fibrosis

0 Acute GVHD

Y Osteochondral defect

o

h Drug-induced hepatotoxicity

Osteoarthritis

Cé Aging-associated senescence

Radiation-induced intestinal
toxicity

Corneal scarring
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Renal protective MISC EVs

-~

10-1000 nm
©o

Morphological
& Functional
Glycerol- Recovery
induced AKI

BASIC RESEARCH

Mesenchymal Stem Cell-Derived Microvesicles
Protect Against Acute Tubular Injury

Bruno, Stefania; Grange, Cristina; Deregibus, Maria Chiara; Calogero, Raffaele A,; Saviozzi,
Silvia; Collino, Federica; Morando, Laura; Busca, Alessandro; Falda, Michele; Bussolati,
Benedetta; Tetta, Ciro; Camussi, Giovanni

Author Information®

Journal of the American Society of Nephrology 20(5):p 1053-1067, May 2009. | DOI:
10.1681/ASN.2008070798

= 9

~160 nm 215-1000 nm

O O I
Small, Exosome- Largely Ineffective
Enriched

¢ Improved renal function
¢ Reduced tubular injury
* Epithelial repair

Consenus: 50-200 nm

TISSUE ENGINEERING: Part A .
Volume 23, Numbers 21 and 22, 2017 t

fohme 5 e @termis
DOI: 10.1089en.tea.2017.0069 Tissue Engineering

& Regenerative Medicine
International Society

SPECIAL FOCUS: EMERGING IMPACT OF EXTRACELLULAR VESICLES
ON TISSUE ENGINEERING AND REGENERATION*

Renal Regenerative Potential of Different Extracellular
Vesicle Populations Derived from Bone Marrow
Mesenchymal Stromal Cells

Stefania Bruno, PhD,' Marta Tapparo, PhD? Federica Collino, PhD?® Giulia Chiabotto, PhD?

Maria Chiara Deregibus, MD? Rafael Soares Lindoso, PhD?® Francesco Neri, PhD*® Sharad Kholia, PhD?
Sara Giunti, MD? Sicheng Wen, PhDf Peter Quesenberry, MD? and Giovanni Camussi, MD*

NS

Mational University
of Singapore

Yong Loo Lin School of Medicine
Department of Surgery
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MSC exosomes in Renal Diseases

MSC EVs: most studied therapeutic EVs in pre-clinical studies of
renal dlseases

How They Likely Work
(Converging mechanisms)

Immunomoddulation
Skews macrophages
toward reparative
phenotypes; reduce NF-k'
B-driven cytokines; shifts
systemic cytokine milieu

(t1L-10, L TNF-a in the CKD RCT).

