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The Case for Extracellular Vesicles (EV)

phoenestra

Extracellular Vesicles (EV) are natural and universal ‘cargo ships’ between cells in all organisms and tissues

Biologically relevant mechanisms of action

e.g., for Mesenchymal Stem/Stromal Cells §.,§‘°° 3

(MSC)

* Anti-inflammation

* Anti-fibrosis

e Tissue-protection

* Pro-angiogenesis
 Macrophage polarization
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Broad Therapeutic potentialin
Regenerative Medicine

Conditions linked to overshooting or
chronic inflammatory conditions and
fibrosis, with large unmet medical needs

* Acute Lung Inflammation

* Lung Fibrosis

* Liver Fibrosis

* Heartfibrosis

* Kidney Fibrosis

* Brain and Peripheral Nerve Injury

* CNS Inflammation and
Neurodegeneration

Li M, Fang F, Sun M, Zhang Y, Hu M, Zhang J. Extracellular vesicles as bioactive nanotherapeutics:

An emerging paradigm for regenerative medicine. Theranostics. 2022 Jun 21;12(11):4879-4903.
doi: 10.7150/thno.72812. PMID:35836815; PMCID: PMC9274746.
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Market Potential for EV-based Therapies phoenestra

Search Results

Viewing 1-8 out of 8 studies

Showing results for: Other terms: Extracellular Vesicles | ARDS

@ RECRUITING

NCT05354141

Extracellular Vesicle Treatment for Acute Respiratory Distress Syndrome
(ARDS) (EXTINGUISH ARDS)

Conditions
Upda
2022 ARDS  Acute Respiratory Distress Syndrome
2027 .

Regenerative .
(marketsandmau.
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Current Main Issues for Successful Clinical
Translation of EV-based Therapeutics

phoenestra

Topic Current Issues

* Mostly primary cells are used for EV production
Cell Lines * Donor-to-donor variability

* Variable quality of cells and cell products

* Scaling difficulties

* Variable process performance

* Inconsistent quality between batches

* Isolation and purification technology (DSP) still underdeveloped

Manufacturing

* Robust potency assays or

Potency * Surrogate assays for clinical efficacy are often missing

 EV are complex entities
Analytics * Presentin heterogenous mixtures
* Unclear composition function relationship

And probably, it starts already earlier:

- Active components driving biological function
- Role of vesicle corona

- Role of cultivation media

- EV/Exosome stability

- Confusing terminology ,
Business Use only © Phoenestra GmbH

Phoenestra’s Missioh

Key Issues

Batch-to-batch
variability

Scalability and supply
issues

Prohibitive Cost of

Manufacturing

(Lack of) Product
understanding and
definition




EVscale™ - A Holistic End-to-end Approach towards =.
Clinical-grade Extracellular Vesicles phoenestra

Bioreactor-based expansion** Downstream processing EV characterization

Standard methods
PATfix®
NTA, NanoFCM

Fully controlled bioreactor- Membrane (TFF) gnd
. chromatographic
based cultivation S
Productive and scalable P

Fast translation into GMP Scalablg e GMP_
) ready unit operations
possible

Telomerized MSC

(MSC/TERT) from

different human
tissues

RNA sequencing
Cell-based Potency
assays

**Patent pending

© Nalgene Thermo Fisher Scientific and Phoenestra GmbH

1m0 00 o0 o0 sosn  swn w00

Toma [0

© Phoenestra GmbH

EVscale™ has been developed in collaboration with G@ (.-
Evercyte GmbH and TAmiRNA GmbH K
evercyTe TAMIRNA

forever is just enough
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The benefits of Using Telomerized MSC Lines (MSC/TERT) o

phoenestra

Stable, telomerized MSC lines (MSC/TERT) - fully documented - GMP ready* cighed 5 commercial aonge
agreement

Adipose tissue Yes

Bone marrow

Wharton's Jelly Yes

Placenta Yes

Chorionic Plate Yes

_ More in preparation In preparation

* Homogenous starting material, continuous growth (Tiered Cell Bank concept: MCB/WCB)

* Supply of a whole product life cycle (from pre-clinical to end of commercial life)

* Virus-free cell line generation, only animal-free materials, Sartorius media in the bioreactor
* Human Telomerase is not an Oncogene, no oncogenes used for “immortalization”

e MSC/TERT display MSC-like morphology and potentials

Business Use only © Phoenestra GmbH



EVscale™ Platform Upstream/Downstream Process for -
Consistent and Scalable MSC/TERT-EV Supplies phoenestra

Telomerized MSC lines |ummmd Inoculum prep.aratlon « Perfusion mode, proprietary packed-bed setup (patent pending)

* Bioreactor-brand agnostic (stirrer-shaft)

Seed train

l « Commercially available, GMP proven cell carriers
Bioreactor * Easy transition into GMP manufacturing

cultivation

(Perfusion)
l day 2
EV Harvest
@ day 4
T --
day 7

FU rther DSP Live cells (green) and dead cells (blue) on cell carrier
7
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EVscale™ Cultivation of MSC/TERT and Harvest of EV -
from Conditioned Media (Perfusate)

phoenestra

Metabolites / BRC046
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Y Gln Glu Gluc Lac [h] NH4 + ——D [v/v/d] ® particles/mL (NTA)
[mmol/L] [mmol/L] fa/L] [a/L] [mmaol/L]

 Particle concentrations in the harvest from perfusion in the range of 1.0 — 6.0 x 109/mL

Perfusion rate adapted to keep steady
glucose and lactate levels over time

Yield from EVscale™ manufacturing runs:

1x10'2-1.3x10"3 particles
(quantified by NTA)
EV characterization data follow below

Carriers from top
section of the bed
Carriers from middle
section of the bed
Carriers from bottom
section of the bed

» Clinical supply quantities from a single 250 mL perfusion bioreactor within weeks (up to 43 days so far) Live/Dead cell staining (Calcein/DAPI) of carriers
» Excellent overall process performance of the EVscale™ perfusion setup for all currently available

MSC/TERT-EV
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Fine-tuning of Process Parameters and Controls

Results in Significant Improvements

phoenestra

Lactate Production Rate [g/L/d]

0.35

0.30

0.25 4

0.20 4

0.15

Controlled Bioreactor MSC Cultivation

—e— P-MSC
WJ-MSC
—s— CP-MSC
T T T T T
200 300 400 500 600
Time [h]

Consistent bioreactor performance
with cell line-specific differences in
the maintenance phase

Lactate Production Rate [g/L/d]

0.35 4

0.30

0.25 4

0.20 4

0.15 -

Controlled Bioreactor MSC Cultivation

—=— CP-MSC, standard process
CP-MSC, advanced process

—

T T T T T T
200 300 400 500 600 700

Time [h]

Fine-tuning of pH-controlyields
significant improvement of cell
growth ...

Business Use only © Phoenestra GmbH

Particles/mL (Nanofcm)

x10? Extracellular Vesicle Production in Stirred Tank Bioreactor

7| —=— CP-MSC, standard process

=~ CP-MSC, advanced process

T T T T T T T
100 200 300 400 500 600 700 800
Time [h]

...and in EV production to > 5x10e9
particles/mL (range 1-6x10e9)



Expression of MSC Biomarkers is Monitored at Seeding °®
and at the End of Cultivation phoenestra

Fluorescence Activated Cell Sorting (FACS) confirms the presence of MSC surface markers at seeding and
after the end of cultivation (so far after 23 - 43 days)

CD34 CD44 CD105
ar i WO TS = O
B unstsmos] A /G2t isctyre \ unatsined
Top 5 s J'I | I| I' I
MSC marker expression at ] i | [ I | |
. — 55— | — [ - | ]
seed / start of bioreactor '. : . \
| J
| P |
K0 s ¥4 W5
'I WigS1 isotyps CTH] I-_EluG_?u isotyps CTR| IgG1 matyps CTR
| I
Bottom ] _ | I|
MSC marker expression at | p—m— § o ,' [ —=—] —
harvest of bioreactor after - ' £ || ;
23 days '. -
. ‘-l'_;'” £ o P
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Tangential Flow Filtration is a Proven Method for

600.0
3,00E+11 W particles [ W sEe 250 500,0 mprotein
__ 250E#11 200 B 2000
 2,00E411 55 E E
Exosome 2 150841 = 5o
£ 1 n0ei11 100, N © 200,0
Harvest = 5,00E+10 I 0 "
0,00E+00 - i} GFQ s
QQ@ {\.;S?' {\65@ k\‘}{}\ TFF {in) retentate  permeate  backflush
A \‘?}2’ Qe}\ *Q‘b&
ErEin ke penclesiatin « TFF removes proteins, nucleic acids
g 1200 and media components (membrane
- 10,00
l 2 cut-off dependent)
@ 8,00 . . . .
S an * The protein-to-particle ratio increases
_ o 4'00 ——500 kDa in the first two weeks of cultivation
f‘g 66 —e—300 kDa and remains constant afterwards
B o | _ * Processing step yields are good to
= 10 20 30 a0 excellent