Table 1. s Table 1. Continued
s e -
Srevevie Oign  veee e e e Renal Therapeutiic Potential of MSC-Exosomes
AR RWIMSCs [ * FWMSC Serived MVs improve renal fumaion in;;mk_«_mmddm- o o E::mvulm& hERC ot specified -nzr:cmde‘m;adrdwl.rm ; m p]:Jb:uun in @y
‘ g1 o kel 0o
:.:mif‘mﬂpa};:‘m.mm levkocyte mh::uln and apoptosis o, e ®@
HWIMSCs Not specified  ® hWIMSCderived EVs ameliorate ischemic AKl by inhibition of mitochondrial fission 22 s inibit complement.medis renal mesang: IHIUW . .
. et o < ! - €53 depostion in i Acute Kidney Injury (AKI) )
RWIMSCs  MVs * BWISCderived hVs alleviate the oxidative sress thy ng Other CKD Adipose- ot specified  » Ausologous MSCs-derived EVs restore renal function through aenuation of ey . . .
suppressing NOIKZ expression in b fn it [HUVED, and in vive [rats IR model eree e S s, 2nd & Ischemia-Reperfusion Injury @
FUNISE S V. reshce spopresis s ervanced prlferton i enal 11 e T e ehtes e home e i et witherekin 10 deplesed £ o
BWIMSCs MV -».mm:\-ndmua IVs indice HGF syribesis in damaged tubular cells via - (45) s - _mﬁ"'::w g, :1':@“1-, . o -
D B e —_—— b Vs o e g e ‘mprone reval firscton an o
decrease tubular injury and fibmosis compared to those from pigs: ini
RUCMSC: MV -:r:ﬁ;lﬂmmﬁmwh_lguwm loww aygen environment (45 -m‘?mm;:fuxmma? ::mkmmdwh * Blunt tUb.UIa“nJury_ e
i vie (HK.2) and ameliorated reral IR in vive (] via delivery of mif 21 ummmmw,..mu.nmmu‘”fsmn,u * Dampen inflammation/oxidative stress
husCs Erosomes  ®hLSC-derived exceomes ameliorais ischemic AKI in vive | o MOEAED e Ol foee hB AL oy — - S }
I s b e s e pectes iy i e e i X5 e * Improve microvascular perfusion
cubzequently inhibéted the acivation of MNF-G8 sigraling = N 'mlwmm v any ® .
B, teme s e e R oY 12 " e o wame e e e et 1 31 Speed functional recovery
MSCs * miR-1992-3p is invelved in the renal ve effects of derived TCF1 in vitm (NRKS2E
» . e v regulating pkonit acivating the nm..la ERK patiays. i e e T e, fve mice)
i et  ypoiepreconditioning crese e ic. mmunemedulsory, wn . . s 5 : 7
s h ;.a“’"“m:;';.mum'&mmmm MSC-Eve i i, AT b HAMAC cervd s e e e ol e o (e ed. ) Chronic Kidney Disease (CKD) & Fibrosis
MSCs. * Adiposegerved MECEVS improve. ,ammmm inchermic AL in vivo [rast. : s ges)
Mouse serim - Exasermes in septic AVl through (13] Wi Emmes  +GONFciiod rman s e MG smlcme el s 5 « Anti-fibrotic, pro-regenerative effects
. e il ar i puse- e 2%
gt OB A paa ey S ot derves * GONFmocifed human afpenederives MEC: exet cyoprocecive et an HUVEC Improved eGFR, creatinine, BUN
Foranie. Nespechied Uiy ]m.m ‘ gheerol injecion and rm . e .;"'“‘j"’" “'f'“‘ = s by P, and albuminuria
in vive jemice) . - Sysfunction of ed kidney in vive (rats) i i
[t e e srsterason i vive. o Anti-inflammation
Pamman eral - Excuames  »Exasemes fom human cnal bl el prevent inchenic el injary nNode s (16) o i o ki & e Tubular regeneration
fulareelle ,,‘_d'"”“-j,‘,"“:[_‘;,wﬂ oce Mlmmm}:vs'?\wf]mlhm sl ey s,
BG83 i gy evpresd i e bt e whi -
Diabetic Exozomes * Bhiderived exazomes improve renal fur and fibrosiz in e
e med Sdrnd s e mﬁﬁm gy oy oA ne e i el e i e Transplant/Organ = Mitigate IRI
i} fl b e 0 el - AT Y o ey ot e e el s e Preservation * Protect grafts
Ewsomes  ® Exazomes from inflammation and fibrazis whil ne .m,mumm n
Bhiderived = \hance peoliferation in the acite stage while ahm.;ﬂr\xrma"\hmm;lr\tke late age.
e e
e el
Joular epithelial cells in primary renal cell culture of dhuced disbetic
v i .
AUCHSC:  Exosomes * hLCHSCc (48 BME Rep. 2022 5(1): 3-10
prodiomsic cthes i %jm—wmurﬁ] o b et i g BMB e bbreponts.org
glomerular endothelial cells in vitra. RCpOPTS
hShiderived  Notspecified o E\-;fmthMqhndeSﬁ and HLSCs alleviate renal fibrosis and protsinuria in 49
MSCs and sireptosmtocin-induced diabetic neshropsthy medel in viva fmice)
e Invited Mini Review
Hypertensive  Adipose Notspecified  ® Adipose-derived MSC-EV improve renal function, decreased urinary protein ) v
nephropathy  denved excretion, and renal fibrosis while mrgnrﬂn‘ tisze fibrasiz and inducing
M5Cs beuzr ood prﬁmmmwdm DOCA-23k hypenensive madel in vivo (rat)
Cardiosphere Exozomes . ved cell realinjury and  (21) 1 1cati - E 10 4
dji::';" ¢ A .a_ e T s m Therapeutic application of extracellular vesicles for various