Cultivation days

| step | Protein Yield [%] Protein Recovery [%] Particle Yield [%] Particle Recovery [%]
98 102 78 83

Filtration

TFF

27 105 102 105
11
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Biological Activity of TFF processed MSC/TERT-EV -
(EVscale™ platform) phoenestra

Extracellular Vesicles harvested over the course of perfusion runs and processed by TFF,
consistently display anti-inflammatory activity in a cell-based bioassay* G@

* In collaboration with Evercyte

ENVE Fﬁ;%)ij'E
P-MSC/TERT-EV P-MSC/TERT-EV o
BRCO047 BRCO053

120 120

0 100
v « Dexamethasone-like activity

_— * Dexamethasone-like activity
80 * Dose-response

e Consistent results

60 60

NO secretion (%)
NO secretion (%

40

40 Zal
20

) i
0

]

Day 14 Day 21 Day 29
Negative Positive Day 11 Day 18 Day 1 Day 18 Megative control Positive control ay ay ay
control  control (Dexa) {Dexa)

=

Anti-inflammatory Activity: the alteration of NO secretion of inflammation-triggered (LPS) macrophages when exposed to Dexamethasone (positive

control) and respective EV preparations (TFF retentates) of different harvests throughout two independent EVscale™ cultivations of P-MSC/TERT. The
negative controlis TFF buffer solution with LPS.

12
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Biological Activity of TFF-processed MSC/TERT-EV oD
(EVscale™ platform) phoenestra

Comparison of anti-inflammatory (Al) activities of EV from 5 different GMP-ready MSC/TERT lines

Comparison of anti-inflammatory activities of
MSC/TERT EVs produced by EVscale™

* Activities normalized to the same EV
——————— particle concentrations in the Al assay
* 10 yM Dexamethasone as positive
control (=100% activity)

WI-MSC/TERT CP-MSC/TERT P-MSC/TERT BM-MSC/TERT ASC/TERT

10 uM Dexamethasone

ETP1 WTPZ mTPI ETP4

TP1-4 ... Time Points (Harvests), in chronological order
13
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Biological Activity of TFF-processed MSC/TERT-EV -
(EVscale™ platform) phoenestra

Extracellular Vesicles harvested over the course of perfusion runs also consistently display anti-
fibrotic (AF) activity in a cell-based bioassay* “ In collaboration with Evercyte

CP-MSC/TERT dose-dependent anti-fibrotic

Activity
120 4
100 3
80
60 3
40 :
20 3 l
o3 = =]
Buffer (NegCtrl) Buffer(Pos Ctrl) DSP23-0253.1 D5P23-0253.1 DSP23-0253.1
2.0x10e8 1.0x10e8 1.0x10e7

14
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Biological Activity of TFF-processed MSC/TERT-EV oD
(EVscale™ platform) phoenestra

Comparison of anti-fibrotic activities of EV from 5 different GMP-ready MSC/TERT lines

|
|

WI-MSC/TERT CP-MSC/TERT  P-MSC/TERT BM-MSC/TERT ASC/TERT

e Activities normalized to same EV
particle concentrations in the AF assay

* PP2-treated as positive control (=100%
activity)

PP2
%o
[ae] = a
[=] =] =} =
L
T
e

HTF1L mTP2 mTP2 EMTP4 ETPS

TP1-5 ... Time Points (Harvests), in chronological order

15

Business Use only © Phoenestra GmbH



Molecular Composition vs. Biological Functionality phoenestra

Relevant Biological Functionalities - Biology
Productive and scalable Processes - Process

Better understanding of critical quality attributes of EV preparations is key for success

™M
P1 941/ 397% .
. p d e . . Top 30 miR pattern (WI-MSC/TERT)
Proteins toukc] 5 303 7 Sl Nucleic Acids
* NanoFCM PO iy i *  miRNA/RNAseq |
« Western X : T |
1k
e MassSpec k£ 20807 ||
100 ‘
1,5E+07 T i P
1,0E+07 I ]
I I 1 1 I ] ‘
1 10 100 1k 10k 100k 1M soesos |1} l | ]
e 0,0E+00 I| I i I a | J I .|[ Jiat ol J FEFF P FE T

HWD5P23-0132 WDSP23-0105 WDSP23-0147

Next: Lipids/Lipidomics
16
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Small RNAs are Abundant in EV - Comparison of -
MiRNA Patterns Between TFF Processed Samples phoenestra

RNAseqg* analyses of samples taken from different MSC/TERT cultivation runs

Top 10 P-MSC d17 Top 10 P d21 Top 10 CP d14 Top 10 CP d23 Top 10 CP d23 Top 10 WJ d9 Top 10 WJ d15
miR-A miR-A miR-A miR-A miR-A miR-A miR-A
miR-B miR-B miR-C miR-C miR-B miR-B miR-B
miR-C miR-C ~ miRD  mRD  mRD ~ miRD  miRD

~ miRD = miRD miR-B miR-B miR-C miR-F miR-F
miR-E miR-E miR-E miR-M miR-G
miR-F miR-F miR-F miR-H
miR-H miR-H miR-H miR-H miR-G
miR-E miR-M miR-M miR-G miR-H
miR-G miR-F miR-F miR-E miR-I
miR-K miR-K miR-K miR-E
Top 10 BM-MSC d17 Top 10 BM-MSC d28 Top 10 BM-MSC d36 Top 10 ASC d17 Top 10 ASC d28 Top 10 ASC d36
~ mRD  mRD  mRD miR-B miR-B miR-B
miR-B miR-B miR-B ~ mRD  mRD  mRD
miR-A miR-A miR-A miR-A miR-A miR-A
miR-G miR-G miR-G miR-F miR-F miR-F
miR-H miR-F miR-I miR-G miR-L
miR-I miR-1 miR-G miR-I miR-H
miR-F miR-J miR-H miR-L miR-I
miR-J miR-F miR-I miR-H miR-G
miR-E miR-J miR-J miR-J
miR-E miR-H miR-H miR-L

17
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EVscale™ - Comparison and Analysis of miRNA profiles -
between cell lines and harvest time points phoenestra

7,0E407 7 0E+07 7,0E407
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EVscale™ - miRNA profile Analyses are Ongoing phoenestra

Macrophage polarization M1 (ASC/TERT)

18000000
16000000 200
14000000 F o,
12000000 z
10000000 Z 150
(8]
8000000 o
6000000 % o
4000000 I T 0
2000000 >
o T p—_— E a0 )
o
£
£
= 0 5000000 10000000 15000000° 20000000
WDSP240026 ®DSP240035 \mDSP240044 AEDSP240053 = 50 .
miR-D (total reads)
Anti-inflammatory activities of MSC/TERT-
EV preps from EVscale™ runs miR-D/miR-H ratios
200 14
12
150
10 Al activities have been
100 8 normalized to particle
6 conc. and % reduction
50 4 by Dexamethasone pos
I I II ) I I I I III I control (10 pM)
0 I : [ 1
ASC/T!R';’-EV Al BM-MEIC(/;TRT-E P-MSC/‘(I';l)?T-EV Al CP—MSA(II/('OI'/E)RT-EV WJ-Mi%I/E)RT-Ev ASIERT  BM-MSC/TERS P-MSC/TERT CP-MSC/TERT WI-MSC/TERT

md7/11 md7/11 md14/16/17 Wd14/16/17 md23 md23 md28/30 Wd36 md7/11 md7/11 md14/16/17 md14/16/17 md23 md23 md28/30 md36
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CiIMmultus QA was Selected to Separate and -
Characterize EV Preparations™ phoenestra

* In collaboration with Sartorius BIA Separations

* Analysis of composition(s) displaying biological activities
* Options for further definition and purification of EV preparations as useful and
needed for therapeutic applications

Exosome Harvest

Flow through Elution Peaks

— 1280

—v2 254
—59, 10%p

Further DSP

g & ¥ & & 8 § g *°

Example Anion-Exchange Chromatography: CIMmultus QA (Sartorius BIA Separations)
Preparative separation is followed by UV (280/260), fluorescence (FLD) and Light Scattering (MALS, particle conc and size
distribution), Chromatogram kindly provided by Darja Bozi¢ (Sartorius BIA Separations)

20
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Fluorescence 2 [mV] Absarbance [mAU]

Light Scattering [mV]

PATfix®-analysis of Preparative Chromatography Fractions phoenestra

1.4k
1.2k

> @

Q9

o o
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400+
2004

Smaller sample constituents
Particle peak ‘/(e_z.g. free proteins)
\ ___A260
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) -
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500
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N -

Unbound Antibody

__ CD&3-FITC

250
200+
150

100

A

Particle peak

Light scattering due to high
concentration of proteins

__ LS90°

Chromatograms kindly provided by Darja Bozi¢ (Sartorius BIA Separations)