kidney diseases: a brief review

Sul A Lee” & Tae Hyun Yoo™©

‘Depammurwd.m
Intesmmal Medic &

ics] Cantes, Tufts Uriversicy Scheel of Med
. Inatiruee of Kidney Disease B

. Framingham, MA 01702, USA, “Department of

b, Yonse University, Sesul 03722, Rores

activation; reduction of ECM

Cytoprotection & pro-repair
Anti-apoptotic/anti-necroptotic
signals, mitochondrial support,
enhanced tubular cell proliferation
and angiogenesis; restoration

of renoprotective factors (e.g. Klotho).

Anti-fibrotic Reprogramming

Interference with TGF-B/Smad
pathways and myofibroblast

deposition in CKD/DKD models

Key mechanism: immunomodulatory activities

BNUS

Mational University
of Singapore

Yong Loo Lin School of Medicine
Department of Surgery
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Immunomodulatory activities of MSC exosomes

Suppression of Pro-inflammatory Upregulation of
Cytokines Anti-inflammatory Cytikines

@ Reduced inflammatory cell IL-10 and TGF-B
recruitment and tissue injury. Dampen " i
ens excessive immune
@ Outcome: Reduced responses and encourages
inflammatory cell recruitment / Eetiin o Hsasetasis

and tissue injury.
Macrophage Reprogramn‘ﬂ\

(M2 Polarization)
MSC-EVs shift macrophages

Outome: Suppression of
autoimmunity and excessive
T-cell-medlated inflammation.

Induction of

from a pro-inflammatory R latorv T Cell

M1 phenotype to an M2 egu ?'.lt':‘) y ) Cells

phenotype k ‘ P egs

) . i / M 's promote

Outcf‘on)e. Erl1hanced F'SSV Treqs differentiation and expansion

repair, fibrosis resolution, gs of FoxP3’ Treas

and immunoregulation. 9
Neutrophil Modulation / Complement Regulation

(Inhibition of C5b-9)

/ MSC-EVs carry complement reglatory
proteins such as CD59,

NETosis Suppression

Inhibiting neutrophil extracelular
trap (NET) formation, C5b—9
reducing collateral tisiue damage Outcome: Protection of tissues from

and microvascular injury. complement-mediated lysis and inflanmation

®) P 1
5NLJS Yong Loo Lin School of Medicine ’_\\ aracrlne
“9:? = | Department of Surgery
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LPS activates
TLR4

o

=

L J
TLR4

THP-1
or pimary
monocyte
@ IL-1Bp @IL-12p40
®|L-6 @TNF-a

MSC exosomes
activate TLR4

S

TLR4

THP-1
or pimary
monocyte

®IL-10

000060

MSC exosomes:
Jdinflammatory but T anti-inflammatory cytokines

STEM CELLS AND DEVELOPMENT
Volume 23, Number 11, 201

© Mary Ann Lisbert, Inc.

DO 10.1089/504.2013.0479

Mesenchymal Stem Cells Secrete
Immunologically Active Exosomes

Bin Zhang" Yijun Yin"* Ruenn Chai Lai,' Soon Sim Tan.' Andre Boon Hwa Choo? and Sai Kiang Lim™?

_ 1400 _ 1000
R s X
12 1200 5 IL-18 3 800 L TNF-a
1000 o
800 g o0
H £ w
K] =
S 200 o g 20
0 . 0
0 20 40 60 80 100120 140 0 20 40 60 80 100120 140|
Time (hour) Time (hour)
_ _ 120
S IL-12p40 2 100 § 16
2 303 @
3 2 30
<4 S
3 20 3 60
B 2 40
g o 5 g
i L*En:t— -
0 = 0
0 20 40 60 80 100 120 140| 0 20 40 60 80 100120 140|
Time (hour) Time (hour)
250
4
€ 200 IL-10
8
g 150
B
o 100
.2
T 50
]
(3 ===
0
0 20 40 60 80 100120 140|
Time (hour)
5
5
2 4 TGFB
@
g s
P 2
=
g 1
7]
(4
0
0 20 40 60 80 100120140
Time (hour)