PATfix-SEC evaluation of

Preparative
chrom?togram

Flow through
—
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Particle related
CD63-FITC (PATfix)

Particle related
LS90 (PATfix)
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O
PATfix®-analysis of Preparative Chromatography Fractions ph'oenestra

EV Markers (labelled Ab/FLD) DNA Pattern (Pico Green/FLD))
Run 1 Run 2+3
300 | 1 70 Run1 Run 2+3
r | \ \ \
250 60 | | |
200 o
7 ¥ a0
= 150 g
7] L]
Z _ g
100 i
20
. ‘Iﬂ T |\ ‘ o ‘Iﬁ ) | | | I
& cs? AR AR R R R &SNS ESTELHE

Graphs based on data kindly provided by Darja Bozi¢ (Sartorius BIA Separations)

22

Business Use only © Phoenestra GmbH



Detailed Analysis of Preparative Chromatography ..
Fractions (CIMmultus QA) phoenestra

Lsgoo Run1 Run 2+3 A280 Run1 Run 2+3
50 A A \ \
[ | | [ | |
70 200
80 )
g w0 g 150
=4 — J— < 100
5 | | |
20 1 1 50 I |
" | i |
0 0 I g -
& @} @'L N é)b- (@‘9 @j; &@ @’LJ é;: @\» i \P'bb ? Sg} & & @'\, (5;; @u @ca &/\,LF? S @% S @b @c; \P?'b %\g\z\
25,00 5 - A
Protein-to-particle ratio
';f 20,00
g " Runi1
2&15’00 = Run2+3
Lipid Particles (NanoFCM): 2w
>90% (MemGlow) in all fractions &
;5 5,00
- [ THE | ——
FT \ El E2 ) E3 E4 ES

fraction
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Detailed Analysis of Preparative Chromatography ..
Fractions (CIMmultus QA) phoenestra

Anti-fibrotic cell-based bioassay activity of chromatography Total miRNA reads from chromatography load, flow-
load, flow-through and fractions through and fraction samples
Reads composition (absolute)

129 2.5M . -
30 2M
40 E
20 i B miRNA

{) . 0.5M
':C“é > \\?q'?' \QTGEL .. \,‘;51’ ‘?1‘3:'%\’ ?:E.:."’& '?-":}{b ‘?tf?%b "?:"b{éﬁ a l -l l- l
& " N ' o ' ) N i
PSP ) A - L FTE1E2E3E4E5 FTE1E2E3E4E5 L R
%.a%“ __anaﬁ %Qo“"
o 4
S @(F} L...Load; R... Ref Sample

Total reads per chromatography sample tested at
equal EV particle counts



Detailed Analysis of Preparative Chromatography

Fractions (CIMmultus QA)

phoenestra

miR-patterns and abundance change between chromatography fractions
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EVscale™ Platform for Product Definition and Consistent + ..
Scalable EV Supplies Towards Clinical Translation phoenestra

Inoculum preparation
Telomerized MSC lines* lham g S cFi)t P
. eed train From R&D Bulk via Process Development to
*licensed from Evercyte
" . R

Bioreactor
cultivation
(Perfusion)

Exosome
Harvest

Bulk EV quantities
up to 1x10"3 EV

Qo

Product definition and
development of scalable
processes

from one 250 mL
batch

QbD CMC Development Concept

Stable GMP-grade cell
lines (MSC/TERT)

Further DSP

N

6
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The Value Proposition of EVscale™* - Summary phoenestra

e Stable, GMP-ready MSC lines

* EVswith relevant biological functionalities and respective potency assays

* |Innovative, productive and scalable manufacturing system and processes

* Excellent basis for batch-to-batch consistency and leading cost of goods

* Preparative and analytical tools for understanding EV activity better and for
* Product definition and specification

G®

*In collaborationwith _ . . . ¢ \MIRNA 27
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Thank you very much for your attention!
y y y phoenestra
Melanie Reininger W T S Darja Bozi¢
.. Claudia Lindner -t Katja Vrabec
phoenestra Roland Prielhofer SARTORILS  Maja Leskovec
Ingrid Hartl Ales Strancar
Regina Grillari P 4
@ Giulia Corso o Magdalena Mecking
EveErCcyYTE Marieke Roefs TAMIRNA  Matthias Hackl
Johanna Gamauf tability for Ut
Alessia Brancolini
www.phoenestra.com klaus.graumann@phoenestra.com
28

Business Use only © Phoenestra GmbH