MSC-

exosome

cells
[ e
(=TS R = ]

Relative level of Treg

[ =T
o =

e
=]

/// =
@ i | TLR4 |
MyDB > >
\ =
7 NF-B

Untreated control

N\
|

o CD4+

FoxP3+

Monocyte T cell Treg
by ©F INZ © F P Y g hourofexposure to exosome
[’ - -
9 THP1-XBlue THP1-XBlue-defMYD88

Yong Loo Lin School of Medicine @ Pa rac ri n e

Department of Surgery

EBINUS

Mational University
of Singapore

“Living well with stem cell exosomes"



MSC exosome increase Treg in a mouse GVHD model

NSG Mouse Irradiated and
Transplanted with Human PBMC
to Induce GVHD <

MSC exosomes
A) Alleviate GVHD

\/

0O 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34

A

vV v v v v v v v v v Treatment

Mean Combined Grade

107
-=- Vehicle (PBS)
81 -+ Exosome 1ug
-+ Exosome 10 ug
64 -e- Enbrel 100 ug
44
2+
04 T T

(1 or 10 ug)

Timeline (days)

0 4 8 12 16 20 24 28 32 36

Days
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Complement inhibition by MSC exosome

SRBC C-Hemolysis & CD59-Blocking Assay
Classical Lectin Alternative 120,
Antigen-Antibody e * 100
Complex ® 1004 ot
1]
‘» 80/
C1qC1rC1s z
§ 60 52\ % 52
T
. 8 401 31
o
» 20l
5 I
ol , |
2 - * + g
5 Bxo 5
[&] o
2 anti-CD59 <
] ‘@
g g
B |- e C5b9 activity assay (sheep rbc lysis assay)
Eigting the Complement Cascade n e Pthaphysioloy of " CD59 * MSC exosome inhibits formation of C5b9 complex (MAC)
' * Inhibition is abrogated by a neutralising CD59 antibody

MSC exosome inhibit C5b9 formation though CD59 on the exosome membrane
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MSC exosome alleviate psoriasis via complement

OR00%/ 707005
- Dob

Psoriatic-like
inflammation

Z =
Readouts: 1 Ear thickness 1
1 Erythema, scaling ™
Sites: T IL-17A/L23
Timeline: Daily application 5-7 days

120.00
100.00
80.00
60.00
40.00
20.00

% relative to base

0.00

p=0.06 p=0.05 p=0.00

NEENN
I

* Mouse model of IMQ-induced psoriatic inflammation

* Topically applied but not IP/SC injected MSC-sEVs

* reduce IL17 and IL23, and C5b9 (terminal complement complex)

* Topical MSC-sEVs confined to SC

Background Information

* Characteristics of Psoriatic SC

* Munro microabscess of neutrophils (ca 1898) —

* Neutrophils: major source of psoriatic IL-17

* Richin activated complements

— »C33

Early Histopathological Features
of Psoriasis

Munro microabscess

C3a

(©) = corneum

@)
\C;(\D @O €52 <=7 stratum
@

@ aActivated -

IL-23 IL-17 C5b-9
D Base . Exo TO p

Topical Application of Mesenchymal Stem Cell Exosomes
Alleviates the Imiquimod Induced Psoriasis-Like Inflammation

Bin Zhang !, R

MDPI

uenn Chai Lai !, Wei Kian Sim !, Andre Boon Hwa Choo 2, Ellen Birgit Lane * and Sai Kiang Lim "4

12 hours

24 hours

STRATUM CORNEUM

)
[e]=] ]

30C
)

C5b-9 Epidermis

Dermis

Stratum Corneum Activation of Complement
Through the Antibody-independent
Alternative Pathway

B & N

Yong Loo Lin School of Medicine
Department of Surgery
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Mechanism of Action: MSC-sEV and psoriatic IL-17 secretion

2.

Early Histopathological Features
of Psoriasis

Munro microabscess

Stratum
corneum

Epidermis

Dermis

Munro microabscess of neutrophils; major
source of key psoriatic inflammatory
cytokine, IL-17

Activated complements, C3a, C5a and C5b9

Hypothesis 1

C5b-9 Induces IL-17 Secretion
by Neutrophils

Hypothesis 2
MSC-sEVs inhibit IL-17 secretion

CD59 on MSC-sEVs Inhibit C5b Formation

Hypothesis 3

MSC-sEVs inhibit IL-17 secretion
through CD59

g@% ﬂyﬂs Yong Loo Lin School of Medicine @ Pa raC rl n e
of Singapore
“Living well with stem cell exosomes"

Department of Surgery




Mechanism of Action: MS
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Hypothesis 1

C5b-9 Induces IL-17 Secretion
by Neutrophils

Hypothesis 2

J ‘\ T | MSC-sEVs inhibitIL-17 secretion

CD59 on MSC-SEVs Inhibit CSb Formation
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MSC-sEVs inhibitIL-17 secretion
through CD59
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Rul-fength avce
Mechanism for the artenuation of neutrophil and complement
hyperactivity by MSC exosomes

Kay Hui Tea', Ruenn Chai Lai®, Andre Boon Hiwa Choo',
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MoA of MSC-sEVs in inhibiting psoriastic IL-17 secretion

MSC-SEV

Mechanism of
~ =

Action
Topical exosome ointment for
safety and tolerability in
healthy volunteers

O

Terminal
complement
complex

International Society

C5b-9 Contents ot
CYTOTHERAPY [[( -

— . Cell & Gene Therapy®
7 (— ) < ELSEVIER journal homepage: www.isct-cytotherapy.org
j Ci D ( D C Full-length article

A phase 1, open-label study to determine safety and tolerability of the
ﬁ = — p— topical application of mesenchymal stem/stromal cell (MSC) exosome
C J C ointment to treat psoriasis in healthy volunteers

Nisha Suyien Chandran®, Monil Nagad Bhupendrabhai', Thong Teck Tan?, Bin Zhang?,
- GEER Q < Sai Kiang Lim”**, Andre Boon Hwa Choo™”, Ruenn Chai Lai’

Stratum corneum

ARTICLE IN PRESS

Cytotherapy 000 (2025)1-9

lists available at ScienceDires

Department of Surgery
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MSC exosomes: renal-relevant immunomodulatory activities

Suppression of Yoaln Upregulation of
- - - Pro-Inflammatory |~ = _ Anti-Inflammatory
Suppression of Pro-inflammatory Upregulation of Cytokines b o Cytokines
. Cytokines Anti-inflammatory Cytikines « AKI « AKI
=1 - . . . )
U Reduced inflammatory cell IL-10 and TGF-. Acute Kidney Injury CKD
@ recruitment and tissue injury. R + Diabetic Nephropathy * IgA t:\lephro-
. iti t
Outcome: Reduced 4 Lupus Nephritis pathy

responses and encourages
return to homeostasis,

« IgA Nephropathy
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(CD73 Pathway)
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Conclusion

@) @

Suppress harmful
inflammation

Reduce neutrophil
and complement-
mediated damage

These actions address core
mechanisms across

e AKI

e CKD

e diabetic kidney
disease

>

Promote reparative
macrophages and Tregs

Enhance anti-
inflammatory
pathways

Lupus nephritis

IgA nepnorathy
Vasculitis
Complement-driven

disorders

Potent
cell-free therapeutic

MSC Exosomes
for Renal Diseases

MSC exosomes are a
potent cell-free
therapeutic that provides
renal protection &
recovery

Their unique strength
lies in their capacity for
multi-level
immunomodulation

Modulate multiple pathways
simultaneously

Comparison of MSC Exosomes and Traditional Drugs

MSC-EVs Traditional Drugs
Act on shared pathological Act on individual
processes targets

Modulate a single
pathway

Target upstream drivers Target downstream
of disease mediators of disease
p Fixed level of inhibition

Context-responsive
and self-titrating
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MSC exosome increase Treg in a mouse GVHD model
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